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LMA790-3-tM 
APOU.O OPIIATIONS HANDIM)C)I( 

INTRODUCTION 

PURPOSE 

The Apollo Operations Handbook (AOH) ia the primary means of documenting LM descrip­
tions and procedures . The AOH is published in tvo separately bound volumes . This information 
is useful in support of proaram management,  engineering , teat , flight simulation , and real­
time flight support efforts . 

DESCRIPTION 

Volume I describes the LM aubsystema and equipment .  

Volume II contains crew operational procedures: normal , backup , abort ,  malfunction , 
and emergency . These procedures define the sequence of actions necessary for safe and effi­
cient subsystem operation . The procedures are verified during vehicle and component testing 
and aimulations . 

Normal procedures are used when all subsystems are operating properly. Backup proce­
dures are used to accomplish the objectives of the normal procedures , when equipment failure 
or other anomaly prevents use of the normal procedures . Abort procedures cover crew activity 
for abort modes . Malfunction procedures provida ayaptoma , diagnoses , and corrective actions 
for subsystem malfunctions . Emergency procedures deal with situations that require immediate 
action to avoid or alleviate a hazardous condi tion. 

Changes to volume II will be submitted through HSC CG2 . GAC changes will show justi­
fication and authorization, and will be submi tted to LM Crew Syateaa for approval .  

RESPONSIBLE CONTRACTOR. ORGANIZATION 

At GAC , the single point of contact for the procedures in volume II of the AOH ia the 
Head, LM Crew Systems Group , Systems Engineering Section, LM Project , Grumman Aerospace Cor­
poration , Bethpage, N .Y .  11714. The LM Crew Systems Group ia the central coordination and 
control agency in providing LH aubayatema procedures for use by NASA in training f light crew­
aen and aiaaion aupport peraonnel .  The LM Crew Systems Group ensures that all data are 
current and technically correct .  
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FORMAT 

NORMAL/BACKUP PROCEDURES 

Noraal/backup proceduree are preeented in the following sequence: basic modular oper­
ational blocke, aubgroupa of functional taaka or subayate .. , and numerical sequence within 
subaroupa. The follovina paraaraphs explain the tabular foraat. 

The 
procedure. 

"CREWMAN" column indicatea which crewaember ia aaslgned 
The followina abbreviation• are uaed in thia column. 

to perform the specific 

CDR COBD&nder 
CHP Co.aand Module Pilot 
LHP • Lunar Module Pilot 

The "PNL" column indicate• the location of a particular control or display, by panel 
number or equipment deaianation. (See fiaure E-1 and E-2.) In addition to the panel numbers, 
the followina aquip .. nt deaianationa are uaed in thia column. 

ACA • attitude controller asaembly 
ALSEP • Apollo lunar aurface experiment package 
AOT • • aliaaaent optical teleacope 
ECS • • ECS aodule 
MESA modularized equipment stowaa� aasembly 
PGA • • preeaure aar.ent aaa .. bly 
PLSS • portable life aupport ayatem 
RCU • • remote control unit 
TTCA thruat/tranalation controller aaaembly 
UTL • • • utility liaht panel 
+Z27 • +Z27 bulkhead 

The "PROCEDURES" colllllft contains aroupa of stepa, or overall tasks, involved in per­
formina a complete operation. 

The "REHABS" colllllft providaa the conatrainta and rationale that support the opera­
tional procedure. The acope of thia information will increaae aa the procedures are refined 
throuah continued application by GAC and NASA durin& aiaaion aiaulationa and real-time miaaion 
opera tiona. 

Controla and diaplaya are identified by their reapective placards. Lengthy placarda 
have been ahortened herein. The followina abbreviation• are uaed for controls and displays. 

caut lt caution annunciator 
CB • • • • • d-e circuit breaker 
CB/AC a-c circuit breaker 
coap caut lt component caution light 
cont • • • • • continuoua rotary control 
ind • • . • aeter, aaae, or diaital display 
ind pvr fail lt indicator power failure light 
lt • • • lilht 
pb • • • puahbutton awitch (except puahbutton/light) 
pb/lt puahbutton/liaht 
eel detent rotary awitch 
SW 
tb . 

tw • 

vlv 
warn lt 

toagle awitch 
talkback 
thumbwheel control 
manually operated valve 
warning annunciator 

NOTE 

MASTER ALARM - on (or off) indicates 
that both MASTER ALARM pb/lta and the 
audible tone are on (or off). 
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\ 
CONTINGENCY PROCEDURES 

Contingency procedures comprise abort, .. lfunction, and emergency procedures. 

Abort Procedures 

Abort procedures are not included at thia time. They may be supplied by NASA at a 
later date. 

Malfunction Procedures 

Malfunction procedures enable recognition of aubsyatem malfunctions, determination of 
their cause, isolation and/or correction of the failure, and determination of the effect on 
the aubayatem a nd the mission. The procedures cover all significant single failures. To pre­
vent the procedures from becoming complex and unmanageable, double unrelated failures are not 
covered. The malfunction procedures are arranged by subsystem, or aubeystem section (PGNS, 
AGS, CES, DPS, APS, etc), in a three-column format explained in the following paragraphs. 

The "SYMPTOM" column contains logic blocks that allow entry into the malfunction pro­
cedure. When applicable, data under theae blocka explain and qualify the symptom or condition. 
The eymptoma are arranged numerically within each aubeystem·or subsystem section. 

The "PROCEDUllE" column contains a atep-by-step logic flow diagram, conaiating primarily 
of action blocks, decision blocks, and failure blocks that enable failure correction and 
isolation. Caution and warning blocks are included for conditione, Which, if not corrected, 
may degrade the operational inte�rity of a aubsystem or may adversely affect crew safety. 
Remote event symbols refer to related remarks, to another step of the procedure, or to a atep 
in another malfunction procedure. 

The "tu:MARXS" column contains supplemental data related to, and referenced from, the 
logic blocks in the "SYMPTOM" and "PROCEDURE" columna. 

Emergency Procedures 

Emergency procedures follow the aame format aa normal/backup procedures. 
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CHANGE REQUEST SUBMISSION GUIDELINES 

1. Be specific in your reco..endations or comments; for example: 
• When recommendina chana•• in text , provide new text to replace the old. 
• When pointina out technical errors, provide new technical data. 
• When suaaeatina deletions , specify exactly what should be deleted. 

2 .  Consider the followina when preparing recommendations: 
• Are data in usable engineering units? 
• Does arrangement of data facilitate use? If not, suggest appropriate changes. 
• What areas need revision? Be specific. 

3. If you have knowledae or sources that could be used to update any part of the handbook, 
provide this infor.ation and cite references. 

4. Indicate specific technical or administrative problema that may be created by the handbook 
contents or format. Suggest specific changes to eliminate these problems. 

S. Note the impact on , and relationahip with , specifications criteria, constraints, etc. that 
this handbook should or should not have. 

6. GAC personnel use GAC for. No. 3163 (7-70). The following information is keyed to, and 
explains how to fill in, the GAC change request for.: 

� This apace ia left blank by the originator. GAC change numbers are assigned by LM 
Publications. 

The oriainator shall indicate which vehicles are affected by the change request. 

Enter the date that the chanse request is initiated. 

The oriainator shall enter his name, department, and telephone extension. 

Enter the vehicle nuaber that appears on the title paae of the AOH, Vol II, to which the 
chana• request ia written. 

(!) Enter the basic or chana• date that appears on the title page of the AOH, Vol I I, to 
which the chana• request ia written. 

0 
® 
® 
@ 
@ 

Enter the nuaber of 

Enter the nuaber of 

Enter the nuaber of 
chana• requeat. 

Explain , in detail, 

Explain , in detail , 

the paae affected by the chanse request. 

the paraaraph affected by the chanae request. 

the step and, if necessary, the number of the line affected by the 

the chana• beina requeated. 

the reaaon for the chanae. 

� The coani&ant GAC aubsyst .. enaineer shall initial and date all change requeats. 

� � � GAC disposition shall be made by the head of LM Crew Systems. He shall indicate �ettier the chana• request is approved or disapproved, alan his full name, and fill in 
the date of disposition. 

� rl:n � NASA disposition shall be made by the HSC Chanae Control Board. A representative � ttie board shall indicate whether the chanae request is approved or disapproved, sign 
hia full name , and fill in the date of diapoaition. 

� The HSC Chana• Control Board shall assisn all auapenae dates. 
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LMA790.3-LM 
APOLLO OPRATIONS HANDaooK 

1. NASA peraonnel uae MSC fora No. 482 (Rev Jun 68). The following information is keyed to, 
and explain& how to fill in, the MSC change requeat form: 

(!)� � The oriainator ahall enter hia name , oraani&ation, and the date that the change 
requeat ia initiated. 

� Thla apace is left blank by the oriainator. HSC change numbers are assigned by the HSC 
Chanae Control Board. 

� The originator ahall indicate which vehicles are affected by the change request. 

� Enter the title of the manual, including the vehicle number that appears on the title 
paae, to Which the change requeat is written. 

0 
0 
(!) 
@ 
@ 
@ 
@ 

Enter the document number to Which the chana• request is written. 

Enter the number of the paae affected by the chana• request. 

Enter the baalc or change date that appeara on the title paae of the AOH, Vol II, to 
which the change requeat ia written. 

Enter the number of the atep and, if necessary, the number of the line affected by the 
change requeat. 

Explain, in detail, the change being requested. 

Explain, in detail, the rea a on for the change. 

If applicable, enter pertinent remarka. 

� � � GAC diapoaition ahall be made by the head of LM Crew Syatems. He ahall indicate �ether the change requeat is approved or diaapproved, aign hie full naae, and fill in 
the date of dlaposition. 

� � � Final diapoaltlon ahall be made by the NASA HSC Change Control Board. A repre­
aentative of the board ahall indicate whether the change request is approved or die­
approved, alan hia full name, and fill in the date of dispoaitlon. 

� The MSC Change Control Board ahall asalgn all auapenae dates. 
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96 7-1-71 5 . 2-23 5 . 2 . 5 . 2 . 3  

9 7  9-26-71 5 . 2-40 Symptom 5 

98 9- 26-71 5 . 2-39< Symptom 3 

99 9-26-71  5 . 2-60 Symptom 4 

961 7-1-71  4 . 3- 1 1  Fig 4-13 

962 7-1-71 4 . 3- 16 Fig 4-15 Sh t 2 of 4 

969 7-1- 71 4 . 3-19 Fig 4-15 Sht 3 o f  4 

971  7-1-71 4.  3-22 4 . 3 . 4 .1 7 

979A 7-1-71 4 . 9-7 4 . 9 . 1 . 2  9 
4 . 9-8 4 . 9 .1 . 2  11 
4 . 9-12 4 . 9 .1 . 2 20 thru 36 
4 . 9-13  4 . 9  . 1 . 2  20 thru 36 

980 7-1-71 4 .  3-26 4 . 3 . 6 . 2  4 

981A 7-1-71 5 . 2-4 Symptom 1 

983 7-1-71 4 .  8-22b 4 . 8 . 2 . 3  5 

986A 7-1-71  5 . 2-39 Symptom 5 
5 . 2-41 Symptom 7 

987A 7-1-71 5 . 2-60 Symptom 4 a  
Symptom 4b 

988A 7-1- 71 5 . 2- 58 Symptom 1 

989 7-1-71  5 .  2-59 Symptom 3 

990 7-1-71  5 . 2-58 Symptom 2 

99 2 7-1-71  4 . 12-6 4 . 12 . 5  1 
4 . 1 3-36 4 . 13 . 4 . 2  1 
4 . 1 3- 36 4 . 1 3 . 4 . 2  2 
5 . 2- 36 Symptom 1 
5 . 2-37  Symptom 1 
5 . 2-38 Symptom 2 

993 7-1-71 5 . 2-42 SSR-1  

994 7-1-71  4 . 15-29 4 . 15 . 1 . 16 . 2 
4 . 15- 30 4 . 15 . 1 . 16 . 2  8 

996 7-1-71  5 . 2-37  Symptom 1 
Uns taged 

5 . 2-38 S ymptom 2 

99 7A 7-1- 71 5 . 2-39 Symptom 3 

998A 7-1-71 5 . 2-42 SSR- 1  
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999 7-1-71 4 . 6- 24 4 . 6 . 1. 1 8  1 
4 . 3- 36 4 . 6 .1. 2 9  1 
4 . 8-19 4 . 8 . 2 . 1  21 
4 . 10- 2 7  4 .10 .1. 2 5 
4 . 10-81 4 . 10 . 2 . 1  1b 

1580 7-1-71 4 . 1D- 34 4 . 10 .1 . 2  1 2  

1581 7-1-71 4 . 4-49 4 . 4 . 14 Add. 411 
4 . 4-50 4 . 4 . 14 Add. 415 
4 . 4-50 4 . 4 . 14 Add. 417 

1582 7-1-71 4 . 4-51 4 . 4 . 15 Add . 2 2 3  
4 . 4-52 4 . 4 . 15 Add . 30 6 
4 . 4-52 4 . 4 . 15 Add. 310 
4 . 4-53 4 . 4 . 15 Add . 3 7 7  

1583 7-1-71 4 . 4-54 4 . 4 . 16 Add. 26 3 
4 . 4-54 4 . 4 . 16 Add. 2 70 
4 . 4-54 4 . 4 . 16 Add. 30 3 
4 . 4-54 4 . 4 . 16 Add . 310 
4 . 4-55 4 . 4 . 16 Add. 312 
4 . 4-55 4 . 4 . 16 Add. 34 7 
4 . 4-55 4 . 4  . 16 Add. 3 71 

Add. 372  
Add. 3 7 7  

4 . 4-55 4 . 4 . 16 Add. 40 2 
4 . 4-56 4 . 4 . 16 Add . 470 
4 . 4-56 4 . 4 .16 Add . 4 71 
4 . 4-56 4 .  4 . 16 Add. 472  
4 . 4-56 4 . 4 .16 Add. 544 
4. 4-56 4 . 4 . 16 Add . 545 
4 . 4- 56 4 . 4 . 16 Add . 546 
4 . 4-56 4 . 4 . 16 Add. 6 21 

1584 7-1-71 4 . 4-57 4 . 4 . 17 Add. 0 34 
Add. 054 
Add. 055 
Add .  056 

4 . 4-58 4 . 4 . 17 Add. 14 7 
4 .  4-54 4 . 4 . 1 7  Add .  157 

Add . 174 
Add. 175 
Add. 176 

4 . 4-60 4. 4 . 1 7 Add. 2 2 7  
Add. 254 
Add . 2 71 
Add. 2 7 2  
Add .  2 74 

4 . 4- 61 4 . 4 . 17 Add. 30 3 
Add. 305 
Add. 310 
Add. 316 

4 . 4-61 4 . 4 . 1 7  Add. 317 
Add . 34 7 
Add. 360 
Add .  361 
Add .  36 2 
Add . 364 
Add. 365 
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4, 4-62A/4 . 4-6211 
4 . 4- 6 3  

4 . 4- 6 3  

4 . 4- 6 3  
4 . 4-64 

4 .  4-64 

4 .4-65 

4 . 4- 65 

4 . 4-65 

4 . 4- 66 

4 .  4-66 
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Para :lo , 
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4 . 4 . 1 7 

4 . 4 . 1 7 

4 . 4 . 1 7  
4 . 4 . 1 7 

4 . 4 . 1 7  

4 . 4 . 1 7  
4 . 4 . 1 7  

4 . 4 . 1 7 

4 . 4 . 1 7  

4 . 4 . 1 7  

4 . 4 . 1 7 

4 . 4 . 1 7 

4 . 4 . 1 7  
4 . 4 . 1 7 

S te p  tlo ,  
A f fe c ted 

Add . 36 6 
Add . 3 7 1  
Ad d ,  40 7 
A d d .  4 1 1  
A d d .  4 1 5  
Add . 4 1 :J  
Add .  446 
Add . 46 3 
Add. 46 5 
A d d .  4 71 )  
Add.  4 71 
,\d d .  4 7'!. 
A d d .  4 7 7  
A d d ,  500 
Add . 50 1  
Add . 50 2 
A d d .  5 0  3 
Add.  5 14 
Add . 5 1 5 
Add , 5 16 
Add ,  5 1 7  
Add , 5 22 
A d d .  5 2 )  
i\dd . 5 2 7  
i\ d d .  5 26 
Add . 544 
i\dd . 5 4 5  
Add . 546  
Add . 5 5 4 
Add .  5 5 5  
Add , 5 56 
Add .  560 
Add . 56 1 
A d d .  56 3 
Add . 5 6 4  
A d d .  5 6 5  
Add .  56 6 
A d d .  5 71 
A d d .  5 76 
A d d .  5 7 7 
Add. 600 
A d d . 60 1 
A d d .  60 2 
Add,  606 
Ad d .  6 0  7 
Add. 6 10 
A d d .  6 11 
Add.  6 1 2  
Add . 6 1 3  
A d d . 6 14 
Add . 6 16 
Add. 6 2 1  
A d d .  6 22 
Add.  6 4 4  
Add.  645 
Add . 646 
.\d d .  6 4 7  
Add ,  6 50 

Page xxi i 



Change No . Date Change Page No. Para No. Step Uo,  
Incorporated Affected Affected Affected 

1584 7-1- 7 1  4 . 4-67/4 . 4-68 4 . 4 . 1 7  Add . 6 5 1  
Add , 6 5 2  
Add .  6 5 3  
Add . 6 5 6  
Add, 6 5 7  
Add . 66 5 

4 . 4- 6 7 / 4 . 4-68 4 . 4 . 1 7  Add . 662 
Add , 700 
Add. 70 1 
Add , 702 
Add , 70 3 
Add ,  704 

1 5 86 7- 1- 7 1  4 . 4- 1 5  4 . 4 . 7  No. 0 6  
No . 0 7  
No. 4 1  

1 5 8 7  7- 1- 71 4 . 4-29 4 . 4 . ll 0010 7 
00ll4 

4 . 4- 30  4 . 4 . ll 00 5 14M1 p 

1588 7-1- 7 1  4 . 4-35 4 . 4 . 13 Bit 4 
4 . 4-44 4 . 4 . 1 3  Bit 4 
4 . 4-45 4 . 4 . 1 3  B i t  2 
4 . 4-45 4 . 4 . 1 3  B i t  1 
4 . 4-47 4 . 4  . 1 3  Bit 1 0  

4 . 4 . 13 Bit 9 
4 . 4 . 1 3  Bit 1 5  

4 . 4-48 4 . 4 . 13 Bit 14 
Bit 1 3  
B i t  1 2  
Bit ll 
Bit 10 
Bit 9 
Bit 8 
Bit 7 
B i t  6 
!l i t  5 
Bit 4 

4 . 4-49 4 . 4 . 1 3 B i t  3 
Bit 2 
Bit 1 

1589 7-1- 7 1  4 . 4- 2 8  4 . 4 . 9 000 16 

1590 7- 1- 7 1  4 , 10-54A 4 . 10 . 1 . 6  2A 

1 5 9 1 7- 1- 7 1  4 . 4-6 4 , 4 . 2  q 

1 5 9 2  7-1- 7 1  4 . 10- 109 4 . 10 . 3. 2  -

1 59 3  7- 1- 7 1  4 . 8- 15 4 . 8 . 2 . 1  15 

1 594 7- 1- 71 4 . 10- 88 4 . 10 . 2 . 3  -

159 5 7- 1- 7 1  4 . 8- 7  4 , 8 . 2 . 1  1 
4 . 8- 2 3  4 . 8. 3 . 1  1 

1596 7- 1- 7 1  4 . 10-14 4 . 10 . 1 . 1  12a 
4 . 10- 32 4 . 10 , 1 . 2 9 a  
4 . 10-81 4 , 10 , 2 . 1  16 

Basic Dote 26 Septemb er 19 7 1  Change Date -----'--- Page xxiii 



Change No, Date Change Page No. P a ra No . S te p  : l o .  
Incorporated Affected Affected A f fec ted 

1 59 7  7-1- 71 4 . 4- 19 4 , 4 . 7  -

1 599 7- 1- 71 4 . 4- 4  4 . 4 . 1  ac 

1600 7-1- 7 1  4 . 4- 3  4 . 4 . 1  v 

160 1 7- 1- 71 4 . 4- 5  4 . 4 . 1  ap 

1602 7- 1- 7 1  4 . 6-41 4 . 6 . 1 .  3 7  1 

1604 9-26- 7 1  5 , 2-58 Symptom 1 

1605 9-26- 71 4 . B -4 5  4 . 1 J . 7 . 1  3 
4 . 1 3-46 4 . 1 3 . 7 . 1  8 ,  10 

1606 9-26- 71 5 . 2- 31 5 . 2 . 7 . 2 . 2 .. 

5 .  3-10A/ lOB 5 . 3 . 10 -
5 . 4- 5  5 . 4 . 5  .. 

5 . 4-6 5 . 4 . 6  -4 .6-19 4 . 6 . 1 . 14 2 
4 . 6- 20 4 . 6 . 1 . 14 ) 
4 . 8- 19 4 . 8 . 2 . 2  -
4 . 8- 2 5  4 , 8 , ) . 1  8 
4 . 10- 72 4 . 10 . 1 . 7  )0 
4 . 10- 118 4 , 10 . 3 . 3 1 
4 . 10- 1 20 4 . 10 , ) . 3  4 
4 . 10- 1 2 3  4 . 10 . 3 . 3  1 2  
5 . 2- 1 5  5 . 2 . 4 . 1  -

160 7 9-26- 7 1  4 . 4-55 4 . 4 . 1 6 Add , 317 
4 .  8- 2 28 4 . 8 . 2 . 3  5h 

1608 9-26- 71 5 . 2- 1 7/5 . 2- 1 8  Symptom 4 

200 1 7-1- 7 1  s .  2-50A / 5 .  2-soa Symptom 2 li. 2A 
5 .  2- Sl Symp tom 3 
5 . 2-52 Symptom 4 
5 . 2- 5 3  Symptom 6 

2002 7- 1-71 5 . 2-54 Symptom 7 

2003 7-1-71 5.  2- 53 Symptom 6 

2004 7-1- 7 1  5 . 3-9 5 .  3 . 10 
5. 3-10 5 . 3 . 10 

200 5 7- 1- 71 5 . 2-24 Symptom 1 

2006A 7- 1- 7 1  5 . 2- 5 3  Symptom 3 

200 7 7- 1- 7 1  4 . 1 5- 2 7  4 . 1 5 . 1 . 1 3  1 

2008A 7-1- 7 1  5 . 2- 50 Symptom 1 
5 .  2-50A / 5 .  2-508 Symptom 2 li. 2A 

2009 7- 1- 7 1  5 . 2-58 Symptom 1 

2010 7- 1- 7 1  4 . 2- 1 2  4 . 2 . 4 7 
4 . 2- 1 5  F i g  4-6 -

Basic Date 26 Septembe r  1 9 7 1  Chane- Date ----- p� xxiv 



-1 ' 
' Change No , Date Change 

Incorporated 

2011 7- 1- 7 1  

2012 7- 1-7 1  

2013 7-1- 7 1  

20 14 7- 1- 7 1  

2015 7-1- 7 1  

20 16 7- 1- 7 1  

20 1 7  9-26- 7 1  

20 18 9026-71 

2019 7- 1- 7 1  

2020A 9- 26- 7 1  

2 0 2 1  9-26 - 7 1  

2 0 2 2 A  9 - 26 - 7 1  

20 2 3  9- 26- 7 1  

2024 9-26-71 

20 25 9 - 26- 71 

20 30 9-26- 7 1  

20 3 1  9-26-71 

3156 7- 1- 7 1  

3 166A 7- 1- 7 1  

Basic Date 26 Septemhe r 19 71 

Page No . 
Affected 

4 . 1- 5  
4 . 1- 7  

4 . 2-58 

4 . 6- 54 
4 . 6- 55 

4 . 1D-76 

5.  2- 36 

5 . 2- 36A 

5 .  2-40 

4 . 1 3- 14 
4 . 1 3- 15 

4 .  6-18A/ 4 . 6- 18H 

5 . 4- 1 5  
5 . 4- 16 
5 . 4-16A/ 16B 
5 . 4- 1 7  

5 . 2 - 39 

5 .  2-368 

5 . 2- 38 

5 . 2- 39 

5 . 2- 36 8  
S . 2- 36A 
5 . 2- 37 

5 . 2- 5 1  

5 .  3- ll 
5.  3- 1 2  
5 .  3- 12 

4 . 6- 1 3  
4 . 6- 15 
4 , 6- 2 8  
4 . 6-9 
4 . 8- 12 
4 .  B- 15 
4 . 8- 18 
4 . 9- 10 
4 . 9-11 
4 . 10- 11 
4 . 10-29 
4 . 10-45 
4 . 10-66 
4 . 10- 80 

4 , 9- 8  
4 . 9- 12 
4 . 9-12 

Change Date ------

Para llo . S tep llo . 
Affected Affected 

4 . 1  7 
4 . 1  1 2  

4 . 2 . 31 3 

4 . 6 . 2 . l l 2 , 3  
4 . 6 . 2 . 11 3 

4 . 10 . 2 . 1  4 

Symptom 1 -

Symptom 1 -

Symptom 5 -

4 . 1 3 . 1 . 10 2 thru 6 
4 . 1 3- 1. 10 7 thru 2 1  

4 . 6 . 1 . 1 3  7 

5 . 4 . 1 2 1 thru 6 
5 . 4 . 1 2A 5 thru 10 
5 . 4 . 1 3 1 thru 6 
5 . 4 . 14 1 th ru 1 8  

Symptom 3 -

Symptom 1 

Symptom 2 

Symptom 3 

Symptom 1 
Symptom 1 
Symptom 1 

Symptom 3 

5 . 3 . 1 2 . 1  6 
5 . 3 . 1 2 . 1  7A 
5 . 3 . 12 . 1  8 

4 . 6 . 1 , 9  6 
4 . 6 . 1 . 10 7 
4 , 6 . 1 . 19 5 
4 . 8 . 2 . 1  5 
4 . 8 . 2 . 1  10 
4 , 8 . 2 . 1  14 
4 , 8 . 2 , 1  19 
4 , 9 . 1 . 2  16 
4 . 9  . 1  • .2 16 
4 . 10 . 1 . 1  8 
4 . 10 . 1 . 2  7 
4 . 10 . 1 . 3 6 
4 . 10 . 1 . 7  8 
4 . 10 . 2 . 1  13 

4 . 9 . 1 . 2  11 
4 . 9 . 1 . 2  19 
4 , 9 . 1 . 2  20 
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Change No. Date Change Page No, 
Incorporated Af fected 

3 1 8 1A 7- 1- 7 1  

319 1 7- 1-71 

3193 7 - 1- 7 1  

3196 7-1- 7 1  

319 7 7-1- 7 1  
7- 1-7 1  

3198 7- 1- 7 1  
7-1- 7 1  

3199 7- 1- 7 1  

7- 1-7 1  

320 1 7-1-7 1 

3202 7-1- 7 1  

320 3 7- 1-71 

3204 7 - 1- 7 1  

320 7 7- 1-71 

Basic Date 26 September 19 7 1  

4 . 8- 2 2  

4 . 3- 26 

4 . U - 22 
4 . 1 5- 20 
4 . 15-22 
4 . 15 . 42 

4 . 10-54A 
4 . 10- 548 
4 , 10· 54U 

4 . 10-79 
4 . 10- 84 

4 . 10-102 
4 . 10- 102 

4 . 6- 19 
4 . 6- 20 
4 . 8-8 
4 . 8-9 
4 . 8- 11 
4 . 8- 1 3  
4 . 8- 1 4  
4 .  8-14 
4 . 8- 15 
4 . 8- 16 
4 , 8- 1 7  
4 .  8- 1 8  
4 .  8- 24 
4 . 8- 2 5  
4 . 8-25 
4 . 8-25 
4 . 8- 2 7  

4 .  3- 26 

4 , 3- 2 7  

4 . 2-46 
4 . 2- 4 7  

4 ,  3- 10 

4 . 5- 5  
4 . 5- 6  
4 , 6- 3 
4 . 6- 4  
4 , 6- 5  

4 . 6- 19 
4 . 6- 2 5  
4 . 6- 29 
4 . 6- 30 

Chane- Date -----

Para U o ,  S te p  N o .  
Af fected Af fected 

4 . 8 . 2 . 3  1 ,  2 ' 3 ,  4 ,  5 

4 . 3 . 6 . 3  1 ,  2 '  3 ,  4 ,  5 , 6 

4 . 1 3 . 2 . 4  4 
4 , 1 5 . 1 . � 35 
4 . 15 . 1 . 10 2 5  
4 . 15 . 2 . 4  4 2  

4 . 10 . 1 . 6  2A 
4 . 10 . 1 . 6  2 C  
4 . 10 . 1 . 6  2U 

4 , 10 . 2 . 1  1 2  
4 . 10 . 2 . 1  24 

4 . 10 . 3 . 1  16 
4 , 10 . 3 , 1 18 

4 , 6 . 1 . 1 4 2 
4 . 6 . 1 . 14 3 
4 .  a. 2 . 1  4 
4 . 8 . 2 . 1  6 
4 . 8 . 2 . 1  9 
4 . 8 . 2 . 1  1 1  
4 . 8 . 2 . 1  1 3  
4 . 8 . 2 . 1  1 4  
4 . 8 . 2 . 1 16 
4 . 8 . 2 . 1  1 7  
4 . 8 . 2 . 1  1 8  
4 . 8 . 2 . 1  20 
4 . 8 . 3 . 1  8 
4 . 8 . 3 . 1  9 
4 . 8 . 3 . 1  10 
4 . 8 . 3 . 1  1 1  
4 . 8 . 3 . 1  1 2  

4 . 3 . 6 . 4 1-6 

4 . 3 . 7 1 '  2 ,  3 ,  4 

4 .  2 .  2() 3 
4 . 2 . 26 6 

4 . 3 . 1  2 1  

4 , 5 . 1 . 3  4 
4 , 5 . 1 . 4  2 
4 . 6 . 1 . 1 1 & 2 
4 . 6 . 1 . 3 2 
4 . 6 . 1 . 5  2 
4 . 6 . 1 . 14 2 & ) 
4 .6 . 1 . 1 8 8 
4 .  6 . 1 .  20 1 
4 . 6 . 1 , 20 3 
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APOLLO OPERATIONS HANDeOOK 

Change No.  Date Change Page No . Para llo. 
Incorporated Affected Affec ted 

320 7 7- 1- 7 1  4 . 6- 30 4 . 6 . 1 . 21 
4 . 6- 30 4 . 6 . 1 . 2 1 
4 . 6- 31 4 . 6 . 1. 2 3 
4 . 6- 36 4 . 6 . 1 . 29 
4 . 6- 4 7  4 . 6 . 2 . 5  
4 . 6-48 4 . 6 . 2 . 5  
4 . 6- 58 4 . 6 . 2 . 14 

4 . 9-4 4 . 9 . 1 . 1  
4 . 9- 1 2  4 . 9 . 1 . 2  

7- 1- 7 1  4 . 9- 14 4 . 9 . 1 . 3  

4 . 9- 1 8  4 . 9 . 2 . 1  
4 . 1D-2 1  4 , 10 . 1 . 1  
4 . 10- 38 4 , 10 . 1 . 2  
4 . 10- 6 3  4 . 10 . 1 . 7 
4 . 10- 7 1  4 . 10 . 1 .  7 
4 . 10- 7 1  4 . 10 . 1 .  7 
4 . 10- 115 4 . 10 . 3 . 2  

4 . 10- 126 4 . 10 . 3 . 3 

7- 1- 7 1  4 . 1 1- 5  4 . 1 1 . 1 
4 . 1 1- 6  4 . 1 1 .  2 
4 . 1 1- 6  4 . 1 1 .  2 
4 . 1 1- 10 4 . 1 1- 2  
5 .  4- 10 5 . 4 . 8  
5 . 4- 10 5 . 4 . 8  
5 . 4- 1 1  5 . 4 . 8  
5 .  4- 14 5 . 4 . 10 

3208 7- 1-7 1  4 . 6-48 4 . 6 . 2 . 5  

3209 7- 1- 7 1  4 . 1D-114 4 . 10 .  3.  2 
4 . 10- 1 1 8  4 . 10 . 3 . 3  
4 . 10- 1 2 5  4 . 10 . 3 . 3  

3 2 10 7- 1- 7 1  4 . 1 5- 3 7  4 . 15 . 2 . 2  

3 2 1 1  7- 1- 7 1  4 . 1 3-48 4 . 1 3. 7 . 5  
4 . 1 3-49 4 . 1 3 . 7 . 6  

3 2 1 2  7- 1- 7 1  5 . 2- 16 Symptom 1 
5 . 2- 1 7  Symptom 2 

32 1 3  7- 1- 7 1  4 . 10-90 4 . 10 . 2 . 3  
4 . 1D- 9 1  4 . 10 , 2 . 3 

3214 7- 1- 7 1  4 . 6-67 4 . 6 . 3 . 2  
4 . 6-67 4 . 6 . 3 . 2  
4 . 6-67 4 . 6 . 3 . 2  
4 . 6-68 4 . 6 . 3 . 2  

3 2 1 5  7 - 1- 7 1  4 . 2- 2 8  4 . 2 . 1 3 . 7 
4 . 1 3- 16 4 . 13 . 1 . 11 
4 . 1 3- 16 4 . 13 . 1 . 1 1 
4 . 1 5- 2 7  4 . 15 . 1 . 1 3  

3216 7- 1- 7 1  4 . 2-10 4 . 2 . 3  
4 . 2- 22 4 . 2 . 1 3. 2 
4 . 3-9 F i gu re 1 2  
4 . 1 3- 5 4 . 1 3 . 1 . 1  

32 1 711 7- 1- 7 1  5 . 4- 24 5 . 4 . 20 

Basic Dote 26 September 19 7 1  Change Dote ------

S tep N o .  
/If f e e  ted 

1 
2 
2 
1 
1h 
3 c  
2 c  
8 
1'1 
3 
1a 
26b 
20h 
2 
2 7  
2 H  
l:ih 
1 7h 
l'l 
2 2  
2 
l'l 
6 
9 a  
9b 
2 

4d 

10 
1h 
9 

2 ,  3 

ReMa rk 3 
:lcH 

10 
10 

24 
2 7  
2 9  
3 5  

9 
S a  
9 a  

8 
1 5  

3 

1- 10 
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Chan�e No . Date Chanae 
Incorporated 

3 2 1 8  7- 1-7 1  

3 2 20 7- 1-7 1  

322 1 7- 1- 7 1  

3 n l  7-1-71 

32 2 3  7- 1- 7 1  

3224 7- 1-71 

3225 7-1-71 

3226 7- 1- 71 

32 2 7A 7- 1- 7 1  

3 2 2 8  7-1-71 

32 2 9  7- 1-71 

3 2 30 7- 1- 7 1  

3 2 3 1  7-1- 7 1  

7- 1- 7 1  

8o1ic Date 26 September 19 7 1  

Page No . 
Af fected 

5 . 4- 24 

4 . 1 3-45 

4 . 6-66 
4 . 6- 6 7  

4 . 2-28 

4 . 2 - 34 
4 . 2- 4 3  

4 . 2-44 

4 . 1 3- 1 7  
4 . 1 3- 1 7  
4 . 1 3- 2 7  

4 . 1- 1 1 /4 . 1- 12 

4 . 1-9 

4 . 14- 3  

5 . 4-24 

4 . 1 0- 108 
4 . 10- 118 

4 . 10-9 8 
4 . 10- 102 
4 . 10- 102 

5 . 2- 4 5  

1 .  ix . x .  x1 1 .  
xi i i .  xvi . xvi i  
4 . 2- 1  
4 .  2 - 1 7  
4 . 2-60 
4. 3-8 
4 . 3-9 
4 .  3- 2 3  
4 . 4- 1 
4 . 4-2 
4 . 4- 6  
4 .  4- 10 
4 . 4- 1 1  
4 . 4- 1 2  

4 . 4- 13 
4 . 4- 1 5  
4 . 4- 16 
4 . 4- 19 
4 . 4- 2 1  
4 . 4- 2 2  
4 . 4- 25 
4 . 4- 26 
4 .  4- 2 7 
4 . 4-29 

Change Date -----

Para tlo ,  S te p  :io .  

A f fec t e d  A f fe c t e d  -

5 . 4 . 2 1  -

4 . 1 3 . 7 . 1  7A 

4 . 6 . 3 , 2  18 
4 . 6 . 3 . 2  2 5  

4 . 2 . 14 !j li y 

4 . 2 . l':J 4 
4 . 2 . 2 :! l 
4 . 2 . 23 1 
4 . 2 . 24 ) 
4 . 2 . 2 4  7 
4 . 1 3 . 2 . 1  
4 . 1 3. 2 . 1  6 
Tab le 4- 2  

4 . 1  2 1  

4 .  l 1 7  

4 . 1 4 . 1  1 2  

5 . 4 . 2 2 1-':J 

4 . 10 . 3 . 2  1 
4 . 10 . J . )  1 

4 .  10 . 3  . 1  8 
4 , 10 , ) , 1  pr.:;s 19 
4 . 10 . 3 . 1  ,\<;s 1 7  

S y mp tom 4 

- -
- -
- -
4 . 2 . 7 1 
4 .  2 .  31 7 
4 . 3 . 1  21J 
Fi� 4- 1 2  -
4 . 3 . 4 . 2  -

- -
4 . 4 . 1  k , u  
4 . 4 . 2  1 
4 . 4 . 4  4 1 ,  42 
4 . 4 . 5  O 'i  
4 . 4 . 6 1 7 .  2 7 , 30 . 31  

44 
4 . 4 . 6 6 7 
4 . 4 . 7  0 6 , 0 7  
4 . 4 . 7 14 
4 . 4 . 7  4n 
4 . 4 . 7 6 3 .  n9 
4 . 4 . 7  7 1 . n. . 77 
4 . 4 . 7  99 
4 . 4 . 8  -

4 . 4 . 8  -

4 . 4 . 11 -
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Change No , Date Change Page No . Para llo .  Step Uo, 
I ncorporated Affected Affected Af fec ted 

3 2 3 1  7- 1-7 1  4 .4-30 4 . 4 . 11 -
4 . 4- 31 4 . 4 . 11 -
4 . 4- 3 3  4 . 4 . 1 3 -
4 . 4- 34 4 . 4 . 13 -
4 . 4- 39 4 . 4 . 13 -
4 .4-45 4 . 4 . 13 -
4 . 4-47  4 . 4 . 13 -
4 . 4-49 4 . 4 . 14 -
4 .4-50 4 . 4 . 14 -
4 . 5- 3  4 . 5 . 1 . 2  
4 . 5- 5  4 . 5 . 1 . 3  3 
4 . 5-9 4 . 5 . 1 . 6  2 
4 . 5- 15 4 . 5 . 2  1 
4 . 5-24 4 . ' L 2 .  3 1c 
4 , 5- 25 4 . 5 . 2 . 3  ld 
4 . 5- 28 4 . 5 . 2 . 5  1 
4 . 5- 32 4 . 5 . 3 . 2  1B 
4 . 5- 33 4 . 5 . 3 . 2  2 
4 . 5- 3 7  4 , 5 . 3 . 9  2 
4 . 5-40 4 . 5 . 3 . 14 3 
4 . 6-6 4 . 6 . 1 . 7 4 
4 . 6-7 4 . 6 . 1 .  7 7 
4 . 6-8 4 .6 . 1 . 7  7b 
4 . 6-8 4 . 6 . 1 . 8  2 
4 . 6- BA/ 4 . 6-BB 4 . 6 . 1 . 8 2 
4 . 6-9 4 . 6 . 1 . 8  2 ,  ) 
4 . 6- 10 4 . 6 . 1 . 8  6 
4 . 6- 1 1  4 . 6 . 1 . 8  6 
4 . 6- 11 4 . 6 . 1 . 9  -
4 . 6- 16 4 .6 . 1 . 1 1  -
4 . 6- 18 4 . 6 . 1 . 13 3 
4 . 6-20 4 . 6 . 1 . 14 ) 
4 . 6- 2 1  4 . 6 . 1 . 15 6 
4 ,6-22 4 .6 . 1 . 16 5 • 6 ,  7 
4 . 6- 2 3  4 . 6 . 1 . 1 7 3 
4 . 6- 24 4 , 6 . 1 . 1 8 1 ,  2 
4 . 6-26 4 . 6 . 1 . 18 9 , 10 
4 , 6- 28 4 , 6 , 1 . 1') 4 
4 . 6-29 4 . 6 . 1 . 19 6 
4 . 6-29 4 , 6  . 1 .  20 2 
4 . 6- 30 4 . 6 . 1 . 20 3 
4 . 6- 31 4 . 6 . 1 . 2 2 1 
4 . 6- 32 4 .6 . 1 . 24 1 
4 . 6- 32 4 . 6 . 1 . 24 2 
4 . 6- 3 3  4 , 6  . 1 . 26 -
4 . 6-33  4 . 6 . 1 . 2 7  1 
4 ,6 - 36 4 .6 . 1 . 2 8  7 , 9 
4 , 6-37  4 , 6 . 1 .  30  -
4 . 6- 38 4 .6 . 1 . 32 -
4 , 6- 39 4 . 6 . 1 . 3 3  -
4 . 6- 39 4 .6 . 1 . 34 2 
4 . 6-41 4 . 6 . 1 . 3 7  1 
4 . 6-42 4 . 6 . 1 . 39 -
4 . 6-43 4 . 6 . 2 . 1 -
4 . 6-44 4 . 6 . 2 . 1  6 
4 . 6-47 4 . 6 . 2 . 5  1c  
4 . 6-49 4 , 6 . 2 . 6  -
4 . 6- 50 4 , 6 . 2 . 6  -
4 . 6-56 4 . 6 . 2 . 1 3 -
4 . 6- 5 7  4 . 6 . 2 . 13 2 
4 . 6- 59 4 . 6 . 2 . 15 -

8aaic Date 26 Septembe r 19 7 1  Change Dote ------ Page xxix 



Change No. Date Chanae Page No. Para llo.  S te p  No.  
Incorporated Af fected Af fected Affected 

32 3 1  7-1- 71 4 . 6-64A/B 4 . 6 . 3 . 1 3 
4 . 6-6 7 4 . 6 . 3 . 2  22 . 23 . 24 . 25 
4 . 6-69 4 . 6 . 3 . 3  1 .  3 
4 . 6-71 4 . 6 . 3 . 5  -
4 . 6-73 4 .6 . 3 , 5  5 
4 .6-76 Fig. 4- 19 -
4 . 6- 79 4 . 6 . 3 . 6  -
4 . 6-80 4 . 6 . 3 . 8  4 
4 . 6-82 4 . 6 , 3 . 9 1 
4 . 6-83/84 4 .6 . 3 . 10 1 
4 .  7-1 - -
4 .  7-4 4 . 7 . 1 . 1  -
4 . 7-14 4 . 7 . 1 . 2  11 
4. 7-18 4. 7 . 1 . 3  5 
4 .  7-23 4 . 7. 1 . 4  2 , 3 
4 .  7-26 4 . 7 . 1 . 4  8 
4 .  7-27 4 . 7 . 1 . 4  9 
4 .  7-28 4 . 7 . 1 . 4 9 
4 . 7-29 4 .  7 . 1 . 5  1 
4 .  7- 30 4 .  7 . 1 . 5  2 
4 .  7- 31 4 . 7 . 1 . 5  J . 4 
4 .  7-33 4 .  7 . 2 . 1  3 
4 .  7-34 4 . 7 . 2 . 2 J 
4 .  7-34A 4 . 7 . 2 . 3  J 
4 . 7-40 4 . 7 . 4 . 1  7 . 9 
4 . 7-43 4 . 7 . 4 . 3  -
4 .  7-44 4 . 7 . 4 . 3  J 
4 .  7-44A/B 4 .  7 . 4 . 3  7 . 8 
4 .  7-4 7 4 . 7 . 4 . 4  1 .  2 
4 .  7-48 4 .  7 . 4 . 4  J 
4 . 8-3 4 . 8. 1 . 2  -
4 . 8- 6 4 . 8. 2 . 1  -

4 . 8-8 4 . 8 . 2 . 1  2A , 3 
4 . 8- 10 4 . 8 . 2 . 1  7 

4 . 8- 11 4 . 8 . 2 . 1  Sa 
4 , 8- 1 3  4 . 8 . 2 . 1  11 
4 . 8-15 4 . 8. 2 . 1  1 5 ,  16 
4 . 8-19 4 . 8 . 2 . 1 2 1 
4 . 8- 19 4 . 8. 2 . 2  -

4 . 8- 20 4 . 8. 2 . 2 5 
4. 8- 22 4 . 8 . 3 . 1  -
4 . 8-24 4 . 8. 3 . 1  5 ,  6 
4 . 8- 25 4 . 8. 3 . 1  8 ,  9 
4 . 8- 26 4 . 8. 3 . 1 1 1  
4 . 9- 1 - -

4 . 9- 3  4 . 9 . 1 . 1  6 
4 . 9-4 4 . 9 . 1 . 1  8 
4 . 9-5 4 . 9 . 1 , 1  10 
4 .9-6 4 . 9 . 1 . 2  -
4 . 9-6A/6B 4 . 9 . 1 . 2  7 
4 . 9- 7  4 . 9 . 1 . 2  7 

4 . 9-11 4 . 9 . 1 . 2 1 7  
4 . 9- 12 4 . 9 . 1 . 2  l'J 
4 , 9- 13 4 . 9 . 1 . 2  34 
4 . 9- 14A/B 4 . 9 . 1 . 4  2 ,  3 
4 . 9- 16 4 . 9 . 1 , 5  5 
4 . 9- l6A 4 . 9 . 1 . 5  10 , 11 
4 . 9-168 4 . 9 . 1 .6 4 
4 . 9- 22 4 . 9 . 2 . 4  4 
4 .9-23 4 , 9 , 3 . 1  5 
4 . 9-25 4 . 9 , 3 . 1  12 
4 . 9- 26 4 . 9 . 3 . 1  16 , 1 7  

lalic Date 2 6  Septellber 1971 ChaftQ8 Date ----- Page XXX 



Change N o .  Date Change P age No. 
Incorporated Af fected 

32 31  7-1- 7 1  4 .9- 27  
4 . 9- 28A 
4 , 1Q- 1 
4 . 1o-3 
4 . 10-14 
4 . 1Q- 15 
4 , 1Q-16 
4 . 10- 1 7  
4 . 10-22 
4 . 10- 23 
4 . 1Q- 24 
4 , 10-27 
4 . 1Q-28  
4 . 10-29 
4 . 1Q- 32 
4 . 10-34 
4 . 10- 39 
4 , 10-40 
4 . 10-45 
4 . 10-46 
4 . 10-48 
4 , 10- 50 
4 . 1D- 52 
4 , 10-54 
4 , 10-54A 
4 , 10-548 
4 , 10-65 
4 . 10-7 3  
4 . 10- 7 7  
4 . 10- 78  
4 . 1Q- 79 
4 . 10-81 
4 . 10-82 
4 . 10-84 
4 , 1Q-85 
4 . 10-86 
4 . 10-90 
4 . 10-9 3 
4 , 10-9 7 
4 . 10-9 8 
4 . 10-100 
4 . 10-10 1  

. 

4 . 10-102 
4 . 10-107 
4 . 10-109 
4 . 10- 111 
4 . 10-11 5  
4 . 10- 119 
4 . 10-120 
4 . 10-126 
4 . 11-2 
4 . 1 1- 3  
4 . 11- 7  
4 . 12- 1  
4 . 12- 10 
4 . 12-11 
4 . 12- 20 
4 . 12-21 
4 . 14-2  
4 . 14-5 

&aaic Date 26 September 197 1  Change Data ------

Para No . 
A ffected 

4 . 9 . 3 . 1  
4 .9 . 3 . 1  

-
4 . 10 . 1 . 1  
4 . 10 . 1 . 1  
4 . 10 . 1 . 1  
4 . 10 . 1 . 1  
4 . 10 . 1 . 1  
4 . 10 . 1 . 2  
4 . 10 . 1 . 2  
4 . 10 . 1 . 2  
4 . 10 . 1 . 2  
4 . 10 . 1 . 2  
4 . 10 . 1 . 2  
4 . 10 . 1 . 2  
4 . 10 . 1 . 2 
4 . 10 . 1 . 3 
4 . 10 . 1 . 3  
4 . 10 . 1 . 3  
4 . 10 . 1 .  3 
4 . 10 . 1 . 3  
4 . 10 . 1 . 4  
4 . 10 . 1 . 5  
4 . 10 . 1 . 6  
4 . 10 . 1 . 6  
4 . 10 . 1 . 6  
4 . 10 . 1 . 7  
4 . 10 . 2 . 1  
4 . 10 . 2 . 1 
4 . 10 . 2 . 1  
4 . 10 . 2 . 1  
4 . 10 . 2 . 1 
4 . 10 . 2 . 1  
4 . 10 . 2 . 1  
4 . 10 . 2 . 1  
4 . 10 . 2 . 2  
4 . 10 . 2 . 3  
4 . 10 . 3 . 1 
4 . 10 . 3 . 1  
4 . 10 . 3 . 1  
4 . 10 . 3 . 1  
4 . 10 . 3 . 1  
4 . 10 . 3 . 1  
4 . 10 . 3 , 2  
4 . 10 . 3 . 2  
4 . 10 . 3 . 2  
4 . 10 . 3 . 2  
4 , 10 , 3 . 3  
4 . 10 . 3 . 3 
4 . 10 . 3 . 3  
4 . 1 1 
4 . 11 . 1  
4 . 11 .  2 
-
4 . 12 . 1)  
4 . 12 . 1)  
4 . 12 . 10 
4 . 1 2 . 10 
4 . 14 . 1  
4 . 14 .4 

S tep  No. 
Af fected 

20 
28 
-
-
14 
14 . 15 
18  
19 
-
-
1 
5 
6 a 
7a 

10 
14 
-
-
6 
7 
-
-
-
-

2A 
2c 
1 

-

9 
9 
12 
16 
18 
22 
25  
-

4 
-
5 
6 
13 
18 
19 
-
3 
9 
1 5  
3 
4 
1 7  
-
2 
-
-
1 
8 
8 
15 
5 
2 

Page xxxi 



Chan11e No. Date Chan11e Page No. l'ara llo , S tcp llo ,  
Incorporated Affected Affected A f fc c teJ 

3 2 31 7-1-71 4 . 1 5- 34 4 . 15 . 1 . 20 -
4 . 15- 36 4 . 1 5 . 2 . 1 . 6  5 , 7 
5 . 2-12 S S R- 1  -
5 . 3- 1  - -
5 . 3- 2  5 . 3  -
5 . 4-1 - -
5 . 4- 2  5 . 4 . 1  4 

5 . 4- 3  5 . 4 . 2  -
5 . 4- 10 5 . 4 . 8  7 
5 . 4-11  5 . 4 . 8  ') 
5 . 4- 14 5 . 4 . 10 -
5 . 4- 15 5 . 4 . 1 2 1 
04 ,  05 Tab le Ul 
01 2 ,  Dl J ,  
014 , 016 

32 32 7-1- 71 5 . 2-4 Sympton 1 
5 . 2-5 Symp ton 2 
5 . 2-6 Sympton 5 
5 . 2-9 S ympton 4 

3233 7- 1- 7 1  4 . 6-50 4 . 6 . 2 . 7  1 

4 . 6- 52 4 . 6 . 2 . 9  1 

32 34 7-1- 71 4 . 15-34 4 . 15 . 2 . 1 . 1  1 
4 . 15-34 4 . 15 . 2 . 1 . 1  2 

3235 7-1- 71 4 . 1- 5  4 . 1  7 
4 . 1-5 4 . 1  8 
4 . 5- 3  4 . 5 . 1 . 2  ] 
4 . 5-S 4 . 5 . 1 . ) 3 
4 . 5-6 4 . 5 . 1 . 4  2 
4 . 6- 31 4 . 6 . 1 . 2 3  2 
4 . 10-96 4 , 10 . 3 . 1  PG:IS 5 
4 . 11-3 4 . 1 1 . 1  1 
4 . 1 1- 1 1  4 . l l . 2  Pl.: IS 22 

5 . 2-8 Sympton 2 

3236 7- 1- 7 1  4 .  7- 2 7  4 . 7 . 1 . 4  <Jb ( 2 )  

32 3 7  7-1-71  4 . 2-45 4 . 2 . 26 A l l  
4 . 2-46 4 . 2 . 26 A l l  
4 . 2- 4 7  4 . 2 . 26 A l l  

3240A 9- 26-71 5 . 4- 25 5 . 4 . 2 3  1 th ru 24 
5 .  4-31 5 . 4 . 2 4 1 th ru 19 
5 . 4-35 5 . 4 . 2 5 1 th ru 32 

3242 . 4 . 15-30 4 . 15 . 1 . 16 . 2  8 

32 43 9- 26- 71 5 . 3- 1 2  5 . 3 . 12 . 1  a .  9 

3244 9- 26-7 1  4 . 1 3-45 4 . 1 3 .  7. 1 3 
4 . 1 3-46 4 . 1 3 .  7 . 1 7F , 7G 
4 . 13-46 4 . 1 3. 7 . 1 8 

3245 9-26- 7 1  4 . 1D-106 4 . 10 . 3 . 1  PGNS 2 8  
4 . 10-106 4 . 10 . 3 . 2  AGS 2 7  

3246 9- 26- 7 1  5 .  2-63 Symptom 3 -

Boaic Date 26 September 19 7 1  Chano- Date ------ Page xxxii 



Change No.  Date Change 
Incorporated 

3247 9-26-7 1  

3248 9-26- 7 1  

3249 9-26- 7 1  

3250 9- 26- 7 1  

32 5 1  9- 26- 7 1  

3252 9-26- 7 1  

3253 9- 26- 7 1  

3254 9- 26- 7 1  

3255 9-26- 7 1  

3256 9- 26- 7 1  

325 7  9-26- 7 1  

3258 9-26-71  

3259 9-26- 7 1  

3260 9-26- 7 1  

326 1 9-26-7 1 

3262 9-26- 7 1  

Basic Date 26 September 19 71 

Paae No.  
Affected 

5 , 4- 6  
5 . 4-8 
5 . 4-9 
5 . 4-11 
5 . 4- 1 3  
5 . 4- 14 

4 . 6-61  
4 . 6-62 

4 . 6- 66  
4 . 6-67 

4 . 1-8 
4 . 2-4 
4 . 2-9 
4 . 6-63 

5 . 2- 1 8  

5 . 2-8 

5 . 2- 16 

5 .  2- 17 

5 . 2- 1 7  
5 . 2- 1 8  

5 .  2-20 

5 . 2- 14 

5 . 2- 14 

5 . 2-8 

5 . 2-16 
5 . 2-19 
5 . 2-33 

5 . 2-5 8 

5 . 2-59 
5 . 2-60 

Change Date ------

Para No. S tep No,  
Affected Affected 

5 . 4 . 6  -
5 . 4 . 7  -
5 . 4 . 8  -
5 . 4 . 9  -
5 . 4 . 10 -
5 . 4 . 11 -

4 . 6 . 2 . 18 -
4 . 6 . 2 . 18 -

4 . 6 . 3 . 2  18 
4 . 6 . 3 . 2  25  

Figure 4-2 
Figure 4-4 
4 . 2 . 2  14 
4 . 6 . 2 . 1 3 

Symptom 4 -

Symptom 1 -

Symp tom 1 -

Symp tom 3 -

Symptom 3 -
Symp tom 4 -

Symp tom 9 -

Symptom 1 -

Symptom 1 

Symptom 1 -

Sympt om 1 -
Symptom 7 -
Symp tom 4 -

Symptom 1 -

Symptom 3 -
Symptom 4 -

Page XlOti i L  
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PNL PROCEDURES REMARKS 

4.1 PULAUliCII CLOSEOUT CHICK 

Tbe prelawacb cloaeout check 1a perfor.d by a backup f lllbt crew . It h ••-d that a c0111plete prelawach checkout . 1D­
clucl1q atowap of looee ••r. hu b•a pedor.d by arouacl aupport peraODUl before the backup fli&bt crew eaten the LH .  

11 1 1 . 

8 I 2 .  

�11 cb '• - opea. except : 
Cl BTR: 

IIIDZ IDR SUY - cloee 
LDG IDI - cloee 

Cl LTC : .AMUI/�/CXIMPRT - clo .. 
Cl PGNS : DIJ S'TIY - cloee 
Cl IPS : 

IAT nm Til (2) - clo .. 
ClOSS Til IAL LOADS - cloae 
DIS ICA - cloee 
DC IUS 10LT - cloee 

Veri(? cb atat• per Pn lauach Cloeeoat Check .  

DIS PIOPUL : 
PUlL ftft - - eeDter; tb - bp 
OXID VERT av - ceater ; tb - bp 

II1'R COliT: 
MESA av - I.D 
DUD LID av - OFF 

ID: 
DIS PIPLRT ISOL VLV • - SAFE 
MASTEl APJI - - OFF 
IllS VDT av - SAP! 
ASC Be S!L - - 10TH 
LDG GIAil DEPLOY - - SAFE ; tb - bp 
RCS Be PUSS - - S� 
DIS STAaT Be PUSS - - 5.\FE 
ASC Be PRISS - - SAP! 
STAGE av - SAFE 
STAGE RELAY - - OFF 

�UDIO : 
S lWm T /1 - - OFF 
ICS T /I. av - OFF 
RELAY ON av - RELAY OFF 
S BAND VOL tv - u deaired 
ICS VOL tv - u deaired 
MODE aw - ICS/PTT 
AUDIO CONT aw - NORM 
VHF A aw - OFF 
VHF B av - OFF 

All tb '• 1ad1cate ao-power coaditioa. 
lee••• •� avitchea are apriq loaded to caater poa1-
t1GDa 0 dea ired a tatua of aoleaoid Y&lYU (or relaya ) 1• 
prueated . 

Sea fiaun 4- 1 .  

PUlL VIIIT latchiq Yalft - ..... 
OXID VIIIT lat cbiq Yalft - opea. 

,. � ,.. 
,.. 0 
o ,.. 
, �  1 ,. ,. ...,. ... � - o  0 ,  
Z w  � I z i  ,. 
z " • 8 � 



PARA 

4 . 2  
4 . 2 . 1  
4 . 2 . 2  
4 . 2 . 3  
4 . 2 . 4  
4 . 2 . 5  
4 . 2 . 6 
4 . 2 . 7  
4 . 2 . 8  
4 .  2 . 9  
4 . 2 . 10 
4 . 2 . 11 
4 . 2 . 12 
4 . 2 . 13 
4 . 2 . 1 3 . 1  
4 . 2 . 1 3 . 2  
4 . 2 . 1 3 . 3 
4 . 2 . 1 3 . 4  
4 . 2 . 13 . 5  

4 . 2 . 13 . 6  
4 . 2 . 13 .  7 
4 . 2 . 14 
4 . 2 . 15 
4 . 2 . 16 
4 . 2 . 1 7 
4 . 2 . 18 
4 . 2 . 19 
4 . 2 . 20 
4 . 2 . 2 1  

4 . 2 . 2 2 
4 . 2 . 2 3 
4 . 2 . 24 
4 . 2 . 25 
4 . 2 . 26 
4 . 2 . 2 7 
4 . 2 . 28 
4 . 2 . 29 
4 . 2 .  30 
4 . 2 . 31 
4 . 2 . 32 

Basic Date 26 September 1 9 7 1  

TITLE 

Subsystem Act ivation 
Init ial Entry S tatus Cheek 
EPS Activation & Checkout • • 

Primary Glycol Loop Act ivation 
Circuit Breaker Activation 
Primary Sublimator Act ivation • 

Lighting Activation & Checkout 
Utility Lights Act ivation & Checkout 
AOT Lighting Check • • • • • 

COAS Lighting Check • , • • • , • • • 

Caution & Warning Array Checkout 
Timer Elect roluminescent (EL) Numeric Check 
Set Mission Timer . • , • 

ECS Activat ion & Checkout 
Consumables Check • • 

Glycol Pump Check • • • • 

SUIT ISOL Valve Check • • 

02 Supply Act ivation 
Suit Fan Activat ion , Checkout , and Water 
Separator Check • . • • • • • 

02 Demand Regul ator Checkout 
In-Flight 02 Demand Regu lator Check (Alternative) 
Crewman Conne ct to LM ECS • • • • • • 

Crewman Disconnect Transfer Umb i li cal 
ARS / PGA Pressure Integrity Check 
VHF Act ivation & Checkout • • 

�IF B S implex Check • • • • • • • • • 

S-Band Activat ion & Checkout , Using Omni Antenna 
S-Band Steerable Antenna Activat ion and Checkout 
Low-Power S-Band Backup Voice , LBR Check With 
S teerable Antenna • . • • • • • • • • • . • 

S-Band Ranging, Voice , and Telemetry Check 
S-Band FH Check • • • • • • • • • • • • • • 

Secondary S-Band Transce ive r  & Power Amp lifier Check. 
S-Band Backup Voice & Keying Check 
Ascent Battery Act ivation & Checkout 
APS Temp /Press Prepresauri zation Check 
DPS Temp /Press Prep ressurization Check 
DPS Pressur ization & Checkout 
RCS Pressurization 
RCS Hot/Cold Firing Check 
Landing Gear Dep loy 

Change Dote ------

PAGE 

4 . 2-2 
4 . 2- 2  
4 . 2 - 5  
4 . 2-9 
4 . 2-10 
4 . 2-16 
4 . 2 - 1 6  
4 . 2- 1 7  
4 . 2- 1 7  
4 . 2- 1 8  
4 . 2-19 
4 . 2-20 
4 . 2-20 
4 . 2- 2 1  
4 . 2- 2 1  
4 . 2- 2 1  
4 . 2 - 2 2  
4 . 2-2 3 

4 . 2- 2 1  
4 . 2- 2 4  
4 . 2- 2 7  
4 . 2- 2 8  
4 . 2-28A 
4 . 2-29 
4 . 2 - 31 
4 . 2- 3 3  
4 . 2- 34 
4 . 2 - 34 

4 . 2-40 
4 . 2-4 3 
4 . 2- 4 3  
4 .  2-4 4  
4 . 2 -4 5  
4 . 2-45 
4 . 2-48 
4 . 2-49 
4 . 2 - 50 
4 . 2 - 5 4  
4 . 2- 5 7  
4 . 2- 6 1  

Page 4 • 2 - 1  
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PIOCEDUIES REMARKS 

4.2 SUBSYSTEM ACriVJriOI 

SubiiY•t- ac:tiYatiOD C:CIIlaiata of tuka perfonad by the c:nw to tum Clll 6 c:hec:k the LH aubaya te• . Sticky talltbacka ..,. 
be looe .... d by tapp1DI p .. l • 

4. 2 . 1  INITIAL INTI! STAtUS CBEC� 

0. Verify that LCC acc:•ulator bcb 1a Dot bott�d. 

1. AU c:b '• - open 1 aac:ept : 
Cl BTl: 

•oz IDI STI! - do .. 
LDC IDI - c:loee 

Cl ac: Alltll /DOa/eott»MT - c:loae 
Cl PCIIS:  JXJ STIY - c:loae 
Cl IPS :  

IAT P'IID TIE ( 2 )  - c:loae 
C.OSS Til BAL LOADS - c:loae 
DIS ICA - c:loM 
DC BUS VOLT - c:loae 

Verify c:lt atatue per IDitial Entry Statua Olec:lt 

Allau.pUOD: IDitial Intrawhlcular Trmafer to LM 
(para 4 . 14 .1)  md &..a,le LM c.a, in lapr. .. urtaatiOD 
Syatea (para 4.14.5)  haw bean perforaad • 

See fipn 4- 3 .  

16 1 2 . All cb 'a - open 1 eacept : 

3 .  

--

Cl LTC : PLOOD - cloae 
Cl S /C:  ASA - cloae 
Cl ICS :  CAlli DPDSS - c:loae 
Cl BTl: 

•sA - c:loae 
S BD ART - c:loae 

CB IPS : 
DC BUS VOLT - cloae 
DIS ECA - c:loae 
ClOSS TIE BAL LOADS - cloae 
BAr PEED TIE (2) - cloae 

Verify cb atatua per Initial Entry S tatua Cleek 

Baquee t CHP to initiate power trans fe r to LM rla 
doc:kina tunnel e lect rical u.b ilicala . 

See figure 4-4 . 

All indicator power fai lure lights , 
on vhen on LM power 
off vhen on CSM power 

X-pointer ( 2 )  RCS : 
THRUST PRESS 
MPS : PRESS QUANTITY 

except JUIC/ALT (9) -

ECS : 
PRESS 
GLYCOL 
QUANTITY 

j 0 
i e � ---6 ;  z w  
.,. , 
I 
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Figure 4-1 .  Prelaunch Closeout Check (Panel 11)  
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PROCEDURES 

PIELAUMCH CLOSEOUT CHECX (cont� 

VOX SEllS tv - u dedred 
VHP A VOL tv - .. dedred 
VHP I VOL tv - aa deeired 
MASTEl VOL tv - u deei red 

COAS 11V - OPP 

ORDEAL: 
PDAI 1 IV - INRTL 
PDAI 2 IV - IIOm. 
IAD'B/LUliAI .., - PVR OFF 
LTG tN - OFF 
MODE 11V - HOLD/PAST 
SLIV IV - center 
ALT SET coat - TID • 

THROTTLE/JETS coat (CDR) - JETS 
Throttle friction coat (CDR) - as deeired 

DES lATE IIV - center 
Eng STOP pb /1t - r11et 
Eng START pb/1t - not depreaaed 
+X TRANSL pb - not depreaaed 
MSN 'IMR :  

THI OOtiT 11V - STOP 
SLEW COtrr HOUllS 111 - center 
SLIW COtrr MIN IV - center 
SLEW COII'r SEC IV - center 

LTG : 
OVEIIIDE AJfUN tN - OFF 
OVDIIDE MlM IV - OFF 
OVEU.IDE INTEGJW. tN - OFF 
SIDE PANELS av - OFF 
FLOOD cont - BRIGHT 
ANUM/MUM cont - DIM 
INTEGRAL coat - DIM 

PTT pb (CDR) - not depressed 

X POINTER SCALE IV - HI HULT 
MASTER ALARM pb /lt - not depressed 
RATE /ERR K>N IV - LDG RDR/CMPTR 
ATTITUDE HON IV - PGNS 

REMARKS 
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PROCEDURES 

PRELAUNCH CLOSEOliT CHECK ( cont ) 

EPS : 
ED VOLTS sw - OFF 
POWER/TEMP MON sel - ED/OFF 
INVERTER sw - OFF 
LMP BAT 1 HI V & LO V sws ( 2 )  - center ; tb - bp 
LMP BAT 2 sw - center ; tb - b p  
CDR BAT 3 s w  - cente r ;  tb - b p  
CDR BAT 4 HI V & LO V sws (2)  - cente r ;  tb - b p  
CDR & LMP LUNAR BAT sws ( 2 )  - center ; tb - b p  
DES BATS s w  - center ; tb - b p  
BAT 5 NORMAL LMP FEED sw - cente r ;  tb - b p  
BI\T 5 BACK UP CDR FEED sw - cente r ;  t b  - bp 
BAT 6 NORMAL CDR FEED sw - cente r ;  tb - bp 
BAT 6 BACK UP U1P FEED sw - cente r ;  tb - bp 

COM't : UPLINK SQUELCH sw - ENABLE 

UP DATA LINK sw - OFF 
AUDIO : 

AUDIO CONT sw - NORM 
S BAND T /R sw - OFF 
ICS T/R sw - OFF 
RELAY ON sw - RELAY OFF 
S BAND VOL tw - as des ire d 
ICS VOL tw - as des ired 
MJDE sw - ICS/PTT 
VHF A sw - OFF 
VHF B sw - OFF 
VOX SENS tw - as desired 
VHF A VOL tw - as des ired 
VHF B VOL tw - as desired 
MASTER VOL tw - as desired 

COHH : 
S BAND M>DULATE sw - P'l 
s BAND X!'fl"R/RCVR SW - OFF 
S BAND PWR A�1PL sw - OFF 
S BAND VOICE sw - OFF 
S BAND PCM sw - OFF 
S BAND RANC.E sw - OFF /RF.SET 
VHF A XHTR sw - OFF 
VHF A RCVR sw - OFF 
VHF B XMTR sw - OFF 
VHF B RCVR sw - OFF 
TLM BIOMED sw - OFF 

REMARKS 

LMP bat 1 HI V & LO V - off 
LMP bat 2 - o f f  
CnR b a t  3 - OFF 
cnR hat 4 HI v & LO V - o f f  
CDR & LMP lunar b at - o f f  
De s  bats - connect 
Bat S normal LMP feed - off 
Bat S b ackup CDR feed - off 
Bat 6 normal CDR fee d - off 
B at 6 backup LMP feed - of f 
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PROCEDURES 

PUUDIICB CLOSEOUT CHECK (coot) 

TLH PCM ., - HI 
VHF A SQUILCB tv - u duired 
VHF I SQOILCB tv - .. duired 
RECOIDil ., - OFF 
RECOilDil TAPE tb - bp 

COIIt ART: 
VHF ael - APT 
TIACX ti>DI av - OFF 
PITCH coot - -15• 
TAV coot - -12• 
s ..-D ••1 - APT 

Ovhd floodliahte (CDR & LMP) - rotate aft 
CDl & LMP UTnin LIGHTS av - OFF 

SUIT GAS DIVIIIIR vlv - PULL EGRESS 
CABIN IIPR!SS v1v - CLOSE 
LO PLSS PILL vb - CIDSE 
PRESS lEG A vlv - CLOSE 
PlESS BG I vlv - CLOSE 
DES 02 vlv - CLOSE 
11 ASC 02 vlv - CLOSE 
12 ASC 02 vb - CLOSE 
SUIT ISOL vlv (CDR) - SUIT DISC 
SUIT ISOL vlv (LMP) - SUIT DISC 
ASC 820 vlv - CLOSE 
SIC IVAP PLOW v1v - CLOSE 
PRI IVAP PLOW 12 vlv - CLOSE 
DIS H20 vlv - CLOSE 
PRI IVAP PLOW 11 vlv - CLOSE 
WATII TANK SELECT v1v - DES 
SUIT TEMP vlv - COLD 
CABIN GAS RETURN vlv - AUTO 
SUIT CIRCUIT RELIEF vlv - AUTO 
C02 CANISTER SEL vl v - PRIM 
PRIM C02 CANISTER cover - CLOSE 
SEC C02 CANISTER cover - CLOSE 
WATER SIP SIL vlv - PUU. SEP 2 
Cabin relief & dWip vlv (ovhd) - OPEN 
Cabin relief & dUIIp vh (fvd) - AUTO 
LIQUID GARMENT COOLING v1v - COLD 
HI PLSS 0 2  FILL vlv - CLOSE 

REMARKS 
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MESA 

PROCEDURES 

4 . 1 PRELAUNCH CLOSEOtrr CHECK (cont)  

2 1 . CDR. LHP . & docking w indow shades - dep loyed (w indow 
covered) & secure , c rash bars - stowed 

2 2 .  Color TV control sett ings : 
Aperture - F /11 
Zoom - 25  11111 
Focus - 6 ( feet ) 
ALC sw (Peak/Average sw) - AVERAGE 
TRANSMIT /STANDBY sw - TRANSMIT 

REMARKS 

Lens cap must be folded back ove r lens barrel and secured 
with thermal b lanket so that cap will not swing back in 
front of lens and obstruct optical field of view. 
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PROCEDURES 

CIRCUIT BREAKJ& A�IVATION _(coat) 

CB ICS : 
GLYCOL PUMP SEC - open 
LOG PUMP - .. required 

Cl CAMR :  SEQ - open 
CB EPS : 

ASC ECA COIIT - open 
ClOSS TIE IUS - open 
CROSS TIE IAL LOADS - open 

Verify cb atatua per Circuit Breaker Activation 

Cl IIIST : CWEA - open 
MASTEl AJ..UH - OD 
C/V PWl eaut lt - OD 
Cl IIIST : CWEA - cloae 
HASTEI ALA.IH pb/lt - reeet 
CIS ltC varn lt - off 
CES DC van lt - off 
PU NIPS cat lt - off 
C/V PWl c•t lt - off 
Cl S /C:  AELD - open 

MPS : PUSS iod pvr fail lt - o f f  
ASC He lEG 1 tb - aray 
ASC He lEG 2 tb - aray 
DIS He RIG 1 tb - aray 
DES He RIG 2 tb - bp 

ICS : 
PRESS iod pvr fail lt - off 
QUAHTITY ind pvr fail lt - off 
SIS A ASC FUEL tb - bp 
SYS A ASC OXID tb - bp 
SYS I ASC FUEL tb - bp 
SYS I ASC OXID tb - bp 
SYS A QUAD 1 ,  4 ,  2 ,  & 3 tb - gray 
SYS I QUAD 1 ,  4, 2 ,  & 3 tb - gray 
SYS A & B HAlN SOY tb - gray 
CllSFD tb - bp 

X pointer ind pvr fail lt - off 
FDAI pvr tb - on (out of view) 

REMARKS 

LCG puap activation is crew coafort it ... 

See fiaure 4-6 • 

Cycling CB INST : CWEA resets CES AC aod CES DC varn lt 
logic , allowing lights to go off . 

ASC He lEG latching valve 1a open when tb - aray . 
ASC He lEG latching valve is open vben tb - aray . 
DES He UG latching valve ia open vben tb - aray . 
DES He lEG latching valve ia cloaed vhen tb - bp . 

RCS : ASC FUEL (ASC OXID) tb - bp indicates that ASC 
FEED 1 fuel (oxidizer) valve or ASC FEED 2 fuel (oxidizer) 
valve , or both valves , are closed . Noraal configuration 
is ASC FEED 2 valves closed and ASC FEED 1 valves open . 
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4 . 2. S  PR�Y SUBLIHATOR ACTIVATION 

ECS 1 1. PRI EVAP FLOW 1 1  vlv - OPEN 

2 1 2. ECS : GLYCOL teap lad - aonitor 

4.2.6 LIGHTING ACTIVATION ' CHECKOUT 

3 1 1 . 

s 1 2. 

LTG :  
SIDE PANELS � - ON 
FLOOD � - OVHD/FWD , then OFF , then ALL 
FLOOD coat - BliGHT , then DIM , then adjust aa desi red 
EXTERIOR LTG � - TRACK , then DOCK , then OFF 

LTG : 
FLOOD coat - BRIGHT , then DIM , then adjust aa desired 
ANUM /HUH coat - BliGHT , thea DIM 
OVERRIDE ANUM � - ON , then OFF 
OVERRIDE HUH �  - ON ,  then OFF 
ANUM /HUH coat - adjust aa desired 
INTEGRAL coat - BliGHT , thea DIM 
S IDE PANELS aw - OM 
OVERRIDE INTEGRAL � - ON , then OFF 
INTEGRAL coot - adjust aa des ired 

REMARKS 

Activated primary sublimator requires ainiaua of 1200 
Btu/hr heat input to prevent freezing and burs ting • 

Previous ci rcui t b reaker activation supplies sufficient 
heat input . 

GLYCOL caut l t  - off when ECS : GLYCOL teap ind decreaaes 
below so• F .  Time required is function of initial 
vehicle te•perature , vehicle orientation, and glycol 
loop heat lead . Periodically aoaitor ECS : GLYCOL teap 
ind to verify temperature is decreaaing. 

Panel S or 3 (or both) LTG : SIDE PANELS � - OFF 
(if  desired) after check. 
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PROCEDURES 

4 . 2 . 7  UT ILITY LIGHTS ACT IVAT ION & CHECKOl� 

1 .  Remove b oth uti l ity ligh ts f rom s t �age .  

WARNING 

Be fore util ity lights are conne cted or dis­
conne cted , t o  avoid mating or demat ing a 
hot connector,  perform step 2 . 

2 .  CDR & LMP UfiLITY LIGHTS sw - OFF 
CB LTG : UTIL - open 

3 .  

4 .  I s . 
1 6 . 

Remove dus t caps from uti lity light conne ctors . 

Connec t  ut i lity l ights to power recept acle . 

CB LTG :  UTIL - close 
CDR UTILITY LIGHTS sw - BRIGHT , then DIM , then OFF 
LMP UTILITY LIGHTS sw - BRIGHT , then DI�. then OFF 

Place ut i l i ty lights in operational locat ions . 

4 . 2 . 8 AOT LIGHTING CHECK 

1 .  CB /AC BUS A:  AOT LAMP - close 

2 .  RETICLE BRIGHTNESS cont - deer , then incr ,  adj ust as 
des ired 

3 • CB /AC BUS A :  AOT LAMP - open 

REMARKS 

I f  ut i li ty lights are connected , omi t s teps 1 th ru 4 .  

For trans- lunar coas t an d  lunar landing , b oth utility 
lights may be s t�ed on AOT guard . 

RETICLE BRI GHTNESS cont is on computer control and 
re t i c le dimme r assemb ly ( CCRD) . Lights are in AOT . 
Reticle seen th rough AOT optics , le gends on CCRD , and 
angle counter should b e  i lluminated. 
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PROCEDURES I REMARKS 

OOAS LIGQTING CHECK 

COAS flltl - OVHD 

COAS bri&htneaa cont - di• , then bright  

COAS flltl - OFF 

CAUTION 

To avoid d ... a• to connectors , be careful I I • when .. ting or deaatin& COAS . , 2  a..ove COAS f r� overhead position .  I 

COAS detent - LW I 1 0 

ID8tall COAS in forward poaitioa . � � 
COAS flltl - FWD . ..... 

� . 
COAS brightneaa coot - di• , thea bright - o  o .  

Z w  
COAS .., - OFF .,. . 

� · ....,,.. COAS fr• forward position. I l z 
COAS detent - overhead position I l i 
ID8tall COAS in overhead �untina position. I I 8 � 
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PROCEDURES 

CAUTION & IJARHING ARRAY CHECKOUT 
CB INST : CWFA - open 
C /W PWR caut lt  - on 

LTG : LAMP /TONE TEST sel - C/W 1 
Lef t  bank warn l ts - on 

LTG : LAMP/TONE TEST sel - ENG PB C/\J 2 
Left bank warn lts - off 
Right bank warn lts - on 
Eng START pb / l t  - on 

Eng STOP pb/ lt ( 2 )  - on 

LTG : LAMP/TONE TEST sel - C/W 3 
Right bank warn lta - off 
Left bank caut lts - on 
Eng START pb/ lt - off  
Eng STOP pb/lt ( 2 )  - off  

LTG : LAMP/TONE TEST sel  - C/W 4 
Left bank caut lts - o f f  
Right bank caut lts - on 

LTG : LAMP /TONE TEST sel - COMPNT 
Right bank caut lts - off ; except C /W PWR caut lt - on 
ED :  

STAGE SEQ RLY S Y S  A coap caut lt - on 
STAGE SEQ RLY SYS B comp caut lt - on 

EPS : 
BAT FAULT camp caut lt - on 
DC FEEDER FAULT camp caut lt - on 

SUIT FAN camp caut lt - on 
r.LYCOL comp caut l t  - on 
C02 CaftP caut lt - on 
H20 SEP camp caut lt - on 
RNDZ RADAR : NO TRACK lt - on 
LUNAR CONTACT lt ( 2 )  - on 

LTG : UVfP/TONE TEST se1 - OFF 

All lts in step 6 - o f f  

- -- -- ------ ·- - -- ·- - ---

-·-

--

REMARKS 

C /W Pl.ffi caut 1t remains on whi l e  CB INST : CWEA - open. 
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4 . 2 . 10 CAUTION & WARNING ARRAY CHECKOUT (cont) 

16 I a. CB INST : CWEA - close 
C/W PWR caut lt - off 
RCS A REG warn lt - on 
RCS B REG warn lt - on 
ECS caut lt - on 2 
GLYCOL caut l t  - on (if  glycol temp )50• F) 
H20 SEP co.p caut lt - on 
SUIT FAN COIIp caut lt - on 

16 1 9 .  
1 , 2  

CB LTG : MASTER ALARM - cloae 
MASTER ALARM - on 
MASTER ALAIH pb/lt - reset 

4 . 2 . 11 TIMER ELECTROLUMINESCENT (EL) NUMERIC CHECK 

5 1  1 .  HSN THR: SLEW CONT (HOURS , MIN ,  & SEC) sw - TENS & UNITS 
to step thru ranae of nuabera for digit (at least 0 thru 
5) & observe configuration to check all EL numeric 

l I 2 .  

se ... nts . 

EVNT THR: SLEW CONT (MIN & SEC) aw - TENS & UNITS to 
step thru ranae of nu.bers for digit (at least 0 thru 5 )  
& observe coafiauration to check all EL nu.eric s e  ... nts . 

4 . 2 . 12 SET MISSION TIMER 

5 1 1 .  HSN THR: 
THR CONT aw - RESET 
SLEW CONT HOURS sw - TENS , then UNITS 

2 .  Repeat step 1 for MSN THR :  SLEW CONT MIN & SLEW CONT 
SEC sw . 

3 .  HSN TMR: THR CONT sw - START 

REMARKS 

CB INST: CWEA - close resets flip-flops , causing 
annunciator lights to go on .  
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4 , 2 . 1 3 ECS ACTIVAT ION & CHECKOUT 

4 , 2 . 13 . 1  Consumab les Check 

2 1 1 . 02/H20 QTY HON se l - ASC 2 
ECS : 

2 

11 

02 QUANTITY ind - approx 1007. 
1120 QUAllTITY ind - approx 7 67. 

2 .  02/H20 QTY MON sel - ASC 1 
ECS : 

02 QUANTITY ind - approx 100% 
1120 QUANTITY ind - approx 7 6% 

3 .  02/H20 QTY MON sel - DES 2 
ECS :  

0 2  QUANTITY ind - approx 100% 
H20 QUANTITY ind - approx 667. 

4 ,  02/H20 qTY HON sel - DES 1 
ECS :  

02 QUANTITY ind - approx 100% 
H20 QUANTITY ind - approx 66% 

4 , 2 . 13 . 2  Glycol Pump Check 

1.  GLYCOL sel - PUMP 1 

2 .  C B  ECS :  
GLYCOL PUMP 2 - close 
GLYCOL PUMP 1 - close 
GLYCOL PUMP AUTO TRNFR - c lose 
GLYCOL PUMP 1 - open 

1 ,  2 1 3 . t�STER ALARH - on 
1 / 2  

1 1  
2 

1 4 .  

I S . 

t�STER ALARM pb/ lt - reset 
CB ECS : GLYCOL PUMP 1 - c lose 
GLYCOL conp caut lt  - on 

ECS : GLYCOL press ind - 2 1  to 37 ps ia 

GLYCOL se l - INST (SEC) 

REMARKS 

A�sumntion : Wat�r tank f i l l  ratio is 0 . 7 5 . 

Assump t i on :  15 pounds sampling per descent tank . 

Simulate� pum� No . 1 fai lure . 

If Glycol Pumn Check is performed after ECS is com­
pletely act ivated , ECS caut lt and GLYCOL comp caut lt 
wi l l  f licker once a� pump No . 2 is activated v ia glycol 
puMp automa t ic transfer c ircuit . I f  Glycol Pump Check is 
performed before ECS is completely activated , omit step 
3 .  When other s ir,na l s  are routed (via OR gates ) to ECS 
caut l t ,  GJ.YCOL comp caut lt will f licker once and 
MASTER AJ�R� wi l l  not go on . I f  fai lure of pump 
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16 

4 . 2 . 1 3 . 2  Glycol Pump Check ( cont ) 

6 .  ECS : 
GLYCOL press ind - monitor 
GLYCOL temp ind - moni tor 

7 .  CB ECS : GLYCOL P UKP  SEC - close 

2 1 8 .  ECS :  GLYCOL press ind - inc rease 

16 1 9 .  CB ECS : GLYCOL PUMP SEC - open 

2 1 10 .  GLYCOL eel - PUMP 2 
GLYCOL coap caut It - off 

11 . ECS : GLYCOL press ind - 21 to 37 ps ia 

1 1  1 12 .  CB ECS : GLYCOL PUMP AIJl'O TRNFR - open 

2 1 1 3 .  GLYCOL eel - P UMP  1 

14 . ECS : GLYCOL press ind - 21 to 37 ps i a  

4 . 2 . 1 J . )  SUIT ISOL Valve Check 

ECS 11 . SUIT ISOL vl v (LHP) - SUIT FLOW 
SUIT I SOL vlv (CDR) - SUIT FLOW 

2 .  SUIT I SOL vl v ( L'IP ) :  ACTUATOR OVRD - PUJ� ACT 

3 .  SU IT I SOL vlv ( LMP )  - SUIT DISC 
I 1: : SUIT ISOL vlv ( CDR) : ACfllATOR OVRD - PULL ACT 

SUIT I SOL vlv (CDR) - SUIT DISC 

REMARKS 

No. 1 occurs , ot he r than an overcurrent , causing CB 
ECS : GLYCOL PUMP 1 to open , ECS caut lt will fl icke r 
once , MASTER ALARM will  go on and GLYOOL co111p caut lt 
will remain on until appropri ate correct ive actions are 
perfor-.ed. 

ECS : GLYCOL press ind will i nc rease 10 t o 20 paia above 
reading in s tep 6 .  

I f  Glycol Pump Ch eck i s  performed afte r  ECS i s  ca.­
pletely act i vate d ,  ECS caut lt and GLYCOL co� caut lt 
may f licker once and activate MASTER ALARM. If this 
occurs , KASTER ALARM pb/lt - reset . 
I f  Glycol Pu.p Check i s  pe rforaed before ECS i s  com­
pletely act ivate d ,  and other s ignals are routed (via O R  
gates ) t o  ECS caut lt , r.LYCOL ca.p caut lt aay flicker 
once . 
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4 . 2 . 1 3 . 4  02 Supply Ac tivat ion 

ECS I L  
16 

ECS I 2 .  

DES 02 vlv - OPEN 
CH ECS :  CAB IN FAN CONT - open 

PRESS REG A vlv - EGRESS 
PRESS REG B v1v - EGRESS 

2 3 .  ECS : SUIT PRESS ind - 5!Q . 2  psia 

4 . 2 . 13 . 5  Suit Fan Act ivat ion, Checkout ,  and Water 
Separator Check 

2 1 1 .  SUIT FAN Bel - 2 

CB ECS :  SUIT FAN 2 - c lose 16 2 .  l l i2 3 • MASTER ALARM - on 
SUIT /FAN warn lt - on , then 

1/2 MASTER ALARM pb/ l t  - reset 
off 

2 SUIT FAN camp caut l t  - off 
H20 SEP camp caut lt - off 
ECS caut 1t - off 

2 4 .  ECS : PART PRESS C0 2 lnd - zero mm Hg 

16 1 5 . 

1 , 2  ( 6 .  
1 
2 

1/2 

CB ECS :  StJIT FAN 2 - open 

MASTER ALARM - on 
SUIT/FAN warn lt - on 
SUIT FAN comp caut l t  - on 
ECS caut l t  - on 
H20 SEP comp caut 1t  - on 
MASTER ALARM pb/ lt - rese t 

REMARKS 

When CH ECS :  CABIN FA�I CO! IT - open , there is over-
ride of aut0111atic deactivat ion of cabin fan , with PRESS 
REG A or B v lv - EGRESS . 

PRESS REG A and B v lv - EGRESS to preclude LM from 
sunp lving oxygen to L� and CSM whi le hatches are open . 

CSM 02 supply is 5!Q . 2  ps i a .  

MASTER ALARM may go on approximately 7 seconds a f ter 
selection of suit fan No . 2 subsequent to use or 
failure of suit fan No . 1 .  

ECS caut l t  and H20 SEP comp caut lt - off when water 
separator comes up to speed . Time is approximately 1 
minute when dry ; up to 15 minutes when wet . 

C02 level is function of t ime that crew is on ARS . At 
ini tia l  ARS activat ion or following LiOH cartridge re­
p lacemen t ,  reading should be zero mm Hg . 

When suit fans are deac tivated , water separator s laws 
down , causing delayed act ivation of ECS caut l t  and 
H20 SEP comp caut l t .  Time for water separator to 
slow down is approxiMately 15 seconds when wet ; 2 . 5 
to 3 minutes when dry . ECS caut lt and H20 SEP camp caut 
lt - off when selected wa ter separator comes up to speed, 
approxima telv 1 minute when dry ; up to 15 minutes when 
we t .  
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4 . 2 . 13 . 5 Suit Fan Activation, Checkou t ,  and Wa ter 
Separator Check (cont ) 

ECS I 7 .  IJATER SEP SEL vlv - PUSH SEP 1 

11  

2 

1 
2 

16 

8. CB ECS :  SUIT FAN 1 - close 

9 .  SUIT FAN s e l  - 1 

10. SUIT/FAN warn lt - off 
SUIT FAN coap caut lt  - of f 
ECS caut lt - off 
H 20 SEP comp caut lt - of f 

1 1 .  CB ECS :  SUIT FAN 2 - c lose 

4 . 2 . 13 . 6  02 Demand Regulator Checkout 

WARNING 

This procedure requires approx 2 . 2  to 
2 . 5 pounds of oxygen to be dumped over­
board . This checkout .ust not be per­
formed when s taged . I t  may be performed 
(using descent oxygen) when unstaged 
only if dumping 2 . 2  to 2 . 5  pounds of 
oxygen overboard does not compromise mission . 

NOTE 

When dumping cabin pressure in fol lowing s teps , 
observe ECS : SUIT PRESS ind on panel 2 ,  to verifv 
suit loop lockup (seating of SU IT C IRCUIT R F. L I EF 

vlv a t  4 . 3  psia) . 

ECS 1 1 . PRESS REG A vlv - CABIN 
SUIT CIRCUIT RELIEF vlv - AUTO 
CABIN GAS RETURN vlv - Ec.RESS 

REMARKS 

Assumpt ion : ARS /PGA Pressure Integri ty Check (para 
4 . 2 . 16)  has been performed . 

I f  CB ECS : CABIN FAN - open , references to cabin fan 
do not apply . 
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4 . 2 . 1 3 . 6 02 Demand Regulator r.heckout ( cont ) 

1 , 2  
1 

ECS 

2 .  

3 .  

4 .  

5 .  

1 6  1 6 . 

1 / 2  
1 

7 .  

CAUTION 

Rapid swi tching of CABIN REPRESS vlv from AUTO 
to CLOSE , or CWSE to A\JTO , cause s loud bang . 
This does not damage valve . To change CABIN 
REPRESS vlv posi t ion , smooth , slaw moveMent i s  
rec0111111ended . 

CABitl REPRESS vlv - AUTO 
SUIT GAS DIVERTER vlv - PUSH CABIN 

Verify overhead hatch - c losed (docked only) 

Cabin relief & dump vlv (ovhd) - OPEN (docked only) 

PRESS REG B v lv - EGRESS 

Cabin relief & dump v lv ( fwd ) - OPEN unt i l  cabin pres­
sure drops below 4 . 0  psia (nominal) , then AUTO 
}lASTER Al.AIU-t - on 
CABIN warn lt  - on 
CABIN REPRESS vlv opens . 

CB ECS : CABIN REPRESS - onen 

PRESS REG A v lv - CLOSE 
!lASTER ALAR!t pb/ lt - reset 
CABIN warn lt - off  

CAUTION 

Rapid suitching of CABIN REPRESS vlv from AUTO 
to CLOSE , or CLOSE to AUTO , causes loud bang . 
This does not damage valve . To change CABIN 
REPRESS v lv posi t ion , smooth , s low movement is 
rec0111111ended • 

REMARKS 

Depressur i zes dockinr, tunnel during cabin depressuriza­
t ion . 

Cabin fan goes off anrl SUIT GAS DIVERTER v lv moves to 
EGRESS position . 

Activation pressure band for valve opening is between 
4 . 45 and 3 . 7  psia . 

Automatic repressurization starts . 

CABIN REPRESS v lv c loses and CABIN warn lt - off when 
CB ECS : CABIN REPRESS - open or i f  cabin pressure reaches 
4 . 4  to 5 . 0  ps ia . 

lfhen PRESS REG A and /or B vlv - CLOSE, ensure handle is 
rota ted to full hard stop pos i tion . 
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4 . 2 . l l . 6  02 DeMand Regula tor Checkout ( cont ) 

ECS I 8 .  

9 .  

10.  

11 .  

1 2 .  

1/2 1 13 .  

ECS 

1 , 2  
16 

1 

14 . 

CABIN RF.PRF.SS vlv - CLOSE 
Cabin relief & dump vlv ( fwd ) - OPE:l unt i l  cab in pres­
sure decays to 3 . 5  ps ia , then AUTO (4 . 3 psia in ARS , de­
caying to 3 . 8!0 . 2  ps ia . ) 

PRESS RF.G B vlv - CLOSE 

SUIT CIRCUIT RELIEF vlv - OPEII unt i l  suit loop pressure 
decays to 3 . 5 psia , then AUTO 
PRESS REG B vlv - EGRESS (Suit loop pressure rises to 
3 . 8±0. 2 psia . ) 

PRESS REG R vlv - CLOSF. 

SUIT C IRCUIT RELIEF vlv - OPEN unt i l  suit loop pressure 
decays to 3 . 5  psia , then AUTO 
PRESS REG A vlv - EGRESS 
(Suit loop pressure rises to 3 . � . 2  psia . )  

t�STER ALARM pb/lt - reset 

CAUTION 

Rapid switching of CABIN REPRESS vlv from AUTO 
t o  CLOSE , or CLOSE to AUTO , causes loud bang . 
Thi s  does not damage va lve . To change CAHill 
REPRESS vlv position ,  smooth , slow moveMent is 
recommended . 

CAB I N  REPRESS v lv - AUTO 
Cab in relief & dump vlv (ovhd ) - AUTO (docked only) 

PRESS RF.G B vlv - CABIN 
��STER ALARM - on 
C.B ECS : CABI N  REPRESS - c lose 
CABI N  warn l t  - on 
(Suit and cabin pressure begins to rise ; CAB I N  REPR ESS 

vlv opens . )  

REMARKS 

Cab in fan goes on.  l"hen PRESS RF£ A and/or B vlv - CLOS E ,  
ensure handle i s  ro tated t o  full hard s top posi tion • 

Cab in fan goes of f .  

Cab in fan goes on . When PRESS R EG  A and/or B v lv - CLOSE ,  
ensure handle is rota ted to ful l  hard s top posi t ion . 

Cabin fan goes off.  

CABIN REPP. F.SS v lv c loses and CAB I �  warn l t  - o f f  when 
cab in pressure reaches 4 . 4  to 5 . 0  psia . 
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4 . 2 . 1 3 . 6  02 Uemand Regulator Checkout (cont ) 

1 ,  2 I 1 5 .  
ECS 

!tASTER ALAR.'! ph / l t - r e s e t  
PRESS REG A v lv - CABr;; 
CABIN GAS RETURH vlv - AUTO 
SUIT GAS l>IV ERTER v lv - PUSH CAB IH 

4 . 2 . 1 3 . 7  In-Flight 0 2  Demand Regulator Check 
(Alternative ) 

\�ARNING 

This procedure mus t  not be perforMed 
when staged . I t may be performed (us ing 
descent oxygen ) 1�en uns taged . 

I ECS I 1 .  CAB!!� REPRESS vlv - MA�niAL (verifv flow) , then AUTO 

I I 2 .  Cabin relief & dump vlv (ovhd) - AUTO 

I 16 I 3 .  
ECS 

CB ECS : CABin REPRESS - open 
PRESS REG A & B vlv - EGRESS 
SUIT GAS I>IVERTER v lv - PULL EGRESS 
CABIN GAS RETURN vlv - EC'tESS 

4 .  Cabin relief & dump vlv (fwd) - OPEN , then AUTO at 4 . 5  
psi a 

5 . SUIT CIRCUIT RELIEF vlv - OPEN & verify suit pressure at 
4 . 5  paia , then CLOSE 
PRESS REG A vlv - CABIN & verify suit pressure rises to 
4 . 6  to 5 . 0  paia . 

6 .  PRESS REG A vlv - EGRESS 
SUIT CIRCUIT RELIEF vlv - OPEN until suit pressure decays 
to 4 . 5  psia, then CLOSE 
PRESS REG B vlv - CABIN & verify suit pressure rises to 
4 . 6  to 5 . 0  psia 

REMARKS 

Cah in fan goes on . 

Assu�p t ions : ( 1 )  ARS/Pr.A Pressure Integrity Check 
(para 4 . 2 . 16 )  has been per formed , ( 2 )  cs� tunnel 
hatch c losed , (3) cs� pressure equa lizat ion valve 
c losed , (4)  cs:1 tunnel vent valve closed , and ( S) 
tunnel is vented . 

Suit c ircuit pressure should follow cabin pressure to 
4 . 5  psia during dump . 
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4 . 2 . 13 . 7  In-Fligh t  0 2  Demand Regulator Check 
(Alternative) (coot) 

ECS 1 7 . SUIT CIRCUIT RELIEF vlv - AUTO 
CABIN GAS RETURN vlv - AUTO 
PRESS REG A vlv - CABIN 
SUIT GAS DIVERTER vlv - PUSH CABIN 

2 ECS : CABIN PRESS ind - 4 . 6  to 5 . 0  psia (in approx 5 ain) 

16 I S. CB ECS : CABIN REPRESS - close 
Doff het.eta & &lewes (crew option) . 

9 .  Doff hel-ts & &loves 
Reverse 02 hoses R/B & 1/R 
SUIT GAS DIVERTER vlv - PULL EGRESS 
CABIN GAS RETURN vlv - EGRESS 
PGA DIVERTER vlvs - HORIZONTAL 

4 .  2 . 14 CREWMAN OONNECT TO LH ECS 

1 .  

2 .  

PGA I 3 .  

ECS 1 4 . 

Unatav LH u.bilicsl . 

Re.ove plup fro. PGA 6 stow. 

Connect 02 u.bilical to PGA ,  inlet to  inlet 
(blue to b lue) , outlet to outlet ( red to red) . 

SUIT ISOL vlv (LHP) - SUIT FLOW 
or 
SUIT ISOL vlv (CDR) - SUIT FLOW 

5 .  Reques t CSH shut off 0 2  flow in transfer umbilical . 

6 .  Verify 02 f low to PGA froa LH ARS . 

7 .  Unstov LCG H20 uabilical . 

REMARKS 

For water separator speed control 

Aasuaption : Suit Fan Activation , Checkout , and Water 
Separator Check ( para 4 . 2 . 13 . 5) has been coapleted . 
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4 . 2 . 14 CRE\.JMAN rotrnECT TO L'1 ECS ( cont ) 

8 .  Remove & s t ow  PGA /LCG plu� 

CAlJI'ION 

Do not connect LM LCG H20 umb ili cal to PC.A i f  
LCG accumulator bob w as  found t o  b e  bot tomed 
during Init ial Ent ry  S tatus Che ck . 

9 .  Connect LCG H20 umbil ical to PGA . 

4 . 2 . 1 5 CREWMAN DISCONNECT TRAN SFER UMB IL I CAL 

1. Disconnect transfer umb ilical 02 connect ors from PGA . 

2 .  Remove PGA plugs from 0 2  umb i l ical s towap;e & insert 
in open PGA 02 receptacles . 

3. Rele as e  re s tr aints from PGA . 

REMARKS 
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LMP 
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ECS 
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4 . 2 . 15 CRE\JIIAN DlSCo:mECT TRA�SFER l.riBILICAL ( cont )  

4 ,  Return trans fer umbi lical to C S' I ,  

5 . Return to f l ight stat ion & attach res traints to PGA • 

4 . 2 , 16 ARS/PGA PRESSURE INTEGRITY CHECK 

CAUTION 

ARS/PGA Pressure lntegri tv Check should not 
be performed unti l  at least 40 minu t e!; af ter 
water subl imator activation . 
To prevent overheating suit c ircuit fan and/ 
or breakthrough in HTS pr imary sub l imator , 
ARS/PGA shall not be maintained at e l evated 
pressure for more than 5 minutes . 

1 .  SUIT C�S DIVERTER vlv - PULL EGRESS 

2 ,  CABIN GAS RETURN v lv - EGRESS 

3 .  SUIT CIRCUIT RELIEF vlv - CLOSE 

4 .  02/H20 QTY MON sel - DES 2 

5 .  ECS :  02 QUANTITY ind - monitor 

ECS 1 6 . PRESS REG A v lv - EGRESS 

7 .  PRESS REG B vlv - DIRECT 02 
I 

cg� I I PGA 1 8 . When PGA cuf f  gage indicates 3 . 7  to 4 . 0  psig : 
ECS PRESS REG B vlv - EGRESS 

N I N � 

REMARKS 

MS/Pf'.A PrP.!;:c;llre Integrity Check verifies that there are 
no gro!;!; leak!; in ARS ,  Pr.A , or E'IU or in any two or a l l  
three of the!;e . Onhoard ins trumentation (ECS:  SUIT PRESS 
ind and PGA pressure gage ) is too coarse to determine 
exact leakage rates . If one crewman only is connected 
to ARS , ver ify other crewman ' s  SUIT ISOL vlv - SUIT DISC. 

Steps 1 and 2 should be performed in sequence . If they 
are reversed , suit fan may stall and water separator may 
s low down , causing : 

MASTER ALARM - on 
ECS caut lt - on 
SUIT FAN comp caut lt - on 
H20 SEP comp caut lt - on 

I f  ECS :  02 QUANTITY ind - < 30% , PRESS REG A vlv -
DIRECT 02 to limit time to pressurize to 2 minutes . 
Both regulators should then be set to EGRESS in s tep 8 ,  
I f  ECS : 02 QllANTITY ind - <17 7. ,  do not depressur i ze 
cab in .  

PRESS REG B vlv may be cycled between CABIS and DIRECT 
02 to pernit comfortable buildup of pressure . 
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PNL PROCEDURES REMARKS 

4 . 2 . 16 ARS/ PGA PRESSURE INTEGRITY CHECK (con t )  

PGA I 9 .  

1 0 .  

ECS I l l .  

12 . I 1 13 . 
I PGA 1 14 . 

. ' 15 • 

ECS 1 16 . 1 7 . 

2 1 1 8 .  

ECS 1 19 .  

20 . 

�lon i t o r  pr,A cuff gage for 60 second s ; exerc ise su i t  j o ints 
during pressure decay period . 

Verify pressure decay <0. 3 ps ig . 

I f  su i t  press•1re decay h excess ive , ARS /PGA pressure 
integritv is coMpromised : 

SHIT CIRCU IT R EL I EF vlv - AUTO 
CARIN r.AS RETURN vlv - AUTO 
PRESS R Er. A v l v  - Er.R ES S 

PRESS REr. R vlv - Er.R ESS 
1-lhen undocked :  

PRESS R Fr. A vlv - CABIN 
PRESS REr. B vlv - CABIS 

C02 CANISTER SEL vlv - SEC I C02 camp caut l t  goes on when C02 CAN I STER SEL vlv - SEC . 

ECS : PART PRES S  C02 ind - decays to zero 

If pressure falls below 3 . 7  ps i g ,  repeat s teps 7 & 8 .  

�loni tor PGA cuff gage for 60 seconds ; exercise suit joints 
during decay period. 

Verify pressure decay <0. 3 ps i g .  

Pressure drop can be expec ted when swi tching be rween C02 
canisters , due to volume change.  I f  secondary C 0 2  canis­
ter check is not required , omit s teps 11 through 16 . 

C02 CANISTER SEL vlv - PRIH I C02 comp caut l t  - off when C02 CANISTER SEL vlv-PRIH . 

SU IT C IRCUIT RELI EF vlv - AUTO I If integritv check has been performed for EVA , following 

ECS :  SUIT PRESS ind - decays to cab in pressure 

CAB I N  GAS RETURN v lv - AUTO 

SUIT GAS D IVERTER vlv - PUSH CAB IN 

A R S  pur�e , SU IT C I RCUIT REL I EF vlv IIUS t be c losed when 
ECS : SU IT PR ESS ind - 5 . 5  ps ia . ARS pres sure mus t be 
main tained above cah in pressure to preclude v iolat i ng 
purge un t i l  cah i n  is depressurized to 3 . 5  psia , at which 
t il'le SPIT C IRCI!IT R EL I EF vlv - AUTO . 

Ret urns su i t  c i rcuit to approxima t e  cabin pressure in 60 
seconds . CS�I 02 supplv makeup is 5 , 1)+0 , 2  psia . L.'of 02 
supply makeup i s  4 . 8�0 . 2  ps ia . 

-

S teps 19 and 20 are no t required for EVA prepara t ion.  
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CDR 11 

4 . 2 . 16 ARS/PGA PRESSURE INTEGRITY CHECK (cont ) 

2 1 .  When LH pressure is regulated by CH or during EVA 
preparation: 
PRESS REG B vlv - EGRESS 
PRESS REG A v lv - EGRESS 

2 2 .  During mission phases other than CH 0 2  regulation 
or EVA preparation: 
PRESS REG B vlv - CABIN 
PRESS REG A v lv - CABIN 

23.  CB ECS : CABIN FAN - open 

24 . Perfora final inspection of EMU ;  adjust PLSS straps as 
required . 

4 . 2 . 17 VHF Activation & Checkout 

CAUTION 

CB CMt: SE AUDIO auat be closed to 
tran .. it on VHP A aod/or operate DSEA . 
CB auat be opened when LHP connects or 
disconnects LH ca.m cable & COHH : TLH 
BIOHED av - OFF or LEFT . 

CB COHH : CDR AUDIO must be closed to 
transmit voice on VHF B .  CB must be 
opened when CDR connects or dis­
connects LH c� cable & COHM: TLM 
BIOHED av - OFF or RIGHT . 

12 1 1 . COHH : 
VHF A XHTR av - VOICE 
VHF A RCVR av - ON 
VHF B XHTR av - DATA 
TLH POt av - LO 

REMARKS 

Steps 23 and 24 are required during EVA preparation 
(cabin depressurization and hatch opening) . 

Assumptions : (1 )  Crewman is wearing PGA, (2) ECS Activa­
tion & Checkout (para 4 . 2 . 13)  has been co.pleted , and 
(3) crewman is connected to LH ECS .  Immediately after 
VHF activation and checkout , crewman should disconnect 
from transfer oxygen umbilical . 

VHF transceiver warmup is instantaneous . 
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4 . 2 . 17 VHF Activation & Checkout (cont) 

2.  COtiC ANT :  VHF sel - FWD 

� I LHP .. J • Uaataw LHP outboard ar.rest .  
or t 1 CDR ., 

.... "' ..... .... 

n 
zr ' 
i 

., 0 <C .. � 

LHP 

CDR 

I 

I 
I 

I 

I 

Uaataw CDR inboard ar.res t • 

8/12 J 4 .  AUDIO : 
VHF A 11V - T/R 
ICS T/1 IIV - ICS T/R 

12 1 001ttt : 
TLH BIOHED 11V - OFF 
VHF A SQUELCH tv - noise + 1 div 

S .  Verify CSH coafisured for VHF siaplex A .  

6 .  Request CSH raaove transfer uab i lical suit powe r .  

7 .  When headset aouada ceaae , disconnect trans fer 
�ilical coa. cable fro. PGA & connect LH co .. 
cable to PGA. 

16 , 8 .  CB COHH: S E  AUDIO - close 
or 

11 CB CO!It : CDR AUDIO - close  

9 .  Perfora VHF ca.. check with CSH , using PTT on ACA ,  and 
PTT/keyer on uabilical . 

10 . Reques t verification of CSH reception of LM LBR data ,  
i f  dedred . 

11 . Perfora intercoa check . 

1 12 .  AUDIO : �DE 11V - VOX 

I ll . Perfora co .. check with CSH , us ing VOX . 

I B/12 1 14 .  AUDIO : �DE IIV - ICS /PTT . 

REMARKS 

CSH select VHF ANT - SH LEFT 

Ensure co.-unications cable is not powered . 

Do not adj ust with CSH carrier present . 

CB COHH : SE AUDIO and CB COHH: CDR AUDIO supplies power 
to respective crevaan ' s  co..unication carrier . 

CSH verificat ion of LM LBR data is as follows : CSH re­
ceives data via VHF B ,  data are recorded on DSE , and 
recorded data are dumped to HSFN , where they a re re­
recorded then played back . (CSH has no onboard veri f ica­
tion capabi lity . )  

Aud io volume , VOX sens i t ivity , and squelch controls 
should be adjus ted , as required , for bes t results under 
mission condit ions . 
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4 . 2 . 18 VHF B SIHPLE.'< CHECK 

LKP I 12 

CDR. 1 8 , 1 2  
LMP 

CDR., 
LKP 

1 .  

2 .  

) . 

4 .  

5 .  

6 .  

CDR. , J 8 , 12 1 7 .  
LMP 

LMP 

CDR. , 
LMP 

12 1 8 . 

9 .  

CAUTION 

CB CotiH : SE AUDIO must be closed 
to transmit  on VHF A and/or operate 
DSEA . CB must be opened vhen LlfP 
connects or disconnects �� comm 
cable & COMM : TLM BIOMED sv - OFF 
or LEFT . 

CB COMH : CDR AUDIO must be c losed 
to transmit voice on VHF B .  CB 
must be opened vhen CDR connects 
or disconnects LM comm cable & 
COMM : TLH BIOMED 8'11 - OFF or RIGHT , 

Request CSM configure for VHF s implex A & B .  

COHH : 
VHF B XHTR sv - VOICE 
VHF B RCVR sv - ON 

AUDIO : 
VHP A sv - OFF 
VHF B 8'11 - T/R. 

COHH: VHF B SQUELCH tw - noise + 1 div 

Perform co.. check vith CSM. (Identify channel as B . ) 
Adjust volume controls as required . 

Request CSH return to VHF simplex A only . 

AUDIO : 
VHF A sv - T/R 
VHF B sv - OFF 

COHH : 
VHF B XHTR sv - DATA 
VHF B RCVR sw - OFF 

Perform comm check vith CSM .  

REMARKS 
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4 . 2 . 19 S-BAND ACTIVATION & CHECKOUT, USING OHNI ANTENNA 

LMP I 12 

CDR , I 8 ,12 
LMP 

1 .  

2 .  

LMP 16 1 3 .  

CDR , 
LMP 

LMP 

12 1 4 .  

s .  

1 2  1 6 .  

7 . 

COHK ANT : S BAND sel - FWD or An 

AUDIO : S BAND T/R sw - S BAND T/R 

Verify CB COHM: PRIM S BD PWR AKPL - close 

COHH : 
S BAND XHTR/RCVR sw - SEC 
5 BAND PWR AKPL sw - PRIM 

S BAND VOICE sw - DN VOICE BU 
S BAND PCM av - PCH 
TLK BIOHED av - OFF 

TLK PCH sw - LO 

Perform S-band voice & data check with HSPN. 
Adjus t volu.e and squelch controls aa required . 

COHH: VHF B XHTR av - OFF 

Inform CSM of VHF B data trans•ies ion deactivation . 

4 . 2 . 20 S-BAND STEERABLE ANTENNA ACTIVATION AND 
CHECKOUT 

-· 

REMARKS 

Se lection of antenna depends on vehicle atti tude wi th re­
spect to earth . Antenna selection to be determined by 
HSFN . 

S-b and transceivers require 30-second warmup t ime .  
S-band power amplifiers require 60-second waraup and will 
lock up wi thin th at period . Recycle t ime for power aapli­
fiers is 20 seconds f ro• resuaption of RF drive . 
Higher gain at lunar dis tance . 

This swi tch , in either LEn or RIGHT pos i t ion, applies 
power to selected crewman ' s  bioins tru.entation aas..Oly .  
Power to this swi tch is supplied through CB COKK: PKP . 

Only LBR telemetry data can be transaitted fro. S-band 
a.ni antennas at lunar dis tance . 

SIGNAL STRENGTH ind is applicable aa indication of uplink 
phaaelock . 

CSM will deactivate LBR data recording . 

This procedure points S-band steerable antenna at earth 
center and ve rifies lock-on .  

Assumption : HSFN i s  receiving teleme tered ICDU angles in 
sufficient time to permit MSFN co•putation of S-band 
s tee rable antenna gimbal angles , if necessary ( earth 
orb i t  only) . 

S teerable antenna pos i tion indicators should be used for 
gross pos it ion indicat ions and direction of antenna 
movement only . 
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4 . 2 . 20 

1 .  

2 .  

3 .  

4 .  

s .  
6 .  

PROCEDURES 

S-BAND STEERABLE ANTENNA ACTIVATION AND 
CHECKOUT (cont ) 

LGC Power-Up (required) 

LGC Self-Test (desired) 

IHU Power-Up (LGC Operating) (required) 

IHU Orientation Determination Program (P51) (required) 

nAP Data Load Routine (R03) (required) 

Establish PGNCS att itude hold/rate command mode : 
GUID CONT sw - PGNS 
S/C : 

PGNS sw - ATf OOLD 
PITCH , ROLL , & YAW sw - KlDE CONT 

Controls - Communications Basic , except : 
COHH ANT :  S BAND se1 - FWD or AFT 
COHH : 

S BAND VOICE av - DN VOICE BU 
TLH PCH av - LO 
TLH BIOHED sw - LEFT or RIGHT 

Perform S-band voice & LBR data check with HSFN . 

COHH : 
S BAND PWR AHPL IIW - OFF 
TLH BIOHED 8W - OFF 

Perform S-band voice & LBR data check with HSFN . 

Perform S-Band Antenna Routine (ROS) & omit 
atepa 7 & 8. 
If R05 cannot be called at thia time , perform 
steps 7 through 10 . 

.... 

REMARKS 

Ref para 4 . 6 . 1 . 1 .  

Ref para 4 . 6 . 1 . 1 3 .  

Ref para 4 . 6 . 1 . 3  

Ref para 4 . 9 . 1 . 1  • 

Ref para 4 . 6 . 1 . 8 (recommend �s· deadband ) .  

Ref para 4 . 5 . 1 . 3 .  

Ref para 4 . 13 . 2 . 1 .  
COHH ANT : S BAND sel setting depends on LH attitude with 
respect to earth . 

Ref para 4 . 13 . 2 . 7 .  

Ref para 4 . 13 . 2 . 7 .  

Ref para 4 . 6 . 1 . 30 .  
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PROCEDURES 

4 . 2 . 20 S-BAND STEERABLE ANTENNA ACTIVATION AND 
CHECKOUT (cant) 

7 .  

8 .  

9 .  

10 . 

Display ICDU angles & transmi t to HSFN : 
Key Vl6 N20E 

Rl OGA XXX .xx• 
R 2  IGA XXX .xx• 
R 3  HGA xxx.xx• 

ley lEY REI. 

Reques t HSFN transmit S-hand s teerable antenna pitch 
& yaw gimbal angles required to point antenna at ea r th 
center . 

CB/AC BUS B :  S BD ANT - close 
CB COHtf : S BD ANT - close 

Initial activation : 
C�unica tions Bas ic , except : 
COHH ANT : 

PITCH cont - -1s• 
YAW cont - -12• 
TRACK MODE sw - SLEW (wai t  3 0  sec ) 

OOTE 

To ensure main-lobe acquis i t ion , 
si gnal strength ind ication of >3 
is required withou t peaking 
Cm!M ANT : PITCH & YAIJ cont . 

REMARKS 

�fSFN uses N20 ICDU ang les to compute pi tch and yaw g imba l 
angles . Compu tation may take up to 15 minu tes . Deadband 
of +0 . 3° is assumed to be acceptable for acquisi tion 
period when LH is undocked .  When LH and CSH are docked , 
deadband for LM-CSH is assumed acceptab le a t  +0 . 5° ,  
Return to deadband of zS• af ter acquisi tion. (Ref para 
4 . 6 . 1 . 8 . )  

Assumption : There is no change in vehicle iner t ial 
attitude after s tep 8 .  

Tes ts /analys i s ind icate tha t  antenna track may be 
ach ieved at b eam angles up to l6 . s• from bores ight at 
lunar range , us ing 30- foot HSFN dish (wors t case ) . This 
angle corresponds t o  3 vo l ts on S IGNAL STRENGTH ind . 

Antenna sha l l  not be permi t ted to drive into g imba l  s tops 
in ei ther automa t i c  or manual track mode . I n  automa t i c  
track mode , antenna w i l l  drive into gimba l s tops i f  up­
l ink signa l  is i nte rrup ted by veh i c l e  maneuvering , orb i t  
beh ind noon , o r  ground equipment failur e .  Condi t ion may 
also ex ist in automa tic track mode when antenna , in 
trying to accommodate changes in vehicle a t t i tude , 
reaches g imba l s top . ( Th i s  cond i t ion is not anticipated . )  
I f  any of above occurs , cmrt A� : TRACK �fODE sw mus t b e 
s e t  to OFF and commun ications resumed via omn i  ant ennas . 
S teerab l e  ant enna s ha l l  rema i n  in off mode for 10 minutes 
before reac t iva t ing , to permi t cooldown . 
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4 . 2 . 20 

11.  

PROCEDURES 

S-BAND STEERABLE ANTENNA ACTIVATION AND 
CHECKOUT (cont) 

PITCH cont - (ccv) 
YAW cont - (ccw) 
S BAND eel - SLEW 
SIGNAL STRENGTH ind - > 3  
TRACK MODE sw - AUTO 
SIGNAL STRENGTH ind - approx �4 . 0  

COHH: 

NOTE 

To .a.ure aa in-lobe acquisition , 
verify increase in SIGNAL STRENGTH 
ind reading before proceeding with 
ca.m check. 

S BAND VOICE sw - VOICE 
TLH PCM sw - HI 
TLH BIOHED sw - aa required 

Perfor. S-band voice ' HBR data check with MSFN. 

1 2 .  COHK :  
S BAND VOICE sw - D N  VOICE BU 
TUI PCH sw - LO 
TLM BIOHED 1W - aa required 

1 3 .  Perform S-band voice ' LBR data check with MSFN • 

REMARKS 

Operat ion at s tops for periods in excess of 3 minutes 
may re�u lt in de�raded reliab i l i ty or failure due to 
poss ib le overhea ting . Caution and warning temperature 
sensor is not expected to reac t rapidly enough to ref lect 
thi s  thermal transient condi t ion • 

If uplink signal is interrupted during s tation handover, 
depending on len�th of interruption , antenna may drive 
to a stop . To prevent thi s ,  precaut ions should be taken 
against losing carrier during handover • 

Comput ed ang les f rom MSFN . t � 
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PROCEDURES 

4 ,  2 .  20 S-RAND STEERABLE ANTENNA ACTIVATION AND 
CHECKOUT (cant ) 

14 . 

1 5 .  

1 6 .  

Acquisition procedure for lunar orbit : 
COHH ANT : 

PITCII cant - (cc:v) 
YAW cont - (ccw) 
S BAND sel - SLEW 
SIGNAL STRENGTH ind -
TRACK �lODE sw - AUTO 
SIGNAL STRENGTH ind -

Before HSFN LOS : 
COHH ANT : 

PITCII cant - +90• 
YAW cont - o• 

Cmtf : 
TI..H BlottED sw - OFF 
TI..H PQf sw - LO 

>J . O  

approx !._4 . 0  

S BAND VOICE sw - DN VOICE BU 
COHH ANT : 

TRACK tilDE sw - OFF 
S BAND ael - A" or FWD 
TRACK HODE sw - SLEW 
PITCH coot - (ccw) 
YAW cont - (cc:v) 

When coa. check complete : 
COHH ANT : 

PITCH cant - +90• 
YAW cant - o• 
TRACK MODE sw - SLEW , then OFF when 
reaches assigned position 

When HSFN LOS : 
COHH ANT: 

PITCII cant - +90• 
YAIJ cant - o• 
TRACK HODE sw - SLDJ 
S BAND sel - FWD or AFT 

antenna 

REMARKS 

Previous ly computed angles from HSFN . If upl ink signal is 
interrupted during s t a t ion handover , depending on length 
of interrup tion , antenna may drive to a stop .  To prevent 
this , precaut ions should be taken agains t los ing carrier 
during handover . 

Computed angles from MSFN , 
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PROCEDURES 

4 . 2 . 21 LOW-POWER S-BAND BACKUP VOICE, LBR CHECK WITII 
STE!RABLE ANTENNA 

1 .  

2 .  

3 .  

4 .  

LGC Power-Up ( required) 

LGC Self-teat (desired ) 

DRI Power-Up (LGC Operating ) (required ) 

IHU Orientation Determination Program (PSI ) (required ) 

DAP Data Load Routine (R03) ( required ) 

Establish PGNCS at ti tude hold/rate command aode 
GUm CONT sv - PGNS 
S/C: 

PGNS sv - ATT HOLD 
PITCH I 1\0LL , & YAW sv - �DE CONT 

Controls - Communications Basic except : 
COHH ANT :  S BAND sel - FWD or AFT 
COtH :  

S BAND P\lll AHPL sv - OFF 
S BAND VOICE sv - DN VOICE BU 
TUf PCH sv - LO 
TUf BIOPfED sv - OFF 

Perform S-band voice & LBR data check with HSFII . 

Perform S-Band Antenna Routine (ROS) & skip steps 5 & 6 .  
If R05 cannot b e  called a t  this t ime , perform steps 5 
through 10. 

CDR 4 15 .  

REMARKS 

This procedure points S-hand steerable antenna at earth 
center and verifies lock-on . 

Assumption : MSFN is receiving telemetered ICDU anales 
in sufficient t ime to permit HSFN coaputation of S-band 
steerable antenna gimbal angles , if necessary (earth 
orbi t  only) • 

Ref para 4 . 6 . 1 . 1  • 

Ref para 4 . 6 . 1 . 13 .  

Ref para 4 . � . 1 . 3 .  

Ref para 4 . 9 . 1 . 1 .  

Ref para 4 . 6 . 1 . 8  (recommended !5• deadband) .  

Ref para 4 . 5 . 1 . 3 .  

Ref para 4 . 13 . 2 . 1 .  
cot�f ANT : S-BAND sel set ting depends on LM attitude with 
respect to earth . 

Ref para 4 . 13 . 2 . 7 .  

Ref para 4 . 6 . 1 . 30.  

Display ICDU anglea & transmi t to MSFN : MSFN uses N20 ICDU angles to compute pitch and yaw g imbal 
� Key Vl6 N20E angles . Computation may take up to 15 minutes . Deadband � Rl OGA XXX . xx• of +0 . 3• is assumed to b e  acceptable for acquisition 
• R 2  IGA xxx . xx• perfod when Ul ill undocked . When Ul and CSH are docked , f' R3 UGA xxx . xx• deadhand for U!-CSU is assumed acceptable at +o. s• . 
'I' Key KEY REL Return to deadband of +5° af ter acquisition . (Ref para 
� 

-

0 4 . 6 . 1 . 8 . ) 
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PROCEDURES 

4 . 2 . 21 LOW-POWF.R S- BAND BACKUP VOICE,  LBR CHECK I�ITII 

STEERABLE ANTENNA (cont)  

6 .  

7 .  

Request MSFN transmit  S-band steerable  antenna pitch & 
yaw gimbal angles required to po int antenna at earth 
center . 

NOTE 

To ensure main lobe acquisition , signal 
strength indicat ion of >3 is required without 
peaking COHM ANT :  PITCH & YAW cont . 

COHK ANT :  
PITCH cont - (ccw) 
YAW cont -

--
(
-
ccw) 

S BAND sel - SLEW 
SIGNAL STRENGTH ind - )3 
TRACK HODE sv - AUTO 
SIGNAL STRENGTH ind - approx �4 .0  

NOTE 

To ensure aain lobe acquisition , verify 
increase in SIGNAL STRENGTH ind reading 
before proceeding with c� check . 

COHH : 
S BAND VOICE sw - VOICE 
TLH PCM sv - HI 
TLH BIOHED sw - as required 

8. COHH ANT :  
SIGNAL STRENGTH ind - > 3 . 0  

NOTE 

To ensure main-lobe acquisition , >3 .0  indicat ion 
is obtained without peaking CO�� ANT : PITCH & 
YAW cont . 

REMARKS 

Assumpt ion : There is no change in vehicle inert ial  
att itude af ter step S .  

Computed angles from HSFN s e t  in at previous LOS . 
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MAN 

[q�r.zr- LOW""POWER S-BAND BACKUP VOICE, LBR CHF.CK WITH 
STEERABLE ANTENNA (cont ) 

TRACK MODE sw - AUTO 

SIGNAL STRENGTJI ind - approx > 4 . 0  
COttH : 

-

S BAND VOICE sw - DN VOICE BU 

TIJI POl sw - LO 

9 .  Perform S-band voice & HBR da ta check with �ISF�I . 

10. When comm check comp lete : 
COHH ANT : 

PITCH cont - +90° 
YAil cont - o• 
TRACK �lODE sw - SLEI-1 , then OFF when antenna reaches 
ass igned posi t ion 

1-lhen HSFN LOS : 
CotiU ANT :  

PITCH cont - +90° 
YAW cont - o• 
TRACK HODE sw - SLEW 
S BAND sel - FWD or AFT 

REMARKS 

Antenna sha l l  not be perm i t ted to drive into g imba l  s tops 
in e i t her au toma t i c  or manual t rack mod e .  In automa t i c  
track mode , antenna w i l l  d r ive into gimba l s tops i f  up­
l ink s i gna l is interrupted by vehic l e  maneuver ing , o rb i t  
behind moon , o r  ground equipment failure . Condit ion may 
a lso exist in automa t i c  t rack mode when antenna , in 
tryinr, to a c commoda te changes in vehicle a t t i t ud e ,  
reaches gimbal stop . (This condit ion i s  not antic ipated . )  
I f  any of above occurs , COHH ANT :  TRACK MODE sw mus t be 
set to OFF and communications resumed via omni antennas . 

S teerab l e  antenna sha l l  remain in o f f  mode for 10 minutes 
before reac t iva t ing , to permit cooldown . 

Opera t ion a t  s tops for periods in excess of 3 minutes 
may res u l t  in degraded rel i ab i li t y  or f a i lure due to 
poss ib le overhea t i ng .  Caut ion and warning temperature 
sensor is no t expec ted to react rapi d ly enough to reflect 
this thermal transient cond i t ion . 

I f  uplink s i gna l is interrupted during a tat ion handover , 
depending on length of interrup t ion , antenna may d r ive 
to a s t op .  To prevent this , precaut ion& ahould be taken 
against losinp, carrier during handover . 
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PROCEDURES 

4 . 2 . 22 S-BANn RANGING , VOICE, ANn TF.LE:'IETRY CHECK 

S-Band Steerabl e  Antenna Activation and Checkout 

1 .  COHI-1 : 
S BAND XHTR/RCVR sw - SEC 
S BAND PWR AHPL sw - PR U1 
S BAND VOICE sw - VOICE 
S BAND PCM sw - PCM 
S BAND RANGE sw - RANGE 
IDI BIOMED sw - LEFT or RIGHT 
TI.H PCM sw - HI 

2 ,  Verify ranging , voice , & telemetry check. 

3,  When directed by MSFN: 
COtiH : S BAND RANGE sw - OFF /RESET 

4 .  2 .  23 S-BAND FM CHECK 

S-Band Steerable Antenna Activation and Checkout 

12 I l ,  COtlt·l: 

2.  

3 .  

4 • 

S BAND li>DULATE sw - FH 
S BAND XMTR/RCVR sw - SEC 
S BAND PWR AMPL sw - PRIM 
S BAND VOICE sw - VOICE 
S BAND POl aw - PCM 
TIJI PCH sw - HI 

Perform S-band voice & HBR data check with MSFN. 

Cffiltl : S BAND MODULATE sw - PM 

Perform S-band voice & HBR data check with HSFN . 

REMARKS 

Ran�inp, check is performed at HSFN direction .  Check 
consists of transmission of PRN range code from MSFN 
and receipt of turnaround signal . 

Ref para 4 . 2 . 20 .  

If  MSFN does not transmit 30-kc subcarrier to LM during 
ranging , Ul must set AUDIO : S BAND T/R sw (2)  to OFF . 
(This is only necessary when CO}rn : UP LINK SQUELCH sw -
OFF . )  

This switch , in either LEFT or RIGHT position , applies 
power to selected crewman ' s  bioinstrumentation assembly . 
Power to this switch is supplied through CB COMM: PHP . 
SIGNAL STRENGTH ind is applicable as indication of 
uplink phaselock. 

Ref para 4 , 2 . 20 .  

S-band transceiver warmup time is 5 seconds after change 
of modulation . 

,. � 
... 
... 0 � i ; ,. ,. ....,. 

:1 3  o . Z w  .,. . 

� i 
z 
0 8 � 



LH 3223 

r n· lcREW·I PNL 1 PIOCEDURES MAN J 
"' 0\ 
� II 

'� I CDR 

i 
• 
.. 
.... "' 
� I LHP 

n 

f r 

i 
� 

"' 
I 

� 
� 

4 . 2 . 24 SEC(IfDARY K>DE S-BAND TRANSCEIVER & POWER AMPL IFI E R  CHECK 

ll 1 1 .  

1 6  12 .  

1 2  13.  

4 .  

5 .  

� -
7 .  

8. 

S-Band Steerable Antenna Act ivat ion and Checkout 

Veri fy : 
CB COHH : 

SEC S BD XHTR/RCVR - close 
SEC S BD PWR AHPL - close 

Verify : 
cB antt : 

PRIM S BD PWR AMPL - close 
PRIM S BD XKTR/RCVR - close 

COMM : 
S BAND XHrR/RCVR sw - PRIM 
S BAND VOICE sv - VOICE 

Perfona S-hand wice & HBR data check with HS FN .  

CO ... : S BAND PWR AMPL sw - SEC 

Perfom S-band voice & HBR data check with HSFN . 

COfotf : 
S BAND XHTR/RCVR sw - SEC 
S BAND PWR AMPL sw - PRH1 

COHH : TLH PCH sw - HI 

19 .  Perfom S-band voice & HBR data check with HS FN .  

REMARKS 

Re f  para 4 . 2 . 20 .  

S-hand transceivers require 30-second warmup t ime. 

S-hand power ampl i fiers requi re 60-second war.up and will 
lock up within that period. Recycle t ille for power 
ampli fiers is 20 seconds fro. resuaption of RF drive. 

HSFN veri fies power increase with power amplifier in 
operation . 
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lcREW·I PNL MAN PROCEDURES 

LMP 

CDR I 

LMP I 

4 . 2 . 2 S  S-BAND B�UP VOICE & KEYING CHECK 

12 1 1. 

2 .  

3. 

16 1 4. 

5 .  

16 1 6 . 

COI'M : 
S BAND MODULATE sw - PM 
S BAND PWit AMPL sw - PRIM 
S BAND VOICE sw - DN VOICE BU 
S BAND Pot sw - OFF 
TLH BIOMED sw - OFF 

COHM ANT :  S BAND se l - FWD or AFT 

Perf on S-band w ice check with HSFN . 

OOI'M: 
S BAND PVI. AMPL sw - OFF 
S BAND Pot sw - ltEY 

CB OOMM : PMP - open 

Perf on code check with tt;PN , uains PTT /keyer on .tl il i cal 
Request (via code )  that HSFN vert fy , on up voice , that 
code is recei•ed . 

CB (X)}M :  PMP - c lose 

7 .  Perfona S-bad Stee rab le Antenna Activation .n d  Checkout 

4. 2 . 26 ASCENT BATTER! ACTIVATION & CHECitOUT 

ll J l .  C B  EPS : 
AS C  ECA CONT - close 
ASC ECA - close 

16 1 2 . CB EPS :  
AS C  ECA - close 
ASC ECA can - close 

/ 'I'> ........ 

REMARKS 

Hot mike condition exists on S-band when operating in 
S-hand backup voice mode . 

I f  COMH : S BAND MODULATE sw - FM and OO!fl : S BAND VOICE 
sw - DN VOICE B U ,  PMP automat ically switches to PM 
mode . I f  FM mode is des ired for nor.al voice operations 
after backup voi ce check , and OOHH: S BAND K>DULATE sw 
has been left in FM position , switch must be cycled 
through PM and back to FM to reset transaitter 
�MJdulator. 

All down voice and PCM transaission capabi lity is los t .  
CW (key) s ignal transaisaion capab ility exists only when 
CB COHH : PMP - open , 

Ref para 4, 2 . 20 .  

Load of 40 a��peres should b e  on line before perfoniq 
this task . 
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PROCEDURES 

.:, • 2 .  2 6  ASCENT II A  T T F  R Y  ACT I VAT I l l ' :  t. CIIECI\Of'T ( con t )  

) ,  

CAL'T IOt\ 

Veri fv t h a t  h i �h -vo l t age t ap of de scent 
b a t teries h a s  b een s e l e c t ed be fore 
p l ac i ng a� cent bat te r i e s  on l ine . 

Che c k  Lunar b at t e ry  and p l ace b o t h  as cen t b at t e r i e s  on 
l i ne :  
EPS : 

POWER/TE�!P I«>N s e l  - L�AR BAT 
VOLTS tnd - 3 7 . 0  to 3 7 . 2  vdc 
AMPS ind - 0 amp 
LMP LUNAR BAT sw - OFF /RES ET ;  tb - b p ,  then ON ; tb -
L� 
POWE R/TEMP I«>N se 1 - LUNAR BAT 

VOLTS ind - 2 8 . 0  to 32 . 5  vdc 
AMPS ind - TBD 
LHP LUNAR BAT sw - OFF/ RE SET ; tb - b p  
POWER/TEMP HON set - BAT 5 
VOLTS ind - 37 . 0  to 3 7 . 2  vdc 
AMPS ind - 0 amp 
BAT 5 NORMAL LHP FEED sw - ON ; tb - gray 
VOLTS i n d - 2 8 . 0  to 32 . 5  vdc 
AMPS ind - TBD 
LHP BAT 1 HI V sw - O F F / RE SET ; tb - b p  
CDR LUNAR BAT sw - OFF/RESET ; tb - b p ,  th en ON ; tb -
CDR 
POWER/TE�!P I«>N se l - LUN AR BAT 
VOLTS i nd - 2 8 . 0  to 32 . 5  vd c 
A."'P S t n t  - TBI> 
CDR LUNAR BAT sw - OFF/RE SET ; tt. - b p  

POWER /TE� 'fi� se l - BAT 6 
VOLT S  ind - 1 7 . 0  to 3 7 . 2 vdc 
A'41'S ind - n amp BAT 6 �OR'IAI. CDR FE El> sw - ON : tb - ��:rav 
fULTS i nd - 2 8 . 0  t o  32 . 5  vd r 
A'fPS i nd - TBD CllP BAT 4 II I \' s w  - O F F / RE S ET : th - b p  
PWR / TE'fP ' fl S  se l - L''P b us ,  then CPR b us 
�JLTS i n d - 26 . 5  t o  32 . 5  vdc 

REMARKS 

Due t o  reve rse c u r rent , BATTERY caut lt may go on when 
as cent and descent b a t te r i e s  a re p a ralleled . Th i s  is not 
to be regarded as mal fun c t ion symp t om unless l i gh t  re ­
mains on l onge r t h an app roximate l y  1 5  seconds . ,.. � .. 

0 
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4 ,  2 ,  26 ASCENT BATTERY ACTIVATION & CHECKOUT ( con t )  

4 • 

s .  

6 .  

CAUTION 

To avoid t ransients ,  remove des cent 
batterie s ,  one at a t ime , f rom line at 
intervals of no less than 3 sec . 

Check backup feed path from both as cent batte ries : 
EPS : 

BAT 5 BACit. UP CDR FEED sw - ON ; tb - gray 
BAT 6 BACK UP LHP FEED sw - ON ; tb - gray 
BAT 5 NORMAL LHP FEED sw - OFF/RESET ; tb - bp 
BAT 6 NORMAL CDR FEED sw - OFF /RESET ; tb - bp 
POWER/TEMP K)N sel - CDR BUS then LHP bus 
VOLTS ind - 26 . 5  to 32 . 5  vdc 

Place all four descent batteries on line : 
EPS: 

U4P BAT 1 HI VOLT & 2 sw - ON ; tb - gray 
CDR BAT 3 & 4 HI VOLT sv - ON ; tb - gray 
POWER/TEMP K)N sel - BAT 1 
AMPS ind - TBD 
Repeat for BAT 2 ,  BAT 3 & BAT 4 

Reaove both 18cent bat teries from line : 
EPS : 

BAT 5 BACit. UP CDR FEED sv - OFF /RESET ; tb - bp 
BAT 6 BACit. UP SE FEED sw - OFF /RESET ; tb - bp 

REMARKS 

As cent battery will be placed on line for minim\la of 
5 minutes or until battery current is s tab ilized, to 
check load-carrying capability if open-circuit voltage 
< 32 vdc. 

To ob tain p rope r current measurements when aooitorin& 
descent b attery , divide indicator reading by 2 .  

E le ct rical Power Subsystem i s  now in norwal descent 
b at te ry  configurat ion . 
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PROCEDURES 

4 . 2 . 26 ASCENT BATTERY ACT IVATION & CHECKOUT ( cont ) 

7.  CB EPS : ASC ECA CONT - open 

8. CB EPS : ASC ECA CONT - open 

4. 2 .  2 7  APS TEHP /PRESS PREPRESSIIRIZATION CHECK 

1 .  

2 .  

3. 

HELIUM HON sel - PRESS 1 
HI'S : HEL IUM ind - 2 800 to 3500 psia 

HELIUM HON sel - PRESS 2 
HPS : HELIUM ind - 2 800 to 3500 psia 

PRPLNT TEHP /PRESS HON sw - ASC 
HPS : 

FUEL TEMP ind - so• to go• F 
OXID TEHP ind - so• to go• F 
PUEL PRESS ind - 108 to 172 psia 
OXID PRESS ind - 71 to 14 3 psia 

REMARKS 

Assumption :  Ci rcuit Breaker Activat ion (para 4 . 2 . 4 )  i s  
comple ted • 

P rocedure i s  pe rformed before lunar launch . 

Ascent helium tank pressure values as a funct ion o f  
time remain approximately the same as in it ial tank 
loading condit ions . For expected t ank pre ssure as 
fun ction of tank tempe rature and init ial loading cond i ­
tions , see figure 4-8 . 
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4, 2 . 28 DPS TEMP/PRESS PREPRESSURIZATION CHECK 

CDR 1 1 1. 

2 • 

I I 1 3. 

I I 1 4. 
s .  

6 .  

I I 1 7 . 

HELIUM MON sel - AHB PRESS 
MP S : HELIUM ind - 1490 to 17SO p s i a  

HELIUM HO N  sel - SUPCRIT PRESS 
MP S : HELIUM ind - 750 to 1320 psia 

IIELI1M K>N sel - AMB PRESS 

PRPLNT TEMP /Pli.ESS K>N - - DES 2 
MPS: 

FU D.  TEMP ind - so• to 7S • F 
OXID TEMP ind - so• to 7s• F 
FUEL Pli.ESS ind - 70 to 122 p s ia 
OXID PRESS ind - 41 to 78 psia 

PRPLHT TEMP /PRESS PIJN sv - DES 1 
MPS: 

FUEL TEMP ind - so• to 7S • F 
OXID TEMP ind - so• to 7s• F 
FUEL PRESS ind - 70 to 122 psia 
OXID PRESS ind - 41 to 78 psia 

PRPLNT (lrY P«>N sv - DES 1 
HPS : 

FUEL QUANTITY ind - 9 S% or less 
OXID QUANTITY ind - 9S% or less 

Verify readinas are within O . S% of tele.et ry  values • 

PRPLNT QTY HON sv - DES 2 
Repea t  p rocedure of step 6 .  

REMARKS 

As s ump t ion : Circuit Breaker Activation (para 4 . 2 . 4 )  is 
co� leted. 

Th is pressure range represents ainimua-to-aaximum descent 
ambient heliu. bot t le pressures be fore pressurization , as 
function of heliua temperature and loading .. s s .  For 
other bot t le p ressure value s ,  see figure 4-9 • 

This pressure range i s  based on supercriti cal heliua 
loading te�erature of -4s3•F and aass of 48 pounds at 
120 ps i a .  Speci fic p ressure before p ressurization i s  
function of total elapsed ti.e f r oa  tank loading to 
p ressuri zation ,  multiplied by expected p ressure rise 
(6 to 10 psia /hr . )  For other tank pressure s , s ee figure 
4-10 . The supercritical heliua tank burst-disk rupture 
pressure is 1881 to 1967 psia. 

Due to increased DPS p ropellant loading, and therefore 
decreased ullage space , DPS regulator can be da .. aed 
during pressurization if FUEL or OXID TEMP ind - >7s•r. 

Due to increased DPS propellant loading , and therefore 
decreased ullage space , DPS regulator can be d ... ged 
during p ressuri zation if FUEL or OXID TEMP ind - >7s•r .  

Exact values cannot b e  p redetenained due t o  propellant 
s loshing under zero g. 

;.., I I l B. PRPLNT QTY l«>N sv - OFF 
t 
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PROCEDURES 

4. 2 . 28 DPS TEHP/PRESS PREPRESSURIZATION CHECK ( cont )  

g,  PRPLNT TEHP/PRESS HON sw - DES 1 

10. DES He REG 1 tb - gray 
DES He RIC 2 tb - bp 

4 . 2 . 2g DPS PRESSURIZATION & CHECKOUT 

1. ED: 
MASTER ARH 11V- ON 
DES PllPLMT ISOL VLV sw - FIRE 
DES START He PRESS sw - FIRE 
MASTER ARM sw - OFP 

2.  HELIUM HOH sel - AHB PllESS 
HPS : HELIUM ind - 200 to 1100 psh 

3 .  HELIUM HON sel - SUPCRIT PRESS 
MPS : HELIUM ind - 7SO to 1320 psia 

4. PRPLNT T!KP/PRESS HON sw - DES 1 
HPS : 

s. 

6 .  

FUEL T EMP  ind - so• to go• F 
OXID TEMP ind - so• to go• F 
FUEL PRESS ind - 200 to 2SO psia 
OXID PRESS ind - 200 to 2SO psia 

PRPLNT TEMP/PRESS HON sw - DES 2 
HPS : 

FUEL TEMP ind - so• to go• F 
OXID TEMP ind - so• to go• F 
FUEL PRESS ind - 200 to 2SO psia 
OXID PRESS ind - 200 to 2SO psia 

PRPLNT TEMP/PRESS MON sw - DES l 

REMARKS 

DES He REG latching valve is open when tb - gray . 
DES He REG latching valve is closed when tb - bp . 

Assumption : Prepressuri zat ion check of DPS and APS 
has been per foraed at appropriate tiae in aiss ion . 

Possible MASTER ALARM - on when ED : MASTER ARK sw - OFF , 
due to relay race reaoving CWEA inhib i t .  

Following values apply t o  pressure relief valYe aaseab ly :  
Burst-disk rupture pressure - 260 t o  275 psia 
Reseat pressure - 2S4 psia 
Relief valve cracking pressure - 260 psia 

Below 4o• r ,  engine operation is rou&h . AbO¥e 100• r ,  oxi­
dizer decoaposes , driving oxidizer-fuel ratio out of 
tolerance . Engine wil l  not operate with saooth and ef­
ficient coabustion with AT F/0 >lo•r.  
Due to increased DPS propellant loading , and therefore 
decreased ullage space , DPS regulator can be daaaged 
during pressur izat ion if FUEL or OXID TEMP ind - >7s•r.  

Due to in creased DPS propellant loading , and there fore 
decreased ullage spac e ,  DPS regulator can be damaged 
during pressurizat ion if FUEL or OXID TEHP ind - >7s•r . 
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PROCEDURES 

4 . 2 . 30 RCS PRESSURIZATION 

1 .  HTR CONT : 

2 .  

3.  

4 .  

5 .  

6 .  

TEMP HON sel - RCS QUAD 1 ,  2 ,  3 ,  & 4 
TEHP ind - 120• to 145•F ( for each quad) 

RCS : 
A & B QUANTITY ind - 100% 

RCS : 
TEHP/PRESS HON sel - He 
A & B PRESS ind - 2 820 to 3280 psia 

RCS:  
TEMP/PRESS HON sel - PRPLNT 
A & B TEHP ind - 4o• to 1oo•y 
A & B PRESS ind - 10 to 50 psia 

RCS : 
TEMP/PRESS HON sel - FUEL HANF 
A & B PRESS ind - 25 to 90 ps ia 

RCS : 
TEHP/PRESS HON sel - OXID HANF 
A & B PRESS ind - 25 to 90 psia 

CAUTION 

RCS SYS A & B ASC FEED 2 vlvs 
must be c losed immediately after 
ED : RCS He PRESS sw - F I RE , to 
prevent possible propel lant trans fer 
between APS & RCS .  

This procedure is 
main SOV ' s  open. 
for RCS thrusters 
with both sets of 

REMARKS 

applicable i f  LH is launched with all 
After 5-hour cold soak , war.up tt.e 
be fore f i ring is approxiaately 1 hour 
heaters operating ; 3 . 2  hours i f  only 

one set is operating . 

CB RCS SYS B :  PQGS/DISP mus t be closed for 1 minute 
to obtain valid reading. Quantity d isplay reaains at 
100% unt i l  propel lants in l ines are used. Overall 
quantity accuracy ( including propellant quantity 
aeasuring device accuracy) is ! 9% . 

This range represents minimua-to-maximua RCS theoret i cal 
he lium bottle loading envelope pressure , before pressur­
ization , as f unct ion of hel ium temperature and loading 
aass . For other bottle pressure values , see figure 4-11.  

Dur ing RCS pressurizat ion , i t is possible for  ascent feed 
2 valve to become unseated , allowing propellant t rans fer 
between APS & RCS .  Clos ing RCS sys tem A & B ascent feed 
2 valves ensures that they are s t i l l  closed after pres­
surizat ion . 
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4. 2 . ]()  RCS PUSSURIZATIOII (coat) 

16 7 .  Cl ED: LOGIC PWI I - opea 
8 ID: 

HASTD AIM 1111 - 011 
RCS He PUSS 1111 - FIRE 

2 RCS : 
SYS A ASC FEED 2 av - CLOSE 
SYS I ASC FEID 2 av - CLOSE 

8 ED: MASTIIl AIM 1111 - OFF 
u. 16 Cl ED:  LOGIC PWI I - clo .. 

CAUfiOII 

Cl ED: LOGIC PWR A & LOGIC PWR I 
.ue t  be closed et ca.pletioa of 
thie t•lt . 

I I 1 I RCS A UG van lt - off 
RCS I UG van lt - off 

I I 2 I S· RCS: 
SYS A ASC FEED 1 .., - ASC FEED 1 

2 

SYS I ASC FEED 1 .., - ASC FEID 1 
CllSPD .., - CLOSE; tb - bp 

9 . RCS : 
TEMP/PRESS Klll eel - OXID MAIIF 
A & I PRESS iad - 175 to 1 88 peia 

10 . RCS : 
TEMP /PRESS K>N eel - nJEL MAIIF 
A & B PRESS lad - 175 to 188 ps ia 

11.  RCS: 
TEMP /PRESS K>N eel - PRPLNT 
A & B TEHP ind - 40• to 100• F 
A & B PRESS ind - 178 to 188 ps ia 

REMARKS 

Peralta veri fication of ED syet- A. 

Procedure coafi rs. that all valves are actually opea. 
Whea valve control witch is ia center position, aso­
ciated tb correctly indicates valw position. Whea avitch 
is in .a off-center position: 
a. CllSPD, & MAIN SOY tb ' • are gray . 
b .  ASC FUEL & ASC OXID tb '• are gray ualas 

uaeaergized ASC PIED val,.. ia • ._ syetea are 
clo.ed; thea tb ' s  are bp . 

Fuel and oxidizer noainal operating pressure is 178 to 
188 ps ia . Bure t disks rupture at 220+7 psia. Relief 
valves crack at 232�8 pe ia aad reseat-

at 212 ps ia . 
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4 . 2 . 30  RCS PRESSURIZATION (con t )  

12 . RCS : 
TEMP /PRESS KJN se 1 - He 
A & B PRESS ind - 2 750 to 3200 pa ia 

1 3 .  RCS : 
A QUANTITY ind - record % reaaining % 
B QUANTITY ind - record % reaaining % 

4 . 2 . 31 RCS HOT /COLD FIRING CHECK 

CAUTION 

Dockina tunnel p ressure (CSH aide) 8U8t be 
ze ro paia. CSH roll jet ca.aanda BJ8t be 
inhibited to prevent poss ible simultaneous 
oppoaina jets firing.  

Ca.municationa Basic ( required - near earth) 

S-Band Steerable Antenna _Act ivat ion and Checkout 
( required) 

LGC Power-Up (requi red) 

IHU Power-Up (LGC Operat ina) ( required) 

Ci rcui t Breaker Act ivat ion (required) 

REMARKS 

Nowdnal heliua tank pressure before pressurization is 
30 50 paia at +7o•F.  

Th is p rocedure can be used before undocking an d  before 
lunar 11 ft-o f f .  

Th is p rocedure perfor.a TTCA (PGNS an d  AGS) Cold Fi re ,  
PGNS Rate Ca.aand Cold Fire ,  AGS Pulse Cold Fire ,  
AGS Rate Comaand Cold Fi re ,  Four-Je t Secondary Coi l Hot 
Fi re ,  and PGNS Mini- l!lpulae Hot Fire . It JaUSt be 
performed during HSFN contact to verify : 

a. TTCA continuity 
b .  2 . 5• contacts in ACA 
c.  12• h ardover contact in ACA 
d .  ACA transducer operation 
e .  ACA continuity 
f .  LGC inbita and outb ita 
g .  Operation of priaary pre� li fien 
h .  Operation of priaary and secondary coila 
i .  Inputs to ATCA jet select logic 

Th is procedure only checks CDR's ACA and TTCA ays te• . 

Re f  para 4 . 1 3 . 2 . 1 .  

Ref para 4 . 2 . 20 .  

Re f  para 4 . 6 . 1 . 1 .  

Re f  para 4 . 6 . 1 . 3 .  

Re f para 4 . 2 . 4 .  
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� . 2 . 31 RCS HOT/COLD FIRING CHECK (cont) 

en 
• 

., " 

l 
• 
.. 

..... .a 
.... ..... 

n 

f 
F 

r � 

"l 'i 
� 
N 
I "" Q) 

1 .  
l 

I u 12 . 
16 

I 1 I J .  
. 3 

4 

Tl'CA 

4 .  
4 

TTCA 

, .,._.,...... 

Verify quad ta.perature : 
HTR CONT : 

TEMP ti>N ae1 - RCS QUAD 1 ,  2 ,  l ,  & 4 
TEMP ind - 120• to 190• F 

CAUTION 

HEATER caut 1t .ust be off for 25 •inutes 
before firina RCS thrus ters . 

CB RCS SYS A :  QUAD 1 ,  2 ,  l ,  4 TCA - open 
CB RCS SYS B. QUAD 1 ,  2 ,  J ,  4 TCA - open 

NOTE 

Posa KASTER ALARM , RCS TCA warn lt - on , 
tb - red during s teps l thru 6 .  

GUID CONT aw - PGHS 
ACA PlOP ., (CDR) - ENAILE 
5/C : 

lOLL , PITQI, ' YAW aw - PULSE 
PGNS .,., - ATl' HOLD 
AGS aw - ATl' HOLD 

ltCA/4 JET aw (CDR) - DISABLE 
Tl'CA/TRANSL - (CDR) - ENABLE 
THIIOTTLE/JETS c:ont (BOTH) - J ETS 
Verify HBR wi th HSFN : 
CSH WIDE DEADBAND, ATT HOLD 

TTCA cold fire check : 
Key V76E 
Vll NlOE,  5E 

TTCA (CDR) - def lec t ,  release 
Honi tor DSICY Rl : 

Up (+X) - Rl 00252 
Down (-X) - Rl 00125 

Repeat Up, down deflect ion using LHP ' s  TTCA 

REMARKS 

Displays contents of channel No . 5 to verify presence 
of LGC jet-on commands ( up and down firing) . 

MSFN verifies presence of AGS trans lat ional commands 
via GH 1240 . 
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TTC1 
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ACA 

1 
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A.CA 
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5 .  

6 .  

PROCEDURES 

RCS HOT/COLD FIRING CHECK (con t )  

Key E6E 

TTCA ( CDR) - de flec t ,  release 
Monitor DSKY Rl : 

Right (+Y ) - Rl 00220 
Lef t  (-Y) - Rl 00140 
Forward (+Z) - Rl 00011 
Aft (-Z) - Rl 00006 

PGNS Rate Command Cold Fire , AGS Pulse Cold F ire 
CB S/C: ATT DIR CONT - c lose 
Key V7 7E 
Key Vl5 NOlE 42E 

ACA (CDR) - to soft stop ,  pause (2 sec) at null 
Roll right - R3 00045 to 00057 
Rol l  left - R3 77 720 to 77732 
Pitch up - Rl 00045 to 00057 
Pitch down - Rl 7 7 7 20 to 77732 
Yaw right - R2 7 7 7 20 to 77732 
Yaw left - R2 00045 to 00057 

AGS Rate eo..and Co ld Fire , Four-Jet Secondary Coi l  
Hot Fire 
cum CONT sv - AGS 
S / C :  ROLL , P ITCH , & YAW sw - MODE CONT 
Verify RCS quad te�erature >120•F for 
25 min before proceeding. 

-

ACA (CDR) - deflect slowly to hardover ,  p ause 
(2 sec) at null 

Rol l  right 
Rol l  left 
P itch up 
Pitch down 
Yaw right 
Yaw lef t  

REMARKS 

Displays contents of channe l No . 6 to verify presence 
of LGC j e t-on commands (righ t ,  lef t ,  forward, and aft 
firing) . 

HSFN verifies p resence of A.GS trans lational commands 
via GH1241 and GH1242 . 

Displays octal content of LGC rate command counters in 
Rl , R2 , and Rl. 

HSFN ver i f ies p resence o f  AGS pulse mode co ... nda via 
GH1247 , GH1248 , and GH1249 . 

HSFN moni tors thrust chamber pressure (GR5031 through 
GR5046) to verify hardover contact closure and secondary 
coi l  operation ; also ver i f ies presence of AGS rate 
command output via GH1247 ,  GH1248 ,  and GH1249 . 
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4 . 2 . 31 ICS HOT/COLD FIRING CHECK (cont} 

7 .  

a. 

PGNS Hiniau. Iapulae Hot Fire 
GUID CONT 11V - PGNS 
ley V 76E 
Key V48E 
PL V04 N46 
Verify DAP confiauration - 32022 
Key PRO 
Key Vl4E 
Cl RCS STS A: QUAD 4 ,  3, 2 ,  & 1 TCA - c lose 
Cl ICS STS 1: QUAD 1 ,  2 , 3, & 4 TCA - c lose 
Cl INST: CWEA - opeD , then close 
ICS : STS A & B QUAD 1 ,  2 ,  3 ,  & 4 tb (8) - aray 
ley Vll NlO! ll! 
Verify: 11 67777  
ACA (CDR) - deflect 2 . s• , pause (2 sec) at null 

loll riaht - 11 27757 
loll lef t  - Rl 27 737 
T• rt8ht - 11 27767 
Taw riaht - Rl 2 7767 
T• left - Rl 27773 
T• left - Rl 27773 

Jtey V48E 
PL V04 N46 
Establish DAP coofiauration - Key V21E 31022E 
ley PRO 
Key V34E 
ACA (CDR) - deflect 2 . s• , pause (2 sec ) at null 

Pitch up - Rl 2 7 7 76 
Pitch down - Rl 27775 

S/C: ROLL, PITCH, & YAW sw - PULSE 
GU ID CONT aw - AGS 
ley V 7 7E 

REMARKS 

Ref para 4 . 6 . 1 . 8. 

Displays contents of channel No . 3 1  to check presence of 
.tni•um impulse inbita . HSFN .anitors j et driver output 
(GH1418 through GH1433) and thrust chaaber pressure 
(GR5031 through GRS046) to verify priaary coil operation . 
Four yaw aaneuvers ensures firina of all eiaht horizontal 
RCS j ets . 

HSFN aonitors j et driven output (GB1418 tbrouah GB1433) 
and thrust chaaber pressure (GRS031 throuah GR5046) to 
verify priaary coil operation. 
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PNL PROCEDURES 

'• . � .  ):! L\�> r::r. GEAR DEPLOY 

1 1  1 .  

3 2 .  

1 1  I 3 .  
8 1 4 . 

5 .  

6 .  

1 1  1 7 . 
8 

Cll En : 

LIJC CEAJt FLAI. - c lo�e 

IJ)I. lC PIIR A - open 

ED : 
!!ASTER AR:t �u - ON 
Lr>r. GEAR l..lEPLOY �w - F IRE ; th - gray 

CB ED :  I..Or. IC P1JR A - c lo�e 

ED : 

LJ)(; f:f.AR DEPLOY sw - FIRE ; th - grav 
:lASTER A!CI su - orr 

CAUTIO :-I 

en ED: LOGIC M� A & B must be c losed 
at completion of this task .  

Observe +Z landing gear through fo�ard windm1s . 

Af ter separat ion from CSI! , request CS�I to con f i rm  all 
landing gears deployed & locked . 

en Ell : LOC. GF.AR FLAG - open 
m> : LDG Gf� DEPLOY th - bp 

REMARKS 

Perm i t �  ver i f ication of En systen B .  

Po.; 11 i b l e  :tASTER A�! - on when En : '!ASTER AR.'l sw - OFF, 
due to  relay race re1110v ing C1-1r.A inh i b i t . 
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PROCEDURES 

PRELAUNCH CLOSEOUT CHECK (con t )  

SHFT/TRUN J sw - ±50 • 
RATE SCALE sw - 25. /SEC 
ACA PROP sw - ENABLE 
ENG THR CONT : 

THR CONT sw- AUTO 
MAN THROT sw - C>R 
ENG ARH sw - OFF 
ATT/TRANSL sw - 4 JETS 
BAL CPL sw - ON 

ASC He REG 1 sw - center ; tb - gray 
ASC He REG 2 sw - center ; tb - gray 
DES He REG 1 sw - center ; tb - gray 
DES He REG 2 sw - center ; tb - bp 
PRPLNT QTY ti>N sw - OFF 
PRPLNT TEMP /PRESS ti>N sw - ASC 
HELIUM ti>N sel - OFF 
ABORT pb - reset 
ABORT STAGE pb - reset 
lNG/ ALT ti>N sw - ALT I ALT RT 
ti>D! SEL sw - LDG RADAR 
GUID CONT sw - PGMS 

ENG GMBL ev - ENABLE 
DES ENG am OVRD sw - OFF 
RADAR : 

LDG ANT sw - AIJTO 
TEST sw - OFF 
T!ST/ti>N sel - ALT XHTR 

RNDZ RADAR : 
SLEW RATE sw - HI 
SLEW sw - center 
RNDZ RADAR sel - SLEW 

S /C :  
DEAD BAND sw - HIN 
GYRO TEST ROLL sv - ROLL 
GYRO TEST POS RT sw - OFF 
ROLL sw - K>DE CONT 
PITCH sw - K>DE CONT 
YAW sw - K>DE CONT 
PGNS sw - OFF 
AGS sw - OFF IMU CAGE sw - OFF 

REMARKS 

Swi tch guard covering ASC position 

ASC He REG latching valve - open 
ASC He REG latching valve - open 
DES He REG latching valve - open 
DES He REG latching valve - closed 

Switch guard at side position 
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4 . 1 PULAUHCB CLOSEOUT CHECK (cCIIlt) 

Bn COifT: 
TEMP IIHI eel - LOG llADAR 
ICS SYS A/1 2 QUAD 1 ,  4 ,  2 ,  & 3 av - OFF 

EVliT TMR: 
USIT/COUNT av - UP 
TMR ClOIIT .., - STOP 
SLEW CORT HIM .., - center 
SLIII CORT SIC .., - center 

LTG: 
SIDE PAIIILS av - OFF 
FLOOD • - OFF 
n.ooD eoat - llliGHT 
LAMP /TUII TEST eel - OFF 
UTIUOR LTG av - llOCK 

I POliiTU SCALI av - HI HULT 

4 I 9 .  M;A/4 JET .., (CDR) - ENABLE 
nCA/TURSL .., (CDR) - ENABLE 
M:.lt./4 JET .., (LMP) - ENABLE 
nCA/TUIISL .., (LMP) - IRABLE 

ltl1f 1 10. Aai .. th eCIIlt - CL 
NYt tad - ooo.o• 

__,, 

Eye �Qard ... e.bly & deoaity filter - re.o•ed 
MAH I pb - DOt clepr•aed 
HAJX Y pb - aot depr•aed 
REJECT pb - DOt clepr .... d 
U GYRO SEL av - PRIM 

11.  Verify reDdea•oue radar antenna res traint is not releued . 

2 1 12. RCS : 

SYS A ASC FEED 1 av - center 

REMARKS 

Status of fue l and oxidizer interconnect •alves cannot be 
detendned via ASC FUEL and ASC OXID tb ' s  when tb 's  are 
unpowered . When powered , tb 's  - bp indicate• that one set 
of fuel and oxidi zer interconnect valves is closed vhi le 
other set is open .  When displays are not powered, talk­
backs for main shutoff valves and crossfeed vahe are 
not necess arily i ndicat ive of valve pos i t ion . These 
valves should be in their nominal pos it ion; i . e . , .ain 
ahutoff valves open and croas feed valve closed • 

ACS FEED 1 valves (primary) - open 
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4 .  1 PRELAUNCH CLOSEOI.Tl' CHECK (cant ) 

I I 
nCA. 13. 6 14. 

M:.A 1 15 . 16 16 . 

SYS A ASC FEED 2 sv - center 
SYS A AS C  'f1JEL tb - bp 
SYS A ASC OXID tb - bp 
SYS B ASC FEED 1 sv - center 
SYS B ASC FEED 2 sv - center 
SYS B ASC FUEL tb - bp 
SYS B ASC OXID tb - bp 
SYS A QUAD 1 , 4, 2 ,  6 3 sv - ENABLE ; tb - gray 
SYS B QUAD 1 , 4 ,  2 ,  6 3 sv - ENABLE ; tb - gray 
C RS FD  sv - center ;  tb - bp 
SYS A MAIN SOV sv - cente r ;  tb - gray 
SYS B MAIN SOV sv - center ; tb - gray 
TEMP /PRESS MOf sel - He 

ACA PROP sv - ENABLE 
MASTER ALARM pb/ lt - not depressed 
RATE/ERR foiJN sv - LOG RDll/OtP'l'R 
ATTITUDE MON sv - PCNS 
GLYCOL sel - PUMP 2 
SUIT FAN sel - 1 
02 /820 QTY HOM sel - ASC 2 

THROrTLE/JETS coot (LHP) - JETS 
Th rot t le friction coot (LHP) - u des ired 

Ens STOP pb/lt - reset 
ACS STATUS sv - OFF 

PTT pb (LMP) - not depre ssed 

All cb 's 
CB LTG :  
CB S /C :  
CB HTR: 

- open , except : 
FLOOD - close 
ASA - close 

t£SA - close 
S BD ANT - close 

CB EPS :  
DC BUS VOLT - c lose 
DES ECA - close 
CROSS TIE BAL LOADS - close 
BAT FEED TIE ( 2 )  - close 

Ve rify cb status pe r Pre l aunch C loseout Cleek . 

REMARKS 

ASC FEED 2 valves (secondary ) - closed 

AS C FEED 1 valves (primary ) - open 
ASC FEED 2 valves (se condary) - c losed 

CRSFD valves - closed 
SYS A MAIN SOV - open 
SYS B MAIN SOV - open 

See figure 4- 2 .  
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2 .  

PROCEDURES 

INITIAL ENTRY STATUS CHECK ( cant ) 

DES H 20 vlv - OPEN 

EPS ACTIVATION & CHECKOlTI' 

LTG :  ANUN /NUH cont - adjus t 
CB EPS :  

DISP - c lose 
XLUNAR BUS TIE - close 
DES ECA CONT - close 

CB INST : 
SIG SENSOR - close 
PCM/TE - clo8e 
SIG CONDR 2 - close 

CB EPS : 
XLUNAR BUS TIE - close 
DES ECA CONT - close 

CB INST : SIC CONDR 1 - close 

EPS : 
LMP BAT 1 tb - LO 
LMP BAT 2 tb - bp 
CDR BAT 3 tb - bp 
CDR BAT 4 tb - LO 
LUNAR BAT tb - bp 
DES BATS tb - gray 
BAT 5 NOJKAL LMP FEED tb - bp 
BAT 5 BACI. UP CDR FEED tb - bp 
BAT 6 NORMAL CDR FEED tb - bp 
BAT 6 BACI. UP LMP FEED tb - bp 

Oleck d-e bus voltage : 
EPS : 

POWER/TEHP l«>N ael - CDR BUS 
VOLTS ind - 2 5 . 0  to 32 . 5  vdc 
POWER/TEMP K>N ae1 - LHP BUS 
VOLTS ind - 25 . 0  to 32 . 5  vdc 

REMARKS 

FOAl pwr tb ( 2 )  - O FF (in view) 
C/W PWR caut lt - on 

I i 

---
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PIOCEDUIES 

EPS ACTIVATION & CHECICOtrr (cont) 

Activate RCS beaten : 
CB BrR RCS SYS A/B 1 :  QUAD 4 ,  3 ,  2 ,  & 1 - close 
CB HTa RCS S!S A/B 2 :  QUAD 1 ,  2 ,  3, 6 4 - close 
lrl'R COIIT : RCS SYS A/B 2 QUAD 1 • 4 , 2 , & 3 IV - AtrrO 
CB Hrl: DlSP - cloae 
ll'l'R CCIIT : TEMP K>N ad - RCS QUAD 1 ,  2 ,  3 , 4 
Deteraine ti- for lovu t te��perature quad to reach 12o• r .  

CAUl ION 

RCS quad te��peratures �st b e  � 120• F 
for 25 adnutea be fore firing RCS thrusters . 

LTG : EXTERIOR LTG IV - OFF 

CA.trriON 

Do not proceed to atep 4 i f  bus vol tage >27  vdc . 
I f  bus voltage >27  vdc , cont inue EPS activation 
until b ua  voltage �2 7 vdc , then pe rform s tep 4.  

REMARKS 

Ti• for q uad te!llperature to reach 12o• r 1a given in 
following tab le . 

Init ial 
Te���perat ure 

< •r> 

20 
30 
40 
50 
60 
70 
80 
90 

100 

Ti• for Quad 
to Re ach uo•r 

(llin) 

70 
60 
50 
40 
30 
20 
15 
10 

s 

(Ti•s given are to inaure that quad is properly var.ed up 
i f  one heater ayate• hu failed off.  Wanup tiM for no 
failures is about one-half of ti .. a given. ) 
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4 . 2 . 2  

4 .  

5 .  

6 .  

PROCEDURES 

EPS ACTIVATION & CHECKOUT (con t )  

Turn o n  h igh voltage : 
CB EPS : CROSS TIE BUS - c lose 
EPS : 

LHP BAT 1 HI V sw - OFF / RESET ; tb - bp , then ON ; 
tb - gray 
CDR BAT 4 HI V sw - OFF / RESET ; tb - bp , then ON ; 
tb - gray 

CB EPS : 
CROSS TIE BUS - open 
CROSS TIE BAL LOADS - open 

EPS : 
POWER/TEMP MON sw - BAT 1 
When AMPS ind - >15 amps : 
LMP BAT 2 sv - OFF /RESET ; tb - bp ,  then ON ; tb - gray 
POWER/TEMP MON sw - BAT 4 
When AMPS ind - )15 amps : 
CDR BAT 3 sw - OFF/RESET ; tb - bp , then ON ; tb - gray 

Coaplete EPS activat ion : 
CB/AC BUS B :  

BUS TIE INV 2 - close 
BUS TIE INV 1 - close 

CB/AC BUS A :  
BUS TIE INV 2 - c lose 
BUS TIE INV 1 - c lose 
AC BUS VOLT - c lose 

CB EPS : 
INV 1 - close 
INV 2 - close 

CB INST : CWEA - c lose 

REMARKS 

I f  moni toring vo ltage and current whi le per forming this 
step , first bat tery will  furnish reverse current into 
other bat tery that has not been switched to h igh-vo ltage 
tap . Reverse current w i l l  cease as soon as battery is 
removed from l ine . 

CB EPS : INV 1 is c losed for checkout .  Inverter 
draws power wh ile th i s  circuit breaker i s  c lose d ,  

C/W PWR caut lt - off 
CWEA status ind icat ions are : 

CES AC warn lt - on 
CES DC warn lt - on 
LGC warn lt - on 
RCS A REG warn l t  - on 
RCS B REG warn l t  - on 
PRE AMPS caut lt - on 
ECS caut lt - on ( assuming ECS has not been activated) 
GLYCOL caut lt - on ( if ECS : GLYCOL temp ind >50.F)  

ft 
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4 .  2. 2 EPS ACTIVATION & CHECKOUT {contJ 

7 .  

8.  

9 .  

10 . 

Initial EPS check : 
EPS : 

POWER/TEMP HON sel - AC BUS 
INVERTER sw - 1 
VOLTS ind - green band 
INVERTER av - 2 
VOLTS ind - green band 
POWER/TEMP HON ael - LHP BUS 
VOLTS ind - 28 . 0  to 32 . 5  vdc 
POWER/TEMP HON eel - CDR BUS 
VOLTS ind - 28. 0  to 32 . 5  vdc 
POWER/TEMP HON ael - BAT 4 
VOLTS 1nd - 28 .0 to 32 . 5  vdc 
AMPS ind - TID 
Repeat for BAT 3 ,  2 ,  1 .  
POWER/TEMP HON ael - ED/OFF 
ED VOLTS w - BAT A 
VOLTS ind - 35 . 0  to 3 7 . 8  vdc 
ED VOLTS w - BAT B 
VOLTS ind - 35 . 0  to 37 . 8  vdc 

CB EPS : INV 1 - open 

EPS : POWER .TEHP HON eel - AC BUS 

CB/AC BUS B :  SE WIND HTR - close 

EPS : VOLTS ind - voltage drop 
CB /AC BUS B :  S E  WIND HTR - open 

REMARKS 

Component caution s tatus ind ications are : 
H20 SEP comp caut lt - on 
GLYCOL comp caut l t  - on 

HASTEit ALA�I - off (because panel 16 CB LTG : MASTER 
ALARM is not c losed) 
These ind i cations should not be regarded as malfunction 
symptoms . As subsequent tasks are perforaed , the caution 
and warning l ights go off  • 

Green band represents 112  to 118 vac . 

To ob t ain proper current .easure.ent when .oni toring 
descent bat tery , divide indicator reading by 2 .  

Nominal open-circuit volt age for each ED bat tery ia 
37 . 1  vdc . 

Opening CB EPS : I NV 1 prevents  unnecessary power 
consumpt ion . 

Assumpt ion :  Window shades are in s towed pos ition when 
checking heaters . Heaters can also be checked in helJDets­
and-gloves-off configurat ion by placing crewmen ' s  bare 
hand on window . 

Vol tage drop indicates LMP window heater turn-on . 

,.. 2 
0 
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PROCEDURES 

4 . 2 . 2  EPS ACTIVATION & CHECKOUT (cont) 
1 1 ,  CB / AC BUS A :  CDR WIND HTR - close 

EP S :  VOLTS ind - volt age drop 

1 2 .  CB / AC BUS B :  S E  WIND IITR - c lose 

1 3. 

14 . 

4 . 2 . 3  

1. 

2.  

3.  

I 4 . 

s . 

6 .  

CB HTR : DOCK WINDOI� - close 

CB S /C : liSA - close 

PRIMARY GLYCOL LOOP ACTIVATION 

ECS : 
PRESS ind pwr fail l t  - on 
GLYCOL ind pwr fail l t  - on 

QUANTITY lnd pwr fai l  lt - on 
GLYCOL COiaJI caut lt - on 

Verify : 
CB ECS : 

GLYCOL PUMP 1 - open 
GLYCOL PUMP 2 - open 
GLYCOL PUMP AUTO TRNFR - open 

CB ECS : DISP - close 

GLYCOL sel - PUMP 1 
ECS : GLYCOL press ind - record:  
GLYCOL sel - INST (SEC) 
ECS : GLYCOL press ind - record : 

GLYCOL sel - PUMP 2 

CB ECS : 
GLYCOL PUMP AUTO TRNFR - close 
GLYCOL PUMP 1 - close 
GLYCOL P\111P AUTO TRNFR - open 

REMARKS 

V o l t age drop indicates CDR window heater turn-on. 

Docking window heater turn-on cannot be detected by  volt­
age on EPS : VOLTS ind , 

Following indicator power failure l i ghts - off when CB 
ECS : DISP is closed: 

ECS :  
PRESS 
GLYCOL 
QUANTITY 

Discharge press ure of primary and s econdary glycol loops 
is ne cessary to determine CWEA inst rumentation fai lure 
or leak in loop . 

• 
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PROCEDURES 

4 . 2 . 3  PRIMARY GLYCOL LOOP ACTI VATION ( con t ) 

7 ,  GLYCOL sel - P UHP  1 

8, CB ECS :  GLYCOL PUMP 2 - close 

9 .  ECS : 
GLYCOL press ind - 2 1  to 37 p s i a  
GLYCOL comp caut lt - off 

4 . 2 . 4  CI RCUIT BREAKER ACT I VATION 

1 .  X pointe r  ind pwr fai l lt - on 
THRUST ind pwr fai l l t  - on 
HPS : PRESS ind pwr fai l  lt - on 
RCS : 

PRESS ind pwr fail lt - on 
QUANTITY i nd pwr fai l lt - on 

X pointer ind pwr fail lt - on 
FDAI pwr tb ( 2 )  - OFF ( i n  view) 

REMARKS 

P rimary glycol loop ci rculation s tarts , but primary 
s uh limat or has not been act i vated . 

I n d i ca t or powe r fai l ure l ights - off as c i rcu i t  b reake r 
for as so c i at e d  i ndicator power i s  closed . 

Pwr Fai l L t  Circuit Breaker 

X po int e r  i nd CB FLT DISP:  CDR X PNTR 

THRUST ind CB FLT DISP : THRUST 

MPS : PRESS ind CB PROP UL :  D I SP /ENG OVRD LOGIC 

RCS : PRESS ind CB RCS SYS B :  TEMP/PRESS 
DISP FLAGS 

RCS : Ql'ANTITY i n d  C B  RCS SYS B :  PQGS/DI SP 

X pointe r i n d  C B  FLT DISP : SE X PNTR 

FDAI pw r tb ( 2 )  - C B  FLT DISP :  CDR FDAI 
OFF ( i n  vi ew) 

CB FLT DISP :  SE  EVNI' TMR/SE 
FDAI 

I 
I 
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4 . 2 . 4  CIRCUIT BREAKER ACTIVATION ( can t ) 

2 .  

3.  

Enab le ATCA : 

CAUTION 

Before closing CB S /C :  AICA , ensure : 
GUID CONT sw - PGNS 
S /C :  PGNS & AGS sw - OFF 

CB S /C :  ENG CONT - open 
CB A/C BUS A: DECA G1BL - open 
CB S / C :  

EN G  ARH - open 
ATCA - c lose 

All cb ' a - close , eKcept : 
CB /AC BUS B :  

S E  WIND HTR - as requi red 
N1r LAMP - open 

CB /AC BUS A :  
CDR WIND BT il  - as required 
AUf LAMP - open 
RNDZ JlDJl - open 

CB JlCS SYS A: QUAD 4 ,  3, 2 ,  & 1 TCA - open 

CAUTION 

CB /AC BUS A: RNC/RNC Rr .us t be closed 
be fore CB FLT DISP : RNC /RNG RT 

CB FLT DI SP : RNG/RNC Rr - open 
CB HTJl: 

UlllNE LINE - as required 
RNDZ RDJl STBT - open ( requi re d )  
DOCK WINDOW - as requi red 

CB S / C : 
AEA - open 
AELD - open 

CB ECS : 
SUIT FAN 1 - open 
CABIN FAN - open 

CB COMH: CDR AUDIO - open 

REMARKS 

Veri ficati on  of these controls and closing of CB S/C : 
ATCA be fore closing re lated ci rcuit b reakers ensures 
agains t inadve rtent RCS j e t  f i ring or possible driving 
of DPS engine gimb al • 

When crew is .an i t oring windows and can de te ct fogging , 
heater operati on  is at crew dis cretion, (Us e  if con­
densation is not i ce d . ) 
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4 . 2 . 4  CI RCUIT BREAKER ACTI VATION (coot ) 

1 

11 

1 ,  2 

11 1 4 . 

8 1 5 .  

1 6 .  

C B  PGNS : 
LDC RDR - open 
RNDZ RDR - open 

Jl!fG/ALT ind pvr/sig fail lt - on 

LGC warn lt - on ( up  to 20 sec) 
CB PGNS : IHU OPR - open 
CB EPS : 

CROSS TIE BUS - open 
ASC ECA CONT - open 
INV 1 - open 

FDAI pwr tb (2)  - OFF ( in view) 

CB FLT DISP : RNG/RNG RT - close 

Verify cb s tatus per Circuit Breaker Act ivat ion 

DES PROPUL : 
niEL VENT tb - gray 
OXID VENT tb - gray 

ED : LDG GEAR DEPLOY tb - bp 

THRUST ind pwr fai l l t  - off 
X pointer ind pwr fai l lt - off 
FDAI pwr tb - on (out of view) 

REMARKS 

RNG/ALT ind pwr/sig fai l lt - on when CB /AC BUS A: 
RNG/RNG RT - clos e .  RNG/ALT ind pwr/sig fail lt remains 
on due to lack of good range/altitude and rate s ignals 
when CB FLT DISP: RNG/RNG RT - close . Light goes o f f  
afte r good range /al t i tude and rate s ignals are p resent 
from selected input source . 
LGC warn lt - on due to LGC st art up t ransient condit i on s .  
Ligh t remains on until capacitor discharges . LG C  warn lt 
was on p reviously because CB PGNS : LGC/DSKY was open . 

Closing CB FLT DISP : RNG/RNG RT after CB/AC BUS A: 
RNG/RNG RT applies drive power to tape-.ter after logic 
power.  This prevents errati c  driving , and possible 
o ff-s cale condition, of tapeaeter during power-up . 

See figure 4-5 . 

FUEL VENT latch ing valve is open when tb - gray . 
OXI D VENT lat ching valve is open when tb - gray . 

,.. «1 6 
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PROCEDURES 

All cb ' s - close , except : 
CB RCS SYS B :  QUAD 1 ,  2 ,  3 ,  & 4 TCA - open 
CB LTG :  MASTER ALARM - open 
CB S / C :  

AE A  - open 
ENG ARH - open 
AELD - open 

CB COHH : 
SE AUDIO - open 
S BD ANT - open 
TV - open 

................ . 

REMARKS 

ECS caut lt and SUIT FAN comp caut lt - on when CB ECS : I 

S UIT FAN �P - c lose .  ! 
I 

! I 5 5 
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PROCEDURES REMARKS 

4. 3 SUBSYSTEM DEACTIVATION 

S ubsys tea deact ivation cooa ists of tasks performed by the crew to place LH s ubsys teae into a powered-d�n condi t ion that 
reproduces , to the extent pract icab le , LH p re launch closeout s tatus . 

4 . 3 . 1  PREPARATION POR SUBLIHATOR DRYOUT 

1 .  

2 .  

Perfora LGC P�er-D� Program (P06) . 

ORDEAL : 
FDAI 1&2 sv - INRTL 
EARTH /LUNAR sv - PWR OFF 
LTG sv - OFF 
MODE sw - HOLD/FAST 
SLEW sv - cente r 
ALT SET cont - TID lUI 

Assumpt ions : ( 1 )  One crewman is in LH , ( 2) PGA is donned , 
( 3) crevaan is receiving oxygen through CSH trans fer 
uabi lical , and (4) cabin repres surizat ion sys tea is en­
abled . Ref para 4 . 14 . 5  • 

Ref para 4 . 6 . 1 . 2 .  Progr .. 06 t rans fers I SS /LGC from 
operate to s tandby . 

I I 8 I 3. DES PIOPUL : 
FUEL VENT sw - center; tb - gray 
OXID VENT sv - cente r ;  tb - gray 

ED :  
DES PRPLNT ISOL VLV sv - SAFE 
MASTER ARM sv - OFF 
DES VENT sw - SAFE 
ASC He SEL sw - BOTH 
LDG GEAR DEPLOY sw - SAFE ; tb - bp 
RCS He PRESS sw - SAFE 
DES START He PRESS sw - SAFE 
ASC He PRESS sw - SAFE 
STAGE sv - SAFE 
STAGE RELAY sw - OFF 

AUDIO : 
S BAND T/R sw - OFF 
ICS T/R sw - OFF 
RELAY ON sw - RELAY OFF 
MODE sw - ICS /PTT 
AUDIO CONT sv - NORM 
VHF A sw - OFF 
VHF B sw - OFF 

FUEL VENT latching valve is open vhen tb - gray . 
OXID VENT latching valve is open when tb - gray . 

--- ---------

,.. 
.. 
0 
r: 
0 
o ,.. z � 
. ,.. 
,.. ...,. 
::! 3  o . 
Z w  .,. I :z: i  � 0 • 
0 
0 
� 



g' .. ;;;· � 
Ci 

... 
a-

en 
.. ., " .. 
e. 
.. ... 
1-' \Q .... 
1-' 

n r :II ID • � 
.. 

"l t 
� 

.... I .... 

CREW· PNL MAN 
4 . 3 . 1  

'ITCA 4 .  

s s .  

ACA 6 .  

1 7 .  

PROCEDURES 

PREPARATION FOR SUBLIHATOR DRYOUT ( cont)  

THROTTLE/JETS cont ( CDR) - JETS 
Throttle frict ion cont ( CDR) - TBD 

DES RATE sw - center 
Eng STOP pb / lt - rese t  
Eng START pb/lt - not depressed 
+X TRANSL pb - not depressed 
HSN TMR :  

1lm CONT sw - STOP 
SLEW CONT HOURS sw - center 
SLEW CONT MIN sw - center 
SLEW CONT SEC sw - center 

LTG : 
OVERRIDE ANUN sw - OFF 
OVERRIDE NUH sw - OFF 
OVERRIDE INTEGRAL sw - OFF 
SIDE PANELS sw - OFF 
FLOOD cont - BRIGHT 
ANUN/NUH cont - DIM 
INTEGRAL cont - DIH 

PTT pb (CDR) - not depressed 

X POINTER SCALE sw - HI HULT 
MASTER ALARM pb/ lt - not depressed 
RATE/ERR HON sw - LDG RDR/OtPTR 
ATTITUDE HON sw - PGNS 
SHFr /TRUN J sw - +so• 
RATE/SCALE sw - z'S• /SEC 
ACA PROP sw - DISABLE 
ENG THR CONT : 

THR CONT sw - AUTO 
HAN TUROT sw - CDR 
ENG ARH sw - OFF 
ATT/TRANSL sw - 2 JETS 
BAL CPL sw - ON 

ASC He REG 1 sw - center ;  tb - gray 
ASC He REG 2 sw - center ;  tb - gray 
DES He REG 1 sw - center ;  tb - gray 
DES He REG 2 sw - center ; tb - bp 
PRPLNT QTY HON sw - OFF 

---- ------------ -----

REMARKS 

ASC lie REG latching valve is open when tb - gray . 
ASC lie REG latching valve is open when tb - gray . 
UES He REG latching valve is open when tb - gray . 
UES He REG latching valve is c losed when tb - bp • 

-- ----'--- ---- - - ---- -- - -
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PROCEDURES 

PIEPAIATION POl. SUBLIHATOR DRYOUT (con t )  

PRPIJIT TEMP /PRESS IC)N IIW - ASC 
HELIUM toR se1 - OFF 
AIIOI.T pb - reset 
AIOI.T STAGE pb - reset 
INC/ALT IC>N .., - ALT/ALT IT 
HODE SEL IIW - LDC I.Dl 
GUID COtft' IIW - PeNS 

ENG GMit n - ENABLE 
DES DIG CMD OVID n - OFF 
UDAl: LDC AliT av - AUTO 

TEST av - OFF 
TEST IC)N se1 - ALT XMTI 

IRDZ RADAR: 
SLEW lATE 11W - HI 
SLEW aw - caater 

UirZ RADAR sel - AIJTO TIACI. 
S /C :  

DEAD IAIID 11W - Mil 
GYRO t'ZST lOLL 1111 - IOU 
GYRO TEST POS It 1111 - OPP 
lOLL aw - II>DE OOIIT 
PITCH av - K>DE COliT 
YAV w - tilDE OOIIT 
PCNS av - OFF 
AGS av - OFF 
IMU CAGE 11W - OFF 

HTR CONT: TEMP tON ae1 - LDC RADAR 
EVNT 'IHI: 

US!T/COUNT w - DOWN 
TMI. a>NT .., - STOP 
SLEV CONT MIN 11W - cente r 
SLEW CON'l' SEC n - center 

HTR CONT: ICS SYS A/B 2 QUAD 1, 2 ,  3, & 4 sw - OFF 
LTC: 

SIDE PANELS av - OFF 
n.OOD 11W - OFF 
n.ooo cont - BlliCHT 
EXTERIOR LTC ae1 - OFF 
LAMP /TONE TEST se1 - OFF (ccw) 

X POINTER SCALE n - HI IIJLT 

REMARKS 
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CREW· 
MAN PNL 

4 . 3. 1 

4 9 .  

AM 10 . 

2 11 . 

TTCA 12.  

6 13.  

ACA 14. 

14 15 . 

12 16 . 

- � 

PROCEDURES 

PREPARATION FOil SUIILIHATOil DllYOUT (cont) 

ACA/4 JET 11V (COil) - DISABLE 
TTCA/TRANSL 11V (COil) - DISABLE 
ACA/4 JET 11V (LHP) - DISABLE 
TTCA/TRANSL 11V (LHP) - DISABLE 

Aziauth coat - CL 
Eye pard •ae•1y •d deuity filter - re!M)Ved 
MARl X pb - DOt depr .. sed 
MARl Y pb - DOt depressed 
ll!JECT pb - not depressed 

llCS : 
SYS A ASC FEED 1 & 2 11V - center 
STS A ASC FUEL & OliO tb - bp 
SYS B ASC FEED 1 & 2 11V - center 
SYS B ASC FUEL & OXID tb - bp 
SYS A QUAD 1, 4, 2 ,  & 3 IIV - center ;  tb - aray 
SYS II QUAD 1,  4, 2 ,  & 3 sv - center ;  tb - aray 
CISFD IIV - center; tb - bp 
STS A HAIN SOV Mf - center ; tb - aray 
SYS I MAIM SOV av - center;  tb - &ray 
TEMP/PRESS MOM sel - Be 

ACA PROP 11V - DISABLE 
MASTER ALARM pb /lt - not depreeeed 
llATE/Dll MOM IIV - LDG IDil/CHPTll 
ATTITUDE MOM 11V - AGS 
02/820 QTY MOM eel - DES 2 

TBltOTTL!/ JETS coat (LHP) - JETS 
Throttle friction coat (LMP) - TBD 

Ena STOP pb /1t - reeet 
AGS STATUS sv - OFF 

PTT pb (LHP) - not depreesed 

C<»M: UPLIMIC SQUELCH 11V - !MABLE 

UP DATA LINI 11V - OFF 
AUDIO: 

AUDIO COMT sv - MORM 
S BAND T /ll 11V - OFF 

REMARKS 
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CREW· PNL MAN 
4 . 3 . 1  

ECS 17 . 

18 . 

16 19 . 

1 1  20 . 

PROCEDURES 

PREPARATION FOR SUBLIHATOR DRYOUT (cont) 

ICS T/R sw - OFF 
RELAY ON sw - RELAY OFF 
�DE sw - ICS /PTT 
VHF A sw - OFF 
VHF B sw - OFF 

COHN : 
S BAND MODULATE sw - PH 
S BAND XHTR/RCVR sw - PRIM 
S BAND PWR AMPL sw - PRIM 
S BAND VOICE sw - OFF 
S BAND PCH av - PCH 
S BAND RANGE sw - OFF/RESET 
VHF A XMTR sw - OFF 
VHF A RCVR sw - OFF 
VHF B XMTR sv - OFF 
VHF B RCVR sw - OFF 
TLH BIOHED sw - OFF 
TlJt PCH sw - HI  
RECORDER sw - OFF 
RECORDER TAPE tb - bp 

COHM ANT : 
VHF sel - as required 
TRACK MODE sw - AUTO 
PITCH cont - as required 
YAW cont - as required 
S BAND sel - SLEW 

SUIT TEHP vlv - COLD 

LIQUID GA��ENT COOLING vlv - COLD 

CB LTG : MASTER ALARM - open 

CB/AC BUS B :  
He/P�S P ROPUL DISP - open 
S BD ANT - c l ose 
ORDEAL - open 
AGS - open 
AOT LAMP - open 
SE FOAl - open 

REMARKS 

High-bi t-rate telemetry is requi red to monitor glycol 
temperature in real t ime . 

I f  Sub limator Dryout Procedure is performed on lunar 
sur face , using erectable antenna : TRACK �DE sw - OFF 
and S BAND sel - LUNAR STAY . I f  Subli.ator Dryout 
procedure is performed on lunar surface us ing s teerab le 
antenna : TRACK HODE sw - SLEW and S BAND sel - SLEW.  

CH  LTG : MASTER ALA�� - open out of sequence to prevent 
erroneous f a i lure s i gnals f rom act ivat ing mas ter alarm . 
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PROCEDURES 

PREPARATION FOR SUBLIIIATOR DRYOUT (cont) 

CB/AC BUS A :  
TAPE RCDR - open 
AOT LAMP - open 
RNDZ RDR - open 
DECA GHBL - open 

CB RCS SYS A :  
MAIN SOV - open 
ASC FEED 2 - open 
ASC FEED 1 - open 

CB FLT DISP : THRUST - open 
THRUST ind pvr fail lt - on 
CB FLT DISP : CDR X PNTR - open 
X pointer ind pwr f ail l t  - on 
CB FLT DISP : RNG/RNG RT - open 
RNG/ALT ind pwr/aig fai l lt - on 
CB FLT DISP : 

CDR FDAI - open 
COAS - open 
ORDEAL - open 

CB AC BUS A :  
RNG/RNG RT - open 
CDR FDAI - open 

Cl HTR :  
URIIIE LINE - open 
JMDZ RDR STDIY - clou 
IIIDZ RDR OPR - open 
DOCK WINDOW - open 
AOT - open 

CB S /C :  
ABORT STAGE - open 
ATCA (PGNS) - open 

PRE AMPS caut l t  - on 
CB S/C : 

AELD - open 
ATT DIR CONT - open 
ENG START OVRD - open 

CB ED :  
LDG GEAR FLAG - open 
LOGIC PWR A - open 

CB HTR RCS SYS A/B 1 :  QUAD 4 ,  3 ,  2 ,  & 1 - open 

REMARKS 

Opening CB FLT DISP : RNG/RNG RT before opening CB /AC BUS 
A :  RNG/RNG RT removes drive power from tapemeter be fore 
logic powe r .  This prevents erratic driving , and possib le 
of f-scale condi tion ,  of tapeme ter during power-down . 
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jcREW·I PNl MAN PIOCEDUIES 

4 . 3 . 1  PREPARATION FOR SUILIMATOR DRYOUT (cont) 

CB ECS : 
SUIT FAN 1 - open 
CABIN FAN - open 

2 I ECS caut lt - on 
SUIT PAN co_, caut lt - on 
H20 SEP c011p c:aut lt - on (delayed )  11 I CB COJIIt : 

UP DATA LINK - open 
VHF B XMTR - open 
VHF A ICVI. - open 

CB PGNS : 
SIC STR DISP - open 
LOG RDR - open 
RHDZ RDR - open 
LCC/DSrt - open 
IHU OPR - open 

CB EPS: 
ASC ECA COHT - open 
ASC ECA - open 
INV 1 - open 

CB PROPUL : DES Be lEG/VENT - open 
Verify cb atatua per Preparation for Sub li .. tor Dryout 

16 1 21 .  CB PL T  DISP : 
EVMT TMJl/SE FDAI - open 
SE X PNTR - open 

2 I X pointer ind pvr fail lt - on 
FDU pvr tb - OFF (in view) 

16 I CB w:s SYS B :  

2 
16 

2 
16 

1 
16 

. . . . .. � 

ASC FEED 1 - open 
ASC FEED 2 - open 
C RSFD - 011en 
TEMP /PRESS DISP FLAGS - open 

RCS :  PlESS ind pwr fail lt - on 
CB RCS SYS 1 :  PQGS /DISP - open 
RCS : QUANTITY ind pwr fail lt - on 
CB RCS SYS B :  MAIN SOY - open 
CB PROPUL : DISP/ENG OVRD LOGIC - open 
HP S :  PRESS ind pwr fail lt - on 
CB PROPUL : 

PQGS - open 
ASC He lEG - open 

REMARKS 

Light on when water separator speed i800 rpm • 

LGC warn lt discrete i s  normall y  closed contact ; there­
fore , light is on whenever CWEA 1a powered up and LGC 1a 
not powered up . 

See figure 4-12 . 
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ECS 

PROCEDURES 

4 . 3 . 1  PREPARATION FOR SUBLIHATOR DRYOUT �cont )  

C B  LTG : TRACK - open 
CB ED : LOGIC PWR B - open 
CB S /C : 

AEA - open 
ENG ARM - open 
AELD - open 
ABORT STAGE - open 
ATCA (AGS) - open 
DES ENG OVRD - open 

CB ECS : SUIT FLOW CONT - open 
CB COMH : 

VHF A XHTR - open 
VHF B RCVR - open 
S BD Al'lr - open 
TV - open 

CB ECS : 
GLYCOL PUMP SEC - open 
CABIN FAN CONT - open 
SUIT FAN 2 - open 
SUIT FAN AP - open 

SUIT FAN ca.p caut 1t - OFF 
CB ECS : 

DIVERT VLV - open 
C02 SENSOR - open 

CB HTR RCS SYS A/B 2 :  QUAD 1 ,  2 ,  3 ,  & 4 - open 
CB CAMR: SEQ - open 
CB EPS : 

ASC ECA - open 
ASC ECA CONT - open 

Verify cb s tatus per Preparation for Sub l imator Dryout . 

4 . 3 . 2  SUBLIHATOR DRYOUT 

1 .  PRI EVAP FLOW 1 1  vlv - CLOSE 

2 .  ECS : GLYCOL temp ind - monitor 

REMARKS 

I 
I 

See figure 4-13 . 

GLYCOL caut lt - on when ECS : GLYCOL t emp ind �so• F .  
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4 . 3 . 3  FINAL SUBSYSTEM DEACTIVATION 

...,.. . ..  

16 1 1 . 
2 

1 1  1 2 . 

NOTE 

See f igure 4-14 for time since PRJ 
EVAP FLOW 11 v1v - CLOSE (para 4 . 3 . 2 ,  
s tep 1 )  before proceeding • 

CB INST : CWEA - open 
C/W PWR caut 1t  - on 

CB/AC BUS B :  
SE WIND HTR - open 
BUS TIE INV 1 - open 

CB/AC BUS A :  
BUS TIE INV 1 - open 
AC BUS VOLT - open 
CDR WIND HTR - open 

CB RCS SYS A :  
QUAD 4 TCA - open 
QUAD 3 TCA - open 
QUAD 2 TCA - open 
QUAD 1 TCA - open 

CB FLT DlSP 
HSN TMR - open 
GASTA - open 

CB /AC BUS A :  GASTA - open 
CB lNST : SIG CONDR 1 - open 
CB S/C :  DECA PWR - open 
CB LTG : 

UTIL - open 
ANUN/DOCK/COHPNT - open 

CB ECS : 
CABIN FAN - open 

CB COHH : 
SEC S BD JOITR/RCVR - open 
SEC S BO PWR AHPL - open 
CDR AUDIO - open 

CH EPS : 
CROSS TIE BUS - open 
X LUNAR BUS TIE - open 
DC BUS VOLT - open 

Verify cb status per Final Subsys tem Deact ivation 

REMARKS ; 

CB INST : CWEA - open out of sequence to prevent erroneous 
failure signals f rom act ivating CWEA and overloading LCA 
as subsequent circuit breakers are opened . 

See f i gure 4 - 1 5  ( Sheet 1 of 4) . 
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I .  ADD 20 MINUTES OF GLYCOL PUMP 

OPERATION TO TIME EVALUAT ED 
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CORRESPONDS TO DRYOUT OCCURRING 

AT END OF A POWERED UP PHASE. 
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ICREW· 
MAN PNL PROCEDURES 

4 . 3 . 3  FINAL SUBSYSTEM DEACT IVATION ( cont) 

16 I 3 .  

4 .  

ECS 

C.:B RCS SYS 8 :  
QUAD 1 TCA - open 
QUAD 2 TCA - open 
QUAD 3 TCA - open 
QUAD 4 TCA - open 

CB LTG : ANUN /DOCK/COHPNT - open 
CB S/C : 

ATCA - open 
ATCA (AGS) - open 

CB INST : 
SIG SENSOR - open 
PCM/TE - open 

CB COHH: 
DISP - open 
SE AUDIO - open 
PRIM S BD PWR AHPL - open 
PRIM S BD XHTR/RCVR - open 
PMP - open 

CB ECS : DISP - open 
CB EPS : 

DC BUS VOLT - open 
X LUNAR BUS TIE - open 
CROSS TIE BUS - open 

Verify eb status per Final Subsys tem Deact ivation .  

ECS closeout : 
OVerhead floodlight (LHP) - rotate aft 
SUIT GAS DIVERTER vlv - PULL EGRESS 
LO PLSS FILL vlv - CLOSE 
PRESS REG A vlv - CLOSE 
PRESS REG B vlv - CLOSE 
11 ASC 02 vlv - CLOSE 
12 ASC 02 vlv - CLOSE 
SUIT ISOL vlv ( LHP) - SUIT DISC 
SUIT ISOL vlv (CDR) - SUIT DISC 
ASC H20 vlv - CLOSE 
SEC EVAP FLOW vlv - CLOSE 
DES H20 vlv - CLOSE 
PRI EVAP FLOW 11 vlv - CLOSE 
WATER TANK SELECT vlv - DES 
LIQUID GARMENT COOLING vlv - COLD 
CABIN GAS RETURN vlv - AUTO 

REMARKS 

C /W PWR caut l t ,  all component caution l ights , and all 
ind icator power failure l igh ts go of f .  

See f igure 4-15 (Sheet 2 o f  4) . 

When PRESS REG A and/or 8 vlv - CLOSE ,  ensure handle is 
rotated to full hard a top position . 
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ECS l+z21 

14 

16 

11 

4 . 3 . 3 FINAL SUBSYSTEM DEACTIVATION (con t )  

s .  

C02 CANISTER S EL  vlv - PRIM 
SUIT CIRCUIT RELIEF vlv - AUTO 
PRIM C02 CANISTER cove r - CLOSE 
SEC C02 CANISTER cover - CLOSE 
WATER SEP SEL vlv - PULL SEP 2 
Ove rhead floodlight (LHP )  - rotate forvard 
SUIT FAN sel - 1 
GLYCOL ael - PUMP 2 
02/H20 QTY HDN ael - ASC 2 
c.a,in relief & dtap vlv ( fwd) - AUTO 
HI PLSS 02 FILL vlv - CLOSE 

EPS cloaeout : 
EPS: 

ED WLTS av - OFF 
POWER/TEMP HDN sel - ED/OFF 

All cb ' a  - open, except : 
Cl LTG : n.ooD - cloae 
Cl S/C :  ASA - cloae 
CB INST : SIG CONDR 2 - close 
Cl ECS : CABIN REPRESS - close 
Cl HTR: S BD ANT - close 
Cl !PS : 

DISP - close 
INV 2 - close 
DES ECA - cloae 
DES ECA CONT - cloee 
CROSS TIE IUS - close 
CROSS TIE BAL LOADS - close 
BAT FEED TIE (2)  - c lose 

NOTE 

See figure 4-14 for ti .. since PRI 
EVAP FLOW 11 vlv - CLOSE (para 
4 . 3 . 2 , step 1) before proceeding • 

Cl ECS : 
GLYCOL PUMP AUTO TRNFR - open 
GLYCOL PUMP 1 - open 
GLYCOL PUMP 2 - open 

REMARKS 

To avoid set ting aut a.at ic transfer circuit , CB ECS :  
GLYCOL PUMP AUTO TRNFR - open before CB ECS : GLYCOL PUMP 
1 - open . 
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PNL PIOCEDURES 

4 . 3. 3  FINAL SUBSYSTEM DEACT IVATION (cont ) 

11 

14 

16 

11 , 16 

16 6. 

14 7 .  

11 8. 

16 1 9 .  
11 

1 10 .  

All cb ' a - open , except : 
CB/N:. BUS B :  

NUH LT C  - cloae 
BUS TIE INV 2 - cloae 

CB/ N:. BUS A:  
BUS TIE INV 2 - cloae 
INTGL LTC - cloae 

Cl HTR : 
tumZ IDR STIY - cloae 
LDG RDR - cloae 

CB PCRS :  DIJ STBY - cloae 
CB EPS : 

BAT FEED TIE (2)  - cloae 
CROSS TIE BAL LOADS - cloae 
ClOSS TIE BUS - cloae 
DES ECA CONT - cloae 
DES ECA - cloae 

IPS : 
UIP BAT 2 av - OFF/RESET ; tb - bp 
CDR BAT 3 aw - OFF/RESET ; tb - bp 
CDR BAT 4 LO V aw - OFF /RES ET ; tb - bp, then ON ;  tb - LO 
U1P BAT 1 LO V aw - OFF/IESET ; tb - bp , then ON ; tb - LO 

Cl INST : SIC COHDR 2 - open 
CB EPS : 

DISP - open 
CROSS TIE BUS (2) - open 

CB EPS : INV 2 - open 

EPS : INVERTER aw - OFF 

CB/N:. BUS B :  
MUM LT C  - open 
BUS TIE INV 2 - open 

CB/AC BUS A: 
BUS T IE INV 2 - open 
INTGL LTG - open 

CB EPS : DES ECA CONT - open 
CB EPS : DES ECA CONT - open 
Verify cb atatua per Final Subsyatem Deactivation 

Disable LH cab in rep ressurizat ion systea. 

REMARKS 

Switching all descent s tage bat teriea f rom high to low 
voltage .uat be ca.ple ted in < 1  ainute due to reverse 
curren t ,  

See figure 4-15 (Sheets 3 o f  4 and 4 o f  4 ) . 

Re f  para 4 . 14 . 6 .  
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lcREW·I PNL MAN PROCEDURES 

4 . 3 . 3  FINAL SUBSYSTEM AcriVATION (cont ) 

11 .  Perfora lnt ravehicular Trans fe r to CSH. 

12 . CSH transfer power from LH to CSH. 

4. 3 . 4  LM TRANSFER TO CSH P�ER 

4. 3 .4 . 1 LM Tr.a. fer to CSH Power (Unataaed) 

16 1 1 . CJ !PS : XLUHAR JUS TIE - close 
CB INST :  SIG CONDR 2 - close 
CJ EPS : 

DISP - c loae 
DES !CA CONT - close 

11 I CROSS TIE BUS - open 
XLUHAR IUS TIE - open 
DES ECA CONT - open 
ASC ECA CONT - open 
ASC ECA - open 
INV 1 - open 
DC BUS VOLT - open 

14 1 2 .  !PS : 
CDR BAT 3 av - OFF/RESET ; tb - bp 
CDR BAT 4 LO V IV - OFF /RESET ;  tb - bp 
LHP BAT 1 HI V IV - OFF/RESET ; tb - bp , 
then ON ;  tb - aray 
LHP BAT 2 av - OFF /RESET ; tb - bp 

3. Coordinate trans fer of power with CSH ere-an • 

REMARKS 

Re f  para 4 . 14 . 4 ,  

Power aay b e  •0111entarily interrupted due to t ransfer 
e ffects . Online equi�nt should not s uffer dearada­
U on .  Equi.,.ent re..tning on line via tranalunar bus : 

S-band a tee rab le antenna heater 
Landing radar heater 
Rendezvous radar s tandby heater 
IHU heater 
ASA heater 
DES ECA cont (2)  

Overhead floodliahta re-in on while overhead hatch 1a 
open. 

Aasu.ptiona : ( 1 )  Descent b at teries are on low-voltage 
tapa , (2) LHP is receivina life support via transfer ua­
b ilical , ( 3) procedure ia perfot"Md j ua t  before LHP in­
travehicular transfe r  to CSH , and ( 4) open-circuited 
reset line between CSH reset swi tch and LH relay j unction 
b ox (RJB) p rohibita descent battery BV/LV off a ipal . 
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ICREW·I PNL MAN PROCEDURES 

4 . 3 . 4 . 1  LK Tr.nafer to CSM Power (Unstaaed) (coot) 

CAUriON 

Step 4 eauaes loaa of wehicle lishtins 
uatil power tr.aafer to CSM is cot�pletad • 

16 1 4.  Cl EPS : BAT FEED TIE ( 2) - open 

5 ,  Raqueat CSH crevaao to tnnsfer power fro- LH to CSH • 

6 .  When liptina ia natored : 
EPS : LHP BAT 1 HI V av - OFF /llESET ; tb - bp 

16 1 7 . CB DiST : SIC CORDI 2 - open 
CB IPS : 

DISP - open 
DES ECA OOHT - open 
D.URAil IUS TIE - open 
BAT FEED TIE (2) - close 

11 I 8. CB IPS : DIS 1CA milT - open 

4 . 3 . 4 . 2 LK Tr.nafar to CSH Power (Staaed) 

14 1 1 . IPS : 
ED VOLTS av - OFF 
POWER/TEMP )1)11 ae1 - ED/OFF 
INVERTER sw - OFF 

16 1 2 .  All cb ' a  - open , n:cept : 
CB LTC: n.oc>D - close 
Cl S/C : ASA - cloee 
CB IHST : SIC CONDR 2 - close 
CB HTR: S BD ANT - close 
CB EPS : 

DISP - close 
ASC ECA - c lose 
ASC ECA OOHT - close 
XLUHAll BUS TIE - cloae 
BAT FEED TIE (2) - cloae 

REMARKS 
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4 . 3 . 4 . 2  LH Transfer t o  CSM Power (S taged)  ( cont ) 

11 ) . 

14 . 1 4 .  

I I 1 5 .  

I I 1 6 .  

7 .  

1 6  1 8.  

9 .  

All cb ' s  - open , except : 
CB LTG :  UTIL - close 
CB PGNS : IMU STBY - close 
CB EPS : 

BAT FEED TIE ( 2 )  - close 
CROSS TIE BAL LOADS - close 
ASC ECA CONT - close 

CAtrriON 

Step 4 causes loss of  vehicle 
ut ility lights until power 
transfer to CSM is completed .  

EPS : BAT 6 NORMAL CDR FE ED  sw - OFF /RESET ; tb - bp  

Coordinate power trans fer with CSM crewman . 

Request CSM crewman to transfer power from LH to CSH. 

CAtrriON 

Step 7 causes loss of vehicle 
floodlights until power transfer 
to CSH is completed. 

When utility lighting is restore d :  
EPS : BAT 5 NORMAL LMP FE ED  sw - OFF /RESET ; tb - bp 

CB EPS : CROSS TIE BAL LOADS - close 

CB INST : SIC CONDR 2 - open 
CB EPS : 

DISP - open 
ASC ECA - open 
ASC ECA CONT - open 
XLUNAR BUS TIE - open 

I REMARKS 

Vehicle floodlights are restored. 

Equipment remaining on line via CSM-LH elect rical 
�nb ilical : 

5-band s teerable antenna heater 
IHU heater 
ASA heater 

Overhead floodlights remain on while overhead hatch is 
open . 
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PNL PROCEDURES 

4 . 3 . 4 . 2  LH Transfer to CSH Power (Staged) (cont ) 

11 I 10. CB !PS : ASC !CA CONT - open 

16 

14 

11. CB LTG: UTIL - open 

12 .  Perfora Intravehicular Transfer to CSH. 

4, 3. 5 LH TRANSFER TO LH LV POWER (BACKUP) 

1 .  CB EPS : XLUNAJt BUS TIE - close 
CB INST: SIG CONDR 2 - close 
CB !PS : 

DISP - close 
D!S ECA CONT - close 
BAT PEED TI! (2)  - open 

2 .  EPS: LHP BAT 1 HI  V av - ON ; tb - grav 

3.  Coordinate power transfer vith CSH crevaan . 

CAUTION 

Step 4 cauaes loes of vehicle 
l ishtins until power transfer to 
Uf is c.-pleted. lteep finsers 
oa panel 16 CB EPS: BAT FEED TIE (2) . 

4 .  Request CSH crewaan to r•ove CSH power. 

WARNING 

Do not perfora step 5 until vehicle 
lishta are off .  

16 I 5 .  CB EPS : BAT FEED TIE (2)  - close 

14 I 6 .  !PS: 
LHP BAT 2 sv - OFF/RESET ;  tb - bp , then ON ; tb - gray 
LHP BAT 1 LO V av - OFF /RESET i tb - bp , then ON i tb - LO 
a>R BAT 3 sv - OFF /RESET i tb - bp 
a>R BAT 4 LO V av - ON, tb - LO 
LHP BAT 2 av - OFF/RESET ; tb - bp 

REMARKS 

Ref para 4 . 14 . 4 .  

Assu!lptiona : (1)  Crewaan is in LH, ( 2 )  CSH aaintaiu 
power to LH ,  and (3) short-circuited set line between 
CSH power switch and LH deadface relay (DFI) prevents 
setting descent battery low-voltase set coil froa CSH. 

Lighting is restored . 
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16 

16 

14 

1 1 , 16 

14 

16 

PROCEDURES 

4 . 3 . 5  Ut TRANSFER TO LH LV POWER (BACKUP) (cont) 

7 .  CB INST: SIC CONDR 2 - open 
CB EPS : 

DISP - open 
DES ECA CONT - open 
XLUNAR BUS TIE - open 

4 .  3 ,  6 CSH TIWfSFER TO LH POWER 

4 . 3 . 6 . 1  LH Initial Power-U2 (CSH Powered Down) 

1. Cl IMST: SIC CONDR 2 - close ca EPS: 
DISP - clo.e 
ASC ICA CONT - close 

2. !PS: BAT 5 MOIHAL LHP FEFJ> ev - ON ; tb - gray 

) . Cl EPS : 
DIS ICA CORT - clne 
JLUill IUS TIE - clne 

!PS: 
LMP BAT 1 1.0 V ev - ON ; tb - LO 
BAT 5 NOIMAL LMP PEED ev - OFF /RESET ; tb - bp 
LMP BAT 2 ev - OM; tb - aray 
CDR BAT l ev - ON; tb - gray 
CDR BAT 4 LD V ev - ON ; tb - LO 
DES BATS tb - &ray 
BAT 5 BACJaJP CDR PEED tb - bp 
BAT 6 NORMAL CDR F!FJ> tb - bp 
BAT 6 BACJaJP LHP FEFJ> tb - bp 

Cl !PS : ASC ECA CONT - open 

4 .  Perfor. EP S  Activation & Checkout. 

REMARKS 

I I 

I 

Ref para 4 . 2 . 2 .  
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IeREW· PNL PROCEDURES MAN 
4 . 3 . 6 . 2  CSH Transfe r  to LM Power (Staaed )  

11 1. CB LTG: UTIL - close 

16 2 .  CB EPS : XLUNAR BUS TIE - close 

3. CB INST : SIC CONDR 2 - close 
CB EPS : 

DISP - dose 
ASC ECA - dose 
ASC ECA CONT - close 

CAUTION 

Step 4 causes loss of vehicle 
f loodlights until p�er transfer 
to LH is ca.pleted . 

16 j4.  CB  EPS : CROSS TIE BAL LOADS - open 
14 EPS : BAT 5 NORMAL LHP FEED sw - ON ;  tb - gray 

CAUTION 

Do not uae Lunar Bat. 

5 .  Coordillate power t ransfe r  with CSH crewman. 

CAUTION 

Step 6 causes loss of vehicle 
utility lights until power 
transfer to LH is completed. 

� · Request CSH crewman to transfer power from CSM to LH .  

14 7 .  EPS : BAT 6 NORMAL CDR FEED sw - ON ; tb - gray 
16 CB EPS :  CROSS TIE BAL LOADS - close 

11 8. CB EPS : 
ASC ECA - close 
ASC ECA CONT - close 
XLUNAR BUS TIE - close 

REMARKS 
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4. ) . 6 . )  CStl Transfer to LH Power (llnA t aged) 

16 1 1 . 

11 , 16 

11 , 161 
16, 11  14  

14 

2. 

) . 
4 • 

16 I 5. 

14 J 6 .  
1 1 , 1  

CB INST : Sir. CONnR 2 - c lose 
CB EPS : 

niSP - c lose 
X-LUNAR BUS TIE - c lose 
nES ECA - c lose 
DES ECA CONT - close 
ASC ECA CONT - close 
ASC ECA - close 
CROSS TIE BAL LOADS - close 
CROS S  TIE BUS - close 
CROSS TIE BAL LOADS - close 

EPS:  B.AT 6 l«lRMAL CDR FEED sw - ON ; tb - gray 

Connect U1/CS!1 1111bilicals . 

CStt conf igure for ut power transfer . 

After receiving "GO" from CSM : 
EPS :  BAT 1,  2 ,  ),  & 4 t b  - gray 
If not : 
EPS : 

UfP B.AT 1 HI V sv - ON ; tb - gray 
(LHP BAT 2 11W - ON ; tb - gray) 
(CDR BAT 3 sv - ON ; tb - gray) 
(CDR BAT 4 HI V sw - ON ; th - gray) 

CB INST : Sir. CONDR 2 - open 
CB EPS :  DISP - open 

F.PS: B.AT 6 l«lRKAL CDR FEED !1W - OFF /RESET ; tb - bp 

CB EPS : ASC ECA CONT - open 

REMARKS 

Circuit breakers limit current to 15 amperes . 
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PROCEDURES PNL 

I 
I 

4 . 3. 6 . 4  CSM Transfer to LH Power (S taged) - Li feboat 

11 ,1 .  C B  LTG :  UTIL - close 

16 2 .  CB EPS : XLUNAR BUS TIE - close 

11 

�� 

�: 

116 
1 , 16 

p.6 

4 

6 
4 I 

�6 

3.  CB INST :  S I G  CONDR 2 - close 
CB EPS : 

DISP - close 
ASC ECA - close 
ASC ECA CONT - close 

CB EPS : 
ASC ECA - close 
ASC ECA CO NT  - close 
XLUNAR BUS TIE - close 

�. CB EPS : CROS S T IE BAL WADS - open 
EPS :  BAT S NOR�L LHP FEED sw - ON ; tb - gray 

b . Request CSM crew.an to t rans fer powe r to CSH powe r.  

�.  EPS : BAT 6 NORMAL CDR FEED sw - ON ; t b  - gray 
CB EPS : CROS S n E  BAL WADS - close �. 3. 7 LH-TQ-CSM POWER TRANSFER (UNSTAGED) (POWER 

REKlVAL FROM CSH/LH UMBILICAL) 

CSM configure for LM power reaoval . 

b ,  CB INST : SIG OONDR 2 - close 
CB EPS : 

CROSS TIE BAL toADS - close 
DISP - close 

�. Descent bat teries s t i l l  availab le -
EPS :  LMP LUNAR BAT sw - OFF/RESET , then ON ; 
tb - LHP 
Des cent bat teries not avai lable -
EPS : BAT 1 (2 , 3 ,  4 ,  & LUNAR BAT )  tb - bp 
CB EPS : BAT FEED TIE (2)  - open 
EPS : LHP LUNAR BAT sw - OFF /RESET , then ON ;  
tb - LHP 
EPS : LHP LUNAR BAT sw - OFF/RESET ; tb - bp 
CB EPS : BAT FEED TIE ( 2 )  - close 

�. CB INST: SIG CONDR 2 - open 
CB EPS : DISP - open 

REMARKS 

Circui t b reakers l imi t current to 15 ampere s .  

Assumption : One as cent batte ry i s  feeding power to 
CDR bus . 

Ful l  LM power is now removed from CSH. 

Full LM power i s  now removed from CSH. 
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PROCEDURES REMARKS 

4 . 4  GiC REFERENCE DATA 

4 .4 . 1  LGC/DSKY RESTRICTIONS 

The following restrictions apply to use of the LGC and DSKY : 

a.  For display verba 01 through 07 , .onitor verbs 11 through 1 7 ,  and load verbs 21 through 25 , the nu.ber of  c� 
ponenta of the verb .ua t not exceed the nu.ber of components of the noun being used . I f  this restriction is 
not observed , the OPR ERR lt goes on . 

b .  Mixing of octal and deciaal data in .ulticoaponent load verbs is not permi t ted. Data components .us t be all 
deciaal or all octal , 

c.  Loaded .. chine addresses .ua t be in octal fora. 

d , The aagnitude of data being loaded should not exceed that of the noun being used . I f  this res triction is not 
observed, OPR ERR lt goes on. 

e .  Deciaal data aust be preceded by a sign (+ or -) . Leading zeroes need not be  loaded when loading deciaal data. 

f.  When loading time-only nouns , three data words ( three registers) auat be loaded ( for hours , ainutes , and 
seconds) . 

g .  All data loads .us t be verified before pressing ENTR pb for the last register being loaded .  If  any data are 
incorrect , the regis ter can be cleared by pressing CLR pb . Each success ive pressing of the CLR pb clears the 
preceding reais ter. This backing-up action occurs only on components called by the load verb . 

h .  Only one of the following extended verbs can be running at a t ime : 41 ,  42 , 43 , 4 7 ,  48 , 49 , 55 , 63 , 64,  
67 , 70 , 71 , 72 , 73 , 82 , 83 , 85 , 89 , 90 , 91,  and 92.  Each of these verbs call Extended Verb Interlock Rout ine 
(R76) . If an extended verb from R76 is running when another is selected , OPR ERR lt wil l  go on. 

i .  Flashing VERB/NOUN requires operator ac t ion . The program i n  process is halted until  appropriate action is 
taken, 

j .  Nouns 40 , 44 , 45 , 61 , 62 , 64 , 66 , 68 , 74 , 75 , 77 , and 78 cannot be loaded by V24 or V25 or have coaponents 
that cannot be loaded . Channel No . 7 cannot be loaded via noun 07 or 10 . Channel No . 77 cannot be loaded 
via noun 0 7 .  

k .  Host nouns contain useful data only when relevant computations are running . The follow ing are exceptions : 
1 ,  2 ,  3 ,  8 ,  9 ,  10 , 15 , 20 , 21 , 26 , 2 7 ,  36 , 38 , 4 7 ,  65 ,  12 ( if RR aode-LGC) ,  Rl of 45 , R2 of 46,  and R2 of 66 . 
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4 . 4 . 1  

PROCEDURES REMARKS 

LGC/DSKY RESTRICTIONS (cont2 
1 .  If verb 37 is atteapted within approximately 1 5  seconds o f  a fresh start o r  ISS turn-on , a PIPA failure will 

go undetected , To correct this condition , select POO and reset IHODES 30 , bit 5 (key V37E OOE ; key V25 N07E 
1277E , 20E , E) . 

• ·  Pinal Auto.atic Reques t Ter.inate Routine (ROO) is not executed if V37 is flashing , until a proper response is 
..de keying in two digits ( progr .. nu.ber) , then ENTR • 

a .  Perfor.ing ICDU Zero ( para 4 . 6 . 1 . 21) during LH Rendezvous Navigation Progr .. (P20) (para 4 . 8 . 2 . 1) .. y result in 
a bad .. rt or des i'gnate . 

o .  An efficient attitude hold/rate ca..and .ade is not provided when docked with the CSM. 

p. KALCMANU .aneuwer rate >o . s • tsec should not be used when docked with the CSM. 

q . A 1• /sec loes of attitude results if a +X-j e t  fails on or off and is undetected. 

r. A hardware restart riiiiOYes tract enable . If LM Rendezvous Navigation Progr .. (P20) is 1n process , P20 1a 
forced bact to the besinning of lR Designate Routine (R21) and calla Preferred Tracking Attitude Routine (161) . 

s .  Deleted 

t ,  Deleted 

u. Deleted 

Y. Any progr .. can be terainated as follows : (1)  via Y34E at any f lashing display except at N25 in P06 ; N49 1n 
P20 ; N88 1n P51 , P52 , or P57 ;  N64 in P64 ; N60 1n P66 ; (Y34 responae to an extended verb display will ter.inate 
the extended Yerb and not the proar• running underneath) of (2) via V37E XXE at any f lashing or nonflashing 
display, except N25 in P06 . 

w. Deleted 

x. Restarts will terainate auto.atic at titude .. neuvera and cause RESTART lt or PROG lt to c011e on with PL Y50 
Nl8. To recover ,  key PRO and continue . 

y .  Deleted 

z. Deleted 

aa. If P20 or P22 is incorporating a .. rk , another program should not be selected via Y37 until aark counter is 
incremented in Vl6 N45 display . If this is not desi red , V95 can be used to s top updating. Wait 15 seconds 
before selectina another prograa. V80 or V81 .us t be entered to atart state vactor updating a&ain 

II 
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4 . 4 . 1  

PROCEDURES REMARKS 

LGC/DSKY RESniCTIONS (cont) 

ab .  VG or AV displays in control coordinates , N85 or N83 are baaed on reading accelerometers every 2 seconds . 
Displays , however ,  are asynchronous one-second .onitora ; therefore , result 1a a possible 0 . 5- to 1 . 5-aecond 
delay between application of AV and visible result . 

ac. When lolldina dec:1118l data , ENTR .. y change last digit of loaded data. Data shCJIIIl on DSKY 118Y be displayed 
aodulo aaxi.ua value allowed or .. y be data from a previous calculation s tored into cella picked up for 
display . The crew is encouraged to always write over data with desired inforution. 

ad. Duriaa periods of hiah computer activity , selection of certain extended verba (notably V67 ,  V82 , V83 , V85 , 
V90) 118J r .. ult in proaraa alar.. 31201 or 31202.  Extended verb activity 1a lost and verb .uat be reaelected. 

aa .  KEY IEL l t  r8118ina on after V37 until new program is started . DSKY should not be used until KEY R.EL l t  goes 
off and naw prograa nu.ber is displayed . 

af . VEC POINT routine aay compute large OGA when +X-axis mus t be rotated approximately 180• . Sensitivity to such 
c:hanaea beca.ea areater aa 118gnitude approaches 180• . If desired , aaneuver aanually in pitch approxt.ately 30• 
and then have solution recomputed by keying PRO on PL V50 Nl8 while not in PGNCS automatic aode . 

aa .  No crew initiated verb/noun 1a restart protected . 

ah .  A restart will terainate extended verba . 

a1 .  PRO pb aua t  be depressed for aint.ua of 120 milliseconds for proceed function. I f  PRO pb fails ,  use V33E 
for proc .. d functions . 

aj . PRO pb 1a ignored when VERB ind displays V21 ,  V22 , or V23 and OPR ERR. lt is lit . To accomplish a proceed 
function in response to a flashing load verb , V PRO should be used . 

ak .  I f  V37E XXE , ABORT pb , or ABORT STAGE pb is used or i f  software res tart occurs when R.R/LR is being read , a 
520 alara aay occur. Data that vas being read is not used . To recover , key RSET and continue . 

al . Deleted 

aa. If  an extended verb has been selected during a miss ion program , with normal displays , the extended verb logic 
initially blanks the DSKY . Any response during the time the DSKY is blank would do one of the following ; (1 )  
respond to  a noraal aission prograa display underneath the extended verb or  (2 )  respond to the f irs t display 
in the extended verb , which could be initiated simultaneously with crew response . In general , do not key a 
reapooae (PRO, ENTR, V32E , V33E , V34E) to either a blank DSKY or a nonflaahing display . 

an. Do not select P20 in the update mode before completion of P66 . W-matrix initialization will des troy the 
erasable memory (E-ae.ory) descent targets . 
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PNL PROCEDURES REMARKS 

4 . 4 . 1  LGC/DSKY RESTRICTIONS �cont) 

ao .  V92 ,  which calls IMU performance tes t program {P07) , is for ground use only and is inhibited by the NODOP07 
f lag • The flag is set by V37 logic . If this restriction is not observed , the OPR ERR lt  goes on. 
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CREW·I PNL MAN PROCEDURES REMARKS 
4 . 4 . 1  LGC/DSKY RESTRICTIONS (cont) 

ap . To avoid computational errors of up to 1 . 1  degrees , in use of STAR/PLANET codes 46 , 47 , 50 ( for sun , earth , aoon 
respectively) (digits DE of Rl in N70 , 71) if the sun , earth or moon are to be sighted on select code 00 (planet) ,  
and have HSFN uplink unit vectors . 

aq .  I f  an 8 or 9 is pushed while load ing a register which was not preceded by a plus or minus sign , OPR ERR lt will 
be lit and the 8 or 9 is rej ected . Remaining characters may then be supplied or register cleared and loading 
begun again • 

4 . 4 . 2  AEA/DEDA RESTRICTIONS 

The following res trictions apply to use of the AEA and DEDA : 

a. The CLR pb llllst be pressed before every DEDA entry . 

b .  All addresses are in oc tal form. They must not be less than 26 ( lowest numbered access ib le address )  nor 
greater than 704 (highes t nu.bered access ible address ) .  

c .  A sign (+ o r  -) IIUS t b e  entered after the address when loading data. 

d. An octal quantity with a dig i t  greater than 7 or a number greater than the allowable range of the address auat 
not be entered . 

e .  A DEDA entry of -00000 should not be made unless specified i n  a particular procedure . 

f .  I f  aore than 4 hours elapse with the AGS operating and no thrust along the X-axis , perform one o f  the 
following to prevent overflow of the accu.ulated velocity counter : 

S taged : Key DEDA C 404+00000! 
Unstaged : Key DEDA C 404-12345E 

g. If  an acceleroaeter aalfunct ions , all AGS equations function properly and all guidance aodes can be used as 
long as thrusting is perforaed orthogonal to the axis of the failed accelero.eter,  and the scale factor and 
bias coapensation constant o f  the failed accelerometer are set to zero as follows : 

X-axis : ley DEDA C 534+00000! 
c 540+00000! 

Y-axis : ley DEDA C SJS+OOOOO! 
C 541+00000E 

Z-axis : Key D!DA C 536+00000E 
c 54 2+00000! 
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PIOCEDURES REMARKS 

4 . 4 . 2  AEA/DEDA IISTRICTIOHS (coat) 

h.  In attituda hold (400+00000) aad guidaoce steeriag (400+10000) , X-axis override can be accoaplished through 
aay duired aagle . In z-axia steering ( 400+20000) , z-axis override can be accoaplished through aay desired 
aogle. If override of aoy other steeriag chaanel 1a desired , at titude excursion should be <9o• froa AGS­
�uted orientation • 

i .  Do not eater +00000 into address 414 .  This 1a done aut�tically after coapletion of any navigation initial­
iaation. If th18 eDtry 18 aade .... ually , it 18 treated as a +10000 aad causes the prograa to search the PGHCS 
dclwnltnlt for an identification word which , when located , could destroy LH and CSM state vectors . If +10000 1a 
•tered IIUUially into llddrus 414 , PCNCS dCIIWillinlt search caa be eU.11inated by keying DEDA C S6Jo+OOOOOE .  

j .  I f  lunar surface flag is inadvertently set during earth orbit ,  reset lunar surface flag as follows : 
ley DEDA c 60..aoooo (only the stan 1a sianificant) 

k. DEDA quantities which are displayed in octal have a leas t quantization four tiaes the internal coaputer 
scaling. 

1 .  When keying DEDA , each pushbutton should be depressed to its lU.it of travel to ensure aaking good switch con­
tact.  

a.  The scaling of certain DEDA values is aission-dependent. When these values appear in the DEDA listings of 
paragraphs 4 . 4 . 15 ,  4 . 4 . 16 ,  and 4 . 4 . 17 ,  quantization is given. When these values appear in the body of this 
do�t ,  quaatiaation is defined with lunar scaliag firs t ,  followed by earth scaliag (e .g. ,  0 . 1/1 fpe) . 

n.  All thruating under AGS control aast be done using External AV guidance routine (410+50000) ,  or Orbit 
IaaertiCJD guidaace routine (410+00000) . 

o .  To preclude uy DEDA operation problaa due to coaputer tiaing , the folloviag rules should be observed : 
1 .  At least 0 . 6  second shall elapse between the pressing of any two DEDA control pushbuttoaa (CLR, ENTR , 

READOUT ,  or HOLD) , ezcept when pressing the CLR pb to erase the previous operation . 
2 .  Af ter a DEDA entry , do not preas the ENTR or READOUT pb within 1 . 5  seconds of the ti- the DEDA display 

hea gone blank after pressing the ENTR pb .  

p .  DEDA address 277 is angle between Z body axis and local horizon projected into �1-!1 plane (�1 is LM local 
vertical , Vl is dCIIWilrange and parallel to CSM orbit plane) . This quantity will agree with PGNCS angle only 
when 1Jt y.V angle is o• or 180 • •  

q .  DEDA should not be used to enter data while CB/AC BUS A: RNDZ RDR or CB/AC BUS A :  CASTA or CB ECS : GLYCOL 
PUMP 1 (or 2) is beina opened or closed nor while LTG : OVERRIDE INTEGRAL sv or GLYCOL SEL is being operated . 

r. The DEDA detects certain operator errors . The OPR ERR lt on the face of the DEDA goes on when these errors 
occur . False OPR ERR lt indications resulting froa EMI on discre te lines aay also occur . The light reaains 
on until the CLR pb is pushed . The DEDA is then ready for a new instruction . 
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CREW-1 PNL MAN PROCEDURES REMARKS 

4. 4 . 3  JIT SILICT LOGIC 

t•l• 4-1 is a •-ral li .. tial of the basic ltCS enpa. loaic for DAP-controlled traalation ad rotatiOD aaeuven 
of the LH. Under DAP coatrol , the jeta aelected for a particular .aaeuver are arr.aaed ao that the firat entry ia 
the optia- aalectioa for the apecified MDeuver. 

MaaUftr 

A. Dt.P JIT SILI.CTIOR - lm'ATIOM 

+P (Y.w left) , four-jet 
tvo-jet 

Table 4-1. ltCS Jet Select Loaic 

B A B A  
4 4 4 4 
U D P I  

A I I A 
3 3 J J 
U D A I 

B A A l  
2 2 2 2 
U D A L  

X I X I X 
AlterDatina pulaea between A4R , 12L & 

X I X I X 

A I A I 
1 1 1 1 
U D P L 

X 
AlP , BJA 

I X -P (T.w riaht) , four-jet 
tvo-jet AlterDatiDI pulaea between 14F , A2A & BlL ,  All 

+P (AlterDativ.)* , tvo-jet 

-P (AlterDati.a)* ,  tvo-jet 

+0 (Pitch up , roll riaht)** • tvo-jet 

-u (Pitch down, roll left)** • tvo-jet 

+V (Pitch down , roll riaht)**• tvo-jet 

-v (Pitch up, roll left)**• two-jet 

X 

X 

X 

X 
X 

* AlterDative tvo-jet policies when a P rotational jet fai ls • 

X 
l 

X 

X 

** If  oaa U or V rotatiODal jet fails , the other jet ca.pletes rotation. 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 
X 
X 

X 

X 
l 

X 

X 

X 

l 
l 

l 

X 
X 
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CREW-I PNL 1 PROCEDURES MAN 
4. 4 . 3  JET SELECT LOGIC (cont) 

Manewrer 

B .  DAP JET SELECTION - TRANSLATION 

+X-Translation , four-jet 
two-jet 

-X-Tranalation , four-jet 
two-jet 

+Y-Translation 

-Y-Translation 

+Z-Translation 

-Z-Tranalatioa 

+U (+Z & +Y) Tranalatioa 

-u (-z & -Y) Treoalation 

+V (+Z & -Y) Treoalation 

-v (-Z & +Y) Traaalation 

+Y-Tack TraDalation*** 

-Y-Tack TraDalatioa*** 

+Z-Tack TraDalation*** 

-Z-Tack Traaalation*** 

Table 4-1 . 

REMARKS 
RCS Je t Select Logic {cont) 

B A B A  
4 4 4 4 
U D F R 

A B B A  
3 3 3 3 
U D A R  

B A A B 
2 2 2 2 
U D A L  

A B A B 
1 1 1 1 
U D F L 

X 

X 

X 
X 

X 

X 

X X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 
X 

X 

X 

X X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X X I X X  

Alternating pulaea between B2L, B4F & AlA, 12L 
Alternating pulaea between BlL, AlF & BlL , IJA 

Alternating pulaee between A4R, B4F & A4R ,  A2A 
Alternating pulaea between AJR, IJA & AJR, AlF 

Alternating pulaes between IJA, AJR & llA. IlL 
Alternating pulaea between AlA . 12L & A2A, A4R 

Alternating pulaes between B4F. A4R & 14F . 12L 
Alternating pulses between AlF . A3R & AlF , IlL 

*** Y- .ad Z-tack translations are c�ded when conwntional Y or Z two-jet translation• are not aYailable (jet failure) . 
Tacking alternation• are done every 0 . 1  aecond • 
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4 . 4 . 4  

PIOCEDUIES 

LGC PIOGINIS 

� 
00 LGC IdUna 
06 LGC Pcwer-Dawo 
12 Pcwered Aacent 
20 ladenoua R..,iaatioo 
21 Ground Track Deteraioatioa 
22 Luaar Surface R8Yi&atioa 
25 Preferred Trackina Attitude 
27 LGC UpQte 
30 l:&tenal 6'1 
32 Coelliptic S .. ueoce Initiation (CSI) 
33 Coutat 6 Altitude (CDII) 
34 Tr�fer Phue Initiation (TPI) 
35 Tr�fer Phue Midcourae ('l'PK) 
40 DPS Thrust 
41 ICS Thrust 
42 AH Thruat 
47 Thruat Kaoitor 
51 DIJ Ckientatioo Detenioatioo 
52 IMU l.ealip 
57 Luaar Surface Alip 
63 Brakina Pbue 
64 ApproiiCb Pbue 
66 L-..din& Pbue (IOD) 
61 Laaclin& Coafiraatioo 
70 DPS Abort 
71 APS Abort 
72 CSH Coe1liptic Sequence Initiation Taraetina 
73 CSH Cooetat 6 Altitude Target ing 
74 CSH Tr�fer Phua Initiatioa Targeting 
75 CSH Tr .. fer Phua Kidcouraa Targetina 
76 Taraat 6V (CSH) 
77 Taraet 6V (LK) 

!!!!!!. 
Service 
Service 
Aacent 
Cout 
Cout 
Cou t  
Cout 
Cou t  
Prethruat 
Prethruat 
Prethruat 
Pretbrua t  
Pre thrust 
Thrust 
Thrus t 
Thrust 
Tbruat 
Alig.-ent 
Ali a-nt 
Alig�t 
Descent 
Descent 
Ducent 
Descent 
Abort 
Abort 
Backup 
Backup 
Backup 
Backup 
Backup 
Backup 

REMARKS 

Par graph 

4 . 6 . 1 . 6  
4 . 6 . 1 . 2  
4 . 10 . 3 . 1  
4 . 8 . 2 . 1  
4 . 8. 1 . 1  
4 . 8 . 3 . 1  
4 .6 .1 . 19 
4 . 6 . 1 . 7  
4 . 7 . 1 . 1  
4 . 7 . 1 . 2  
4 . 7 . 1 . 3  
4 . 7 . 1 . 4  
4 . 7 . 1 . 5  
4 . 10 . 1 . 1 .  4 . 10 . 1 . 7  
4 . 10 . 1 , 3  
4 . 10. 1 . 2 .  4 . 12 . 10 
4 . 10 . 1 . 4 .  4 . 11 . 1 .  4 . 12 . 9  
4 . 9 . 1 . 1  
4 .9 . 1 . 2  
4 . 9 . 3 . 1  
4 . 10 . 2 . 1  
4 . 10 . 2 . 2 
4 . 10 . 2 . 3  
4 . 10 . 2 .4 
4 . 10 . 3 . 2  
4 . 10 . 3 . 3  
4 . 7 . 4 . 1  
4 . 7 .4 . 2  
4 . 7 . 4 . 3  
4 . 7 . 4 . 4  
4 . 7 . 2 . 2  
4 . 7 . 2 . 3  
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CREW· PNL MAN 
4 . 4 . 5  

PROCEDURES 

LGC ROtrriNES 

No. 
00 Final Automatic Reques t Terminate 
01 Erasable .ad Channel Modificat ion 
02 IKU Statua Check 
OJ DAP Data Load 
04 RR/LR Self-Test 
05 S-B•d Antenna 
09 Rl0/Rll/Rl2 Service 
10 Landin& Analoa Displays 
11 Abort Dlscretea Monitor 
12 Descent State Vector Update 
13 Landing Auto.atic Hodes Moni tor 
20 LR/RR Data Read 
21 JUt Desipate 
22 JUt Data Read 
23 RR Manual Acquiai tion 
24 JUt Search 
25 JUt Monitor 
26 Lunar Surface RR Predesignate 
30 Orbit Par ... ter Display 
31 RendezYoua Para .. ter Display 
33 LGC/CMC Clock Synchronization 
36 Rendez•oua Out-of-Plane Display 
40 DPS/APS tbruet Fail 
41 State Vector Integration (MID to AVE) 
47 AGS Initialization 
50 Coane Alip 
51 In-Flight Fine Alip 
52 Auto.atic Optics Positioning 
53 AOT Mark 
54 Si&htina Data Display 
55 Gyro Torquina 
56 Terminate Trackin& 
57 Harkrupt 
58 Celestial Body Definition 
59 Lunar Surface Sightina Mark 
60 Attitude ManeUYer 
61 Preferred Trackin& Attitude 
62 Crew-Defined H.neUYer 
63 ReadezYoua Final Attitude 
65 Fine Preferred Trackin& Atti tude 
76 Extended Verb Interlock 
77 LR Spurious Teat 

REMARKS 

Paragraphs 
4 . 6 . 1 . 36 
4 . 6 . 1 .  37 

N/A 
4 . 6 . 1 . 8  

4 . 6 . 3 . 2 ,  4 . 6 . 3 . 8  
4 . 6 . 1 . 30 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

4 . 8 . 1 . 2  
4 . 6 . 1 . 11 
4 . 6 . 1 . 15 
4. 7. 2 . 1 

N/A 
N/A 

4 . 6 . 1 . 18 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

4 . 6 . 1 . 9  
4 . 6  . 1 . 10 

N/A 
N/A 

4 . 6 . 3. 10 ------

Crew Callab le 
bi Extended Verb 

V37 
N/A 
N/A 
V48 
V6J 
V64 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N /A 
N /A 
N/A 
V82 
V83 
vss 

V90 
N /A 
N/A 
V47 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
M/A 
N /A 
N/A 
N/A 
N/A 
V49 
V89 
N/A 
N/A 
V78 

' 
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4 . 4 . 6  

-

PIOCEDUIES 

VBU LIST 

� l.esular Verba 

01 Diaplay octal c:oapooent 1 in Rl 
02 Diaplay octal ca.ponent 2 in 1.1 
03 Diaplay octal ca.pooent 3 in Rl 
04 Dbplay octal co.ponenu 1 ,  2 in Rl, R2 
05 D1aplay octal COIIpODenU 1 ,  2 ,  3 1n Rl, R2, R3 
06 Display dect.al in 1.1 ; or Rl, 1.2 ; or Rl , 1.2 , RJ 
07 D18play double precision dect.al in Rl , 1.2 
11 Monitor octal ca.ponent 1 in Rl 
12 Haaitor octal c�ent 2 in Rl 
13 Monitor octal COIIpODent 3 in Rl 
14 Haaitor octal ca.ponenta 1, 2 1n Rl , 1.2 
15 Monitor octal co.ponenta 1, 2, 3 in Rl , R2 , R3 
16 Monitor deci .. l in 11 ; or Rl , R2 ; or Rl, R2 , R3 
17 Hooitor double precision dect.al in Rl , 1.2 
21 Load c011ponent 1 into Rl 
22 Load c011ponent 2 into R2 
23 Load ca��ponent 3 into 1.3 
24 Load co.ponenta 1, 2 into Rl, R2 
25 Load CCIIIpODeDta 1 ,  2, 3 into Rl, R2 , 1.3 
27 Diaplay fixed ...,ry 
30 lequeat executive 
31 bqueat vaitliat 
32 Recycle proar-
33 Proceed vidaout DSO input 
34 Ter.iaate function 
35 T .. t u1hte 
36 Request freah start 
37 Chana• proar• 

Extended Verba 
40 Zero CDU 
41 Coarae-alian cou 
42 Pine-alip IHU 
43 Load IHU attitude error •ters 
44 Ter.inate RR continuous designate 
47 Initialize AGS (R47) 
48 Start DAP Data Load Routine (R03) 
49 Start crew-defined aaneuver (R62) 
50 Pleaae perfora 
52 Hark cursor 

REMARKS 

T .. t only 

T .. t only 

Uae 1n POO only. 

Hajor 110de 

Specify N20 or N72 
Specify N20 or N72 

Teat only 
V41 N72,  option 2 

Paraaraph 
4 . 6 . 1 . 21 ,  4 . 6 . 1 . 22 
4 . 9 . 1 . 3 , 4 . 6 . 3 . 3 
4 . 9 . 1 . 4  
4 . 6 . 1 . 23 
4 . 6 . 3 .6  
4 . 6 . 1 . 18 
4 , 6. 1 . 8  
4 . 6 . 1 . 9  
N/A 
N/A 

-

� 

� 
� � ... ...... 6 ;  
Z w  M I � · 
I 



g' "' ;:;· 
0 
Q 
" 

.... 
a-

en 
.. ., 
� 

a .. 001 
... \D .... ... 

n 
-:r 
a 
� 

C) 
• 

l? " 

., 
Q 

C) 
It I 

� 

� I ... "" 

LH 3231 

CREW- PNL MAN 
4 . 4.6  

PROCEDURES 

VEJlB LIST �cont} 

No. Extended Verbs 

53 Mark. apiral 
54 Mark. X or Y reticle 
ss lncn•nt LCC t i• (deci-1) 
S6 Tarwdoate trackioa (156) 
57 Par.! t Ll update 
sa IDbibit Ll update 
.S9 Ca.a.Dd Ll to position 2 
60 Display LM attitude ratea on FDAI error oeedlaa 
61 Diaplay DAP attitude error 
62 Diaplay total attitude error 
63 RR/LI aelf-teat (104) 
64 Start S-baad aataDDa routine (lOS) 
6.S Diaabla U & V jeta durin& DPS burn 
66 Vahiclea attached ; .,,. thia whicle a tate wctor 

to other vehicle . 
67 W-.atrix rea error diaplay 
68 Bypeaa lUDar terrain IIOdel COIIPutationa 
69 .. at art 
70 Update liftoff u-
71 Utdwnal update , block addreaa 
72 UDiwnal update , ainale addnaa 
73 Update LGC ti.. (octal) 
74 Iaitialiaa ar•able dUIIp via dovaliDk (42 aec) 
75 !Dabla U & V jata durin& DPS burn 
76 Mini- ill!pulae �d .,de 
77 Rata ca..aDd aad attitude hold .ode 
78 Start Ll apurioua return teat (177) 
79 Stop LR apurioua return teat (177) 
80 Update LK atata .actor 
81 Update CSM atate .actor 
82 at.queat orbit par-ter diaplay (130) 
83 Jlequut raadaavoua par-ter diaplay (R3l) 
as Display U LOS Ui8Uth & ela·ntiaD 
89 Start reodez•oua final attitude ..aeUYer (163) 
90 at.queat raadez•oua out-of-pl.ne diaplay (136) 
91 ShrM llaakaua 
92 Start IMU perfor-aoce teata 
93 Enable W-Matrix Initialization 

- --

REMARKS 

Paragraph 

N/A 
N/A 
4 .6. 1. 24 
N/A 
N/A 
N/A 
4. 6. 3. 9  
N/A 
4.6 . 1. 32 
4 .6 . 1. 33 
4. 6. 3. 2 ,  4 .6 . 3. 8 
4 .6 . 1. 30 
N/A 
4. 6 . 1. 35 

4 .6 . 1. 34 
N/A 
4 .6 . 1. 29 
4 .6 . 1 . 7  
4 .6. 1 . 7 
4 .6 . 1. 7 
4 .6 . 1. 7 
4. 6 . 1 .25 
N/A 
N/A 
N/A 
4. 6 . 3 . 10 
4 .6 .  3. 10 
N/A 
N/A 
4 . 8. 1 . 2  
4.6. 1 . 11 
N/A 
4.6 . 1. 10 
4. 7 . 2 . 1 
4 .6 . 1 . 12 

For ground uae only . N/A 
4 .6 . 1 .26 
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4.4 .6  

4 . 4 . 7  

PROCEDURES 

VUI LIST �coat� 

!!!. Extenud Verba 

9S •o tqtclate of either etate wctor 
96 Interrupt intearatiOD aad ao to POO 

97 Perfol'll enplle fail procedure 
99 laabla enat��e ianition 

JOUll LIST 

� Deacri!tion/�t 

01 Specify addreaa ( fraction) 
u 
u 
R3 

02 Specify addreaa (whole) 
11 
12 
13 

03 Specify eddreaa (dearee) 
11 
u 
13 

04 
11 Gravity error 

aaale 
12 
13 

OS 
R1 Siahting ape 

difference 
R2 
13 

� 

. xxux  

. XXXIX 

. XXXIX 

XXXIX 
lXXU 
IDU 

xxx.xx• 
xxx. xx• 
xxx .xx• 

:ux.xx• 
----

-----

xxx. xx• 

----

----

REMARKS 

Ref para 4. 6 . 1 . 31 .  Do not ua e  duriq P20 when CSK atate 
wctor ia bein& updated (V81) or after respondina to FL 
V37 when leavina a proar- where awraae 1 wu on. 
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I 

PROCEDURES 

NOUN LIST (eont) 

No . Des eri2tion/Com2onent Seale 

06 Option eode 
Rl Code Oetal 
R2 Desired option Oetal 
Rl Oetal 

01 Channel/Plasword/Erasable operator 
Rl !CADit Oetal 
12 lit Identification Octal 
1U Action Octal 

08 Alan data 
Jtl Address Octal 
12 BICON Oetal 
R3 DOOUNT Octal 

09 Alan codes 
Jtl Firat Octal 
12 Second Octal 
1.3 Lut Octal 

10 Channel to be specified 
Jtl Octal 
12 ----
Jt3 ----

11 TIG (CSI) 
Jtl OOUX hr 
12 OOOXX •in 
R3 oxx.xx .. c 

12 Optioa code 
Rl Code Octal 
R2 Desired option Oetal 
Rl -

13 TIG (CDR) 
Rl OOXXX hr 
12 OOOXX •in 
Rl OXX.XX aee 

REMARKS 

Rl contains DATCODE during PS 7 .  

Except channels 1 and 77 .  

All except channel 7 .  (Which .. , be  read but not 
loaded via NlO) 

Used by extended ve rbs only 
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4 . 4 . 7  

I 

PIOCEDUIES 

NOOII LIST �coot2 

� O..cr12tioolCoa2ooeat 

14 Deleted 

u Iocr..aot addreaa 
Rl 
12 
13 

16 'U• of eftat 
Rl 
R2 
RJ 

18 Deaired autaaatic .aoeuver 
PDAI aalu 

Rl loll 
12 Pitch 
Ill Y., 

zo Prueot ICDU aalea 
Rl Outer &illbal 
12 lDMr &illbal 
13 Middle at-hal 

Zl PIPA'a 
ll l 
12 1 

13 Z  

zz O..ired ICDU aaalu 
JU Outer aillbal 
12 lDMr &illbal 
13 Middle at-hal 

Scale 

Octal 
-----
-----

OOXXX hr 
OOOXX Ilia 
OIX.XX aec 

xxx .u• 
xxx .u• 

xxx .u• 

xxx . xx• 
xxx . u• 
xxx .u• 

XIIXX pulaee 
IIIIX pulses 
DIXX pulaee 

xxx. xx• 
xxx .u• 
xxx . xx• 

REMARKS 

Used by extended verba only � 
i � � '-t  
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4 . 4 . 7 

PROCEDURES 

NOUN LIST � cont l 
No. Descr1Et1on/C�onent 

24 ALGC clock tiae 
Rl 
R2 
R3 

25 Checklist re ference code 
(ueed with VSO) 

Rl Code 
R2 
R3 

26 Priority/delay , address ,  
BBCON 

Rl 
R2 
R3 

27  Self-teat switch (OD/off) 
u 
R2 
R3 

32 TiM froa periaee 
Rl 
R2 
R3 

33 TIG 
n 
R2 
R3 

34 TiM of ewnt 
Rl 
R2 
R3 

35 Ti• froa ew:nt 
Rl 
R2 
R3 

Scale 

OOXXX hr 
OOOXX min 
OXX. XX  sec 

XXXIX --------

Octal 
Octal 
Octal 

xxxxx ---
----

OOIXX hr 
oooxx mn 
OXX. XX  sec 

OOXXX hr 
OOOXX mn 
OXX .XX sec 

OOXXX hr 
OOOXX Ilia 
OXX. XX  sec 

OOXXX hr 
OOOXX Ilia 
OXX . XX  sec 

REMARKS 

Ref para 4. 6 . 1 . 13. 
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4. 4 . 7 

L._ 

PROCEDURES 

IIOUR LIST (eOilt) 

lo. Deeeri2tiOD/C�aaeat 

]6 Ti.. of LGC clock 
11 
ll2 
a3 

37 TIC (TPI) 
al 
R2 
Ill 

31 State wetor iDtearatioa 
tiM (TZT) 

u 
R2 
a3 

40 
Rl TFI /TFC 
ll2 VG 
Ill 6V (Accu.ulated) 

41 Na'riaatioa b•e 
Ill Azi-th 
ll2 llentioa 
a3 

42 
Ill &a 
ll2 Bp  
Ill 6V 

43 
Ill Latitude 
ll2 LOD&itude 
a3 Altitude 

44 
Ill Ba 
ll2 Bp 
Ill TFF 

--

Seale 

OOIXX hr 
OOOD .ta 
OD.D aee 

OOXXX hr 
OOOXX .ta 
OD.D aee 

OOIXX hr 
OOOXX .tn 
OXX.Xl aee 

DIU llia-aee 
IXIX . X  fpa 
XXXJ: .X fpa 

XIX .xx• 
xx. xxx• 
----

xxxx . x -
xxxx . x -
IXIX.X fpa 

xxx .xx• 
xxx .xx• 
xxxx. x -

xxxx . x -
XXXX .X na 
XXBXX Ilia-see 

-

REMARKS 

To .aai tor proareaa of atate vector iatearatioa, ti .. 
.. aociated vith proaresaina (reareaaina) s tate .actor is 
available by keyiaa Vl6 N38E . TET is tt.e (GET) to vhieh 
atate vector intearatioa proeeaa h .. preaeatly calculated 
atate wetor. 

Sya tea tea t 

A + display 1ad1eates north 
A +  di8pby 1ad1eatea eu t 

-��- -------- ------

I I I 
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PROCEDURES 

NOUN LIST (cont) 

No . Descri�tion/Com�onent 

45 
Rl H 
R2 TFI 
RJ HGA 

46 
Rl DAP configuration 
R2 Swi tch Function 

Pail Code 
R3 

47 
R1 LH weigh t  
R2 CS H  weight 
R3 

48 
R1 Giwbal pitch trim 
R2 Giabal roll tria 
R3 

49 
Rl All R2 AV 
13 Source Code 

51 S-hand antenna 
R1 Pitch 
R2 y_, 
R3 

52 
11 Central angle of 

active vehicle 
R2 
ll3 

54 
11 Range 
R2 Range rate 
R3 Q 

Scale 

XXXXX -rks 
XXBXX min-sec 
xxx . xx• 

Octal 
Octal 

-----

xxxxx lb 
xxxxx lb --

xxx.xx• 
xxx . xx• ----

xxx .xx 1111 XXXX. X  fps oooox 

xxx.xx• 
xxx . xx• ----

xxx. xx• ---------

xxx .xx 1\111 
XXXX.X fps 
xxx . xx• 

REMARKS 

Ref para 4 .6 .1 . 8  ( R03) . 
Rl .ay be displayed or changed effectively ooly in R03 . 
R2 .ay be disp layed and changed either in 103 or 
otherwise . 

R3 indicates out-of-tolerance paraaeter X • 1, RR range X • 3 ,  RR shaf t angle X • 2 ,  RR range rate X • 4 ,  RR t runnion angle 
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PIOCEDUIES 

NOUN LIST (cont) 

!!!. De•crietioa£Co.pooent 

ss 
ll N (ap8lda1 

croaaiqa) 
l2 E 
aJ CDTAJ«< 

S6 
R1 RR LOS aailluth 
l2 IR LOS a1evatioa 
ll 

sa 
ll Hp (Po u-TPI) 
12 AV (TPI) 
ll AV (TPP) 

S9 AV (LOS) 
ll LOS 1 
l2 LOS 2 
ll LOS 3 

60 
ll V (Porvard) 
l2 8 rate 
U B  

61 
ll TG 
l2 TI'I 
ll Croearana• 

62 
R1 VI 
l2 TPI 
ll AV (Accu.ulated) 

!!?.!!.! 

JXXXX 
xxx.u• 
xxx.u• 

xxx.u• 
xxx.u• 
--

xxxx.x ... 
IXXX .X fpa 
xxxx.x fpa 

IXIX.X fpa 
IXIX.X fpa 
IXIX.X fpa 

IXIX.X fpa 
uxx.x fpa 
xux.x ft 

IXBIX ain-aec 
JXBIX llin-aec 
xxn.x • 

XXU.X fpa 
usn llin-aec 
XXD..X fpa 

REMARKS 

' 
' 

I 
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I 
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PllOCEIJWE5 

NOUN LIST �coot) 

No . Descr12tioo/Coa2onent 

63 
Rl &I (LR alt llinus 

LGC alt above land-
ing site radius) 

R2 H rate 
R3 H  

64 
Rl TR/LPD 
12 H rate 
R3 H  

65 Saapled LGC tt.e 
Rl 
12 
13 

66 
Ill La slant range 
12 Ll podtioo 
13 

67 LR Yelociti .. 
lU X  
R2 T  
13 Z  

68 
R1 Horizontal rana• to 

lancliq aita 
12 TC  
R3 VI 

69 AILS 
Rl 6Z (dCMlranae in 

SM coordinates) 
12 IJ.Y (croaarange in 

SM coordinates) 
13 IJ.X (approz alt in 

SM c:oordinatea) 

REMARKS 

Scale 

xxxxx ft 

XXXX.X  fps 
xxxxx ft 

XXBXX sec-del! 
XUX.X fps 
xxxxx ft 

! 
0 I 

Fetched in interrupt I OOXXX hr 
OOOXX llio 
O:XX .XX sec: 

xxxxx ft 
oooox X • 1 or 2 
---

XXXU fps 
xxxx:x fpa 
XXXIX fps 

i � � --.  6 '  z w  "' i  
I 

xxn . x  .. 
IXBXX llio-sec 
XXXX.X fps 

xxxxx ft 

xxxxx ft 

xxxxx ft 
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PIOCEDUIES 

NOUN LIST CCont} 

!!!:. DescriEtionlC2!2oaent 

70 Rl AOT detent/s tar 
code (before aark) 

R2 
Rl 

71 
Rl AOT detent/star 

code (after urlt) 
12 .I ..na 
ll ! •rlte 

72 RR anglea 
Rl Trunnion 
12 Shaft 
Rl 

73 Desired RR angles 
Rl TruDDion 
R2 Shaft 
Rl 

74 
IU TFI 
R2 ,., 
13 Pitch 

7S 
Rl All {CDH) 
R2 AT { CDH-CS I 

or TPI-CDH) 
Rl AT {TPI-CDH 

or TPI-noa TPI )  

76 
Rl Desired downrange 

velocity 
R2 Desired radial 

ve locity 
Rl Crossraoge 

77  R l  TG 
R2 VG'f{LM) 
Rl VI 

IEMAIKS 

� 

OOCDE ----------
OOCDE 

zooox 
ZOOOY 

' 

xxx.xx• 

,.. 

I 
xxx.xx• I 

----- I 
xxx .xx• 
xxx .xx• 
-----
XXBXX Ilia-sec: 

l i i '  I W  i 
Xl.l.xx• 
xxx .xx• 

xxxx. x  1111 
XXBXX ain-sec: R2 and R3 are moduleri zed to the h our ; e . g .  Modulo 60 

ainutes . 
XXBXX ain-sec: 

XXXX .X fps 

XXXX . X  fps 
xxxx .x Rill 
XXBXX ain-sec: 
XXXX .X fps 
XXXX .X fps 
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CREW· PNL MAN PROCEDURES 

4 . 4 . 7  NOUN LIST �cont) 

No . Descri2t ioa/C�onent 

78 
Rl RR unge 
R2 RR range rate 
R3 TFI 

79 
Rl Curaor angle 
R2 Spiral angle 
R3 Position code 

80 
Ill Data indicator 
R2 0  
R3 

81 AV (LV) 
Rl X 
R2 Y  
Rl Z 

82 AV (LV) 
Ill X 
R2 Y  
Rl Z 

83 AV (LM) 
Ill X 
R2 Y 
Rl Z 

84 AV (CSH) 
Rl X 
R2 Y  
lll Z 

8S VG (LM) 
Ill X 
R2 l  
R3 Z 

--- --------- ----- --------

Scale 

XXX.XX n• 
xxxx.Xfps 
XXBXX un-see 

xxx.xx• 
xxx. xx• 
oooox 

xxxxx 
xxx.xx• -----

xxxx.x fpl 
xxxx.x fps 
xxxx.x  fpl 

XXXX.X fpe 
DXX.X  fp1 
xxxx.x fpl 

XXXX.X  fpe 
XXXX.X  fpe 
xxxx.x  fpl 

xxxx.x fpl 
xxxx .x fpe 
xxxx.x fpl 

xxxx.x fpl 
xxxx.x fpl 
xxxx.x  fpl 

-- - -

REMARKS 

I 

I 

--- -----·-· ··-- I 
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PROCEDURES 

NOUM LIST �coot) 

!.!!.:.. Du C ril!tiODlC!!!!!ODRt 

86 VG (LV) 
11 X 
12 !  
IJ Z 

87 BKkup optice LOS 
11 Azi .. th 
12 EleYation 
13 

88 Cal•tial body poeition 
R.l X 
12 !  
13 z 

89 L8Ddaark 
R.l Latitude 
12 Loaptuda/2 
13 Altitude 

90 a.adeaYoua out-of-plane 
par-ten 

Il l 
12 Y rata 
IJ t 

91 
11 Altitude 
12 V 
13 Plipt path •ale 

92 Rl Daairad auto 
throttle 

12 B rata 
13 B 

93  t. uro angle• 
u x  
R2 Y  
13 Z 

� 

DXX.l fpa 
DXX.l fpa 
IDI.l fpe 

ux.xx• 
xxx.u• 
---

. XXXIX 

. XXXIX 

.XXDX 

xx .xxx• 
xx .xxx• 
DJ:.XX ut 

XXl.lX Ul 
XIXI.l fpa 
DX.u• 

XX1X1 naXlO 
D1X1 fpa 
XXl.xx• 

XDXX% 
XXXX.X fpa 
1XXlX ft 

xx.xxx• 
xx.xxx• 
xx .xxx• 

REMARKS 

I I 
I 

Celutial body unit vector 

,.. 2 
0 

� �  ,.. .,... 
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PROCEDURES 

NOUN UST (cant) 

� Deacri2tion/C�onent 

94 Rl VGX (LH) 
R2 H rate 
R3 H 

9 7  Sys tea tea t  input 
Rl 
R2 
RJ 

98 Sya tea reaulta and inputs 
Rl 
R2 
13 

99 
Rl RSS in position 
R2 RSS in wlocity 
RJ RSS in b ias 

REMARKS 

S cale 

XXXX . X  fpa 
XXXX . X  fps 
xxxxx ft 

XXX XX 
xxxxx 
xxxxx 

xxxxx 
.xxxxx 
xxxxx 

xxxxx ft 
XXXX . X  fpa 
XXXXX arad 

l 

I 

I 
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4 .4 .8  

-

PROCEDURES 

STAR/PLAnT LIST 
Alph.a.etical 

Octal Code 

Acaaar ( 8 Erid�i) 6 
Achenar ( 11 lrid-1) 4 
A crux ( 11 Crucia) 2S 
Aldebaran ( 11 Tauri )  11 
Alkaid ( " U reae Maj oria ) 27 
Alphard ( 11 Hydrae) 21 
Alphecca ( 11 Coroa• Bon alb) 32 
Alpherata ( a Alldr�dae) 1 
Altair ( II AqUilM) 40 
Aataru ( 11 ScorpU) 33 
Arcturw ( 11 Boot ia )  31 
Atria ( 11 Trianguli Australia ) 34 
C•opua ( 11 Carinae) 14 
Capella ( 11 Auriaae) 13 
Dabih ( 8 Capricorn!) 41 
Deneb ( II Cypi )  43 
Denebola ( 8 Leonia ) 23 
Diphcla ( 8 Ceti ) 2 
DDocea ( ' Ureae Majoria ) 20 
Eaif ( £ ..... 1) 44 

Pa.alhaut ( 11 Piecia Auetrini ) 4S 
Gieuh ( y Coni ) 24 
Menlr.ar ( II Ceti ) 7 
"-llkeDt ( 8 Ceatauri) 30 
Mirfu ( 11 Pereei) 10 
NaYi ( y Cua iopeiM) 3 
N.mlti ( a Sap t tarU) 37 
Peacock ( II Pavonia ) 42 
Polaria ( 11 Uraae Minoris ) s 
Procyoa ( 11 Caaia Minorie) 16 
R•alhape ( 11 Ophiuchi) 3S 
Jeaor ( y Velona) 17 
bplue ( 11 Leonia) 22 
JU.ael ( 8 Orionia ) 12 
Sirius ( 11 Caaia Majorie ) 1S 
Spica ( 11 Viratnb) 26 
Vep ( 11 LyrM) 36 
Pl�et 00 
Stm 46 
Earth 47 
Moon 50 

Vie Mas 

3 . 4  
0 ,6 
1 .6  
1 . 1  
1 .9 
2 . 2  
2 . 3  
2 . 1  
0 .9 
1 . 2  
0 . 2  
1 .9  

-0 .9  
0 . 2  
3 . 2  
1 . 3  
2 . 2  
2 . 2  
3 . 1  
2 . S  
1 . 3  
2 . 8  
2 . 8  
2 . 3  
1 . 9 
2 . 2  
2 . 1 
2 . 1  
2 . 1  
o . s  
2 . 1  
1 . 9  
1 . 3  
0 . 3 

-1 .6  
1 . 2  
0 . 1  

REMARKS 

( 
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PROCEDURES 
STAR/PLANET LIST (cont) 

N�rical 
Octal Code 

1 Alpheratz 
2 Diphda 
3 Navi 
4 Achemar 
s Polaris 
6 Ac ... r 
7 He altar 

10 Mirfak 
11 Aldebaru 
12 Ripl 
13 Capella 
14 Cuopus 
15 Sirius 
16 Procyon 
17 Regor 
20 Dlloces 
21 Alphard 
22 Replua 
23 Denebola 
24 Gieaah 
25 Acrwr 
26 Spica 
27 Alit aid 
30 HeDke at 
31 Arcturua 
32 Alphecca 
33 Antares 
34 Atria 
35 Rualhape 
36 Vega 
37 RWlld 
40 Altair 
41 Dabih 
42 Peacock 
43 Deneb 
44 Eo if 
45 FG�Wlhaut 
46 s. 
47 Earth 
50 Mooa 
00 Planet 

( 11 Aadro.edae) 
( 8 Ceti) 
( y Cassiopeiae) 
( a Eridui) 
( 11 Uraae Minoris) 
( 9 !ridui) 
( II Ceti ) 
( 11 Peraei) 
( a Tauri)  
( 8 Orioais ) 
( 11 Aurigae) 
( 11 Carinae) 
( a Cuis Hajoris ) 
( a Cuis Minoris) 
( y Velorua) 
( ' Ursae Hajoris) 
( 11 Hydrae) 
( o Leonia) ( 8 Leonia) 
( y Coni) 
( 11 Crucis) 
( ca Virpab) 
( � Uraae Majoris) 
( 9 Ceatauri) 
( ca lootis) 
( 11 Coronae Borealis) 
( 11 ScorpU) 
( 11 Tri.aguli Australia) 
( 11 Ophiuchi) 
( o Lyrae) 
( a Sagittarii) 
( a .Aquilae) 
( 8 Capricomi) 
( 11 Pnoois) 
( a Cypi) 
( £ Pegui) 
( a Piscis Auatrioi) 

Via Hag 

2 . 1  
2 . 2  
2 . 2  
0 .6 
2 . 1  
3 . 4  
2 . 8  
1 .9  
1 . 1  
0 . 3  
0 . 2  

-o .9  
-1.6  
o . s  
1 . 9  
3 . 1  
2 . 2  
1 . 3  
2 . 2  
2 . 8_ 
1 .6  
1 . 2  
1 .9  
2 .3  
0 .2  
2 . 3  
1 .2  
1 .9 
2 . 1  
0 . 1  
2 . 1  
0 .9 
3 . 2  
2 . 1  
1 . 3  
2 . 5  
1 . 3  

REMARKS 

. 
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4 .4 . 9  

PROCEDURES 

CHECKLIST REFERENCE CODES (V50 N25) 

Rl Display 

000 13 
00014 
000 15 
000 16 
00062 
00201 
00203 

00205 
00500 

X.y in noraal or gyro torque coarse align 
ltey in f ine alignment option 
Perfora celes tial body acquisition 
Unprocessed Hark Sets 
Switch LGC power down 
Switch U IIOde to aut011atic (LGC) 
Switch to PGHCS aut011atic .,de 

Perfora manual acquis ition of CSM with RR 
Switch LR antenna to position 1 

4 . 4 . 10 OPTION CODES (V04 N06, V04 Nl2, or V05 N06) 

Rl Display R2 Load 

0000 1 - Specify IMU orientation 1 • Preferred 
2 • Nollinal 
3 • REFSHHAT 
4 • Land s ite 

00002 - Specify vehicle 1 • LH 
2 • CSH 

0000 3 - Specify tracking at ti-
tude 1 • Preferred 

2 • Other 

00004 - Speci fy radar 

00005 - Specify SOR phase 

00006 - Speci fy RR coarse align 
option 

1 • RR 
2 • LR 

1 • Firs t 
2 • Second 

1 • Lock on 
2 • Continuous des igna­

tion 

REMARKS 

"Switch" denotes pos ition change of a panel switch . 
"Perfora" denotes start or end of a task . 
"Key in" denotes data entry through DSKY. 

R2 contains nuaber of unused sets 

GUID CONT sw - PGHS ; S / C :  PGNS sw - AUTO ; and EIIC TBR 
CONT : THR CONT sw - AUTO 

Option code is displayed in Rl in conjunction with V04 
N06, V04 Nl 2 ,  or V05 N06 . Astronaut keys des ired option 
into R2 .  

� 
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REW· 
MAN PNL I PROCEDURES 

4 . 4 . 10 OPTION CODES (V04 N06 ,  V04 N12 , or V05 N06 )  ( coot )  

Rl Display R2 Load 

00010 - Specify al ignment mode 0 • Any time 
1 • REFSHHAT and lunar-g 

determination 
2 • 2 bodies 

(star /plane t )  
3 • 1 body and lunar-g 

determination 

00012 - Specify CSM orb it 
opt ion 

1 • No orbit change 
2 • Change orb it to pass 

over LM 

4 . 4 . 1 1  ALARM CODES (VOS N09) 

Rl, R2 , R3 

0011 1 
00112 

00113 

00115 
00206 

00207 
00210 
00211  
00212 
00213  
00214 
00217 
00220 
00401 
00402 

Hark missing 
Mark or mark reject not being accepted 
(V52 , V53 ,  V54 not flashing) , or rod input 
and Ave-C off . 
No inbits 

No marks to rej ect 
Zero encode not allowed with coarse-align 
+ gimbal lock 
ISS turn-on request not p resent for 9 0  sec 
IHU not operating 
Coarse al ign error 
PIPA fai led , but PIPA not in use 
IHU not operating with tum-on request 
Prograa using IHU when IHU turned off 
Bad return from IHUSTALL 
Bad REFSMHAT 
Des ired gimbal an gle" >x• 
FINDCDUW routine not controlling at ti tude 
be cause of inadequate pointing vectors 

REMARKS 

Maximum of th ree alarm codes may be displayed s iMultane­
ously . 
R1 is firs t  alarm to occur after last rese t , R2 is secood 
alarm to occur after last reset , R3 is most recent alar­
(not reset by RS ET  pb) . 

Alarms p re fixed with 2 denote program goes int o ROO 
(POODOO) 

A lar���� prefixed with 3 denote software restart is gen­
e rated (Bailout ) .  
M indicates main alarm. 
P indicates p riority alarm . 

In-flight align , X • 60• ; FINDCDUW , X • 10• . 

,.. � 
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IeREW-! PNL I PROCEDURES MAN 
4 . 4 . 11 ALARM CODES (V05 N09) ( cont)  

Rl, R2 , R3 

00404H 
00405H 
00421 
00501H,P  
00502 
OOS03H,P 
00510 
00511 

00514M ,P 

005 15 
00520 

Speci fied star not available in any detent 
Two s tars not available 
w-at rix overflow 
Radar antenna out of lilllits 
Bad radar gimbal angle input 
Radar antenna designate fai l 
Radar aut�tic  discrete not present 
Neither o r  both LR antenna position 
diacretea present for more than 10 sec 
(high gate , 20 sec) 
RR goes out of automatic .ade while in 
use 
RR CDU fai l discrete present 
RADARUPT not expected at th is time 

LR pos ition change 

REMARKS 

00522 
0052 3  
00525H, P  
00526 
0052 7  

LR did not achieve posit ion 2 J Alar. occurs only in V59 with average g off . 
A9>3• 

00530M,P  

00600H 
00601H 

00602H 

00603H 
00604H 

00605H 
00606H 
00611M 
00701H 
001 1 7  
Oll02 
Oll05 

Range )400 nm 
LOS not in 110de-2 coverage on lunar surface 
or 1181\euve r is required 
LOS not in 110de 2 coverage on lunar surface 
after 600 s ec 

, I .. ginary roots on first iteration 
Hp (CSI)  <85 n• (earth orbit ) or < 35 , 000 ft  
(lunar orb i t )  
Hp (CDH) < 85 nm (earth orbit )  or <35 ,000 ft 
(lunar orb i t )  
CSI to CDH ti��e <10 minutes 
CDH to TPI time (10 lllinutea or co11puted CDH 
ti� > input TPI time . 
Number of i terations exceeds loop aaximum 
AV exceeds maximum 
No TIC for given elevat ion angle 
Illegal opt ion code selected 
PIPA fail caused ISS warning 
LGC self-te st  error 
Downlink too fas t 

,.. 
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4 . 4 . 11 

PROCEDURES 

ALARM CODES (VOS N09) ( cant ) 

Rll R2 1 R3 

01106 
01107 

01301 
01406 
01407 

01410 
01412 
01466 

01520 
01600 
01601 
0 1703 
01 706H 

02001 
02002 
02003 
02004 
0 37 7 7  
04777 
07777  
107 7 7  
13777 
147 7 7  
20430 
20607 
21103 
2 1204 

21302 
21406 

21501 
31104 
31201 
31202 

Upl ink too fas t 
Phase t able failure . As sume erasab le 
memory des t royed 
ARCSIN-ARCCOS input angle t oo  large 
Bad return from ROOTPSRS 
VG increasing (6V accumulated at 90• from 
desi red th rust vector) 
Unintent ional overf low in guidance 
Descent igni t ion algorithm nonconverging 
<TOOFEW engine throt t le commands computed 
since l as t  omi tted throt t le comput ati on .  
V 37 reques t  not permitted at this time 
Ove rflow in drift test 
Bad IHU torque 
Too close to igni tion , slip TIG 
Incorrect program se lected for veh icle 
configurat ion 
Jet fai lures disab led Y-Z translat i on 
Jet fai lures disab led X-trans lat ion 
Jet fail ures disab led P-rotat ions 
Jet failures disab led u-v rot ations 
ICDU failure caused ISS warning 
ICDU , PIPA fai lure caused ISS warning 
Ifl.l failure caused ISS warning 
IHU , PIPA failure caused ISS warning 
IHU ,  ICDU failure caused ISS warning 
IHU , ICDU , PIPA fai lure caused ISS warning 
Acce leration ove rflow in integration 
No solut ion from time - 9 or t ime radius 
Unused CCS b ranch executed 
Wait lis t ,  variab le delay , fix del ay ,  long 
call ,  or deliiY j ob  called with ze ro or 
negative 6 time , 
SQRT ca l led with negat ive argument 
Bad return from ROOTPSRS during ignition 
algorithm 
DSKY alan during internal use 
Delay routine busy 
Executive ove rflow ,  no VAC areas 
Exe cut ive ove rflow ,  no core sets 

REMARKS 

,.. 

I 
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4 . 4 . 11 ALARM CODES (VOS N09) (coot) 

31203 
31206 

Wait list overflow , too aany t .. ka 
Second job at teapta to go to sleep via 
DSD' progr•. 

31207 
31210 
31211 
31502 
32000 

No VltC area for aarb 
'l'vo progr- using device at .... tiM 
I llegal interrupt of extended verb 
Illegal fl .. hing dispby 
DAP still in progress at next TSRUPT 

4 .  4 .  12 N1r DETENT /LPD/COAS OODES (N70 , N71) 

LPD/COAS calibration 
Lf - Left froat 
P - Proot 
llf - Right front 
Rr - Right rear 
a. - Cloee 
Lr - Left rear 
OOAS 

11 

OOODE 
OOlDE 
0020! 
003DE 
0040! 
OOSDE 
0060! 
007DE 

Alternative LOS definition values N87 

COAS (overhead window) 
Rl A&i..ath 
R2 !levatioa 
R3 

COAS ( forward window) 
Rl Azi..ath 

LPD 

R2 Elevation 
R3 

Rl Azi.uth 
R2 Elevatioa 
R3 

ooo . oo• 
o9o .oo• 

ooo . oo•  
ooo . oo •  

ooo . oo• 
32o . oo• 

REMARKS 

IHU aode switch 

Zero/zero values given are nominal. After realignment , 
us ing NYr ,  and possibly an alian-nt check , IHU Realign 
Proaraa (P52) (para 4 .9 . 1 . 2) can be  used to calibrate 
COAS . (Calibration is valid until COAS is reinstalled . )  

Values given do not include ground teat calibration 
values . After realign-nt , using JilT , and possibly an 
alignment check , IHU Realign Prograa (PS2) (para 4 . 9 . 1 . 2 )  
can b e  used t o  flight-calibrate LPD . 
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4 . 4 . 1 3  FLAGWORDS 

Flag �eed1e 2 flag 

J switch 

IMID f lag 

!Moon f lag 

�21 flag 

First pu s 
flag �2S flag 

IHUSE flag 

!Rendezvous 
flag 

Rendezvous 
radar NB lswttch 

!Lock-on flag 

!Needle f l ag 

Name 

NEED2FLG 

JSWITCH 

HID FLAG 

MX>NPLAG 

P21PLAG 

PSPASn.G 

P2S FLAG 

I MUSE 

RNDVZFLG 

RRNBSW 

LOitONSW 

NEEDLFLG 

PROCEDURES 

Re gi ster 
Address 

0074 

0074 

0074 

0074 

0074 

0074 

0074 

0074 

0074 

0074 

0074 

0074 

Flagword Bit 

0 15 

0 14 

0 1 3  

0 1 2  

0 11 

0 10 

0 9 

0 8 

0 7 

0 6 

0 5 

0 4 

'•·-

REMARKS 

Set 

E rror needles are driven 
with LGC DAP computed body 
rates • 

Integration of W-mat rix . 

Integration with secondary 
b ody & s olar perturbations . 
( Should remain zero in Lumi­
nary . )  

Moon is sphere of influence . 

Use base vectors already 
calculated .  

Fi rs t  pass 

P25 is operating (pre ferred 
tracking at t i tude) 

IHU is in use 

P20 or P22 is runnina (RR 
in use) 

Reset 

Error needles are driven 
with at t itude errors • 

Intearat ion of state vector. 

Intearat ion without solar 
perturbat ions.  

Earth i s  sphere of in­
fluence . 

First pass , calculate base 
vectors . 

Succeedina pass 

P25 i s  not operat ing 

IHU is not in use 

P20 or P 22 is not running 

RR targe t  is in navigation- RR target i s  in stable-
base coordinates . me.ber coordinates. 

Radar lock-on is desired Radar lock-on is not 
desired 

Total attitude error is 
dbplayed 

DAP following error is 
disp layed 

� 
i i 5 �  0 '  z w  "' &  
I 



r ;r r 
N 
o-

: 
.., " 
i 
• 
.. 

... IQ . ..... ... 

f r 

i 
,. 

,. 
I "" 

,. 

Uf 3231 

�lEW 
MAN 

PNL PIOCEDUIES 

4.4 . 13 PLAGVORDS �cont 2 

Register 
Plaa !!!!. Address Flal!ord 

Pne naa PUEn.t.G 0074 0 

RlO flq RlOPLAG 0074 0 

P66 PRO P66PIIOFL 0074 0 
flaa 

Nuaber of NJITSFLG 0075 1 
jete flaa 

DID flq DIDPLAG 0075 1 

DAD flag ERADPLAG 0075 1 

a>D flag R)DPLAG 0075 1 

No terrain NOTERfl.G 0075 1 
flaa 

R61 flag R61FLAG 0075 1 

IIMAIKS 

. 

!!!. !!!. .!!.!!!.. 
3 Te.porary flag used for Te�rary flaa used for 

uti lity purposes by P51 & utility purposes by P51 & 

P52 in .any routines aDd P52 in .any routi-• aad 
by lunar and solar by lunar and solar 
epheaertdee . ephe.eridee. 

2 RlO data output to ALT & RlO data output to ALT & 
ALT RATE ind and inertial ALT RATE ind aad to for-
lateral velocity to ward & lateral velocity of 
X-pointer ind . X-pointer ind. 

1 P66 is entered for first Proceed oo flaehtna V06 N60 
tiae (in Rl3) as a direc- after touchdown (specifies 
tive to continue P66 hor- stop to P66 horizontal 
i aontal nulling . nullt.na) . 

15 '!Wo-jet RCS burn Four-jet RCS burn 

14 Inertial data are available Perfora data display 
initialization fuuctioas 

13 C011pute earth radius for Ca.pute .con radius ; use 
Fischer ellipsoid ;  use stored earth radius (pad 
s tored .con radius . (Never radius) ( latitude-longi-
set in Luminary . )  tude routines) 

12 Rate-of-descent .ode Rate-of-descent 80de (P66) 
is in process ; noraal is not in process or, if in 
operation continues . p rocess, restart occurred. 

11 Lunar terrain model Lunar terrain model 
computations inhibited. computat ions permitted . 

10 Run R61 .  Run R65 .  

I 

I 
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4 . 4 . 13 FLAGWORDS (cant ) 

Flag 

Vehicle 
update f lag 

Update flag 

No update 
flag 

Track flag 

Na. 

VEHUPFLG 

UPDATFLG 

NOUPFLAG 

TR.A.CitFLG 

Pint tille flag PRSTIHE 

I terate 

I te ration 
value 

Drift flag 

Search flag 

Acquisition 
aocle flag 

LOS ca.pute 
flag 

S teering 
flag 

Iapulee flag 

Extemal 
AV flag 

SLOPESW 

GUUSW 

DRIP'l'FLG 

SRCHOPTN 

AOI>DPLG 

LOSCMFLG 

STEERSW 

IHPULSW 

XDELvnG 

PROCEDURES 

Register 
Address 

0075 

0075 

0075 

0075 

0075 

0075 

0075 

0076 

0076 

0076 

0076 

0076 

0076 

0076 

Flagword 

1 
1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

Bit 

8 

7 

6 

5 

4 

3 

2 

15 

14 

13 

12 

11 

9 

8 

REMARKS 

Set 

CSH s tate vector being 
updated . 

S tate vector updates froa 
tracking allowed. 

Neither CSH nor LM s tate 
vector may be updated . 

Tracking allowed. 

� 
LM s tate vector being 
updated. 

S tate vector updates fro. 
tracking not allowed . 

Either C SH or LH state 
vector may be updated.  

Tracking not allowed . 

Fi rs t  time thru p re-posi t ion Not first Uae thru pre-
rout ine . pos ition routine. 

Iterate with b ias me thod in 
iterator. 

No starting value for 
i teration . 

T3RUPT calls gyro coapen­
sat i on .  

R R  i n  autoaatic search 
opt ion (R24) . 

Manual acquisition by RR . 

LOS is being computed .  

Powered flight steering i s  
enab led (sufficient thrus t 
is present ) .  
HinilllUIII !��pulse burn 
(cutoff time specified , )  

External AV VG computation . 

Iterate with regula falsi 
method in i terator . 

S tart ing value for itera­
tion exi st s .  

T3RUP'l' dou n o  gyro 
c011pensation. 

RR not in autc:aatic aurch 
option. 

Auto.at ic acquisition by 
RR. 

LOS is not being c:oaputed . 

Powered flight s teering i s  
off ( insufficient thrust 
present) .  
S teering b um (no cutoff ) 
tille available . )  

Laabert ( aillpoint ) VC 
computat ion . 
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�.4 .13 lLAGWOIDS (coot) 

Reau ter 

.!!!& ·- Addrua 

E 6 TPI EtPIPLAG 0076 
flq 

1'1Dal flaa FUW.PLG 0076 

Active Yebicle AVPLAG 0076 
flq 

Preferred PPIATJ'LG 0076 
attitude flaa 

Calculate CALQIAMJ 0076 
.....,.ar l 

Calculate CALCIWt2 0076 
aaoeUYer 2 

Proaraa NODOPLAG 0076 
aelect 

POO f laa POOilFLAG 0077 

Gillbal lock GLOUAIL 0077 
fail 

BBFSHHAT REFSHPLG 0077 
f lq 

Lwaar flq LUHAFLAG 0077 

NO DO P07 NODOP07 0077 
f laa 

REMARKS 

Fla&!!!!rd Bit Sat � 
2 7 Elevation .mal• supplied TPI tiM supplied !or P34 

for P34 6 P74 . 6 P74 to co.pute elewatioo 
aaale . 

2 6 Lut pua tbrouah reodez- Interia pus tbroup ra-
YOUB proaraa ca.putatiooa . dezYoua proar.. �ta-

tiooa .  

2 s LH is actiYe vehicle . CSH is active vehicle . I 
2 4 Preferred attitude ia Preferred attitude ia not 

ca.putad . COIIpUted. 

2 3 No final roll.  Final roll is ucusary . 

2 2 Parfor. aaoeuver s tartiD& Bypua s tartiq procedure . 
procedure . 

2 1 V37 1a oat per.itted. (Do V37 1a par.itted . (Major 
not al1011 aajor IIOCie c:haoae . )  .ode c:h8DI• 1a aablad. )  

l 15 POO intearation 10-ainute POO intearation 10-ainute 
checks are runnina. c:hecka are disabled. 

l i � .... i ;  l w 
i �  I 

l 14 Gt.bal lock has occurred . Gilllbal lock hu not 
occurred. 

l 13 REFSHHAT valid (protected Transfor-ation aatrix not 
froa fresh start) . valid. 

l 12 Lunar lat itude 6 lonaitude . Earth latitude 6 lonaitude . 

l 11 V92 (P07) not allowed V92 (P07) allowed 



!' ICREW·I PNL I ... PROCEDURES I REMARKS ;r 

i MAN 
• 4 . 4 . 1 3  FLAGWORDS (cont) 

..... 
a- Register 
tl> Flas Name Address Flagword Bit Set Reset .. -

"1:1 .. 
View flas VFLAG 0077 3 10 Star pair is not in field S tar pair is in field of .. g. of view view .. 

01 

.... R04 flag R04FLAG 0077 3 9 R04 is running R04 is not running \Q .... .... 
Precision PRECIFLG 0077  3 8 Noraal integration in POO . Engage 4-ti.e step (POO) � integration logic in integration. .. 
flag 0 

I= 
Occult flag CULT FLAG 0077  3 7 Star is occulted . S tar is not occulted. 0 
w-.. trix ORBWFLAG 007 7  3 6 W-.atrix valid for orbital W-aatrix invalid for orbit- l i n orbital flag navi�Jation. (Not used in al navigation. (Not •ed r Lw.ina" . )  in L...tnary . )  t � -.... 

¥ State 'ftlctor STATEFLG 007 7  3 5 Peraanent state vector Peraanent state .ector not 6 ;  flat updated . updated. Z w  
Intetration INTTPFLG 0077  3 4 Conic inteRration . Encke integration. : &  type flag � 
State v.ctor VINTFLAG 007 7  3 3 I CSM state vector being LM state 'ftlctor bein& I z a 
in tetration inteRrated . integrated. • 
flag 8 
w-di•ulon D60R9FLG 0077  3 2 Dlaenaion of W is 9 for Dl .. nsion of W is 6 for I � 
flaa integration .  intearation. 

w-.. trix DIMOFLAG 007 7  3 1 W-.atrix is to be used. W-aatrix is not to be used. 
use flaa 

Mark dt.play MRitiDFLG 0100 
flaa 

4 15 I Mark display in ENDIDL!. No .. rk display in ENDIDLE. . 
"''Il I I 'Priority PRIODFLG 0100 4 14 I PrioritT display in ENDIDLE. No priority display in t display flag ENDIDLE . 

[ .... 
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�lEW- PNL MAN PIOCEDUIES 

4 . 4 . 13 I'LAGWOIDS (coot) 

a.auter 

!lY ·- Addr .. a 

llor.al IIIIIIDPLG 0100 
d:l8play flq 
Mark d:l8play IIIAITPLG 0100 
walt flq 

llonal. duplay WAITPLG 0100 
walt flaa 

Kart IIY HIDIVlLG 0100 
naa 

llonal. IIY IIIIIIVPLG 0100 
flat 

Priority IY PIOIIYPLG 0100 
flq 

btattoa PDIIIFLG 0100 
dbplay 
iaterfered 

Mark dbplay HIDPtPLG 0100 
tacenupt flaa 

llor.al IIUJPTPLG 0100 
db play 
tatenupt f laa 

Plal!ord !!!. 
4 13 

4 11 

4 10 

4 9 

4 8 

4 7 

4 6 

4 s 

4 4 

REMARKS 

!!i .... t 

Mor-al diaplay iD ENDIDLE • Jo DOEMl clieplay iD 
DDIDLE. 

Hiaber priority clieplay lo bi&ber priority duplay 
operatiDI vheo .. rt dia- operatiaa vbea Mrlt clieplay 
play iaitiated. iDitiated. 

Hi&ber priority diaplay No biaber priority duplay 
operatiDI vheo oor.al operattoa vbea ooi'Ml du-
cliaplay iDitiated. play ioitiated. 

Aatrooaut uaiog DSD vhea Aatrooaut oot uai.Da DSD' 
Mrt duplay ioitiated. vbea .. rt cl:l8play i.Ditiated 

Aatroaaut uaiDI DSD vbea .Utrooaut DOt uaiDa DSD 
aor.al d:l8play i.Ditiated. vbea DOnal diaplay iDiti-

ated. 

Aatrooaut uaiDI DSD vhea Alltroaaut aot uaiq DSD' 
priority diaplay ioitiatecl. vbea priority duplay 

iDitiated. 

Aatroaaut baa ioterfered Aatrooaut baa DOt i.Dter-
vitb exiatios diaplay . fered vitb exiatiaa die-

play. 

Mark d18play iDterrupted Hark diaplay oot i.Dter-
by priority diaplay . rupted by priority duplay . 

lorul display ioterrupted Mor.al duplay DOt ioter-
by priority or .. rt diaplay . rupted by priority or .. rt 

diaplay . 

i 
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LH 3231 

�lEW· PNL MAN PROCEDURES 

4 . 4 . 13 FLAGWORDS �conq 
Register 

Flag Nee Address Fla�ord 

Hark display }ltl)VFLAG 0100 4 
over nonal 
display 

Hark display XDSPFLAG 0100 4 
flq 
nsn naa DSICYFLAG 010 1 5 

Priority PDSPFLAG 0101 5 
display flag 

on jeta SRUPFER 0101 5 

Mo throttle NOTHROTL 0101 5 
flag 

P.77 flaa P.77FIAG 0101 5 

ltR ranae RNGSCFLG 0101 5 
acale flag 

DiMnaion DMPJIPLG 0101 5 
flag 

Zoo• flag ZOOKPLAG 0101 5 

lngbae on EMOORFLG 0101 5 
flaa 

3-axis f lag 3AXISn.G 0101 5 

Yaw axis ADRBSFLG 0101 5 
flag 

Bit 

3 

1 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

---

REMARKS 

Set � 
Hark. diaplay over not'lll&l .  Priority display over mark 

or normal. 

Mark display not to be  Mark diaplay aay b e  
interrupted.  interrupted. 
Displays sent to DSICY . No displays sent to DSU . 

P20 set so as to turn nor- Leave as normal display. 
aal display into priority 
display in R60 . 

U&V jets disabled  during U&V jets enabled during DPS 
DPS bums (V65) . bums (V75 ) . 

Inhibit full throt t le .  Perait full throttle. 

Jt77 is on. Suppress all P.77 is not on. 
radar alar.& and tracker 
failures . 

Scale change occurred No scale change occurred 
during RR reading. during ltR reading. 

Di-naion of W is 9 for Dillension of W is 6 for 
incorporation . incorporation. 

throttle up and start Prepare for throttle up .  
guidance . 

Engine is turned on . Enaine ia  turned off . 

Maneuver specified by Maneuver specified by one 
three axes . axis ; R60 calls vector 

point . 

P-axis couples B3A, AlF and P-axis couples A4Jt, B2L and 
A3R , BlL RCS jets . B4F , A2A RCS j ets . 

- --- --------

I 
I 
I 

� 
� � l w � 
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fCIEW- PNL MAN PIOCEDUIES 

4.4 .13 FLAGWOIDS �coot! 
leaia tar 

!!!A !!!!!! Addreaa Flal!ord 

u. atabal IIOIIII)lf 0101 s 
�tor 

w.Mrt SOLNSV 0101 s 
witcb 

IUdlllle &ill- IG.VPUG 0101 s 
bal local 
vertical f lq 

IDD W UtmWFLG 0101 s 
flq 

AY at CSI SJ2. 1Pl 0102 6 

hilton ,_. Sl2 . 1P2 0102 6 

llwton Sl2. 1P3A 0102 6 
UeraUoo SJ2. 1Pll 
orcler 

!ll 
4 

3 

2 

1 

lS 

14 

13 
12 

REMARKS 

!!1 � 
lypeaa u aillbal mnitor.  Perfora U. aillbal .aaitor . 

�ert doea not convera• La.bert converaea or tt.e-
or tt.e-radiua nearly radiua noncircular. 
circular. 

Local vertical coordioatea Middle aillbal anal• 
cc.puted . COIIpUted . 

W-.atrix valid for rendez- w-.. trix invalid for reo-
•oua naviaatton. dezvoua naviaation. 

AY at CSI Tl exceeda AV at CSI Tl ia leaa than 
MXUua ..xi .... 

Firat paaa of Hevton leit.ration. 
iteration. 

lite 13 ' 12 of flaavord 6 functioo .. ordered pair in 
followina order : 

.!!L!! !!L!! 
0 (reaet) 1 (aet) • Firat Newton iteration 

be ina done 

0 0 • Firat , ... of aecond 
Newton iteration 

1 1 • 50-fpa ataae of aecond 
Newton iteration 

1 0 • ae.ainder of aecond 
Newton iteratioo 

� 
i e � �  0 '  z w  
... , I G • I 
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CREW· PNL MAN 
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PROCEDURES 

4 . 4 . 1 3 FLAGWORDS �con_!)_ 

Register 
Flaa Name Address ----

Giabal drhe GHBDRVSW 0 102 
switch 

!11M FLAG HUN FLAG 0 102 

Redeaianation RED FLAG 0 102 
flaa 

AV OYerwrite NTAilGFLG 0102 
at TPI or 
TPK 

AUX flq AUXFLAG 0 102 

Attitude A'n'FLAG 0 10 2  
f la1 

TPi ti• ITSVICH 0 103 

Maneuver MANU FLAG 0103 
flaa 

Ignition IGNFLAG 0103 
flq 

�� -

Flagword Bit 

6 10 

6 8 

6 6 

6 l 

6 2 

6 1 

7 15 

7 14 

7 u 

REMARKS 

Set Reset 

Gimbal trim ove r .  Giabal tria not over.  

Servicer calla KUMRVG . Servicer calla CALCRVG . 

Landing site redeaignation Landin& site redeaianatioa 
peraitted . not peraitted. 

Aatronaut did overwrite As tronaut did not overwrite 
AV at TPI or TPM (Pl4 , AV at TPI or TPK. 
P l5 , P74 , P75) . 

If lDLEFLAG ia not aet , Servicer will akip DVMOI 
aervicer will exercise on ita nut pua evea if 
DVK>M on next pua . lDLEFLAG ia not aet .  It 

will then aet AUXPLAG. 

LH attitude exlata in No LM attitude exiata in 
aoon-f ixed coordlnatea . aoon-flxed coordinates . 

TPI tlae to be co.puted TPI tt.. hu been c� 
(Pl4 and P74) . puted . 

Att itude aaneuver durin& No attitude a&Deaver dur-
RR search . (Not used in ing RR search . (Not used 
Luainary . )  in Luainary . )  

TIG haa arrived . TIG haa not arrived . 

' 

! 

I ! 

� 
I I  � 



r i r=·l PNL 

N 
0\ 

u:o 
ID 

'0 
... 

i 
• 
... 

.... "' .... .... 

n l t 
¥ 

� 0 'i 
• . 
• I 
• 
N 

4.4 .13 PLAGWORDS (coat) 

rlaa 

utroaat 
f1q 

Auloa 
diap1aya 

llor.al 
•itch 

Collpute 
state vector 

V67 flq 

6V Maoitor 
flq 

v37 naa 

Averqe 1 
flea 

Uplink flea 

VERI FLAG 

Orbit par-­
eter flea 

TFP IIVitch 

RPQ flea 

� 

ASTIIFUG 

SWAIIDISP 

IIORHSW 

avsw 

V67PLAG 

IDLEPLAG 

V37PLAG 

AVIGPLAG 

UPLOCit rL 

VIlli FLAG 

V82EHFLG 

TFFSW 

RPQFLAG 

PROCEDURES 

Re1iater 
Address 

0103 

0 103 

0 103 

0103 

0103 

0103 

0103 

0103 

0103 

0103 

0103 

0103 

0104 

Flspord 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

8 

lli 
12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

15 

REMARKS 

!!1 
Astronaut hu o� ' d  ignition . 

Landing analo1 displays 
enabled. 

Unit noraal input to 
La.bert. 

Do not co��pute final state 
vector in t iae 9 

Astronaut overwrites 
w-.. trix initial values . 

No AV .aoitor . 

Average 1 (servicer) 
running. 

Averaae g (servicer) 
desired . 

m tan 

Inverted by V33 at end of P27 . 

Moon vicinity 

Calculate T-perigee . 

RPQ not computed ( RPQ • 
vector between secondary 
body and primary body) 

� 

Astronaut hu not O�' d  
ipitioa • 

Landin& aoa1oa diaplaya 
suppressed. 

La.berc co��putea ita own 
unit nor.al . 

Co.pute final state vector 
in tiM 9 

Aatronaut does not over­
write w-.. trix initial 
values . 

CoDDect 6V .ani tor. 

Averaae 1 (serricer) off .  

Average 1 (servicer) not 
desired , 

No m fail 

Earth vicinity 

Calculate TFF .  

RPQ computed 

� 0 �  
;t 
• 
,.. ___ 
� �  o . Z w  ; ,  ,.. 
z 
" • a 
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CREW- PNL MAN 

� .4 . 13 FLAGWORDS �cont) 

Flag � 
Integration NE'WIFLG 
flag 

iCSM 110011 QfOONFLG 
f lag 

LM IIOOil LHOONFLG 
flag 

!Guidance FLUNDISP 
display flag 

Surface flag SUilFFLAG 

lDfinity INYIMFLG 
flag 

Order •itch ORDIISW 

Apocater- APSZSW 
periceater 
range select 
•itch 

COGA. flag COGA.FLAG 

Iaitial alip INITALGN 
flag 

360• •itch 360SW 

'--�� 

PROCEDURES 

Regis ter 
Address 

0104 

0104 

0104 

0104 

0104 

0104 

0104 

0104 

0104 

0104 

0104 

-------- ------- - -

Flarord 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

-

Bit 

13 

12 

11 

10 

8 

7 

6 

5 

4 

2 

1 

- ·- -

REMARKS 

Set � 
First pass through Succeeding iteration of 
integration integration 

Permanent CSM state vector Permanent CSM s tate vector 
in lunar sphere (protected in earth sphere (protected 
from fresh start) from fresh start) 

Permanent LM state vector Peraanent LM s tate vector 
in lunar sphere (protected in earth sphere (protected 
fra. fresh start) from fresh start) 

Current guidance displays Current guidance displays 
inhibited penaitted 

LK on .con (protected froa LH not on .ooo (protected 
fresh start) froa freah atart) 

Mo conic aolution (c1oaure Conic aolution exia ta 
through infinity required) 

Integrator uses second- Integrator uaea firat-
order aini- aode (not order atandard 80de (not 
aet in Luainary) aet in Luainary) 

BaDge deaired outside lange desired inside 
periceater-apoceater periceater-apoceater ranae 
range in tiae-radius in u .. -radiua 

No conic solution ; too Conic aolution exiata (COGA 
close to rectilinear (COGA does aot overflow) 
overflows) 

Initial pass through P57 Second paaa throu&h P57 

Transfer angle near 360• Tranafer angle not near 360' 

• 

I 

! I I 
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PIOCIDUIE5 
14. 4.13 FLAGWOIDS (coot) 

Reaia ter 

!!!a !!!! Addre .. 

!vertical riae n.n 0105 
fJ..a 

P70/P71 flq P707ln.G 0105 

PoeitiCID nrc 0105 
coatrol 

PreipitiOD PLPI 0105 

ICS PIJlCS 0105 

Abort LET ABORT 0105 
enable flaa 

APS abort PUP 0105 
conUDuatiOD 
flq 

Abort taraat- AlrrGPLG 0105 
iDI ft.a 

lotatioo flq lOT FLAG 0105 

Quit flag QUITFLAG 0105 

FliJht 59 f lag FLT59FLG 0105 

In tear ate MIDlFLAG 0105 
tiae flea 

HID to AV HIDAVFLG 0105 
integration 

Flal!ord Bit 

9 14 

9 13 

9 12 

9 11 

9 10 

9 9 

9 8 

9 7 

9 6 

9 5 

9 4 

9 3 

9 2 

REMARKs 

Set leaet 

Vertical riae ( .. cent Nonvertical riae (aacent 
pidence) auidace) 

Near beginning of P70 Not near be&iDDina of P70 
or P71 o r  P71 (Pad loaded) 

Ho poeition control ( .. cent Poaitioo control (aaceot 
auidance) auidance) 

Preisnitioo phaae ( .. cent Reaular auidace 
auiclallce) 

ICS injectiOD .ode (&lcent Main engine 110de 
auidace) 

Abort progr ... enabled Abort progr ... not enabled 

APS continues abort after APS abort 1a not CODtiDua-
DPS s taging (aacent tion. 
auictance) . 

J2 and U par ... tera will Jl and Kl par ... tera will 
be uaed during P70 and P71. b e  uaed during P70 and P71 . 
(Por B-2 type CSM DOl ( For B-2 type CSM DOl 
aiaaiooa . J2 and �2 are aiaai ooa .  Jl aad U are 
uaed when rendezvous doea uaed vhea rendenooua re-
not require an extra quirea an extra revolution . )  
revolution . )  

P70 & P71 will force rota- P70 & P71 will not force 
tion in preferred di�ection rotation in preferred di-

rection 

Diacontinue integration . Continue integration . 
Lunar surface aarlt Normal aarltina to 
procedure used during be uaed durinR 
inf lisht aliRD..a t inflight alignment 
Integrate to TDEC . Integrate to the then 

present u • .  
Integration entered from Integration vas not entered 
one of HID to AV portals . via HID to AV • 

I 

I 

I I i � �  I t & 
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RC 1588 . LM 3231 
CREW· PNL PROCEDURES MAN 

� . 4 . 13 FLAGWORDS (cont) 

Register 
Flag "- Address 

AVE to HID AVEHIDSV 0105 
W-aatriz 
integration 

lntearation 
flaa 

INTFLA.G 0106 

�c.J.t/ APSFLA.G 0106 
duc:eot 
�tqe flaa 

�tart REINTFLG 0106 
ls.ntearation 
�� .. 
�ontrol flaa OONTILn. 0106 

ltot PGIICS IIPGIICSn. 0106 
flq 

La bypua LUYPASS 0107 

Velocity VPAII.FLG 0107 
fail tut 
flaa 

Altitude BI'AILFLG 0107 
fail tut 
flaa 

YX inbibit VXIIOI 0107 
flag 

. .  

Fla�ord Bit 

9 1 

10 14 

10 13 

10 7 

10 2 

10 1 

11 15 

11 14 

11 13 

11 12 

REMARKS 

Set Raaet 

AVE to HID calling for No AVE to HID W-aatrix in-
W-aatriz integration. Do tegration . Allow setup of 
not write over IN • VN • or RN. VN .  ad PIFriHE • 

PIFriHE. 

Integration in process Integration not 1n proceaa 

Aacent stage (protected Ducent s tage (protected 
froa fresh start) froa freah start) 

Integration routine to be Intearation routine not to 
re. tarted be ree tarted 

DAP in control DAP not in control 

Last active DAP pus doae Last ac:tiYe DlP , .. dGae 
vtth a AGS indication vttb PCIICS indic:atioa 

Bypaaa all LR updatu Do not bypaa U updata 
When c:orreapoading radar When c:or reapoadiq radar 
readina baa failed .elocity readina baa p .. aad 
LR data reaaonability teat. velocity LR data reuOD-

llbility taat. 

Vben c:orre.poadina radar When c:orrupondiq r..aar 
readina haa failed altitude readiq b .. paaed 
U data reuoneility tea t.  altitude U data r ... --

llbility tat. 

If Z-nloc:ity data unrea- Update x-azia velocity . 
aone le , bypaas X--.eloc:ity 
update on next pus • 

I 

I 
I 

I 
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IC 1588, LM 3231 

!clEW· PNL MAN 

4.4 . 13 PLAGVORDS (con t) 

Plaa N ... 

Put high PSTHIGAT 
gate 

!No Lll read NOLJUlEAD 

x-axi8 XORFLG 
override 
iDhib it flag 

PIOCEDUIES 

Regis ter 
Address Fla�ord Bit 

0107 11  11 

0107 11  10 

0107 1 1  9 

Set 

Put high gate 

LR repositioning ; bypass 
update . 

Below limit ; inhibit X-
axis override . 

REMARKS 

!!!.!!. 
Pre high gate 

LR not repositioning 

Above limi t ;  do not inhibit 
X-axis override . � 

! I  z w  "' &  
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ICREW·I PNL MAN 
4. 4. 1 3  FLAGWORDS (cont) 

Flag 

LR perait 
f lag 

LR ve locity 
data 

LR altitude 
data 

Rl2 read 
flag 

LR velocl ty 
fail lap 
fl•h flag 

LR altitude 
fail lap 
flMh flag 

Continuous 
des ignate 
flag 

ReiiOde fla& 

RR CDU 
zero flag 

RR antenna 
aode flag 

N-

LRINH 

VEL DATA 

RNCEDATA 

Rl2RDFLG 

VFLSHFLG 

HFLSHFLG 

CDES FLAG 

REMJDFLG 

RCDUOFLG 

ANTENn.G 

PROCEDURES 

Register 
Address 

0107 

0107 

0107 

0 107 

0 107 

0 107 

0110 

0 110 

0110 

0110 

REMARKS 

Flagword 

1 1  

11 

11 

11 

1 1  

1 1  

B i t  

8 

7 

Set 

Perai ts LR data incorpora­
tion into s tate vector . 

LR ve loci ty .. asure-nt 
-de 

4 I LR alti tude .. uure.ent 
-de 

3 I LR not being read. (Complete 
set of five velocity data 
readings for particular ve­
locitv beaa are avai lab le . ) 

2 I LR velocitv fai l ; VEL 
lt should b e  flashing 

1 I LR altitude fail ; ALT 
lt should be fluhing 

RADHODES • Flagword 12 

12 lS 

12 14 

12 1 3  

1 2  1 2  

LGC co�ands RR without 
lock-on 

Chan ge in antenna aode vas 
requested or is in process 
( reaode) 

RR CDU ' s  are being zeroed. 

RR antenna in .,de 2 

Reset 

Inhibits LR dat a incorpora­
tion into state vector. 

LR velocity .easure.ent 
not -de 

LR alti tude .. as ure.ent 
not aade 

LR being read. ( eo.plete 
set of five velocity data 
readings for parti cular ve­
locity b ea• are not avail­
llb le . )  

LR velocity h as  not failed;  
VEL lt should not flash 

LR alt i tude has not faile d ;  
ALT lt should not flash 

LGC checks for lock-on 

Reaode vas not requested or 
is not in process . 

RR CDU ' s  are not b eing 
zeroed. 

RR antenna in aode 1 

� 
l i � i o .  
Z w  : i � i a 
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� . 4 . 13 FLAGWORDS (coot) 

Flag 

� .. pos ition �� .. 

altitude 

altitude 
ata fail 
lag 

fail 

auto-
tic �e 

jRR turn-on 
flag 

�inillua 
illlpulse f lag 

N­

REPOSMON 

D!SIGFLG 

ALTSCALE 

LRVELFLG 

RCDUFAIL 

LR.POSFLG 

LRALTFLG 

RRDATAFL 

RRllSFLAG 

AUTO*> DE 

TURNONFL 

PULSEFLG 

PROCEDURES 

Register 
Address 

0110 

0110 

0 110 

0 110 

0110 

0110 

0110 

0110 

0110 

0110 

0 110 

0111 

.. ". 

REMARKS 

Flagword Bit 

12 11 

12 10 

12 9 

12 8 

12 7 

12 6 

12 5 

12 4 

12 3 

12 2 

12 1 

Set 

RR repos ition in process 

RR designate vas reques ted 
or is in process 

LR altitude reading is on 
high scale 

LR velocity dat a  fail 

No RR CDU fail 

LR position 2 is desired 

LR altitude data fail ; can­
not be read successfully 

RR data fai l ;  cannot be 
read successfully 

RR range reading on high 
scale 

RR not in auto aode . Auto­
.. tic .ode discrete is not 
present. 

RR turn-on sequence in 
process . 

DAPBOOLS • Flatword 13 

13 15 IHiniaua iapulse command 
aode in at titude hold (V76) 

Reset 

No RR repos i tion in process 

RR designate vas not re­
quested & is not in process 

LR altitude reading is on 
low scale 

No LR velocity data fail 

RR CDU fall 

LR position 1 is desired 

No LR alt itude data fail 

No RR data fall 

RR range reading on low 
scale 

RR in auto .ode 

No RR turn-oo sequence in 
process . 

Not in ainimua iapulse 
comaand aode (V77) 

� 
l e  
� ---0 ;  Z w  "' i  
I 
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4 . 4 . 13 FLAGWORDS � c:ont) 

Flaa 

Gillbal flag 

CSH docked 
flq 

Current rate 
c._,,., flag 

4/2-jet 
X-axia trans-
lation flaa 

A/B sy. t• 
u ... lauon 
naa 

X-axis 
override 
flq 

Drift fli&ht 

N:.A scale 
f lq 

Ullage flag 

Deadband 
select 2 flag 

Deadband 
select f lag 

N-

USEQRFLG 

CStmKFLG 

OUUCFLG 

ACC4-2PL 

NJUTFLG 

XOVINFLG 

DRIPTDPL 

RHCSCFLG 

ULLAGPLG 

DBSL2FLG 

DBSELPLG 

PIOCEDUIES 

Regis ter 
Address Fla&!!ord 

0111 13 

0111 13 

0111 13 

0111 13 

0111 13 

0111 13 

0111 13 

0111 13 

0111 13 

0111 13 

0111 13 

IEMARKS 

Bit Set � 
14 Gi.tlal unusable ;  use RCS Tria gimbal can be uaed 

jets only • 

13 CSH docked to LH; use CSH not docked to LH 
backup DAP . 

12 Current DAP pass is rate Current DAP pass is not 
c�d . rate c�and. 

11 4-jet X-axis translation 2-j et x-axis translation 
reques ted reques ted 

10 Use RCS syste• B for Use RCS systea A for 
X-translation. X-translation (preferred) . 

9 X-axis override is locked X-axis override is per-
out . aitted. 

8 Assuae zero offset ; drif t- Use offset acceleration 
ing flight estiaate . 

7 Noraal ACA scaling Fine ACA scaling reques ted 
requested 

6 Ullage requested by No internal ullage reques t 
prograaa 

5 Bits 5 and 4 of DAPBOOLS ( flagword 13) are used together 
to indicate astronaut-selected deadband liaits as follows 

4 DAP 
Bit 5 Bit 4 Deadband 

0 ( reset) 0 ( reset) + 0 . 3· 
0 1 + l . o• 
1 0 + 5 . o• 
1 1 + 5 . o• 

I I 

I I 
I I 

I 
· � i '  z w  - �  � 0 I 
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PNL 

4 . 4 . 13 FLAGWORDS (coot) 

Flaa 

Accelera­
tiona OK 
flq 

Au tOll& tiC 
rate 2 flaa 

Au tOll& tiC 
rata 1 flq 

N ... 

ACCOULG 

AU'l'R2n.G 

AUnl.FLG 

4 . 4 . 14 AGS SEL!ClOR LOGIC 

Addreaa � 

400 +00000 
400 +10000 
400 +20000 
400 +30000 
400 +40000 
400 +50000 
400 +60000 
400 +70000 

410 +00000 
410 +10000 
410 +20000 
410 +30000 
410 +40000 
410 +50000 

411 +00000 

411 +10000 

PIOCEDUUS 

Reaiater 
Address 

0111 

0111 

0111 

Attitude bold 

Flapord 

13 

13 

13 

Guidaoce ateerina 
Z-body-axia ateerina 
PGNCS-to-AGS ali&n 
Luoar alian 
Body-axia alip 

Bit 

3 

2 

1 

Gyro aad accelaro.eter calibration 
Accelera.eter only calibration 

Orbit iuertion 
Coelliptie aequeace initiation 
Coutant 4h 
Tar.inal phaae initiate aearch 
Tar.iul phaae initiate execute 
External AV 

Do not perfora auta.atic radar 
updating froa PGNS downlink 

Select auto .. tic radar updating 
frc. PCNS downlink 

REMARKS 

Set Reset 

Cc.puted accelerations are 
probably correct • 

Co.puted acceleration& are 
probably incorrect .  

Bits 2 & 1 of DAPBOOLS {f1a,word 13) are used toaether to 
indicate aatronaut-se1ected KALCHANU ..aeuver ratea , aa 
follows : 

Bit 2 

0 {reaet) 
0 
1 
1 

Bit 1 

0 (reset)• 0 .2•/aac 
1 • 0 . 5./sec 
0 • 2 . 0• /aac 
1 • 1o .o• taec 

I SubiiOdu of operation 

Ref para 4 .9 .2 . 1 
Ref para 4 . 9 . 3 . 2  
Ref  para 4 .9 . 2 . 2 ,  4 .9 . 2 . 3  
Ref para 4 . 6 . 2 . 5  
In-fUaht only . Ref para 4 . 6 . 2 . 14 

Guidance routines . Ref para 4 . 7 . 3 . 1  
Ref para 4 . 7 . 1 . 2  
Ref para 4 . 7 . 1 . 3  
Ref para 4 .  7 . 1 . 4  
Ref para 4 . 7 . 1 .4  
Ref par a 4 • 7 . 1 . 1  

i 
I I - �  



g' 
.. n· 

� 
N 
a-

en 
• 
"111 ;: g. 
• 
... 

.... "' ... .... 

n 

I r 

i 
.. 
. 

f "" 0 

RC 1581_�_ LH 3231 

lcREW·I PNL MAN PROCEDURES REMARKS 

4 . 4 . 14 AGS SELECTOR LOGIC (cont) 

I I I 
I I I 
I I I 

I I I 

Address 

412 

413 

4 14 
414 

414 

4 14 

415 

416 

4 16 

417 

417 

507 

Entry 

+00000 

+10000 

+00000 
+10000 

+20000 

+30000 

+10000 

+30000 

+00000 

+10000 

+00000 

Reinitiate in-fligh t  AGS self- teat I Ref para 4 . 6 . 2 . 3 .  Self-teat readouts : 
+00000 - Teat not completed 

Any entry into 413 (+10000 is 
eu11 .. ted) will store lunar 
ut.ath ad set lunar surface f lag. 

Haviaation initialization complete 
LH ad CSH navigation initializa­
tioa via PCHCS downlink 
LH naviaation initialization via 
DEDA 
CSH naviaat ion initialization via 
DIDA 

Any entry in this cell causes z­
body axle direction cosines , las t 
c�uted ranae, and range rate to 
be stored in appropriate cells 
for use in radar filter 

Coapute CSI aaneuver with CDH aan­
euver occurring at 0 . 5  orbital 
period following CSI 
Coapute CSI aaoeuver with CDH aan­
euver occurring at 1 . 5  orbital 
periods following CS I  

Horaal value of radar initializa­
tion c-d 

+10000 - Tea t successfully completed 
+30000 - Logic tee t failure 
+40000 - Me.ory teet failure 
+70000 - Logic and .e.ory teat failure 

Readout only . A +00000 entry is treated as a +10000 entry 
Ref para 4 . 6 . 1 . 18 

Ref para 4 . 6 . 2 . 7  

Ref para 4 . 6 . 2 . 9  

A +10000 entry is augaeated . 

Initialize radar filter I Reset automatically to +00000 after initialization 

Orient Z-body-axia to direction of 
CSH (Z-body-axie steering co.aand­
ed) 

i 
� �  .... ..... i ;  Z w  "' &· 
I 
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4 . 4 . 14 Af� SELECTOR LOGIC �cont ) 

Address � 
6 2 3  +00000 Orient Z-body-axis parallel to CSM 

orbi t plane (guidance s teering 
co11111anded) 

6 2 3  +10000 O rient Z-body-axis paral le l t o  
plane defined by Wb ve ct or 
( gu idance s teering co11111anded) 

4 . 4 . 1 5  DEDA INPUT LIST 

!l!!!nt izat ion 
S7!bol Address Lunar Earth 

Sin 6L 04 7 Octal Sine of landing azimuth angle 
Cosin 6L 053 Octal Cos ine of landing azimuth angle 
25J 2 2 3  100 ft 1000 ft DEDA alt i tude update during 

descent 
7J 224 100 ft 1000 ft Term in semi -j or axis comput ati on , 

6L (01 ) 
SJ 225 100 ft 1000 ft One-half lower limit on apolune radius 
lOJ 226 100 ft 1000 ft Retarget value for 7J when central 

angle exceeds 12J (01 )  
5J 2 3 1  100 ft 1000 f t  Radial di s tance of landing site from 

center of att ract ing body 
16J 2 32 100 ft 1000 ft Targeted inj e ct ion al t i tude at orbit 

insertion 
2 1J 233  100 ft 1000 ft Vertical p i t ch s teering alt i tude 

threshold 
lJl 240 100 ft 1000 ft X-coaponent of LM pos i t i on  used in . 

LM ini tiali zation 
1J2 241 100 ft 1000 ft Y-component of LH pos ition used i n  

LH ini t ializat ion 
1J 3 242 100 ft 1000 ft Z-component of LM pos ition used in 

LM ini t i alizat ion 
2J l 244 100 f t  1000 f t  X-component of CSM posi tion used in 

CSH ini tiali zation 
2J2 245 100 ft 1000 ft Y-component of CSH pos ition used in 

CSH ini tializat i on 
2J 3 246 100 ft 1000 ft Z-component o f  CSH pos ition used in 

CSM ini tializ at ion 

REMARKS 

0 • not avai lable 
1 • available 

01 CSI CDR 
1 -

1
- -1

-

1 1 1 

1 1 1 

1 1 1 
1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

TPI -
1
-

1 

1 

1 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

XDV 
-

1
-

1 

1 

1 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

I 

I 
I 

I 
� � • -.. 6 '  
Z w  "' i  I u I 
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PROCEDURES 

4. 4 . 15 DEDA INPUT LIST �cont � 

Syabol Address 

1J7 254 

1J4 260 

lJS 261 

1J6 262 

2J4 264 

2J5 26S 

2J6 266 

2J 7 2 72 

29J 274 
lJ 275 

12J 305 

4J 306 

6J 307 

TA 310 

3J 312 

18J 316 
tig 373 

Quantization 
LI.Wiar Earth 

0 . 1  llin 

0 . 1  fpa 1 fpa 

0 . 1 fpa 1 fpa 

0 . 1 fps 1 fps 

0 . 1 fps 1 fps 

0 . 1  fpa 1 fpa 

0 . 1  fps 1 fpa 

0 . 1  Jain 

0 . 1  min 
0 . 1  ain 

o .o1• 

0 . 01 llin 

0 .0 1  llin 

0 . 01 min 

0 .01 adn 

0 .0 1  nm 
0 . 1  min 

Epoch time of LH ephemeris dat a used 
in LM navigation initialization . This 
time must be expressed in AGS computer 
time 
X-component of LM velocity used in 
LM initialization 
Y-co.ponent of LH velocity used in 
LH ini tialization 
Z-co.ponent of LM velocity used in 
LH initialization 
X-co8ponent of CSH velocity used in 
CSH initialization 
Y-co.ponent of CSH velocity used in 
CSH initialization 
Z-co8ponent of CSH velocity used in 
CSH initialization 
Epoch time of CSH ephemeris data 
used in CSH navigation initializa-
tion.  'Ibis time -.a t be expressed in 
AGS co.puter tiae . 
Initial radar filter value for t l  
Desired TPI aaneuver time for CSI 
coaputation 
Phase angle limit for orbit insertion 
retargeting 
Time increment of node prior to  
nollinal rendezvous 
Transfer time fro. beginning of direct 
transfe r maneuver to rendezvous 
Time increment from present time to 
next aaneuver 
TPI rendezvous offset time , as used in 
s t ab le orb it rendezvous technique 
Radar range 
Absolute time of next maneuver .  
nations o f  tigA , tigB , an d  tigC 

Desig-

(absolute times of CSI , CDH , and TPI 
maneuvers , respectively) are retained 
for procedural clari ty . 

REMARKS 

0 • not available 
1 • available 

OI CSI CDH 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 
1 1 1 

1 1 1 

1 1 1 

0 0 0 

1 1 1 

0 1 1 

1 1 1 
1 1 1 

1 1 1 

TPI 

1 

1 

1 

1 

1 

1 

1 

1 
1 

1 

1 

1 

1 

1 

1 
1 

1 

XDV 

1 

1 

1 

1 

1 

1 

1 

1 
1 

1 

1 

0 

1 

1 

1 
1 

1 

I l i 5 �  0 '  � �  i I 
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PROCEDURES 

4 . 4 . 15 DEDA INPUT LIST (cont ) 

guantization 
� Address Lmar Earth 

TAl 377 0 . 1  mn 
Vdx 1!04 N/A 

2&Jl 450 0 . 1  fps 1 fps 

2&J2 451 0 . 1  fps 1 fps 

2&J3 452 0 . 1  fps 1 fps 

22J 464 0 . 1  fps 1 fps 

2 3J 465 0 . 1  fps 1 fps 

17J 503 0 . 1  fps 1 fps 
Wbx 514 Octal 
Wby 515 Octal 
Wbz 516 Octal 
llt18 534 Octal 
JI20 535 Octal 
JI22 536 Octal 
JI19 540 0 .001/0 .01 fps sq 
1K21 541 0 .001/0 .01 fps sq 
1K23 542 0 .001/0 .01  fps sq 
Jil 544 o .o1• /hr 
JI6 545 o .ot• /hr 
lltll 546 o .ot•/hr 
66 54 7 Octal 
2J 605 Octal 

AGS ca.puter time 
Accumulated AV in X-body-axis di rec-
tion mnus descent engine capab ility 
(updated every 0 .040 sec) 
Co.ponent of external AV i nput in 
di rection parallel to CSM orbit plane . 
(Positive value indicates velocity to 
be added in poeigrade direction . )  
Ca.ponent of external AV input in 
direction perpendicular to CSM orbit 
p lane (positive value indicates 
velocity to be added opposite to LM 
angular ao.ent• vector) 
Co.ponent of external AV input in 
radial direction (positive value 
indicates velocity to be added 
toward at tracting body) 
Vertical pi tch s teering alti tude 
rate threshold 
Target radial rate at orbit in-
sertion 
Radar range rate 
Guidance steering unit vector (X) 
Guidance steering unit vector (Y) 
Guidace s teering unit vector (Z) 
X-acce1era.eter scale factor 
Y-acce1ero.eter scale factor 
Z-accelero.eter scale factor 
X-axis accelero.eter bias c�ensation 
Y-axis accelero.eter bias co.pensation 
Z-axis acce leroaeter bias ca.pensation 
X-gyro dri ft compensation cons tant 
Y-gyro dri ft compens ation cons tant 
Z-gyro drift compensation constant 
Lunar align azimuth correction 
Des ired cotangent of LOS angle be-
tween LM and CSM at des ired TPI 
time used in CSI computation 

� -- -·--- - - --

REMARKS 

0 • not avai lable 
1 • avai lable 

01  CSI CDH 1 -�- -
1
-

1 1 1 

0 1 1 

0 1 1 

0 1 1 

1 1 1 

1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 

1 1 1 

TPI -
1
-

1 

0 

0 

0 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

XDV 
-�-

1 

1 

1 

1 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 i I 

� � fi 
l e � .._.  
::! 3  0 ,  
Z w  V' I . 

� i 
z 0 � 
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PIOCEDUIES 

4 . 4 . 15 DEDA INPUT LIST ( cont ) 

guanti zat ion 
SY!IbOl Address Lunar Earth 

K55 607 Octal 
3K4 61 3 Octal 
6Jl 640 Octal 

6J2 641 Octal 

6J3 642 Octal 

4Kl0 662 Octal 

llJ 673 Oct al 

4 . 4 . 16 DEDA OUTPUT LIST 

guantization 
SJ!!bol Address Lunar Earth 

y 211 100 ft 1000 ft 
Vpy 263 0 . 1  fps 1 fps 

Vyo 2 70 0 . 1  fps 1 fps 
lJ 2 75 0 . 1  min 
f; 2 7 7  o .o t •  

9 LOS 30 3  o . o 1 •  
9 f 303  o . o t •  

4J 306 0 .01 min 

6J 307 0.01 min 
T� 310 0 . 01 ad.n 
Tr 311 0.01  min 

h rate display s cale factor 
Sine of TPI interdict region 
Negat ive of X inertial component of  
lunar rotation rate vector 
Negative of  Y inertial coaponent of 
lunar rotation rate vector 
Negat ive of  Z inertial component of 
lunar rotation rate vector 
Constant in linear express ion for 
•L (OI ) 
Retarget values for 4Kl0 when cent ral 
angle exceeds 12J (01 ) 

Present LH out-of-plane distance 
Predicted out-of-CSH-plane velocity 
at tig in CSI , CDH , or TP1 ; present 
LH out-of-plane velocity in OI 
Present LH out-of-CSH-plane velocity 
NOIIinal time of TP1 �aaneuver 
In-plane angle between Z-body-axi s 
and local horizontal 
Predicted LOS angle at TPI 
L� to CSH phase an g le :  valid for tig 
of CS1 or CDH , present time in 01 
Time of  node prior to nominal ren-
dezvous time 
Time from TPI to rendezvous 
Time from present to next maneuve r 
Time to go un t i l  rendezvous in TPI 

REMARKS 

0 • not available 
1 • available 

OI CSI CDH TPI XDV 
1 1 1 1 1 
1 1 1 1 1 

1 1 1 1 1 

1 1 1 1 1 

1 1 1 1 1 

1 1 1 1 1 
I 
0 

1 1 1 1 1 

0 • not available 
1 • available 

� �  
8 '  z w  

01 CSI CDH TP1 XDV 1 -1-
-

1- -
1
- -

1
-

"' I . 

� ' z 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 I 
1 1 1 1 1 
0 0 0 1 0 

0 1 1 0 0 

0 0 0 1 0 
1 1 1 1 1 
0 1 1 1 1 
0 0 0 1 0 
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PROCEDURES 

4 . 4 . 16 DEDA OUTPUT LIST (cont ) 

guantization 
Symbol Address LlDlar Earth 

3J 312 0 .01 min 
6 r  314 0 . 1  nm 

qa 31 5 0 , 1  nm 
RR 317 0 .01 1111 0 . 1  nm 
h 337 0 . 1  nm 
rx 340 100 ft 1000 ft  
ry 341 100 ft 1000 ft  
rz 342 100 ft 1000 ft 
rex 344 100 ft 1000 ft 
rcy 345 100 ft 1000 ft 
rcz 346 100 ft 1()00 ft  
rf  34 7 100 ft 1000 ft 

Vx 360 0 . 1  fps 1 fps 
Vy 361 0 . 1  fps 1 fps 
Vz 362 0 . 1  fps 1 fps 
Vex 364 0.1  fps 1 fps 
Vcy 365 0 . 1  fps 1 fps 
Vcz 366 0 .1 fps 1 fps 
. 

367  0 .1  fps 1 fps r 
VG 370 0 . 1 fps 1 fps 
VF 371 0 . 1  fps 1 fps 

TAO 372 0 . 1  min 
tig 373  0 .1  min 

TAl 377 0 . 1 ndn 
llr 402 0 . 1  nm 

qlD 402 0 . 1  nm 

qLT 403 0 . 1 nm 

r f  423  0 . 1  fps 1 fps 

REMARKS 

0 • not available 
1 • available 

01 CSI CDH 
Target offset time 1 -

1
- -1-

Differential orbital altitude along 
LM radial at CSI time 0 1 1 
Apofocus altitude of LM trajectory 1 1 1 
Computed range from LH to CSM 1 1 1 
LH altitude 1 1 1 
X-component of LH pos i tion 1 1 1 
Y-component of LM position 1 1 1 
Z-component of LH pos ition 1 1 1 
X-component of CSM position 1 1 1 
Y-component of CSM position 1 1 1 
Z-component of CSM posi tion 1 1 1 
P redicted LM orb it radial distance 
at tig (at burnout in 01) 1 1 1 
X-component of LM velocity 1 1 1 
Y-component of LH velocity 1 1 1 
Z-component of LM velocitv 1 1 1 
X-component of CSM veloci ty 1 1 1 
Y-component of CS"f velocity 1 1 1 
Z-component of CSM velocity 1 1 1 
LM altitude rate 1 1 1 
Magni tude of ve locity to b e  gained 1 1 1 
B raking veloci ty required to rendezvous 
(TPl mode only) 0 0 0 
Coas t time from CSI to CDH 0 1 0 
Absolute time of next maneuver.  Des-
i gnations t igA, t igB , and tigC 
(absolute times o f  CSI , CDH , and TPI 
maneuvers , respectively) are retained 
for procedural clarity . 1 1 1 
AGS computer t ime 1 1 1 
P redicted different ial alti tude after 
CDH 0 1 1 
Peri focus alti tude of  predicted LH 
trajectory 0 0 0 
Peri focus alti tude of LM trajectory 1 1 1 

Desired final value of  altitude 
rate 1 1 1 

TPI -1-

0 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
0 

1 
1 

0 

1 
1 

1 

XDV -
1-

0 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

0 
0 

1 
1 

0 

0 
1 

0 

I 
I 

I I 
! � i '  
Z w  -- i  � 

I 
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4 .4 . 16 DEDA ourPUT LIST � cont 2 
QumUzation 

� Addre .. Lunar Earth 

y 433 0 . 1  fps 1 fps 
I 440 0 . 1  fpa 1 fpa 

VDX 470 0 . 1  fpa 1 fpa 

VD1' 471 0 . 1  fpa 1 fps 

VDZ 472 0 . 1  fpa 1 fps 

tA 477 0 . 1  fpa 1 fpa 

AVp 500 0 . 1  fpa 1 fpa 

AV&J 501 0 . 1  fpa 1 fps 

AVaa 502 0. 1 fpa 1 fpa 

WI 534 Octal 

H20 535 Octal 

W2 536 Octal 

Hl9 540 0 .001 fps aq 

Wl 541 
0 .01 fpa aq 

0 .001 fps aq 

a2J 542 
0 .01 fpa aq 

0 .001 fps sq 
0 . 01 fpa aq 

1U 544 o .o1•  /hr  
a6 545 o .o1•  /hr  1Ul 546 0 .01./hr 
62 574 N/A 
621 604 N/A 
116 6 12 Octal 
118 614 1 count 
a9 616 1 count 

1119 621 Split integer 

Mapitude of IJol velocity 
Rap rate between IJol and CSM 
(neaatiwe value indicate• LM 
c:lodoa on CSM) 
Ac:c.-ulated total aenaed velocity 
incre•nt in X-bocly direct ion 
Acc.-alated total aenaed velocity 
incre•nt in Y-body direction 
Accu.ulated total aenaed velocity 
incre•nt in Z-body direction 
Radial velocity at tig (at present 
in OI) 
Velocity to be gained in X-body-axia 
direction 
Velocity to be &ained in Y-body-axis 
direction 
Velocity to be sained in Z-body-axia 
direction 
X-accelera.eter acale factor ( fpa/ 
pulaa) 
Y-accelera.eter acale factor ( fpa/ 
pulaa) 
Z-acce1ara.eter acale factor ( fps/ 
pulae) 
x-accelerc.eter biu COIIpensation 

Y-accelera.eter biu co-,ensation 

Z-accelerc.eter biu c011pensation 

X-gyro drift co-,enaation coefficient 
Y-gyro drift c:o-,ensation coefficient 
Z-gyro drift co-,enaation coefficient 
Descent section staging flag 
Lunar surface f lag 
Staaing sequence counter 
Ullage counter 
Ullage counter value for ullage 
cOII!p let ion 
Radar update counter displays 

REMARKS 

0 • not available 
1 • available 
OI CSI CDH 1 -1- -1-

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 
1 1 1 

1 1 1 

1 1 1 

1 1 1 
1 1 1 1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 

1 1 1 
1 1 1 

TPI 
-1-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
1 

1 
1 

1 
1 
1 
1 
1 
1 
1 

1 
1 

XDV -1-

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
1 

1 
1 

1 
1 
1 
1 
1 
1 
1 

1 
1 

I I 

-

I 
i i  
� --.. � � � · � I 
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4. 4 . 1 7 DEDA ACCESSIBLE PARAMETERS LIST 

guantizat ion 
Symbol Address Lunar Earth 

C2 033 Octal 
VlX 0 34 Octal 

VlY 035 Octal 

VlZ 036 Octal 

WlX 040 Octal 

WlY 041 Octal 

WlZ 042 Octal 

A31S 044 Octal 
A32S 045 Octal 
AJJS 046 Oct al 
Sin 6L 04 7 Octal 
eosin 6L 053 Oct al 
Wcx 054 Octal 
Wcy 055 Octal 
Wcz 056 Octal 
U lX  060 Octal 

UlY 061 Octal 

UlZ 062 Octal 

AT 067 Oct al 
Drx 104 Octal 

REMARKS 

0 • not avai lable 
1 • available 

OI CSI CDH TPI XDV 
Rendezvous angle sine 0 0 -0- -1- 0 
In-plane horizontal unit vector at 
tig for CS1 , CDH , and TPI ; at present 
for OI & XDV (X)  1 1 1 1 1 
In-plane horizontal unit vect or at 
tig for CS1 , CDH , and TPI ; at present 
for 01 & XDV (Y ) 1 1 1 1 1 

I 
In-plane hori zontal unit vector at tig 
for CS1 , CDH , and TPI ; at present for 
01 & XDV (Z)  1 1 1 1 1 
LH out-of-plane unit vector at tig i for TPI ; p resent for 01 , CSI , CDH , & 
XDV (X) 1 1 1 1 1 
LH out-of-plane un i t  vect or at tig 
for TP1 ; present for 01 , CSI , CDH , & 
XDV (Y) 1 1 1 1 1 
LH out-of-pl ane uni t vector at tig 
for TP1 ; present for 01 , CSI , CDH , & 

XDV (Z) 1 1 1 1 1 
Radar null direction cosine 1 1 1 1 1 
Radar null direction cos ine 1 1 1 1 1 
Radar null direction cosine 1 1 1 1 1 
Sine of azimuth angle 1 1 1 1 1 
Cosine o f  azi.uth angle 1 1 1 1 1 

� 
� � ,. ,.... =' 3  o .  
Z w  i i z " 

Out-of-CSH orb it  plane direction (X) 1 1 1 1 1 
Out-of-CSH orbit  plane direction (Y) 1 1 1 1 1 
Out-of-cSH orb it plane di rect ion (Z) 1 1 1 1 1 
Normal LH position vector at tig for I 
CS1 , CDH & TPI , present for 01 & XDV �X) 

ormal LH posi tion vector at tig for 
1 1 1 1 1 

CS1 , CDH , & TP1 ; p resent for 01 & XDV 
(Y) 1 1 1 1 1 
Normal LH position vect or at t ig for 
CS1 , CDH , & TP1 ; p resent for 01 & XDV (Z) 1 1 1 1 1 
Thrust acce leration (fps sq ) 1 1 1 1 1 
LH pos ition remainder ( ft)  (X) 1 1 1 1 1 

----

II 
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PROCEDURES 

4 . 4 . 17 DEDA ACCESS IBLE PARAMETERS LIST (cont ) 

guanti zation 
S)'!llbol Address � Earth 

Dry 105 Octal 
Drz 106 Octal 
9P 107 Octal 
DIGX llO Octal 

DICY 111 Octal 

DIGZ ll2 Octal 

.p 113 Octal 
GXDT 114 Octal 

CYDT 115 Octal 

GZDT 116 Octal 

fp ll7 Octal 
Avsx 1 20 Octal 

Avsy 121 Octal 

Avsz 122 Octal 

SIGA 123 Octal 
RRX 124 Octal 
RRY 125 Octal 
RRZ 126 Octal 
COGA 12 7 Octal 
All 1 30 Octal  
A12 1 3 1  Octal 
Al3 1 32 Octal 
All 1 34 Octal 
A32 1 35 Octal 
A33 1 36  Octal 
A21 140 Octal 
A22 14 1 Octal 
A23 142 Oct al 
6 10 147 Oct al  

LH  position remainder ( ft )  (Y ) 
LH posi tion remainder ( ft )  (Z )  
Prncs 9 (pulses)  
P redicted change in integrated 
gravity ( fps ) (X) 
Predicted change in integrated 
aravity ( fpa )  (Y) 
Predicted chanae in integrated 
gravi ty ( fps ) (Z) 
PGNCS • (pulses ) 
Gravity ti-• aajor cycle ti.JH 
( fps ) (X) 
Gravity tt.es aaj or cycle time 
( fpa ) (Y) 
Gravity times major cycle time 
( fps)  (Z) 
PGNCS rJ (pulses) 
Resolved sensed AV along ine rt ial 
axis ( fps) ( X) 
Resolved sensed AV along ine rt ial 
axi s  ( fps) (Y) 
Resolved sensed AV along ine rt ial 
axis ( fps) (Z) 
Sine of FDAI y 
Computed LH-CSH range ( f t )  (X) 
Computed L�-CSH range ( f t )  (Y)  
Computed LH-cSH range (ft)  (Z)  
Cosine of FDAI y 
XB direct ion cosine 
XB direction cos ine 
XB direction cosine 
ZB di rection cosine 
ZB d i rect ion cosine 
ZB di rection cosine 
YB direction cosine 
YB direct i on cos ine 
YB di rect ion cosine 
TPI logic flag 

REMARKS 

0 • not available 
1 • available 

01 CSI CDH 
1 

-
1
- -

1-

1 1 1 
1 1 1 

1 1 1 

1 1 1 

1 1 1 
1 1 1 

1 1 1 

1 1 1 

1 1 1 
1 1 1 

1 1 1 

1 1 1 

1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
0 0 0 

TPI 
-

1
-

1 
1 

1 

1 

1 
1 

1 

1 

1 
1 

1 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

XDV 
-

1
-

1 
1 

1 

1 

1 
1 

1 

1 

1 
1 

1 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 

I 
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4 . 4 . 1 7  DEDA ACCESSIBLE PARAMETERS LIST (cont ) 

guantizat ion 
Symbol Address Lunar Earth 

A44 157  Octal 
AllD 160 Oct al 
A12D 161 Octal 
A13D 162 Octal 
A31D 164 Octal 
A32D 165 Octal 
A33D 166 Octal 
111 7  167 Octal 
a 1 7 1  Octal 
R5X 174 100 ft 1000 f t  

R5Y 175 100 ft 1000 ft  

R5Z 176 100 ft 1000 f t  

AL 177  100 ft 1000 f t  
REX 200 100 ft 1000 f t  
REY 201 100 ft 1000 ft 
REZ 202 100 ft 1000 f t  
RT 203  100 ft  1000 ft 
ROX 204 100 ft 1000 f t  

ROY 205 100 ft 1000 ft 

ROZ 206 100 ft 1000 ft 

RO 207 100 ft 1000 ft 
R 2 10 100 ft 1000 f t  

y 211 100 ft  1000 f t  
POUTFS 2 1 3  100 ft 1000 f t  
2K3 216 100 ft 1000 f t  
2Kl4 2 1 7  100 ft  1000 ft  
25J 22 3 100 ft 1000 ft 
7J  224  100 ft 1000 f t  

REMARKS 

0 • not available 
1 • available 

01 CSI CDH 
Radar code word received flag 1 

-
1
- -

1
-

XD direction cosine 1 1 1 
XD direct ion cosine 1 1 1 
XD direction cosine 1 1 1 
ZD direction cosine 1 1 1 
ZD direction cosine 1 1 1 
ZD direction cosine 1 1 1 
Fi lter cycle counter ( 2  sec counts)  1 1 1 
Transfer orb it semimajor axis ( f t )  0 0 0 . 
LH predicted position vector at TIG ,  
or at present i n  O I  (X) 1 1 1 
LM predicted poAition vector at TIG , 
or at present in 01 (Y) 1 1 1 
LH predicted position vector at TIG,  
or at present in 01 (Z)  1 1 1 
Predicted LM semimajor axis 1 1 1 
CSH epoch position vect or (X) 1 1 1 
CSH epoch position vector (Y) 1 1 1 
CSH epoch position vector (Z)  1 1 1 
Predicted CSH pos i tion magnitude 1 1 1 
Position vector input to orbit  
para��eter subroutine ( X )  1 1 1 
Position vector input to orbit  
parameter subroutine (Y) 1 1 1 
Position ve ctor input to orbit 
parameter  subroutine (Z)  1 1 1 
Predicted position magnitude 1 1 1 
LH present inert i al position 
magnitude 1 1 1 
LH out-of-plane pos ition 1 1 1 
Maximum p displayab le 1 1 1 
QL set on overflow 1 1 1 
Ini tial p perturbation 1 1 1 
Entry for alt itude update 1 1 1 
Term in (OI ) semimaj or axiA computat ion 1 1 1 

TPI -
1
-

1 
1 
1 
1 
1 
1 
1 
1 

1 

1 

1 
0 
1 
1 
1 
1 

1 

1 

1 
1 

1 
1 
1 
1 
1 
1 
1 

XDV 
1 
1 
1 
1 
1 
1 
1 
1 
0 

1 

1 

1 
0 
1 
1 
1 
1 

1 

1 

1 
1 

1 
1 
1 
1 
1 
1 
1 

I 
I I 
� � � i  o . 
Z w  w. i  i I 
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PROCEDURES 

4 . 4 . 1 7  DEDA ACCESSIBLE PARAMETERS LIST (cont ) 

guant i zat ion 
Symbol Addre ss Lunar Earth 

8J 225  100 ft  1000 f t  
lOJ 226 100 ft 1000 ft 
4K5 2 2 7  100 f t  1000 f t  
2Kl9 230 100 ft 1000 ft 
SJ 231 100 ft 1000 ft 
16J 2 32 100 f t  1000 f t  
2 1J 233  100 ft  1000 ft  

lJ l 240 100 ft 1000 ft 
lJl 241 100 ft 1000 ft 
1J3 242 100 ft 1000 ft 
2Jl 244 100 ft 1000 ft 
2J2 245 100 f t  1000 ft 
2J3 246 100 f t  1000 f t  
9R 252 o . o1 •  
SR 2 5 3  o .o1• 
RH 2 54 0 .01 nm 
1J7 2 54 0 . 1  min 

iH 255  0 . 1  fps 1 fps 
6 46 256 Octal 
1J4 260 0 . 1  fps 1 fps 

1J5 261 0 . 1  fps 1 fps 

1J6 262 0 . 1  fps 1 fps 

Vpy 263 0 . 1  fps 1 fps 

2J4 264 0 . 1  fps 1 fps 

2J5 265 0 . 1  fps 1 fps 

2J6 266 0 . 1 fps 1 fps 

Vyo 2 70 1) . 1  fps 1 fps 
Vyofs 2 7 1  0 . 1  fps 1 fps 
2J 7 2 7 2  0 . 1  mi n 
7K1 2 7 4  0 . 1  min 
lJ 275  0 . 1  min 

---·- -- --

One-hal f  lower limit o f  apo l une radius 
Re t arge t value for 7J 
Nomi na l burnout al ti tude in 01 
�P limi ter 
Nominal lunar l andin� s it e  radius 
Targeted orb i t  insert ion alt i t ude 
Ve rti cal p i t ch steering alti t ude 
th reshold 
LH ephemeris pos i tion (X-component ) 
LM ephemeris pos i t i on (Y-component )  
LM eph emeris pos ition ( Z-component )  
CSH ephemeri s position ( X-component ) 
CSH epheme ri s pos i t i on (Y-component ) 
CSH ephemeri s  pos it ion (Z-component ) 
RR tr unn i on  angle 
RR shaft angle 
RR range 
LM epoch 

RR range rate 
Range s caling & data re ce ived i ndicator 
X-component of LM ve locity used in 
LM ini t i al i zation 
Y -component of LM ve locity used in 
LH ini t i al i zat ion 
Z-component of LH veloci ty use d in 
LM init i alizat ion 
Out -of -p lane ve locity at tig ; at 
pre sent in 01 
X-component of CSM ve lo city used in 
CSM ini t i a l i zation 
Y-component of CSM ve loci ty used in 
CSM in i t i a l i z at ion 
Z-component of CSM ve lo citv used in 
CSM ini t i a l i z at ion 
L� pre sent out-of-pl ane ve 1oci tv 
�axi mum VYO d i s p l avah le 
CSM epo ch 
Tir. offset 
Desi red t i me o f  TP I manetwer f or CSI  

-- -

REMARKS 

0 • not available 
1 • availab le 

01 CS1 CDH 
1 1 -1-
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
0 1 1 
0 1 1 
0 1 1 
1 1 1 
0 1 1 
0 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
l 1 1 

TP1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

1 
1 
1 
1 
1 
1 
1 

XDV 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 

I 

I 
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4 . 4 . 17 DEDA ACCESSIBLE PARAMETERS LIST ( cont ) 

Quantizat ion 
Symbol Address Lunar Earth 

b.T 2 76 0 . 1  min 
� 2 7 7  o . o1• 

9LOS 303 o .o1•  

9F 303 o .o1•  
12J 305 o .o1• 
4J 306 0 .01 mi 
6J 307 0 .01 min 
T6 310 0 .01 min 
Tr 311 0 .01  lllin 
3J 312 0 . 01 min 
b.rp 314 0 .1 lUll 
qa 315 0 .1 Rill 
18J 316 0 .01 Rill 0 . 1  l"dll 
RR 317 0 .01 n• 0 . 1  nm 
h 337 0 . 1  lUll 
rx 340 100 ft 1000 ft 
ry 341 100 ft 1000 ft 
rz 342 100 ft 1000 ft 
rex 344 100 ft 1000 ft 
rcy 345 100 ft 1000 ft 
rcz 346 100 ft 1000 ft 
rf 347 100 ft 1000 ft 

Vx 360 0 . 1  fps 1 fps 

Vy 361 0 . 1  fps 1 fps 

Vz 362 0 . 1  fps 1 fps 

Vex 364 0 . 1  fpa 1 fps 

Vcy 365 0 . 1  fps 1 fps 

REMARKS 

0 • not available 
1 • available 

OI CSI CDH TPI XDV 

Time between radar range updates 1 1 1 1 1 
Ang le between Z-body-axis and local 
horizon 1 1 1 1 1 
Predicted LOS angle at TPI time 0 0 0 1 0 
(TPI only) 
LH-cSH central angle at TIG 0 1 1 0 0 
Phase angle limit for retargeting 1 1 1 1 1 
Time of node prior to rendezvous 0 0 0 1 0 
Desired transfer t ime 1 1 1 1 1 
Time from p resent to next maneuver 0 1 1 1 1 I Time from present to rendezvous 0 0 0 1 0 
Target offset time 1 1 1 1 1 I LH-CSH differential altitude at tig 0 1 1 0 0 
Apofocus altitude o f  LH trajectory 1 1 1 1 1 
Radar range 1 1 1 1 1 
Computed range 1 1 1 1 1 
LH altitude 1 1 1 1 1 
X-co.ponent of LH position 1 1 1 1 1 
Y-cc.ponent of LH position 1 1 1 1 1 
Z-component of LH position 1 1 1 1 1 
X-component of CSH position 1 1 1 1 1 
Y-component of CSH pos ition 1 1 1 1 1 
Z-component of CSH position 1 1 1 1 1 
Predicted LH alti tude at tig 

i 
0 

! e � ..... 
8 ;  z w  "' &  
I 

(at burnout in OI ) 1 1 1 1 1 
X-component of present LH inertial I velocity vector 1 1 1 1 1 
Y-co.ponent of present LH inertial I velocity vector 1 1 1 1 1 
Z-ca.ponent of present LH inertial 
velocity vector 1 1 1 1 1 
X-component of present CSH ine rtial 
velocity vector 1 1 1 1 1 
Y-component of present CSH inertial 
velocity vector 1 1 1 1 1 



8' ii· 
¥ 

N 
0\ 

en 
• 

"1:1 " .. B-
• 
., 

.... "' ..... .... 

n r 
t 
¥ 

r: 

� 

RC 1584 

�REW· PNL MAN 

·-·· 

PROCEDURES 

4. 4 . 17 DEDA ACCESSIBLE PARAMETEBS LIST (cont� 
Quantization 

!!!!!!!! Address � Earth 

Vcz 366 0 . 1  fpa 1 fps 

h 367 0 . 1  fpa 1 fpa 
VG 370 0 . 1  fpa 1 fpa 
VF 371 0 . 1  fpa 1 fps 
TAO 372 0 . 1  ain 
ua 373 0 . 1  ain 
TAl 377 0 . 1  ain 
so 400 Octal 
DlSClC 401 Octal 
AH 402 0 . 1 -
qlDED.\ 402 0 . 1  lUI 

qLTELE 403 0 . 1 -
66 407 Octal 

SlO 410 Octal 
su 411 Octal 
Sl2 412 Octal 
Sl3 413 Octal 

514 414 Octal 
Sl5 415 Octal 
i• 415 Octal 
Sl6 416 Octal 

517 417 Octal 
Vex 420 0 . 1  fpa 1 fps 
Vey 421 0 . 1  fpa 1 fpa 
Vez 422 0 . 1  fpa 1 fpa 
if 423 0 . 1  fpa 1 fpa 
Vox 424 0 . 1  fpa 1 fpa 

Voy 425 0 . 1  fps 1 fps 

Voz 426 0 . 1  fpa 1 fps 

VII 427 0 . 1  fps 1 fps 
v 433 0 . 1  fps 1 fps 

Z-ca.ponent of present CSH inertial 
velocity vector 
LM altitude rate 
Magnitude of velocity to be gained 
TPI braking velocity 
Ti .. fro. CSI to CDH 
Absolute time of next -.neuver 
AGS absolute tille 
AGS function selector 
Discrete word one 
LH-CSH differential altitude af ter CDH 
LH transfer orbit pericythion 
altitude 
LH present pericythion altitude 
Flag to initiate aliga.ent prior to 
calibration 
Guidance .ade selector 
Auto radar update selector 
In-flight self-tea t status indicator 
Store/no-store lunar azimuth 
selector 
Navigation initialization 
Radar giabal null (enter only) 
Range rate at time of aark (read only) 
Nuaber of LM half-orbits from CSI to 
CDH 
Radar f ilter ini tialization 
CSH epoch velocity vector (X) 
CSH epoch velocity vector (Y) 
CSH epoch velocity vector (Z) 
Desired altitude rate 
Velocity vector input to orbit 
paraaeter subroutine (X) 
Velocity vector input to orb i t  
parameter subroutine (Y) 
Velocity vector input to orbit 
parameter subroutine (Z) 
Present LH horizontal ve locity 
Present LH velocity 

REMARKS 

0 • not availab le 
1 • available 

01 CSI CDH 

1 1 1 
1 1 1 
1 1 1 
0 0 0 
0 1 0 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
0 1 1 

0 0 0 
1 1 1 

1 1 1 
1 1 1 
1 1 1 
1 1 1 

1 1 1 
1 1 1 
1 1 1 
1 1 1 

1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 

1 1 1 

1 1 1 

1 1 1 
1 1 1 
1 1 1 

TPI 

1 
1 
1 
1 
0 
1 
1 
1 
1 
0 

1 
1 

1 
1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
1 
1 
1 

1 

1 

1 
1 
1 

XDV 

1 
1 
1 
0 
0 
1 
1 
1 
1 
0 

0 
1 

1 
1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
1 
1 
0 

1 

1 

1 
1 
1 

� 
� � e � - ·  
0 �  
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4 , 4 . 17 DEDA ACCESSIBLE PARAMETERS LIST ( cont } 

Quantizat ion 
s,.bo1 Address Lunar Earth 

. 
RR 440 0 . 1  fps 1 fps 

. 
R. 441 0 . 1  fps 1 fps 
4K25 446 0 . 1  fps 1 fps 
28J1 4 50 0 . 1  fps 1 fps 
28J2 451 0 . 1  fps 1 fps 

REMARKS 

0 • not avai l ab l e  
1 • avail ab le 

OI CSI CDH 
Estimated range rate b etween LM 
and CSM (ne gative value indicates 
LM closing on CSM) 1 1 1 
Range rate at t ime of radar update 1 1 1 
Engine cutof f compens ation 1 1 1 
�V downrange (XDV input ) 0 1 1 
flV crossrange (XDV input) 0 1 1 

TPI XDV 

1 1 
1 1 
1 1 
0 1 
0 1 

' 
I 
I 
' 

� 
� � 5 �  0 '  z w  "' i  � 

! 



f r 
N 
0' 

en 
• 

'0 
" 
• 

8-
• 
.. 

.... \0 ..... .... 

f 
i 

i 
� . 
� 
I a-"' t= 

- -- . 
r;H .... 

·-

PIOCEDUIES 

4 . 4 . 1 7  DEDA ACCESSIBLE PARAMETERS LIST �cant� 
gWIIlt hat i on 

Syabol Address !:.!!!.!!: Earth 

28J3 452 0 . 1  fpa 1 fps 
4K26 454 0 . 1  fpa 1 fps 
Vha 463 0 . 1  fpa 1 fps 

22J 464 0 . 1  fpa 1 fpa 

2 11  465 0 . 1  fps 1 fps 
5K26 466 0 . 1 fpa 1 fpa 
VDX 470 0 . 1 fps 1 fps 

VDY 471 0 . 1  fps 1 fps 

VDZ 472 0 . 1  fps 1 fps 

4K2 7 4 7 3  0 . 1  fpa 1 fps 
vs-.x 474 0 . 1  fps 1 fps 

VSJI&y 475 0 . 1 fpa 1 fps 

vs-.z 476 0 . 1  fps 1 fps 

ra 477  0 .1  fps 1 fps 

AVp 500 0 . 1  fps 1 fps 

AVgy 501 0 . 1  fps 1 fps 

AVgz 502 0 . 1  fps 1 fps 

17J 503 0 . 1  fps 1 fps 
if> '  504 Octal 

REMARKS 

0 • not available 
1 • avai lable 

OI CSI CDH 
�V radial (XDV input ) 0 -

1- -1-
VG threshold 1 1 1 
Hori zontal ve loci ty at tig ; present 
horizontal veloci ty in OI 1 1 1 
Vert i cal p i t ch s teering alt i tude 
rate threshold 1 1 1 
RF DOT lower limi t 1 1 1 
Th reshold for freezing thrus t direct ion 1 1 1 
Accumulated total of sensed ve loc ity 
incre111ents updated eve ry 2 seconds (X) 1 1 1 
Accumulated t ot al of sensed veloci ty 
inc rements updated eve ry  2 seconds (Y) 1 1 1 
Accuaulated total of s ensed ve locity 
increments updated eve ry 2 seconds (Z) 1 1 1 
Deacent ab ort VG ove r flow p rotect ion 1 1 1 
x-coaponent of ve loci ty t o  b e  
gained during b urn 1 1 1 
Y-component of veloci t y  to b e  
gained during b urn 1 1 1 
Z-component of veloci ty to be 
gained during burn 1 1 1 
Radial ve locity at ti g (at p resent 
in OI 1 1 1 
Increments of tot al ve locity to b e  
gained during b urn (X) 1 1 1 
Increments of total ve loci ty to b e  
gained during b u rn  (Y)  1 1 1 
Increments of total ve locity to b e  
gained during b urn ( Z )  1 1 1 
Radar range rate i nput 1 1 1 
Desired radial jerk (fps cubed) 1 0 0 

TP I 
0 

1 

1 

1 
1 
1 

1 

1 

1 
1 

1 

1 

1 

1 

1 

1 

1 
1 
0 

XDV -1-

1 

1 

1 
1 
1 

1 

1 

1 
1 
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4 . 4 . 17 DEDA ACCESSIBLE PARAMETERS LIST �cont) 

Quantization 
� Address � Earth 

. . .  

YD 505 Octal Desired out-of-plane jerk ( fps cubed) 
4Kl2 506 Octal Acceleration check for RDlDTL in 01 
5507 507 Octal Orient Z-body-axis to thrust axis 
Cl 513 Octal Rendezvous angle cosine 
Wbx 514 Octal Unit vector input for ca.aanding YAW 

when SOC>-l (X) 
Wby 515 Octal Unit vector input for cowmanding YAW 

when SOO.l(Y) 
Wbz 516 Octal Unit vector input for co.aanding YAW 

when SOO•l(Z) 
6Kl0 517 Octal Radar range rate null 

REMARKS 

0 • not available 
1 • available 

01 CSI CDH 
1 0 0 
1 1 1 
1 1 1 
0 0 0 

1 1 1 

1 1 1 

1 1 1 
1 1 1 

TP1 XDV 
0 0 

1 1 
1 1 
1 0 

1 1 

1 1 

1 1 
1 1 

I I 
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4 . 4 .17 DEDA ACCESSIBLE PARAMETERS LIST �cont) 

Quantization 

� Address Lunar !!!:!!!. 

TEl 520 Octal 
TLl 521 Octal 
6K6 522 Octal 
SK20 S23 Octal 
TE2 S24 Octal 
TL2 S2S Octal 
2Kll 526 Octal 
4K6 S27 Octal 
Daxa S30 Octal 
Day a 531 Octal 
Daza 532 Octal 
DISCI 533 Octal 
1Kl8 534 Octal 

1K20 535 Octal 

1K22 536 Octal 

lK14 537 Octal 

1Kl9 540 0 . 001 0 . 01 
fps sq fps sq 

1K21 541 0 . 001 0 . 01 
fps sq fps sq 

1K23 542 0 .001 0 . 01 
fps sq fps sq 

lKl 544 0 .01./hr 
1K6 545 0 . 01./hr 
lKll 546 o .o1• /hr 
DA 54 7 Octal 
1K3 550 Octal 
lK8 551 Octal 
lKlJ 552 Octal 
Hrf 553 Octal 
AJ lS 554 Octal 
A32S 555 Octal 
A33S 556 Octal 
5Kl4 560 Octal 

CSM epoch HS (sec) 
LH epoch HS (sec) 
Radar filter VY weight (No units) 
lO* lower li•it ter. (2/sec) 
CSM epoch LS (sec) 
LH epoch LS (sec) 
�et value of VT ( fps , no TPI solution) 
RF upper lt.it ( fps) 
X-axis alignment error signal (rad) 
Y-axis alignment error signal (rad) 
Z-axis alignment error signal (rad) 
Discrete word one complement 
X-accelero.eter scale factor ( fps / 
pulse) 
Y-accelera.eter scale factor ( fps / 
pule e) 
Z-accelera.eter scale factor ( fps / 
pulse) 
x-axis .. ss unbalance compensation 
( rad/fps) 
X-accelerometer bias compensation 

Y-accelerometer b ias compens at ion 

Z-accelerome ter b i as compensat ion 

X-gyro dri f t  compensation coef ficient 
Y-gyro drift compensation coe f ficient 
Z-gyro dri f t  compensat i on coef fi cient 
Lunar align correc t ion ( rad) 
X-gyro s cale factor compensation 
Y-gyro scale factor compensation 
Z-gy ro s cale fac tor compensation 
High (+) , low (-)  angular rate scaling 
Radar null direction cos ine 
Radar null direct ion cos ine 
Radar nul l d i rection cosine 
RD upper l imi t ( fps cubed) 

IEMAIKS 

0 • not available 
1 • availab le 

01 CSI CDH 
1 -�- 1 

1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
l 1 1 
1 1 l 
1 1 l 
1 1 1 
1 1 1 
1 1 1 
1 1 1 

1 1 1 

TPI 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

1 

1 

1 

1 

1 

1 
1 
1 
1 

l 
l 
1 
l 
l 
1 
1 
1 

1 

XDV -�-
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

1 

1 

1 

1 

1 

1 
1 

1 
1 
l 
1 
l 
1 
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14 . 4 . 1 7 DEDA ACCE SSIBLE PARAMETERS LI ST ( cont ) 

Quantizat ion 
Symbol Address Lunar Earth 

5Kl6 561 Oct al 
DLWN 562 Octal 
6 32 5 6 3  Oct a l  

6KB 564 Octal 
6K9 565 Octal 
6Kl0 566 Oct a l  
DSPFl 56 7 Octal 

IDlF 5 7 0  Oct al 

6 31 5 7 1  Octal 
FLAGT 5 7 2  Octal 
FLAGl 5 7 3  Octa l  
!J.2 5 7 4  Oct al 

!J.5 5 7 5  Octal 

11 5 7 6  Oct al 
6Kl 3  5 7 7  Octal 
DVCXX 600 Octal 

DVGXY 601 Oct al 

DVGXZ 602 Octal 

!J.20 603 Octal 
!J.2 1  604 Oct al 

2J 605 Oct al 
6 45 606 Oct al 
K55 607 Octal 
RD3DTL 610 Octal 
5Kl7 611 Octal 
m6 612 Oct al 
1K37 61 3 Octal 

REMARKS 

0 • not available 
1 • available 

OI CSI CDR f6" uppe r limi t (fps cubed) 1 
-

1
-

1 
Downlink word counter 1 1 1 
Downlink initial ize f lag (Negat ive 
indicates enab le )  1 1 1 
Radar filter range rate variance (fp s  sq) 1 1 1 
Radar fil te r  angu lar variance (rad sq)  1 1 1 
Radar filter range variance ( f t  sq) 1 1 1 
Display f lag (Negative indicates 
navigation update cyc le ) 1 1 1 
Downlink ident i ficat ion 1 ( received 
i f  negat ive ) 1 1 1 
Downlink input (complete i f  negat ive ) 1 1 1 
Memory te s t  (test i f  negat ive) 1 1 1 
20-ms b ranch cont rol 1 1 1 
Staged f lag (Negat ive indicates 
s t aged) 1 1 1 
Attitude hold f lag (Negat ive indi-
cates atti tude hold) 1 1 1 
11 (Fix 9 at 0 to 2 11 )  1 1 1 
Radar range rate to fps at 1 3  1 1 1 
X component of total velocity to be 
gained vector 1 1 1 
Y component of tot al velocity to be 
gained vector 1 1 1 
Z component of tot al ve locity to be 
gained vector 1 1 1 
Logic f lag for engine cont rol 1 1 1 
Lunar s urface f lag (Negat ive indicates 
on lunar s urface ) 1 1 1 
Cotangent of desi re d  LOS angle 1 1 1 
RR range/ range ra�e selection f lag 1 1 1 
��tle factor for H display 1 1 1 
R lower limi t ( fp s  cub ed )  1 0 0 y " "  lowe r l imi t ( fps cubed) 1 0 0 
St aging counter (40m sec counts) 1 1 1 
Accelerat ion calib rat ion duration 
(2 second) 1 1 1 

TPI 
1 
1 

1 
1 
1 
1 

1 

1 
1 
1 
1 

1 

1 
1 
1 

0 

0 

0 
1 

1 
1 
1 
1 
0 
0 
1 

1 

XDV 
1 
1 

1 
1 
1 
1 

1 

1 
1 
1 
1 

1 

1 
1 
1 

1 

1 

1 
1 

1 
1 
1 
1 
0 
0 
1 

1 
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4. 4 . 17 DEDA ACCESSIBLE PARAMETERS LIST (cant) 

� 

.a 

l.K9 
llc:JO 

21Cl7 
ul9 

41(23 

5623 
l.K4 

W4 

1K26 
l.K27 
1K28 
l.K29 
l.K33 
l.KJ4 
l.K35 

U36 
2Kl 

2K2 
6Jl 

6J2 

6J3 

P21 
P22 
P23 
u7 
7K2 

Address 

614 
616 
617 

620 
621 

622 

623 
624 

625 

626 
627 
630 
631 
632 
633 
634 

635 
636 

637 
640 

641 

642 

644 
645 
646 
647 
650 

Quantization 
Lunar Earth 

1 count 
1 count 
1 count 

1 count 
Split  integer 

1 count 

Octal 
Octal 

Octal 

Octal 
Octal 
Octal 
Octal 
Octal 
Octal 
Octal 

Octal 
Octal 

Octal 
Octal 

Octal 

Octal 

Octal 
Octal 
Octal 
Octal 
Octal 

REMARKS 

0 • not available 
1 • availab le 

OI 
Ullage counter (2 second count) -y 
Ullage counter threshold (2 second count) 1 
Gyro calibrate ti.a duration (2 sec 
count) 1 

Number of p iterations -3 1 
Range/range rate aark counter since 
las t filter initialization 1 
Steering delay af ter s taging 
(40 msec count) 1 

Crew selection of steering vector 1 
Altitude and altitude rate display 
cons tant 1 
Singularity threshold , FDAI coapen-
sation (rad) 1 
X-axia alig�nt gain cons tant (1/rad) 1 
Lunar align constant ( rad/fps) 1 
Lunar align cons tant ( 1/rad) 1 

Lunar align s top criterion (rad) 1 
Calibrate gain constant 1 
Calibrate gain constant ( 1/20 as) 1 
Navigation sensed acceleroaeter 
bias threshold ( fps) 1 
Acceleroaeter calibration gain cons tant 1 

Gravitational constant (ft cubed/ 
sec sq) 1 
Gravitational constant reciprocal 1 
Negative lunar rate about X inert ial 
axis ( rad/20 as) 1 
Negative lunar rate about Y inertial 
axis ( rad/20 as) 1 
Negative lunar rate about Z inert ial 
axis ( rad/20 as) 
AV sum for accelerat ion calib rat ion (X) 
AV sum for acceleration cal ibration (Y)  
AV sum for accelerat ion cal ibration (Z)  
Cal ibrat ion counter 
Noise in P-Hatrix d iagonals 

1 
1 

1 
1 
1 

1 

CS I CDH TPI XDV 
-1- -

1
- -1- -1-

1 1 1 1 

1 1 1 1 
1 1 1 1 

1 1 1 1 

1 1 1 1 

1 1 1 1 

1 1 1 1 

1 1 1 1 

1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 

1 1 1 1 
1 1 1 1 

1 1 1 1 
1 1 1 1 

1 1 1 1 

1 1 1 1 

1 
1 
1 
1 
1 

1 

1 
1 
1 
1 
1 

1 

1 
1 
1 

1 
1 

1 

1 
1 

1 
1 
1 

1 
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4 . 4 . 17 DEDA ACCESSIBLE PARAMETERS LIST (cont) 

Quantization 

� Address Lunar Earth 

4K2 654 Octal 

4K3 655 Octal 

4K34 660 Octal 

4K35 661 Octal 
4Kl0 662 Octal 
4K2l 666 Octal 

H25Bl6 667 Octal 
Dtb 670 Octal 
lDl 671 Octal 
llJ 67 3 Octal 
2K4 674 Octal 
ltDT 675 Octal 
Pll 700 Octal 

Pl2 701 Octal 

Pl3 702 Octal 

Pl4 703 Octal 

P21 704 Octal 

Bl3SF 643 Octal 
Bl3VSF 651 Oc:tal 
B3SF 652 Octal 
B23RSF 653 Octal 
B22RSF 656 Octal 
BACCSF 657 Octal 

Bl8SF 665 Oc:tal 
BHl3SF 676 Octal 
B23SF 677 Octal 

REMARKS 

0 • not available 
1 • available 

01 CSI CDH TPI XDV 
Tt.e-to-burn coaputation factor 
(1/fps) 1 1 1 1 1 
Tiae-to-burn computation factor 
( 1/fps sq) 1 1 1 l 1 
Lower lillit thrus t acceleration 
( ft /sec sq) 1 1 l 1 1 
Ullage threshold ( ft/sec sq) 1 1 1 1 1 
Te� in AL (0.1) ( f t/rad) 1 1 l l 1 
Scale factor for attitude error 
output (rad) 1 l 1 l 1 
Cycle counts to seconds factor 1 l l 1 1 
One second plus DEDA tt.e bias 1 l l 1 1 
Downlink code 1 l 1 1 l 
Retarget value for 4Kl0 (ft/rad) 1 l l 1 1 
-2(2Kl) ( f t  cubed/sec) l l 1 1 l 
b.T/2 (sec) 1 l l 1 l 
RR filter X-Poaition Variance (Variable 
scaling) l l l 1 1 
RR filter X ,  Y-P covariance (Variable 
scaling) l 1 1 l 1 
RR filter X-Position, X-Velocity 
covariance (Variable scaling) 1 l l l 1 
RR filter X-Posi t ion, Z-Velocity 
covariance (Variable scaling) 1 1 1 1 1 
RR filter X ,  Z-Position covariance 

� 
� � � ._.. 
c; p ! ':'  
� ' z g I 

(Variable scaling) 1 l l 1 1 

Convers ion Scale Factors 
0 . 01 min to sec scaled at 13 1 1 1 1 1 
0 . 1/1  f ps to fps scaled at 13/15 1 1 1 1 1 
0 .01• to rad scaled at 3 1 1 1 1 1 
0 . 1  na to f t  scaled at 23/25 1 1 1 1 1 
0 .01 nm to f t  scaled at 22/24 1 1 1 1 1 
0 .001/0 .01 fps sq to fps /20 as scaled 
at 1/3 1 1 1 1 1 
0 . 1  min to sec scaled at 18 1 1 1 1 1 
0 .01. /hr to rad/20 as scaled at - 13 1 1 1 1 1 
100/1000 ft to f t  scaled at 23/25 1 1 1 1 1 





PARA 

LMA790.3-LM . 
APOLLO OPRATIONS HANMOOK 

TITLE 

G&C Reference Modes 
Attitude Control Modes 
RCS Primary Coil Enable • 

PGNCS Automatic • , • • , • • , 

PGNCS Attitude Hold/Rate Command 
PGNCS Minimum Impulse , • • • • 

AGS Automatic • • • • • • • • • 

AGS Attitude Hold/Rate Command 

4 . 5 
4 . 5 . 1  
4 . 5 . 1 . 1  
4 . 5 . 1 . 2  
4 . 5 . 1 . 3  
4 . 5 . 1 . 4  
4 . 5 . 1 . 5  
4 . 5 . 1 . 6 
4 . 5 . 1 . 7  
4 . 5 . 1 . 8  
4 . 5 . 1 . 9  
4 . 5 . 2  
4 . 5 . 2 . 1  
4 . 5 . 2 . 2  
4 . 5 . 2 . 3  
4 . 5 . 2 . 4  
4 . 5 . 2 . 5  
4 . 5 . 3  
4 . 5 . 3 . 1 
4 . 5 . 3 . 2  
4 . 5 . 3 . 3  
4 . 5 . 3 . 4  
4 . 5 . 3 . 5  
4 . 5 . 3 . 6  
4 . 5 . 3 . 7  
4 . 5 . 3 . 8  
4 . 5 . 3 . 9  
4 . 5 . 3 . 10 
4 . 5 . 3 . 11 
4 . 5 . 3 . 12 
4 . 5 . 3 . 13 
4 . 5 . 3 . 14 

AGS Pulse • • • • • • • • 

Basic Date 26 September 19 71 

AGS Direct • • • • • • • • 

ACA Hardover • • • • • • 

Translation Control Modes • 

Descent Engine On/Off Control • 

Ascent Engine On/Off Control 
Descent Engine Throttle Control • 

GDA Enable • • • • • 

RCS Translation • • , • 

Dynamic Display Modes • 

PGNCS Total Attitude Display 
PGNCS Attitude Rate /Error Display • •  

AGS Total Attitude Display 
AGS Att itude Error Display 
Attitude Rate Display • • • • • • • 

RR Shaft  Angle/Trunnion ADale Display • 

RR Azimuth Rate/Elevation Rate Display 
Forward Velocity/Lateral Velocity Display • 

Altitude/Altitude Rate Display 
Range/Range Rate Display , • • • • • • • 

Thrust Display • • • • • • • • • • • • • • 

Radar Signal Strength Display • • • • • • 

Heater Control Temperature Monitor Display 
RR LOS Azimuth and Elevation Diaplay (V85) 

Change Date ------

PAGE 

4 . 5-2 
4 . 5-2 
4 . 5-2 
4 . 5-2A 
4 . 5-4 
4 . 5-4A 
4 . 5-6 
4 . 5-8 
4 . 5-10 
4 . 5-12 
4 . 5-14 
4 . 5-14 
4 . 5-14 
4 . 5-19 
4 . 5-22 
4 . 5-27 
4 . 5-28 
4 . 5- 30  
4 . 5-30 
4 . 5- 32 
4 . 5-33 
4 . 5-34 
4 . 5- 34 
4 . 5-35 
4 . 5-36 
4 . 5-36 
4 . 5-37 
4 . 5- 37 
4 . 5 - 38 
4 . 5-39 
4 . 5-39 
4 . 5-40 
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PROCEDURES REMARKS 

4. 5 GltC UFIIDCI ti)DIS 

The G6C rafareaca .ad .. cOYer baaic G&C function• 1D tar.. of rela:ed aubayat .. operatiaa prerequiaitee aad .. itch poei­
tioaa , ad are Uaited 1D their ecope to iadepeadeat eubayatea functtona . The .ad .. aay be repeated aDd, ia aaeral , apply 
to Q&C procedurea ; they are DOt iDteaded u caapleta or .. u-coataiaed procedurea . Becauae ... procedur.. do DOt require 
all oparatial prarequiai t  .. or evitch poaitioaa 1D a liYeD reference .ade , they are acco.pliabad without refarriDa to that 
aocla • 

Wbaa a G6C reference aode refera to another reference aode , reference 1a aade by title aad paraarapb auaber aad ,  where 
applicaltla, opt lou are rae--dad • 

Durial tiM-critical procaduru , refareace to other aactiou or ll&raarapha of thia haadboolt caaot be acco.-odated . Be­
cau.e tt..-critical procaduru au.t be ealf-coataiaed, 1Dforaatioa aoraally referred to by aectioa or paraaraph aaaber ia 
rapaahd vtthiD tboea procadur• . 

4 .  S . 1  At'Tlt'UDI OOII'I'IOL !«)DIS 

4 . 5 . 1 . 1  ICS Priaary Coil laable Prowidee d-e power to priaary coila of oddi&ar aDd fuel 
walY .. of ICS ayat- lt. aDd B. Tbia aoda aloae ie DOt 
aufficieDt to allow ICS jete to fire wia priaary coila . 

11 1 1 . Cl ICS STS 1t.: �AD 4 TCit. - clo .. PrOYid.. d-e power to priaary coila of oaidiaer aDd fuel 
YalY .. of RCS eyatea lt., jete 4R ad 40 .  

2 .  Cl IC S  STS 1t. :  �AD 3 TCit. - cloae 

3 .  Cl IC S  STS A: QUAD 2 TCit. - cloae 

4 .  Cl RCS STS 1t. :  �AD 1 TCit. - cloae 

16 I S . CB ICS sts 1: QUAD 1 TCit. - cloae 

6 .  Cl RCS STS I: QUAD 2 TCit. - clo .. 

7. Cl RCS SY S  1:  QUAD 3 Ttl. - cloae 

8 ,  Cl RCS STS 1:  QUAD 4 TCit. - close 

PrOYidaa d-e PQ�Nr to priaary coila of oaidiaer aDd fuel 
walwea of ICS ayatea lt., jete 3R ad 3U .  

PrOYi._ d- -:  power to priaary coila of oaidi&er aDd fuel 
walwea of ICS eyatea lt., jets 2A aad 2D .  

Providu d-e power to priaa ry coila o f  ozidizar aDd fuel 
Yalwea of RCS eyatea A, jete lP aad lU . 

PrOYidee d-e power to priaary coila of ozidizer aad fuel 
walYea of RCS eyatea B, jete 1L aad lD .  

Prowidee d-e power to priaary coila o f  ozidiaer aDd fuel 
walwea of RCS eya tea B ,  j ete 2L and 20 • 

PrOYidae d-e power to priaary coila of oxidizer aad fuel 
valvee of RCS eyatea B ,  jets lA and 3D • 

Provide• d-e power to priaary coila of oxidizer aad fuel 
walvea of RCS ayetea B, j ete 4F aad 4U . 
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LH 323!, LH 323S 
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4 .S . l . 2  PGNCS Autoaatic 

11 1 1 . 

2 .  

LGC Power-up ( nquired) 

IMU PG¥er-Up (LGC operating) (required) 

DAP Data Load Routine (ll03) (required) 

llCS Prt .. ry Coil Enable (required) 

C1 lt.CS StS A: QUAD 2 TCA - open (i f docked vith CSM) 

Cl S/C :  ATCA (PCIIS) - eloee 

CAUTION 

To preveat iaad'ftlrtent RCS jet firing , 
S/C: PCJS av - OFF before CB S/C: ATCA 
(PGRS) - cloae 

REMARKS 

In PGNCS autoaatic aode , LGC provides following: 

Auta.atic steering (three-axis rotatioo) 

Autoaat ic ullage 

Autoaatic rate ca.penaatioo 

Attitude hold to progr..-defined attitude. X-axia 
override , whereby aatroaaut co.a&Dda l-axia attitude 
ratea proportiooal to ACA diaplac..eat, ia avail­
able .  Attained y• attitude is .. iatai•d by LGC. 
(Maxi.ua c�ded rate is either 4. or zo• tsecoad if 
docked as selected in DAP Data Load Routine) . 

Ref para 4 . 6 . 1 . 1 .  

Ref para 4 . 6 . 1 . 3 . 
Cl PGNS : UIJ OPR abo auppliea d-e power to PSA, which 
dewlopa 28v, 800-cpa , aingle phase for ltC.A propor­
tiooal excitatioa aod TTCA throttliDg. 

lef para 4 . 6 . 1 . 8. 

Moet proar- , aod exteaded wrba that perfona lllllle'"era , 
require PH and check for it via ll02. 

llef para 4 . S . l . l .  

This atep disables jet pair A2A/A2D to produce fewer 
jet firinsa , leaa beadiaa excitatioa , aDd aliaht RCS 
propellant saviaa. 

Providea d-e power for selectiag PGRCS operatioo via 
GUID COMT av - PGRS, bias to ATCA out-of detent relay, 
aod eaable voltap to ATCA priaary preaiiPlifien via 
S/C: PGNS av - AUTO or ATT BOLD. 
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4. 5 . 1 . 2  PCNCS Auta.atic (cont) 

3 .  Establish PGNCS autoaat ic contro l :  
1 GUID CORT aw - PGNS 

3 S/C : PGNS aw - AUTO 

REMARKS 

Seta b.nk of relays required for PGNS operation and for 
routing follovup s ignal to AEA • 

Provides autoaatic discrete to LGC and routea +28-�c 
enable aignal to ATCA priaary pre•plifien through 
contact closure established when GUID CORT .., - PGNS • 

When S/C :  PGNS sw ia aoved out of OFF poaitiOD to 
ATT HOLD or AUTO aove switch guard to cover OFF 
position • 

• 
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4 . 5 . 1 . 2  PCMCS Auto.atic (coat) 

S/C :  lOLL , PITCH , ' YAW 11V - �DE CONT or PULSE 

4.  latebliah X-azia override cepability : 
N:.A flOP 11V (2) - DIABL! 

S .  ACA - aaDeUYer aa daaired (X-axia oaly) 

4 . 5 . 1 . 3  PGNCS Attitude Hold/Rate Ca..end 

LGC Power-Up (required) 

IHU Power-Up (LGC Operatiaa) (required) 

DAP Data Load Routine (ROl) (required) 

IHU Orieatatioa Detea.tnation (PSl) (required) 

RCS Prt.ary Coil !Dable (required) 

11 1 1 .  Cl RCS STS A :  �AD 2 TCA - open (if docked with CSH) 

2 .  Cl S/C: ATCA (PCIIS) - cloee 

CAUTION 

• To prevent inadvertent RCS jet � firing , S/C : PeNS 11V - OPP before � Cl S/C : ATCA (PGNS) - close . 

REMARKS 

Switehea do not affect PCNCS attitude when aet to MOD! 
COIIT or PULSE ; if aet to DIR , with ACA 2 . s• out of 
detent, RCS jete will fire via aecoadary coila in addi­
tion to firin& via prt.ary coila . Thia reaulta in accel­
eration to areater rate thaD ca..anded. LGC will att..,t 
to uiDtain �nded rate by firiaa oppoeiq jete • 

Provide• 800-epa paver to ACA proportional prt.ary 
vindiD&• · 

LGC will ignore co.aeada , via ACA, to fire RCS jete , 
except in X-axia . 

In PGNCS attitude hold/rate ea.aand .ode, LGC providee LH 
atabilixation and auto.atie rate daapina . Attitude can 
be changed uaina ACA. When ACA ia returned to detent , 
LGC DAP daapa rate , atoree attitude after rate daapina,  
and holds to new attitude . 

Ref para 4 . 6 . 1 . 1 .  

Ref para 4 . 6 . 1 . 3 .  
CB PGNS : IMU OPR alao auppUea d-e power to PSA , wbich 
develope 28v , 80G-epe , aiqle phase for ACA propor­
tional excitation and TTCA throttliQ�.  

Ref para 4 . 6 . 1 . 8 .  

Ref para 4 . 9 . 1 . 1 .  

Ref para 4 . 5 . 1 . 1 .  

Thia step disable• jet pair A2A/A2D to produce fewer jet 
firin&a , leas bendin& excitation, and ali&ht RCS pro­
pellant aavin&• · 

Provides d-e power for selecting PGNCS operation via 
GUID COIIT 11V - PCNS , bias to ATCA out-of-detent relay , 
and enable volta&e to ATCA priaary pr ... plifiers via 
S/C: PGNS sv - AUTO or ATT II>LD . 
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4 . 5 . 1 . 3  PGNCS Attitude Hold/Rate eo..and (cont) 

3 .  Eatablieh PGNCS attitude hold control : 
1 GUID CONT sv - PGNS 

3 S/C: 
PGHS .., - ATT HOLD 

lOLL, PITCH, 6 YAW av - K>DE COMT or PULSE 

4.  latablieh rate ca.aaDd capability : 
1, 2 AU. ftOP w (2) - ENABLE 

l.y V77E 
No DAP lt - off 

J£.A 1 5 . ACA - IUID8UYer u duired 

4.5 .1. 4  PCICS MiDiaua I!pulae 

LGC Power-Up (required) 

IHU Power-Up (LGC Operating) (required) 

REMARKS 

Sets bank of relays for PGNCS operation aDd for routiDI 
followup signal to AEA. 

Provides attitude hold discrete to LGC aod routea 
+28-Ydc enable signal to ATCA prt.ary pre.-plifierw 
through contact closure established when GUID COMT 
sv - PGNS • 

When S/C :PGHS 11V 1s 1109ed out of OFF poeition to ATT 
BOLD or AUTO aove avltch pard to cover On' poeition. 

Switches do not affect PGNCS attitude control vben aet to 
HODE OONT or PULSE ;  if aet to DIR, with ACA z . s• out 
of detent , RCS jets will fire via aecondary coila 1D 
addition to f iring via priaary coila . Thia reeulta 1D 
acceleration to greater rate than ca.aaDded. LCC will 
atteapt to aaintain coaaanded rate by firiaa oppoaiaa 
jete . 

Provides 800-cpa power to liCA proportional priaary 
windiaa. 

Required to utabllsh rate ca.aaDd cap..,Uity . ec.­
aanded rate is proportional to ACA diapla�t. llax­
iaua c�ded rate is either 4. or zo•tsec, .. iodi­
cated in Do\P Data Load Routine (103) . Ref para 4 . 6 . 1. 8 .  

Releaaea attitude hold on LM (free drift) and allows 
ooe iapulae per each ACA diaplaceaent >z . s• frc. deteot. 

Ref para 4 .6 . 1 . 1 .  

Ref para 4 . 6 . 1 .3 .  
CB PGNS :  IHU OPR alao auppllea d-e pOIMr to PSA, which 
develope 2Bv , 800-cpa , aingle phase for ACA propor­
tional excitation and TTCA throttling • 
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4 . S . l . 4  PCNCS Mint.u. lapulee (coot) 

11 11. 

2. 
1 

3 

IAcA 13 . 

DAP Data Load Routine (R03) (required) 

IMU Orientation Deteraination (PSl) (required) 

RCS Pri-ry Coil Enab le (required) 

Cl S/C: AreA (PGNS) - close 

CAIJTI� 

To prneat iaadYerteut RCS jet 
firin&o S/C :  PGMS � - orr before 
Cl 5/C: ATCA (PGNS) - close , 

latabliah PGMCS aint.. iapulae control : 
GUID cotrr � - PGNS 

S/C : 
PGNS � - ArT BOLD 

IOU. • PITCH • ' tAW .., - K>DE CONT 

ley V76E 
lo DlP lt - on 

ACA - aaneuver u deaired 

Ref para 4 . 6 . 1 . 8 .  

Ref para 4 . 9 . 1 . 1  • 

Ref para 4 . S . l . l  • 

REMARKS 

Pr09id.. d-e power for selecting PGHCS operation �ia 
GUID CONT sv - PGHS • biu to ATCA out-of-detent relay • 
aad enab le voltage to ATCA prt-ry pre..,lifiera �ia 
S/C : PGNS sv - AUTO or ATT HOLD . 

Seta bank of relays for PGNCS operation 8Dd for roatiD& 
followup aiBDal to AEA. 

Peralta LGC to accept all ACA inputs . PrOYidea atti­
tude hold discrete to LGC aad routes +28-�c eaabla 
to ATCA priaary pre..,lifiera througb contact closure 
.. tabliahed when GUID CONT sv - PGNS . 

When S/C :PGHS av ia aoYed out of orr position to ATT 
BOLD or AUTO aove avitch suard to co.er Orr position. 

Svitchea auet be aet to K>DE CONT to get aint.ua iapulae .  

latabliahea ainiaua tapulae control aad r..uy.. atti­
tude hold capability .  V77E. V36E . or ipition aequeac:e 
in Pl2 1 P40 . P41 . P42 . P63 1 P70 . P711 and 140 teraiaatea 
ainiaua iapulae control and reeatebltah.. attitude bol• 
.ad rate caa.and capabilities . 
(No DAP lt - off) 
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4 . 5 . 1 . 5  AGS Aut011at1c 

AGS Power-Up (required) 

AGS Chac:ltout (desired) 

------ - - -

REMARKS 

Provides AEA automatic attitude control . In this .ode , 
auidance steerin& (X-axis) (address 400+100000) and 
z-axis steerin& (acquisi tion steerioa) (address 
400+200000) should not be selected , unless specified 
by particular procedure . Selection of either steerioa 
•ode at other tilles , while AGS aut011at1c IIOda 1a in 
control , .. , cause LH attitude rate chana•• of 10•/sacoad 
in pitch and 5• /secoad in roll and y.v • 

Ref para 4 . 6 . 2 . 1 . 

Ref para 4 . 6 .2 .4 .  

--- --- --
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4 . 5 . 1 . 5  AGS Auta.atic (cont) 

AGS LM/CSM s tate vector valid (required) 

PGNCS/AGS Align (required) 

RCS Priury Coil Eaable (required) 

16 1 1 .  CB S/C : 
ATCA - close 
ATCA (AGS) - close 

CAUTION 

To prevent inadvertent RCS jet firing , S /C :  
AG S  .., - OFF before CB S /C :  ATCA (AGS) - close . 

2 .  la tablish AGS autoutic control : 
1 GUID COMT aw - AGS 

3 S /C :  
AGS aw - AUTO 

ROLL. PITCH, ' TAW av - MODE CONT 

REMARKS 

AGS Initialization Routine (R47) (para 4 . 6 . 1 . 18) , or AGS 
Manual LM State Vector Update /Initialization (para 
4 . 6 . 2 . 7) and AGS Manual CSM State Vector Update/Initial­
ization (para 4 . 6 . 2 . 9 )  • 

Ref para 4 .9 . 2 . 1  • 

AGS initialization and aliga.ent are required for guid­
ance s teering and Z-axis s teering , but are not required 
when LH is holding attitude in AGS autoutic .ode . 

Ref para 4 . 5 . 1 . 1 .  

Pra.ides d-e power to ATCA power supp ly . 
Provides d-e power for selecting AGS operation via GUID 
CONT aw - AGS , b ias for ATCA out-of-detent relay , aod 
enable voltage to ATCA abort pre .. p lifiers via S/C : AGS 
aw - AUTO or ATT HOLD . 

Seta bank of relays for AGS operation. 

Providea auta.atic discrete to AEA and routea +28-vdc 
enable voltage to ATCA abort prea.plifiera through con­
tact closure established when GUID COMT .., - AGS . Auto­
.. tic DPS and APS engine-off signal path ia establiahed 
for AEA-generated engine-off co.aands .  

Svi tchea route AEA attitude co.aaods to ATCA and eaable 
ATCA gillbal tria cu..ancls to be routed to DECA via GUID 
COMT aw - AGS . ATCA liaits attitude ratea , except when 
LH is s taged and in vide deadband . In this confiaura­
tion attitude rates of 29 .6• /second could be attained , 
which are greater than AGS ability to follow and could 
result in loss of valid attitude rate data • 
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4. 5 . 1 . 5 AGS Auto.atic (cont) 

IIIG nil OONT : BAL CPL - - ON 

3 I S/C:  DIAD BAND - - MAX or MIN 

1 I ATT/TRANSL ev - 2 JETS or 4 JETS 

4 . 5 . 1 . 6  AGS Attitude Hold/Rate Co.aand 

16 1 1 . 

AGS Pwer-Up (req uired) 

N;s Otedtout (duind) 

RCS Prt .. ry Coil !uble ( requi red) 

CB S/C:  
ATCA - cloee 

ATCA (AGS) - doee 

CAITl'ION 

To prevent inadvertent RCS jet fi ring , 
S/C :  AGS ev - OPP b efore CB S /C :  
AT CA  ( AGS )  - doee .  

�� I I 1 2 .  
1 

Eat lb lish AGS attitude hold control : 
GUID CONT sv - AGS 

I 
011 

REMARKS 

Routes +28-vdc enab le aigna l ,  provided via S/C: AGS 8V -
AUTO , to ATCA four up-firtna abort preuplifie n .  ENG 
TRR CONT :  BAL CPL ev - ON durina al l lliadon phuea , 
except durinR APS enaine burna . This pendta RCS to add 
to net thrust vhen under AGS c:oDtrol • 

In MAX poaiti on ,  at titude deadbmd in rol l ,  pitch , md 
ya� ia s• . In KIN position, attitude deadband in pitch 
and roll is 0 . 3• ;  in .,., , 0 . 4• .  Mini- cleadband ia 
aut011atically provided during MPS thru. tina , u backup 
to S /C :  DEAD BAND - · Attitude rate deacltand , when 
una t aaed , is +0 . 2 • /second (narrw) and +3. 33. /second 
(vi de ) . Attit;de rate deaclbmd , vhen atapd , 1a +0 . 75 • /  
aecond (narrow) and �12 . 5• /aecond (vide) . 

-

Selects eithe r two- or four-jet operation for 
X-tranalation or pitch and roll atti tude ..aeu.era . 

Provides autoaatic stabi lization sianala fro. AEA vhen 
ACA ia in detent , and pe ndts at titude chana•• with C!S 
rate s tabili zation vhen ACA ia �d out of detent . 

Ref para 4 . 6 . 2 . 1 .  

Je f  para 4. 6 . 2 . 4 .  

Re f  para 4 . 5 . 1 . 1 .  

Provides d-e power to ATCA power supply . 

Provides d-e power for select ina AGS operation via GUID 
CONT - - AGS , bias for ATCA out-of-detent relay , and 
enab le voltage to ATCA abort preupli fien via S/C: AGS 
sw - Atrro or ATT HOLD. 

Sets b ank of relays fo r AGS ope ration. 
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4 . 5 . 1 .6  AGS Attitude Hold/Rate Command (cont) 

en 
I I 3 S/C: 

ft 
"CC ... 

' 
ft 
11 

... "' ..... ... 

n 

f 
¥ 

i 
,.. 
VI 
I "' 

AGS sw - ATT HOLD 

IIOLL , P ITCH , & YAW av - MODE CONT 

1 ERG TBR OONT : BAL CPL sv - ON 

3 S /C :  DEAD BAlfD aw - MAX or MIN 

1 ArT /TIW(SL aw - 2 JETS or 4 JETS 

3. latabliah rate �d capability : 
1, 2 ACA PROP aw (2) - ENABLE 

N:.A 14. ACA - 118Deuwer • desi red 

REMARKS 

Provides followup discrete ( at t itude bold and ACA out 
of detent) to AEA and routes +28-vdc enable s ignal to  
ATCA abort prea�lifiera throuah contact closure estab­
lished when GUID CONT sw - AGS . 

Switches route AEA att itude co-anda to ATCA ad enable 
ATCA gimb al t rl• ca..anda to be routed to DECA via QJID 
CONT sw - AGS • 

Routes +28-vdc euble s ignal , provided Yia S /C:  AGS aw -
ATT HOLD, to AreA four up-firing abort p re-.plifiers . 
ENG t11R OONT : BAL CPL aw - ON during all ld.aaion 
phases , except during APS engine burna . 'Ibis perld.ta 
RCS to add to net thrust when under AGS control. 

In MAX position, attitude deadbad in roll , pitch ,  aad 
ya� ill 5• . In MIN poaition, attitude deadbaad in pitch 
ad roll 1a 0 . 3• ;  in ,.,, 0 .4• . Mint.- deadb&Dd 1a 
autoaat ically p rovided during MPS thrusting, aa badtap 
to DEAD BAND aw. Attitude rate deadbad ,  when mataaed , 
ia +0 . 2•/aecond (narrow) and +3. 33• /aecond (vide) . 
Attitude rate deadband , when itaged, is +0 . 75• /aecond 
(narrow) and �12 . 5• /aecond (wide) . 

-

Selects either two- or four-jet operation for X­
trana lation or pitch and roll attitude ..aeuwera . Whea 
switch ia in 4 JETS position , h igh rate liait cyclina can 
result when LH is in light ascent weight configuration. 
Switch to 4 JETS position only when failed jets preYent 
roll , pi tch , or X-axia t ranslation . 

Provides 800-cps power to ACA proportional priaary wiocl­
ings . 

Co.aanded rate is proportional to ACA deflection. Mas­
i.ua ca.aanded rate ia 20• /aecond. 
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14 . 5. 1. 7  AGS Pul_.e 

I 
I 

I 

I 1. 
16 I 

2 .  
1 

If all uea are DOt plac:ecl UDder AGS pulae 80de :  

AGS P011er-Up (required) 

AGS Cbec:kout (cleaired) 

PQICS/AGS .Uip (required) 

AGS atate Yector valid (required) 

PollCJWiDI are required for A.GS pulae coatrol : 
JCS Priury Coil laable 
Cl S /C :  

ATCA - claee 

ATCA (.AGS) - claee 

CAUTION 

To prevent inadvertent RCS jet firina . 
S/C: AGS av - OFF before CB S/C :  ATCA 
(AGS) - cloee. 

!atabliah AGS pulae control : 
GUID COIIT av - AGS 

REMARKS 

Peraits aanual initiation of anaular acceleratioo 
c�d• through 1011-frequeocy puldaa of RCS jeta by 
CES on individual-asia baaia . In aelected axia( .. ) .  
auta.atic rata da.piaa and AlA attitude control are 
lo.c (open-loop acceleratiCIIl) • 

Ref para 4.6 . 2 . 1 .  

Ref para 4.6 .2 .4 .  

lef para 4 . 9 .2 . 1 .  

AGS Iaitialization Routine (147) (para 4 . 6 . 1 . 18) or AGS 
Maaual LK State Vector Update/Initialicatioa procedure 
(para 4 .6 .2 . 7) aDd AGS Manual CSM State Vector Update/ 
Initialization procedure (para 4 .6 .2 . 9) .  AGS iaitial­
izatioa and alian-eat are required for auidaace ateeriaa 
aad z-axia ateerina. but are "AOt requiTed vb• LM ia 
holdina attitude in AGS autaaatic 80de, 

lef para 4 . 5 . 1 . 1 .  

Provide• d-e p011er to ATCA power aupply . 

Providea d-e power for aalectina AGS operatioa via GUID 
COIIT av - AGS . biaa for ATCA out-of-detent relay • aDd 
enable voltaae to ATCA abort pre .. plifiera via S/C: AGS 
av - AUTO or ATT HOLD. 

Sets bank of relays for AGS operation • 
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PROCEDURES 
4 . S� l .  7 AGS Pube (emit) 

S/C: .AGS n - AUTO 

or Hlect : 

S/C :  
AG S  8V - ATr II>LD 

DUD ldD ev - MAX or MIN 

ENG THR COMT: BAL CPL ev - ON 

Cl S/C: ATT DII COlT - cloae 

S/C : lOLL, PITCH, ' TAll ev - PULSE ( .. leetable on 
individual-axle baeia) 

REMARKS 

If all axes are not wanted under pulee control, reaaiD­
ing axia (es) can be controlled vith S/C :  AGS ev - AUTO 
or ATr HOLD . Do DOt eet S/C: AGS 8V - OFF. S/C :  AGS 
.., - AUTO providee autoaetie diecrete to A!A and routee 
enable voltage to ATCA abort prea.plifiere throuah eon­
tact cloaure eatabliahed vhen GUID COMT .., - AGS . If 
AUTO poaition is eelected, auidance eteerina (X-axie) 
(addresa 400+10000) and z-axia ateerina (addreaa 
400+20000) ehould not be aelected , unleaa apecified by 
particular procedure. Selection of either ateerina .ode 
vhile in AGS autoaatic .ode could reeult in vehicle 
attitude ratea of 10•/eecond in all three axea . 

Provide• followup diecrete (attitude bold aad ACA out of 
detent) to A!A and route• +28-vdc enable eiaaal to ATCA 
abort pr ... pliflera through contact c loaure eatabliebed 
vhen GUID CONT n - AGS. 

Deadband b DOt iD effect iD axie (u) aelected for pulee 
control . Min� dudband 1a auta.atically provided 
during MPS thrueting . In MAX poaition, deadbucl in 
roll , pitch , and yav 1e s• . In Milf position, deadbad 
in pitch and roll is 0 . 3• ; in yav, 0 . 4• . 

Route• +28-vde enable eignale , provided via S/C :  AGS 
.., - ATT a>LD or AUTO , to ATCA four up-fir ina abort 
pr ... plifiera . ERG THR CORT :  BA.L CPL .., - ON durina all 
at .. ion ph•••• · except duriq AI'S enaine burna . Thia 
pemita ICS to add to net thruet vhen under AGS control. 

Proviclee d-e power to S/C :  lOLL , PITCH , ' TAll ev for 
direct and pulae .ode operation. 

Inhibite AEA attitude errora and ACA rate ea.aanda to 
ATCA (aeleeted axle only) . Inhibit• rate d..,ina (open­
loop acceleration in selected axis only) . Inhibit• 
routing of ATCA giabal co.aanda to DECA (eeleeted axia 
only) . Routea ACA pulse ca.aands to ATCA jet loaie. 
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4 . S .l . 7  ACS Pulaa (cOGt) 

CAUTIC* 

If -aa1 ONrride llbout ..., ui• (except 
1-axia ...... ta attitude hold or ta pi"-ace 
•teariaa. or Z-axia vhaa Ia Z-bocly-axt• 
•teariaa) ta c _ _.d, oadllatiou caa 
build • in other au• . If thta occun in 
att1t.._ bol d ,  A£A •h-ld be ..,..atarily 
tlk• out of detent . 

3. lt£,A - _..,.r • cleaired 

4 . S . l . l  AGS Direct 

If all axaa an not placed wader AGS direct 80cla :  

M:l Pc.rer-Up (required) 

AGI Qaec:koat (duired) 

ta Prt.ay Coil laabla (required) 

'ff:KS/jl;S Wp (required) 

AGI etate wctor ftlid (requi red) 

16 1 1. Cl S/C :  
ATCA - cloae 

ATCA (ACS) - cloae 

-

REMARKS 

If .. ua1 Oftrrlde i• required u a back .. in OM or •n 
axaa , vith AGS in autoeatic coatrol , it ta ... _. that 
ca.puted attitude errore will be kept aear null ... aally ; 
therefore , oactllatioa prab ta. will aot ocelli'. 

Aa loaa u ACA b held 2 .  s• out of cletaat . ATCA �a ... 
pal .. �• of approxiaately 0 . 016 •acODcl clarattoa 
at rate of approxtaataly 4 . 3  pulau/•acOGd. 

Pentta -ual iattiatioa of aaplar acceleratiOG coe­
-• throuah oa-off Uriaa of lCS jete (two-jet opera­
tioa direct to aecoadary coila) oa iaclt'ridual-aua but. . 
In aelacted axia(ea) , autoeatic rate .._,taa aad AKA 
at titude coatrol are !oat (opea-loop acceleratioa) . 

lef para 4 .6 . 2 . 1 .  

le f  para 4.6 . 2 . 4 .  

le f  para 4 . 5 . 1 . 1 .  

le f  para 4 . 9 . 2 . 1 .  

AGS laitializatioa Routiae (R47) (para 4.6 . 1 . 11) , o r  AGS 
"-Dual LH State Vector Update /Initialiaatioa procedure 
(para 4 .6 .2 . 7) and AGS MaDual CSM State Vector Update/ 
Initialiaatioa procedure (para 4 . 6 . 2 . 9) . AGS iaitialiaa­
tioa aad alip•nt are required for auidaace e teeriaa 
aad Z-axte e teedq, but are not required vh• LM 1a 
holdiq attitude in AGS autoaat ic .. . 

Pro'ridee d-e pc.rer to ATCA pover eupply • 

Providea d-e p011er for eelectiq ACS operatioa via GUID 
COMT 1111 - AGS , btu to ATCA out-of-detent rel-r, aad 
enab le voltage for ATCA abort prea.pli fiera via S /C :  
AGS aw - AUTO or ATT HOLD • 
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CAunOM 

To pr8¥ent inadYertent ICS 
jet firina , S/C:  AGS 1111 - OFJI' 
before CB S/C :  ATCA ' Cl 
S/C :  ATCA (AGS) - eloae 

letlbliah AGS eutaaatie or attitude hold control (if 
duired) : 
GUID COIIT w - AGS 
S/C : AGS w - AUTO 

or Mlect : 

S /C:  AGS w - ATT BOLD 

S/C : DEAD IA1Q) av - HAl or MIM 

ENG TB1l COift' :  IAL CPL M1 - OM 

!atabliah AGS direct control :  
CB S/C :  Aft DIR COHT - eloae 

REMARKS 

Seta bank of relay• for AGS operation . 

If all ax•• are not wanted uader direct control , r-1D-
1nl uia (ea) ean be controlled with S/C :  AGS av - AUTO 
or ATT a>LD . Do not aet S/C :  AGS w - OFF. S/C : AGS 
w - AUTO prOYidea eutoaatie diaerete to A!A aad routea 
enable YOltas• to ATCA abort pr...,lifiera tbrouah con­
teet eloeure utabliahed when CUID COMT w - AGS . If 
AUTO poait ion 1a aeleeted , auiduce aueriq (addrua 
400+10000) and z-axia ateeriq (eddr ... 400t-20000) 
ahould not be aelected , unl .. a epecified by partic:.lar 
procedure . Selection of either ateeriaa IIOde while ill 
AGS autoaatie �de could reault in Yehiele attitude 
ratea of 10•/aecond in all three axea. 

PTOYidea followup diacrete (attitude bold ancl ACA out of 
detent) to AlA and routea +28-Ydc enable •i&Dal to ATCA 
abort praa.plifiera throuah eontaet eloaure eatabliabed 
when GUID CONT av - AGS. 

Dudband ia not 1n effect 1n axia(u) •elected for di­
rect control. Min:laua dudband ia autollatically prOYided 
durina liPS thruatina . In MAX poaition, dudbad in roll, 
pitch , and yaw 1a 5• . In MDI poaition, dudbaacl in 
pitch aad roll 1a 0 . 3• ; iD yaw, 0 . 4• . 

bote• +28-Ydc enable ataaal, prOYided by S/C: AGI av ­
Aft ll>LD or AUtO ,  to ATCA four up-firbtc abort pre­
a.plifiera . DC 1'llll COift' :  IAL CPL w - OR cluriq all 
aiaaion pha••• , except clurtna APS eqiae burna . Thia 
.-nita RCS to add to Mt thruat when under AGS control. 

PrOYidea d-e pover to S/C : ROLL, PITCH, ' YAW av for 
direct and pulae aode operation • 
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4 . 5 . 1 . 8  ACS Direct (cont) 

S/C :  lOLL , PITCI, ' YAW ., - DIRECT (selectable on 
iDdiYidual-uta buta) 

CAUTIOR 

If IIIIDual cwerride about any axis (except 
X-axia wbeD iD attitude hold or iD &UidaAce 
at .. rtq , or z-axta vbea 1D Z-body-uta 
at .. rtq) 1a c-=aacled , oacUletiooa c:aa 
build up ia other azea , If this occurs io 
attitude bold , A£A abould be IIOMDtarily 
t.ua out of deteat. 

M:.A 14 . II:.A - llaDeWer u daaired 

4 . 5 . 1 . 9  ACA Hardover 

u 1 1 .  ca 5/C: Al'T DII ann - cloee 

4 

ACA 

2 .  latabltah bardcwer cootrol : 
M:.A/4 JET ., (mi/LMP) - IIIABLE 

M;A (CDI/UIP) - llaDeUYer aa d .. ired 

4. S. 2 TIAIISLATIOR OOJTIOL ti>DES 

4 . 5 . 2 . 1  Deaceat ED&ioe Oa/Off Control 

1 .  PGNCS coatrol : 

LGC Power-Up (required) 

IHU Power-Up (LGC Operatioa) ( required) 

PCNCS Pretbruat Progr .. (required) 

REMARKS 

Iahibita AEA attitude error and ACA rate �de to 
ATCA (selected axis only) . Iahibita rate d.-piaa 
(opea-loop acceleration 1D selected uta oaly) . Ia­
bibita ATCA aillbal c�da to DECA (Hlected uta only) 
.ad routu +28 vdc to DIRECT contact of ACA. 

If IIIIDtaal override 1a required u backup io one or 110re 
u .. , with AGS 1o auta.atic cootrol , it is uau.ed that 
�uted attitude errore will be kept oear aull ... ually ; 
therefore , oacillatiOD prob l.ea will aot occur. 

As looa aa ACA ia held 2 . 5 •  out of detent , ICS jete will 
fire cootiououaly . 

Provid .. override of attitude coatrol by routia& CES 
oa-off c�d• to ICS aecoodary coila for four-j et 
operatioa . 

Provides 28 vdc to ACA 12• switch (bardover) Yia ACA/4 
Jl'r sw - IHABLI. 

Routes 28 vdc to ACA 12• switch (hardOYer) fr� CB/SC: 
An' DII COIIT. 

Hardover c-=aod is initiated when ACA is 80Ved 12• 
out of detent (12• avitchea close) aod 28 vdc ia routed 
to ICS 1ecoadary coila . 

Provide• configuration for atartioa and a toppiDg deaceot 
eoaioe , uaiag PCNCS , AGS , and -oual coatrol . 

Ref para 4 . 6 . 1 . 1 .  

Ref para 4 . 6 . 1 . 3 .  

Re f  para 4 . 7 . 1  or P63 . 

i 
� �  l i  



!' �lEW-n MAN i 
PNL 

• 
I .... 

0\ 

"' 
• 

"0 " 11 
II g. 
• .. 16 .... "' .... .... 

11 

1 

n 5, 6 
I" 
1 1 

¥ 

11 

16 

i � 

PROCEDURES 

11;.5 . 2 . 1  Deacent Eosine On/Off Control (coot) 

a. ED& on :  
CB 5/C:  D!CA PWll - cloae 

CB S/C: ERG ARM - cloae 

Cl S/C: ATCA (PCRS) - cloae 

ABORT STACI pb - reaet 

IDa STOP pb/lt - ruet 

GUID COift' .. - PGRS 

IIIG 1'D COift' :  DC AIM .. - DES 

u;c •a-oa ca M 

b . ... off :  
Cl S/C : ATCA (PCIIS) - cloae 

Cl S/C: DG AJDI - cl011e 

REMARKS 

PrOYidea d-e power to deacent enaine-ar.ioa end 
enaine-on relaya in DECA. 

PrOYidea d-e power for autoaatic en&ine-oa lo&ic aad 
eneraisea relay• for routina ar.ina end enaioe-oa 
c�da via ERG THll CONT : ENG ARM .. - DES • 

PrOYidea d-e power for aelectioa PGHCS operatioa via 
GUID OONT .. - PGNS . 

Preventa deacent enaine-oa relay• froa bec011iQ8 
deenergi&ed . 

ec.pletu dgnal path to enaine-ar.ina relay• froa DIG 
TRI. OONT : ENG ARM .. - DES . 

Seta beak of relay• required for PGICS operatioa ... for 
routin& followup aigaal to AEA. 

IDutea d-e po��er to en&iDe-ar.iDI relay• throup eD&iM 
StoP pb/lt - reaet. 

Iaaued by LGC after both of followiDI cODditia.a ar. .. t:  
( 1) ullaae 1a .cknowled&ed by PJO reapoaae to rL 999 
(ullqe tr&Dalatioa 1a autoaatic) and (2) DGIIiul 
i&nitioo tt.e 1a reached. 

Provide& d-e power for aelectina PGMCS operatioa via 
GUID CONT .. - PCHS. 

Providea d-e power for autoaatic enaiDe-off loaic. 

I 0 
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R· .:..-:·1 PNL I PROCEDURES r r �1): I , .. 5 .  2 . 1  Deo c... Enlino Oa/Off c-• rot ( caot) 

e�� 1 GUID OOMT av - PGM5 
• 

"CC " 
• I- I I l I 5/C: PCIIS av - AUTO 
• .. 
.... >Q .... 
.... I I I LGC eaa-off c�d 

or aelect : 

s . : I &aa STOP pb /lt - puah 

ENC TBR OOift' : !JIG ARM av - OFF 

n I I I or select : 
7 
Q t I I s . 6 I IDI STOP pb /lt - puah 

I I I 1 I AIOR'J' pb - reset 

ENC TBR COM'1': !JIG ARM av - OFF 

2 .  AGS coatrol : 

AGS Power-Up (required) 

AGS Pnthru.t Proar- (requi red) 

RCS Tranalat ion ( required) 

a. Ens on :  
11 Cl 5 /C :  ENG OONT - close 

16 Cl 5 /C: ENG ARM - close 
I I , 

Q 
CD 
• 

� I I 11 CB 5 /C :  DECA PWR - close 
.., I .... 
0\ 

REMARKS 

Seta bank of relays requi red for autoaatic enaine-off 
ca.aand .  

Provides autoaatic discrete t o  LGC and estab lishes suto­
utic descent ensine-off dpal path for LCC-seaerated 
enpne-off c�anda • 

Issued by LGC when shutoff cri teria are reached. 

Provides backup , ��anual descent ensiae-off control by 
reiiOvina deacent enaiae-anliq dpal. 

ReW�GWa redundant power and and.na ataaal path to 
descent enaiae-andna relays . 

Re f  para 4 . 6 . 2 . 1 .  

Re f  para 4 .  7 . 1 .  

Ref para 4 . 5 . 2 . 5 .  
RC5 tr.aa lation required for ullaae . 

P rovides d-e power to descent enai ne-araina and 
enpne-on relays in DECA . 

Provides d-e power for autout ic engine-on logic and 
energizes relays for routing arwdns and e naine-on 
co..anda via ENG THR CONT: ENG ARM sv - DES . 

Provides d-e power to descent engine-aratng and 
engine-on re lays in DECA 
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16 CB S/C : AICA (AGS) - close 

1 I ABORT STAGE pb - reset , s .  6 I Ena STOP pb /lt - reset 

1 I GUID CONT av - AGS 

3 I S/C :  AGS 11V - AUTO 

1 ABORT pb - push 

ENG TIIR. CONT: ENG ARM av - DES 
AEA ena-on c�d 

b .  Ena off :  
16 CB S /C :  

ENG AltH - clon 
ATCA (ACS) - close 

1 ABORT pb - push 

GUID COMT av - AGS 

3 S /C : AGS av - AUTO 

AEA ena-off co.aand 
1 ENG Till CONT: ENG ARM av - On' 

REMARKS 

Provides d-e power for selectina AGS operation via GUID 
CONT aw - ACS . 

Prevents descent engine-on relays froa beco.tng 
deenergized . 

Completes signal path to engine-ar.tng relays when ABORT 
pb - push or ENG THR. CONT : THR. CONT 11V - DES, 

Sets bank of relays required for ACS operation. 

Provides autoaatic discrete to AEA, required for auto­
.. tic engine-on co.-and. Automatic DPS and APS 
engine-off signal path is established. 

Provides abort discrete to AEA, required for autoaatic 
engine-on c�and .ad routes d-e power to enaine-ar.tng 
and engine-on relays . 

Provides redundant d-e power to descent engine-ar.tng 
and engine-on relays . 

lasued by AEA after 1181lual ullqe traaalation hu been 
perforwed. 

Provides d-e power for auta.atic enaine-off 1og1c. 

Provides d-e power for selecting ACS operation via 
GUID CONT aw - AGS. 
Provides abort discrete to AEA, which provides autoaatic: 
off ca.a.ad by AEA. 

Seta bank of relays required for AGS operation. 

Provides aut011aUc discrete to AEA , which provides 
autoaatic off co.aand and establishes auta.atic: DPS and 
APS engine-off sipal path for AU-generated eng1ne-off 
cm.ands . 

Issued by AEA when shutoff criteria are reached. 
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4. 5 . 2 . 1  Descent !Baine On/Off Control (cont) 

3. "-Dual coatrol : 

•· ED& oa :  
Cl S/C :  lNG ARM - cloea 

Cl S/C : 
lNG STAR!' OVID - cloea 

DICA PV1t - cloee 

DC OONT - cloea 

.AIOir STAGE pb - neat 

Ena STOP pb/lt - neat 

TRIIDl'TLI/JITS cont (CDR or LW) - JETS 

ERG TBI OOlft' : ENG AIM av - DES 

TtCA (CDR or LMP) - _,.. up 
or 
+X TIAISL pb - push & hold 

ED& STAJT pb /lt - push 

b .  !Dg off : 
Cl S/C : lNG OONT - close 

ED& STOP pb/lt - push 

ERG TRR OONT : ENG ARM av - OFF 

REMARKS 

Provides d-e p011er for aaergtzina relays for routin& 
anaine-anlf.ng and engine-on �• via ERG Til CDliT :  
ERG ARM av - DES • 

Provides d-e p011er for setting IMDual start relay via 
HI START pb/lt - push . 

Providu d-e p011er to descent an&ine-andq •d 
aaaine-on relays in DICA. 

Provides d-e p011er for energiain& -.nual eaaine-on 
relays 'ria ERG TRR OOIIT : ENG AIM av - DES . 

Pre ... ata descent eaatae-on co.Md relays froa bain& 
reset . 

COIIfletea sipal path to enatae-anlin& relays when DC 

TRR OONT : ERG ARM av - DIS • 

Selects X-axia jeta . 

Joutea d-e p011ar tO anaine-anlf.q relays ad tO .. ual 
start relay . 

Provides requi red ullaae control. 

Mo.entary pushbutton , which eaerai&ea INI'Iual descent 
enaine a tart relays • 

Prov1dea d-e p011er to .anual deacent en&iae atop relay 
when eng STOP pb/lt - push . 

Routes d-e power to unual descent enaine atop relay and 
re110vea d-e power fro. descent eng1ne-ana1ng relay .  

Provides backup , .. nual stop by deenergizing aanual 
descent engine start relay. 
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1.  PGNCS control : 

LGC Power-Up (required) 

IHU Power-Up (LGC OperatinR) (required) 

PGNCS Prethruet Progr- (required) 

•• En1 on :  
CB S/C : ATCA (PGNS) - close 

CB S/C: 
ENG ARM - close 

ATCA - close 

CB S /C :  AELD - clot�e 

En1 STOP pb/lt - reset 

GUI D OONT av - PGNS 

ENG TRR OONT : ENG ARM 11¥ - ASC 

LGC ens-on co-•d 

b .  En1 off : 
CB S/C: PJfG ARM - close 

CB S/C : ATCA (PGNS) - close 

GUID OONT sw - PGNS 

REMARKS 

Provides confi�uration for starting and stopping ascent 
engine , us in� PGNCS , AGS , and manual control . 

Ref para 4. 6 . 1 . 1 .  
Ref para 4 , 6 . 1 . 3  • 

Ref para 4. 7 . 1 .  

Prorides d-e power for selecting PGNCS operation .ta 
GUID OONT sv - PGNS . 

Prorides d-e power for autoaatic engine-on logic and 
ener&izes relays for routin& ar-in1 and en&ine-on 
co..ands via ENG 'mR CONT : ENG ARM av - ASC .  

Prorides d-e power to  ATCA power supply , which clewlopa 
power for autoaatic ascent engine on-off lo&ic, 

Provides redundant d-e power for engine-on co-anda. 

Ca.pletes siRftal path required for ener&izins autoaatic 
engine-on relays . 

Sets bank of relays required for PGNCS operation and for 
routinR follovup signal to AEA . 

Routes d-e power to engine-ar- relays , 

laaued by LGC after both of following conditione are .. t :  
( 1) ullage is acknowledged by PRO responae to FL V99 
(ulla&e translation is autoaatic) and (2) noainal 
ignition ti .. is reached. 

Providea d-e power for autoaatic engine-off lo&lc. 

Proridea d-e power for selecting PGNCS operation via 
GUID CONT 11¥ - PGNS • 

Sets bank of relays required for PGNCS automatic engine­
off caa.and. 
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S/C: I'GIIS .., - AUTO 

LGC •a-off co.aaad 

lNG TBR COIIT : lltG AIM n - OPP 

.AGI CODtrol : 

.AGI Po.er-Up (required) 

AGS Pretbruat (required) 

RCS Traaa1ation (required) 

a. EDa on : 
CB S/C : 

lltG AIM - cloae 

ATCA - cloae 

CB ID: LOGIC A - cloae 
CB ED: LOGIC I - eloae 

CB S/C : AELD - eloae 

CB S/C :  ATCA (AGS) - eloae 

CB S/C :  ABORT STAGE - close 

Eaa STOP pb /lt - reaet 

GUID CONT .., - AGS 

REMARKS 

Providea autoaatic diaerete to LGC aDd eatab1iabea aia­
aa1 path for LGC-aeaerated enaiDe-off co.aaada . 

Iaaued by LGC when ahutoff criteria are reached • 

Re.ovea backup arains function aad iaau .. ••caat eaaiae 
atop diaerete to aaceat eaaine . 

Ref para 4 . 6 . 2 . 1 .  

Ref para 4 • 7 .  1 .  

Ref para 4 . 5 . 2 . 5 .  
RCS tranalation required for ullaae . 

Provide• d-e power for auto.atic aacent enaiDe-on loaic 
and enersizea auto.atie eaaiDe-on re1aya •ia ENG TBl 
CONT : ENG ARH .., - ASC . 

Provid.. d-e power to ATCA power aupply 1 which dne1opa 
power for auto.atic aaceat qiae OD-off loaic . 

Providea d-e power for APS preaaurization aDd ateaina 
aequenee relays vhen ABORT STAGE pb - puah. 

Providea redundant d-e power for ena ine-on eo.aanda . 

Pro•idea d-e power for aelectins AGS operation •ia GUID 
CONT av - AGS . 

Provides d-e power for arains relaya and abort ataae 
diaerete relaya vhen ABORT STAGE pb - puah . 

Completea aisnal path required for eneraizina autoaatic 
enaine-on relays • 

Seta bank of relaya required for AGS operation. 
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PROCEDURES 

4 . 5 . 2 . 2  Aacent Enaine OD/Off Control (cODt ) 

S/C : AGS av - AU"l'' 

ABORT STAGE pb - puah 

ElfG TBR. CONT :  BIIG AIIH av - ASC 

AlA eD&-OD cu..and 

b. IDa off : 
Cl S/C : ABORT STAGE - cloae 

Cl S/C : 
lNG AIIH - cloae 

ATCA (AGS) - cloae 

ABORT STAG! pb - puah 

GUm COHT av - AGS 

S/C : AGS av - AU'l'O 

AlA eaa-off ca.uad 

EMG THll COMT : ENG AIIH av - OFF 

ABORT STAGE pb - ruet 

REMARKS 

Provides autoaatic diacrete to AlA , required for 
isauance of auta.atic enaine-an ca.aand . Autoaatic DPS 
end APS enaine-off sianel path is esteblished . 

Route• d-e power to araina and abort ataae diacrete 
relay• . Abort stase diecrete to AlA is required for 
auta.atic engine-on cu..and . 

Provides redundant d-e power to ascent ensiDe-araina 
relay . 

Iaaued by AEA after aanual ullase translatiOD has been 
perforaed . 

Provide• redundant power to abort stase diacrete relay• 
when ABORT STAGE pb - puah . Abort atase diacrete ia 
required by AEA to iaaue autoaatic engine-off c�d . 

Pro9idea d-e power for autaaatic eaaine-off lotte . 

Provides d-e power for aelectin& AGS operation Yi& GUID 
COMT .., - AGS . 

Provides abort atase diacrete to AlA , required for 
auta.atic engine-of f  ca..and .  

Seta bank of relays required for AGS operation. 

Provide• auta.atic di&crete to AlA, required for AlA 
autoaetic ensine-off ca.aand ,  and eeteblishee auta.atic 
DPS and APS eaaine-off sisnal path for A!A-sanerated 
easine-off ca..ands . 

laaued by ABA when ahutoff criteria are reached . 

Re.GYes d-e power to aratna and abort stase diacrete 
relays . 

t � ,. 
0 
o ,. ,. � ; ,. ,. ...,. :::! 8 o .  
Z w  ; i  � 
CJ § 



r 0· r·1 PNl I PIIOC!DUIIS 
MAN � I 1 4 .> .2 .2 ....,, ...... Oo/Off Coatrol !eoot) 

� 3. Maaua1 eoatrol : 
• � ,  i 
• 

... I .... 
\D .... .... 

n 5 t 
r 1  

: 
' 
I 

� 

� 
I 

N 
N 

1 11,161 

I 11 1 

s. 6 

1 

s 

11 

r· 6 , 
1 I 

•• IDa oa: 
C8 S/C: AILD - cloee 

Cl S/C : IIG START OVID - eloae 

IDa STOP pb/lt - r .. et 

DG 'I'D COMT: DC AIM av - ASC 

IDa START pb/lt - puab 

b. IDa off : 
C8 8/C: IIIG CONr - cloee 

... STOP pb/lt - puah 

DG 181 COft: IIIG AIM av - OPP 

4.5.2. 3 Deaeeat !!aiDe Throttle Control 

1. PCBCS eoatrol : 

a. Autoaatic tbrottliq : 
LGC PC11Mr-Up (required) 

REMARKS 

Prcrndea reduadant d-e power for -af.ae-oa e-.Ma • 

Providea d-e power for aacent enaf.a-anliq aad atart 
relaya Yia DC TBR COIIT: IIIG AIM aw - ASC . 

rr .. eata uceat eaaioe-anf.aa ad atart relay• fl•oa 
beiDa r .. et . 

loutea d-e power to .. cent _,ioe-antf.aa aDd atart 
relaya. 

tto.eatary puahbutton , which eneraia.. antiq ad atart 
relaya. 

rro.idea d-e power for eneraizilla relay that reaeta 
..aual antDa aad atart relaya . 

....,.._ enaine-oa c�Dd by routf.aa d-e powr to relay 
that r•eta ..... 1 aniaa &lUI a tart relaya . 

rro.idea backup • ll&llU&l atop e.-...1 by d.-.qidq 
atart relaya . 

latabliahu eDilfipration for PCNCS (aut-.Uc aDd r:��ual) aad AGS <-nual Dilly) throttlf.aa eoatrol of 
••cent enaine ..... providu atepa for .. itchiq froa 

ta.atie to .. nual and froa .. uual to autaaatic throt­
tlf.aa eOiltrol . 

�f para 4 . 6 . 1 . 1 .  

L----�---�------------------------------------------------------------�-----------------------------------------------� 
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PROCEDURES 

4. 5 . 2 . 3  Descent Ensine Throttle Control (cont) 

CB S /C :  
ATCA - c loae 
ENG ARM - close 

CI/AC IUS A: D!CA GHBL - cloae 

!atabliah PGMCS autoaatic throttlina control : 
CUID CONT av - PGN S 
S/C : PGNS av - AUTO 
DG Tall COMT: THll COMT av - AUTO 

b ,  !Waual throttlina: 
Cl PCRS : IMU OPJl - close 
Cl PLT DISP : THRUST - cloae 

Cl S /C :  �CA - cloae 

Pollowiaa pi'Gridu backup d-e power to MDual 
throt tliaa circuits : 
CB S/C: DIG AIM - cloae 

ABOJl1' pb - ruet 

ERG '1'81. COMT: ENG AltH av - DES 

CI/A£ IUS A: DICA QfBL - close 

E8tlbli8h PGNCS ..aual throttliq caatol : 
CUID CONT av - PGNS 

REMARKS 

Provides d-e power to ATCA power supply , which develops 
power for automatic throttling circuits , 

Seta relays for PGNCS operation. 

lloutea auto.atic thrust dbcnte to LGC •d pendta 
autoaatic throttlin& co-.ds froa LGC to be  routed to 
throttle valve actuator ••elb ly .  With DG TBil COlT: 
TBR. COlT av - AUTO , MDual ca-ands froa TTCA'a •ay 
also be routed to thrott le vahe actuator. H•ual c� 
voltaae vill be added to autoaatic c�d volta11 in 
descent enaitw throttle actuator;  reaultaDt effectbe 
cw.and voltap vill be s- of tvo voltapa . 

PI'Gridea d-e power to PSA , which develops 28v, 800 cpa , 
for TTCA throttliDJ exci tation. 

PI'Gridea d-e power to ATCA p01rer supply ,  which develops 
power for IMDual throttliDJ circ:uits . 

Provides d-e power for eaerpdDJ autoaatic eqiae-aa 
relays . 

Cc.pletea retum path to Cl S/C: ERG ARM . 

lloutea 28-vdc power to enerp• and.na relays , which 
route 400-cpa power to DEC.\ auxiliary power supply.  

Provides �o-cpa power to DICA auxiliary power supply , 
which provides backup voltap for IUIIual throttliDJ 
circuits . 

Routes 800-cpa pover fr� PSA to TTCA. 
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Deacent Eaaine Throttle Control �cont) 

ENG Til CONT: HAN TIIROT ev - CDR or SE 

TllllOTTLE/J!TS cont (CDR and/or LKP) - THllOTTLE 

Throttle friction cont (CDR/LHP) - adjuat •• 
dedred 

ENG Til CONT :  THil CONT ev - MAN 

TTCA (CDR/LHP) - .o¥e •• deaired 

CAUTION 

Operation in tranaient region (65% 
to 92 . 5%) cauaea exceasive eng eroaion .  

Roush coabuation .. Y be expected at 
atart of DPS burna , due to a•• ina••-
tiaa in propellante . Rouahneaa can 
laet u lona •• 25 aec , depend ina 
on bow quickly ena ia throttled up . 
Tbere ia no coaetraint on throttling 
due to thia rouahneaa • 

Auto.atic to aanuel throttle avitchover : 
Cl PLT DISP:  THRUST - cloae 

Eatabliah confiauration for PCNCS aanual thro t t le 
control, except •• followa : 
ENG TBil COlft' :  THll CONT av - AUTO 

TTCA (CDR/LKP) - alowly increase throttle com.and 

REMARKS 

Provides aanual throttling control authority to CDR or 
LHP and routes 800-cpa power to TTCA and to .. nual 
throttling circuita • 

Enables TTCA throttlina capability . 

Each control variea force required to aove aaaociated 
TTCA in +X-direction. Tbay are operative only when 
aasociated THROTTLE/JETS coot - THROTTLE . Force 
required to aove TTCA variea froa 0 . 2 5  to 1 pound 
(ainiaua force) to 2 . 5  to 3 . 5 pouada (aast.ua force) . 

Peralta crew to .onitor aanual throttlina ca.aaada on 
CHD THRUST ind and r.aovea autoaatic throttliaa ca.aaada .  

Throttle control varies froa 10% to 92 . 5% (baaed upon 
100% • 10 , 500-pound thruat) , with capability of aelective 
throttling from 10% to 65% . 

Aeauaption : DPS autoaatic throttle control vae initiated. 
Svitchover procedure is required to attain aaooth 
tranaition in throttlina authority . 

As TTCA thrust command is increased (when LGC thrust 
commands are in throttlable region) , every 2 seconds in 
P63, and P64 , and every 1 second in P66 , LGC coa-
aands decrease correspondingly so that effective thruat 
level is returned to desired level . Avoid unneceaaary 
operat ion in region from 65% to 9 2 . 5% • 

• L----�-------L-------------------------------------------------------------------------------------------�-----------------------------------------------------------------------------� 
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4. 5 . 2 . 3  Descent Engine Throttle Control (cont ) 

CHD • ENG THRUST ind - monitor 
When thrust • 10% • eng pressures show s light 
increas e :  
ENG THR OOMT : THR OONT ltV - MAN 

TTCA - adjust thruat lew l  • desired 

d, Mauaal to aut011at1c thrott ling svitchow r :  
Eetablish configuration for PGNCS autoaati c  
throttllna control : 

TTCA - alovly decrease to lliniawa thrust position 

CAOTIOR 

Operation in transient region (65% 
to 9 2 . 5%) causes excessive ena 
erosion . 

lou&h co•ln•tion aay be expected at 
start of DPS burna , due to 1• inaeation 
in propellmta . Rouahneas can l• t • 
lona u 25 aec, depending on how 
quickly ena is thrott led up .  There ill 
DO constraint on thrott ling due to 
this rouahne .. . 

REMARKS 

Due to internal b ias , CMD THRUST ind c:annot read less 
than 10% .  Full amual authority is established vhen ENG 
THRUST ind remains at increase in response to TTCA in­
crease . Only at this point can ENG TBJt OORT : TBll OONT 
sv be set to MAN without subjecting DPS to llinus b. 
th rust c�and. ENG TBR OOMT : THR COMT sv - HAM reiiO'ft!s 
auto .. uc throttling c�ds ad peralta crew to wm­
itor .anual thrott liq co.unds on am TBilUST ind, 
Aut011atic DPS shutdown ia s till enabled. 

Assu.ption : DPS ..aual throttling a10de vas initiated . 
When ENG THR OOMT : TBR OOMT sv - AUTO, LGC 1111J c�d 
thrust lewl areater than existing thrust level . 

Gradually decrease TTCA to lliniaua poaitiOD. LGC will 
increase thrus t co.ada correapondin&ly (when LGC 
thrust c011111anda are in throttlab le region) at 2-second 
intervals for P6 3 ,  and P64 and 1-aecond intervals 
for P66 if existina thrue t level 1a to be aaintained. 
Under aut011atic throttli111 control , thrust leYel caaDOt 
be less than that �ded by TTCA. I f  IUilaal DPS 
s tart was used , 118Dual DPS shutdGinl ia required. 
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PROCEDURES 

4 . 5 . 2 . 3  Deaceot £aa1De Throttle Coatrol (cont) 

2. AGS coatrol (MDUl tbrottlia1 oaly) : 

CB S/C: ATCA - cloee 

J'olloriaJ prcnridea backup d-e power to aaual 
throttliDI circuite : 
Cl S/C : DG AIM - doH 

ABORT pb - reaet 

DIG !D COli!': I!IIG AIM av - DES 

Cl/ AC IUS A :  DICA QIIL - cloee 

Eatabliah .AGS aaaual throttllq control : 
cum cmrr "" - .AGS 

DIG '1'Bil CON'l': KAlf TBIOT av - CDR or SE 

'IIIIO'l'TLI/JITS CODt (CDI/UIP) - THROTTLE 

Throttle friction cont (CDI/UfP) - adjuet u deaired 

IIIG '1'Bil CON'l' : TBl CONT av - HAN 

T'l'CA (CDI/UfP) - IIOYe u deaired 

REMARKS 

Prowtd .. d-e power to ATCA power aupply , which deYelopa 
.-c ad d-e power for aaaual throttliq circuita . -

Providea d-e power for eaar1ialq «Diiae-aratac relaya • 

Ca.pletea return path to CB S/C : ERG AIM . 

Routea 28-vdc power to ener11ae relay , which rout .. 400-
c,. pcNer to DECA auxiliary power aupply . 

Puraiahea 40D-cpa power to D!CA .uxillary powar eupply , 
which providea backup Yoltal• for .. aua1 throttliat 
clrcuita . 

Routea 800-cpa power froa ATCA power eupply to TTCA. 

Provid.. aaaual throttle coatrol authority to CDR or LNP 
ad routea 800-cpe pover to ATCA eel to aaaual tbrot­
tliDI circuit& . 

Enablea TTCA throttllq capability .  

Each control varies force required to aa. e  uaociated 
T'l'CA in +X-directlon. They are operative only vheo 
uaoclated THROTTLE/JETS cont - 'l'BilOTTL! . Force required 
to 110ve T'l'CA vart .. froa 0.25 to 1 pouad (aiDt.. force) 
to 2 . 5  to 3 . 5  pouada (aaxiaua force) . 

Peralta craw to IIODitor .. nual throttle ca..anda 011 CHD 
THRUST ind and r.-ovea autoaatic throttle caaaeada . 

Throttle control varlea fro. 10% to 92 . 5% (baaed upon 
100% • 10,500-pound thrust) , vith capability of selective 
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4 . 5 . 2 . 3  Descent £aaine Throttle Control (cont ) 

CAUTION 

Operation 1D traaaient re1ion (65% to 92 . 5%) 
eauaea exceaaive ena eroaion . 

Rou1h co.buation aay be expected a t  start of 
DPS burna due to ta• in ... tion in propellanta • 

Jlouahnua caa lut u loag u 25 aec , dapending 
Oil haw quickly eoa ia throttled up .  There is 
ao conatraint oo thrott ling due to this 
rouahn•••· 

4 .5 . 2 . 4  GDA !nabla 

11 1 1 .  Cl/1.£ IUS A: DBCA GHBL - eloae 

I Cl S/C: DICl PWR - close 

1: 1 Cl S/C: ENG AIM - cloee 

AIOI'l' pb - ruet 

INC TD OOMT : PJIG ARM n - DBS 

or select : 

11 1 Cl 1/C: PJIG COMT - close 

11 AIOR'l' pb - puh 

l l 2 .  !MG GHB L  n - EMAIL! 

REMARKS 

throttling froa 10% to 65% . Thruat chaaau froa 
65% to 92 . 5% ,  or froa 92 . 5% to 65% , are not aelected 
under nor.al conditions . 

latabliahea configuration for enabling pitch aDd roll 
at.bal drive aaaeably and uaociated failure-detection 
circuitry . Aaau.ption : LGC &t.bal co.aaada or ATCA 
at.bal c�nda are preaent . 

Pra.idea llSv, 40D-cpa �r for GDA pitch aad roll 
transducer and to DBCA internal circuits. 

Pra.idea d-e power for eneraiziaa GDA relay coila. 

Pra.idea d-e power for _.raidna araiDa relays . 

Co.pletea return path to Cl S/C: ENG AIM .  

Roatea 2&-.dc power to eneraize relaya , which route a-c 
and d-e power to GDA circuita . 

Provides d-e power for eneraizina relaya . 

"Rautu 2&-.dc power to eaeraize relay• , which route a-c 
and d-e power to GDA circuita . 

Enable• 40G-cpa power to CDA pitch and roll awttcbu . 
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1 1 . PGNCS llllaaal. traulatloa control : 

LOC ra.r-up (required) 

D1J PCRMr-Up (required) 

DAf Data Load batlM (required) 

ICS PriMry Coil IDabla (required) u l Cl S/C: AreA (PGIIS) - cloee 

I CAUTION 

To preYeat iaadYerteat RCS jet 
firiq , S/C :  PGIIS - - orr before 
Cl S/C :  AfCA (rGIS) - cloee. 

Ee tabliah PGNS traaalatioa coatrol : 
1 I CUID OOIIt - - PGHS 

3 S /C :  PGIIS - - AUTO or ATT HOLD 

4 TTCA/'DWfSL - (CDR/UIP) - ENABLE 

REMARKS 

Z.tabliahea coafiauratioa for iaitiettaa PGHCS or AGS 
aaaual traaalatioa .. aeuvera and +X-axia traaalatioa 
cwerride coatrol . 

Ref para 4 .6 . 1 . 1  • 

Ref para 4 .  6 . 1 .  3. Cl rctfS : IHI1 OPR alao auppliu d-e 
power to PSA, vldch d ... lopa 2h, 800 cpa , for A£J. 
proportional excitatioa. 

Ref para 4 .6 . 1 . 8 .  Thia routiae eetabliahea two- or four­
jet 1-axia traa.latioa. 

Ref para 4 . 5 . 1 . 1 .  

Prond .. d-e power for aelectiaa PGRCS oparatioa Yia 
GUID CONT - - PGNS , btu volute to ATCA , out-of­
dateat relay power . and eaabla voltaae to UCA 
prt..ry pr...,Ufiar. Yia S/C: PGNS .. - AD'l'O or ATT 
II)LD. 

Seta bank of relaya for PCNCS operation . Whea LM 
coafiauration includea heavy deaceat etas• (PGNS ia 
coatrol) 1 Y- aad Z axia traaalationa , vhea �ad , 
ahould be perfor.ed aequentially to aYoid loaa of 
Yehicle attitude control . Word "heaYy" ia rafareaced 
to both ucent and deaceat propellent loadiq cooditioaa .  

Routea 28-¥dc enable aignal to ATCA prt.ary p r  ... pli­
fiera . 

�outea x- . Y- . or z-axia translation ca.aand diacrete to 
LGC when TTCA is actuated . 
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4 . 5 . 2 . 5  RCS Translation (coot) 

2. 

TllltOTTL!/ JETS coot (CDR/UfP) - JETS 
TTCA - aove in desired directioo of thrust 

If docked 6 attitude cootrol lost : 
TTCA - rel ... e uotil attitude error in deadband 

If heaYy d .. ceot staae or docked & 6VY or 6VZ required , 
reorient & translate alooa X-axis . 

.AGS II&Dual tranalatioo cootrol : 

RCS Prtaary Coil Enable (required) 

CB S/C: 
ATCA - eloee 

ATCA (AGS) - eloee 

CAUTION 

To pr...at iaadYertaat RCS jet firina, S/C :  
.AGS ew - 01"1 before Cl S/C :  ATCA (AGS) -
cloee. 

latablt.h .AGS tranalatioo cootrol : 
GUm CONT ew - .AGS 

S /C : .AGS ew - Auto or ATT HOLD 

REMARKS 

Enables TTCA X-axis translation capability. 

Steady Y-ca.aand or Z-c�od producers .are pitch or 
roll torque than can be cootrolled by RCS jete • 

Y- or Z-axia tranalatioo ccmauau double theoretical 
aint.ua RCS propellant because aianifieant pitch or roll 
torquiq is required to balance raote ceDter of 
.... . 

Ref para 4 . 5 . 1 . 1 .  

Proridea d-e power to ATCA power supply. 

Prodd .. d-e power for aelectiq .AGS operatioo 'f'ia cum 
COMT ew - AGS , bi.. for ATCA out-of-detent relay, and 
enable .altaae to ATCA Abort pr ... plifiers Yia S/C :  
.AG S  ew - Auto or A 'IT JKJLD . 

If GUm CORT • - AGS and S/C : AGS ew - AD'!O ,  
AlA .ay st-r LM. Set D!DA address 400+00000 (attit'llde 
hold) ; or initialize fliaht proar .. properly , iocludiQa 
a ._lid LM state vector and PGRCS/AGS ali....-t. Ob­
aerYe proper attitude hold reatrictioaa before AGS 
orientation to initial coaputed steeriq attitude. Ref 
para 4 . 6 . 2 . 13 • 

Routea 28-vdc enable aianal to ATCA abort preaaplifiers . 
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3. 

!'I'CA/'IIAIIIL • (CDJ./LMP) - !NAILl 

�/JI'fl coat (CDI./UIP) - JftS 

IRG !II. COif: ArT /'I'UDL • - 4 JlfS or 2 JETS 

TTCA (CDJ./LHP) - .awe iD d .. ired direction of thruat 

+1-.zt. tr ... latioD owerride coatrol: 

Cl 1/C: ArT DIR COft - cl.oee 

+I TIAIISL pb - pueh 6 bold (cODtinaoua firiD&) ; pqh 
6 rat.... (abort •urate) 

4.S .3  DYRAMIC DISPLAY MODIS 

4.5 .3 .1  PGICS Total Attitude Dupl!f 

1. Inertial diepl&J : 

REMARKS 

Rout.. 28-#dc .... ble YOltaae . via 8/C : AGS n - Arr II)J.D 
or AUTO . to ATCA four up-firioa abort pr...,lifiere • 

IIIC 'IBI C:Oif'l : IAL CPL n - 011 dariJII all lliuioa ,.... .. • 
acept dariDI AI'S -aiae buru .  Tbia pelllite J.CS to 
add to aet -aiae thrut. if -.ler AGI coatrol • 

J.out• x-. T-, or Z-ezia traMlatioa co='O'ta to AICA 
wh• nc.\ 1a actuated • 

Eubl• ftCA x-axu traulatioa capability. 

Select. four- or two-jet X-axie traoelatioa. 
Whea ewitch ie in 4 JETS poeittoa . htab rate lt.it 
cyclioa can reeult vha Uf ta iD liaht aaceat veiabt 
coaftpratton . Svttch to 4 J!TS poeitioa oaly vh• 
faUecl jete prnnt roll. pitch. or X-axu traulaUOD. 

Prowu .. four-jet +X-axu traelattoa via J.CS a�ry 
coila . 

Prowidea +28 ric to +X TIAifSL pb for •erat•iaa J.CS 
eecoadary coile . 

J.outee +28 vdc to eec:ODdary c:oUe of jete llD . A2D 1 llD . 
aDCI A4D . Jete fire C:ODtiDuouely aa lODI u paehbatt• 
u puebed. If pqhbuttoa faile cloeecl 1 Cl S/C: ArT 
DIR COif'l - opell ; thie prnate uae of all eec:oadary 
c:oUe . 

Diepleye PCNCS tot8l attitude data (1Derttal) Oil CDJ. 
and/or LKP PD.\ I .  Piret line of each etep aivee coa­
fipration for CDR PDAI ; eec:ond line • coaf ipration for 
LKP PDAI • 
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PROCEDURES 

4. 5 . 3 . 1  PGNCS Total Attitude Di12la! �cont) 

2 .  

a .  PCIIVer up FDAI : 
CB/AC BUS A: CDR FDAI - close 
CB/AC BUS B: SE FDAI - close 
CB FLT DISP : CDR FDAI - cloae 
CB FLT DISP: E9HT tMR/SE FDAI - close 

b. PCNer up GASTA: 
CB/AC BUS A: CASTA - c loae 

CB FLT DISP : GASTA - cloae 

c. Select dilplay coafiauration : 
ATTITUDE HOM 11V (2) - PGHS 

OIDIAL: 
FDAI 1 IV - IHRTL 
FDAI 2 11V - INRTL 

ODIAL: 

a. PGiftlr up FDAI : 
CB/AC BUS A: CDR PDAI - cloae 
CB/AC BUS B: S! PDAI - cloae 
CB FLT DISP : CDR. PDAI - eloae 
CB FLT DISP : I9HT tMl/S! PDAI - cloae 

b. Panr up CASTA: 
CB/AC BUS A: CASTA - cloae 

CB FLT DISP: CASTA - c loae 

REMARKS 

Providea a-c power to FDAI sphere drive ayat ... 

Provide• d-e ,-er to FDAI and to parte of auxiliary 
relay avitching box • 

Applicable to both PDAI '• for PGHCS total attitude die­
play. Provide• a-c power to CASTA. 

Applicable to both FDAI ' • for PGHCS total attitude die­
play . Provide a d-e ,-er to CASTA . 

R.outea PGRCS roll and yiiV attitude to both PDAI 'a ;  pitch 
attitude, to ORDEAL aaa .. bly. 

lypaaaaa ORDEAL reaolvera and routaa PGRCS pitch atti­
tude directly to both PDAI 'a .  

Diaplaya PGNCS total attitude data (orbital rate) OD CDl 
and/or LMP PDAI . Only pitch axia ie affec:te4, Firat 
line of each ate, givea configuration for CDR PDAI ; 
aecODd line , configuration for LMP PDAI . 

Providaa a-c power to PDAI aphere drive ayat ... 

Provide• d-e ,-er to FDAI ad to parte of auxiliary 
relay evitching box. 

Applicable to both PDAI 'e  for PGMCS ORDEAL dieplay .ode. 
Provide• a-c power to CASTA. 

Applicable to both PDAI '1 for PGNCS ORDEAL dieplay .ode . 
Provides d-e powet' to GASTA • 
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PIOCEDUIES 

4 . 5 . 3 . 1  PGICS Total Attitude D182la! lcont� 

c. P011er up OIDIAL : 
CB/N:. BUS 1 :  OIDUL - cloee 

I CB FLT DISP : OIDIAL - cloee 
OIDIW. : 

IAI.D/LUHAil ., - BARTH or LUNAR 

- I  LTG ., - BaT or DIM 

d. Select di8play coofiauratioo : 1,2 I AniTUDI � ev (2) - PGNS 

ORDEAL : 

I PDAI 1 w - ORB RATE 
PDAI 2 w - ORB RATE 

I 4 . 5 . 3 . 2  PGHCS Attitude late/Error Diaplay 

1 .  
11 I 16 

lA. 

11 .  2 . 
1 ,2 I 

P011e r up rDA1 : Cl FLT DISP : CDI PDAI - clo .. Cl PLT DISP : EVIIT 'l'Ml/SI FDAI - cloee 

Enable DAP :  S/C : PGHS .., - ATT HOLD or AUTO 

Deleted . 

Select dt.plya coofiauration : 
ATTITUDE lmH av (2) - PGHS 

RATE/ERR !«>N sv (2) - LDG RDR/QQ'TR 
Key V60E for LGC attitude rate display 

REMARKS 

Provides a-c p011er to ORDEAL resolver. . 

Provides d-e p011er to ORDEAL aase.bly . 

lou tea a-c aod d-e power to ORDEAL aaa.-ly . Providea 
proper orbi tal rate scaliq. 

Cootrols brightneas of ORDEAL EL paoel liabtioa . 

Routes PGNCS roll and yaw attitude to both FDAI ' a ;  pitch 
attitude . to ORDEAL aaae�ly . 

Routea pitch attitude to ORDEAL reaolvera , then to 
PDAI ' a .  

Displays PGNCS attitude rate/error data with roll , pi tch , 
aod yaw rate/error needles of CDR aod/or LHP PDAI . Error­
needle scalina is set at +s• . Rate needle acalina 18 set 
at 1 . 2s• /aecond full seal;. First line of each s tep atv• 
confiauratioo for CDR PDAI ; second line , cOilfiauratioo 
for LHP PDAI . 

Provides d-e power to FDAI and to parts of auxiliary 
relay avi tchiq box. 

Eaablea diaital autopilot co.putationa . 

Routes LGC attitude rate/error sianala to rol l .  pitch , 
and yaw rate/error needles of both FDAI ' a  when RATE/ERR 
MON sv - LDG RDR/QQ'TR . 

Completes signal path for routing LGS atti tude rate/errol 
to FDAI rate/error needles • 

V60 rate displays will be incorrect if PGNS is not 
ac tually controlling . 

i 
! I  . .. ' 



r. n 

! 
.., 
0' 

In II 
"0 " 

' II ... 
.... 
\0 
.... .... 

n f r 

l 
... . 
uo 
I 

"' "' 

LM 32:u. 
jcREW·I PNL 1 PROCEDURES MAN 

11 

16 

1 , 2  I 

11 1  

16 

u 

4 . 5 . 3. 2 PGNCS Attitude Rate /Error Display (cont) 

or 
�ey V61E for .ode I attitude error display 
or 
ley V62E for .ode II attitude error display 

4. 5. 3 . 3  ACS Total Attitude Display 

. 
1.  Inertial display : 

•• P011er -. PDAI : 
CB I AC IUS A :  CDR FDAI - close 
CI/AC IUS 1 :  SE FDAI - close 
CB/AC IUS 1 :  AGS - close 
Cl PLT DISP : CDR FDAI - close 
Cl PLT DISP : EVNT TMR/SE FDAI - close 

b .  Select display configuration :  
ATTITUDE Klll aw (2) - AGS 

ORDEAL: 
PDAI 1 aw - IRR'l'L 
PDAI 2 aw - INRTL 

z .  OIDIAL ( local horhoatal at titude ) : 

a. Power up lDAI :  
Cl/ AC IUS A: CDR FDAI - close 
CB/AC IUS 1 :  SE PDAI - close 
CI /AC BUS B :  AGS - close 
CB PLT DISP : CDR PDAI - close 
CB PLT DISP : EVNT TMR/SE PDAI - close 

b • P011er up ORDEAL : 
CB/ A£ IUS I :  OIDEAL - close 

REMARKS 

Mode I - DAP fol lowing e rrors . 

Mode II - total attitude errors with respect to H22 
angles (gimbal angles ; display is scale lt.ited) . Mode II 
is autoaatically selected by LGC prograa and 
routine ( such as &60) . 

Displays AGS total attitude data (inertial) oa CDR 
and/or LMP FDAI . Fira t  line of each s tep lives confil­
uration for CDR FDAI ; s ecoad line , configuratioa for 
LMP FDAI • 

PrOYides a-c power to PDAI sphere drive syate•. 
Applies a-c pwer for PDAI driw aipala from ABA. 
PrOYidea d-e power to PDAI and to parte of auxiliary 
relay -itchinl b ox .  

Routes ACS roll an d  ., _  attitude to both ro.u ' a ;  pitch 
attitude, to ORDEAL aaaellbly .  

Bypasses OIDEAL reaolwn and routes ACS pitch attitude 
directly to b oth PDAI ' a .  

Displays ACS total attitude data (orbital rate) oa CDR 
and/or LMP PDAI . Only pitch axle 1a affected. Fin t  
lin. o f  each s te p  gives confiauration for CDR FDAI ; 
aecoad line , coafigurat loa for LMP FDAI . 

PrOYides a-c pwer to FDAI sphere drive ayate•. 

Applies a-c power for FDAI driw aipala from AEA. 
PrOYidea d-c power to FDAI and to parte of auxiliary 
relay -i tching box • 

PrOYides s-c power to ORDEAI. nsolwn . 

� 
I I  i 
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ORDEAL : 
IAR'III/LUIWl av - BAaTH or LUNAR 

LTC av - IRT or DIM 

Select diapl., confiauration : 
ATTITUDE 1111 av - ACS 

ORDEAL : 
PDAI 1 sv - ORB RATE 
PDAI 2 sv - OU RATE 

4 . 5 . 3 . 4  AGS Attitude Error Diael!! 

1. Powe r up PDAI : 
Cl PLT DISP : CDR PDAI - close 
C1 PLT DISP : IVIT THR/SE PDAI - close 

2 .  Select diapl., range : 
S /C :  DEAD IMD av - MAX or KIN 

3. Select diapl., confiauration : 
ATTITUDE IGf av (2) - ACS 

RATE/ERJl IGf av (2) - LOG RDI/CHPTR 

4 . 5 . 3 . 5  Attitude Rate Display 

REMARKS 

Providea d-e power to OIDEAL ••..., ly . 

Routea a-c and d-e power to ORDIAL uaab ly .  PrOYidea 
proper orbi tal rate acaliaa • 

Controls b righ tnesa of OllDEAL EL p_.l lightina. 

Routes N:;S roll and y• attitude to FDAI ;  pitch at titude 1 
to ORDEAL uselllb ly . 

Routes pitch attitude to ORDEAL resolwrs . then to FDAI . 

Displays AGS attitude error data vith rol l 1  pitch .  and 
y• error needles of CDR and/or IJtP PDAI . First liM of 
each step &1 ves configuration for CDR PDAI ; aecond line . 
con figuration for LHP FDAI . 

Provide• d-e pover to PDAI and to parte of auxiliary 
relay avi tching box. 

Provides FDAI error-needle acaling of +14 . 4• (aaxi.ua) 
or ±1 . 7• (aini.ua) . 

-

Routes AGS at ti tude error signal• to roll . pit ch ,  and 
y• error needles of both FDAI ' s when RATE/ED K>N av -
LDC RDR/CHPTR . 

Coapletea signal path for routing AGS attitude e rrors 
to both PDAI error needles . 

Displays rate gyro asse.tl ly data on FDAI rol l ,  pitch . 
and yw rate ind. This display aode is independent of 
PGNCS and AGS operati on .  Fi n t  line of each s tep gives 
configuration for CDR PDAI ; second line , configuration 
for LHP FDAI . 
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PROCEDURES 

4. 5 . 3 . 5  Attitude Rate Display (cont ) 

1 .  P0111er up FDAI: 
CB PLT DISP : CDR FDAI - close 
CB PLT DISP : !VNT IHR/SE FDAI - close 

2.  Select dieplay ran1e : 
RATE SCALE 8V - 25. /SEC or 5• /SEC 

4 . 5 . 3. 6  RR Shaft Aalle/TruDDioo ADJle Display 

1 .  Pow.r up FDAI: 
CB PLT DISP: CDR PDAI - cloee 
CB PLT DISP: !VMT tHR/SE PDAI - cloee 

1 1 2 • Select dieplay ranse: 
SRPT/ftUM t ev - ,:tso• or ,:ts• 

1 , 2  
3 .  Select dieplay source: 

RATE/DR II)N ev - RNDZ RADAR 

REMARKS 

Provides d-e power to FDAI and to parte of auxiliary 
relay 8Vitching box . 

Applicable to rate indicator on both FDAI ' • · Selecta 
25• /aec or 5• /aec full scale for rate indicator • 

Dieplaya RR lX reeolYer truanion aftllea with pitch aDd 
y• error needles of CDR and/or IMP FDAI . lint l11U1 
of each etep lives configuration for CDR FDAI ; aecood 
line , configuration for I.MP PDAI . 

Provide• d-e power to FDAI ud to parte of aadliary 
relay avitchins box. 

ProYidea acalinl for both PDAI ' a .  Set to +50• , faU­
acale deflection of FDAI pitch ancl yaw enor aaecllu 
indicate• abaft and tl'UDDion aaalea of +so• or -so• , or 
1reater . Set to +5• , full-ecale deflection of PDAI 
pitch aad ,.v er�r needlea indicate• abaft aDd truDDion 
angles of +5• or -s• , or 1reater . 

Routea abaft and tl'UDDiOD aaalea froa RR to pitch aad 
y.w error needles of both PDAI 'a. Eatabliahu II 
azt.uth rate/elevatioo rate dieplay .ade (para 4. 5. 3 . 7) . 
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PROCEDURES 

4 . S . J . 7  RR Azt.uth Rate/El.vatioo Rate Display 

1 .  Power up X pointer tad :  
Cl PLT DISP : CDR X PNTR - close 
Cl PLT DISP : 51 X PNTI - close 

2 .  Select dieplay ranae : 
X POINTER SCALI ev (2} - HI HULT or LO HULT 

J .  Select dieplay eource : 
RATI/IRR J«)N ew (2) - INDZ RADAJl 

4 .S . J . 8  Forward Velocity/Lateral Velocity Display 

1.  Power up X pointer ind : 
CB PLT DISP: CDR X PHTR - close 
CB PLT DISP : 51 X PNTI - close 

2 .  Select display ranae : 
X POINTER SCALI ., (2) - HI MIJLT or LO HULT 

J. Select display confiauration : 
RATI/Eitlt lmN - - LDG RDI/CHPTR 

HOOI SEL IIW - LDG JlADAI or PGNS or AGS 

REMARKS 

Display• RR LOS azt.uth and elevation rates on CDR and/ 
or LHP X pointer 1nd . Firat line of each etep aiv .. 
confisuration for CDR X pointer ind ; second line 0 con­
figuration for LHP X pointer ind . 

Provides d-e paver to both X pointer ind and to parte of 
auxiliary relay .vitchina box • 

Set to HI HULT , provides display scale of ±20 �ad/sec­
ond . Set to LO MULT, i11UIIinatea X .1 mlt1plier and 
provides scale of ±2 �ad/sec . 

Routee azt.uth and elevation rates to X pointer ind and 
illUIIinatee AZ RT and EL!V RT on X pointer ind. 

Dieplaye forward and lateral velocity on CDR and/or LMP 
X pointer ind . Firat line of each step 11v .. confiaura­
tion for CDR X pointer ind ; second line , confiauration 
for LKP X pointer ind. 

Provide• d-e power to both X pointer ind and to parte of 
auxiliary relay switching box. 

Set to HI MULT, illuainatee XlO mltiplier oa X pointer 
ind and provides display scale of +200 fpe . Set to LO 
HULT, providee dieplay ecale of ±20 fpe . 

Route• forward and laterel velocity data to X pointer 
ind . 

Set to LOG RADAR routee forward and lateral velocity 
data to one or both X pointer ind . Set to PGNS , routes 
LGC-ca.puted forward and lateral velocity to X pointer 
1nd . Set to AGS , routes AEA-coaputed lateral velocity 
to X pointer ind • 
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PROCEDURES 
4 . 5 . 3 . 8  Forward Velocity/Lat e ral Velocity Display ( cant) 

4 . 5 . 3 . 9  Altitude/Altitude Rate Display 

Power up ALT & ALT RATE ind : 
CB/AC BUS A: RNG/RNG RT - close 

CB FLT DISP : RNG/RNG RT - close 

2 .  Select display configuration : 
RNG/ ALT K)N sw - ALT / ALT RT 

PI>DE SEL av - LDG RADAR or PGNS or AGS 

4. 5 . 3 . 10 .  Ranae /Ranse Rate Display 

REMARKS 
Lateral Ve loci ty displayed on X pointer ind will not b e  
the same for PGNCS an d  AGS . PGNCS outputs minus velocity 
for velocity along LH +Y-body-axis ; AGS outputs plus 
velocity for velocity in direct ion of CSH angular momen­
tum vector. 

Displays altitude and alt itude rate data on ALT & ALT 
RATE ind . Display ranges are as follows: 

Alt itude - 0 to 60, 500 feet 
Alti tude rate - !  700 fps 

Provide!! a-c power to ALT and ALT RATE ind. 

P rovides d-e power to ALT and ALT RATE ind. 

Routes data from source selected with MODE SEL sw to 
ALT and ALT RATE ind . 

Set to LDG RADAR, routes LR altitude and altitude rate 
data to ALT and ALT RATE ind. Set to PGRS , routes LCC­
cc.puted altitude and alt itude rate data to ALT and ALT 
RATE ind .  Set to AGS , routes AEA-coaputed altitude and 
altitude rate data to ALT and ALT RATE ind. 

Displays range and range rate data on RANGE and RANGE 
RATE ind. Display ranges are as follows: 

Range - 0 t o  400 nm 
Range rate - 0 to !700 fps 

Range rate is limited by display hardware. Range rate 
reading of 100 fps can aean rate of 100 , 1100, 2100 , 
etc. , fps . Also , i f  rate is between 701 and 999 fps ,  
1 700 an d  1999 fps ,  etc. , display will read 700 fps an d  
recycle to zero when rate becomes 1000 fps, 2000 fps , etc 
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PROCEDURES 

4 . 5 . 3 . 10 Ranae/Ranae Rate Diapl!f (coot) 

1. Power up RANGE & UNCI RAn ind : 
CB/AC IUS A: IRC/RNG IT - cloae 

CB PLT DISP : RNG/RNG IT - cloae 

2 .  Select diaplay aource : 
UG/ALT )I)N • - IUC/RNG IT 

4 . 5 . 3 . 11 Tbruat Diaplay 

1 .  Pawr up DG TIIRUST & am THRUST ind : 
CB PLT DISP : THRUST - cloee 

2. Select diaplay aource : 

a .  Diaplay autoaatic: thrust co..aDda : 
IIIG THR CONT: THR CONT av - AUTO 

b .  Diaplay IIUual thrust co.unda : 
CJ S/C: lNG CONT - cloae 

1RC THR OONT : THR CONT av - HAM 

REMARKS 

Provide• a-c power to RAil:! and RANGE RAn ind . 

Prnidea d-e power to RAil:! and RANGE RAn iod • 

Routea RR ranse and ranse rate data to RAIGI aad IAICI 
RAn iad . 

Diaplaya eosine and c�Dded thruat levela . Sc:alios 
ia O:Z to 100% io 5% inc:re.enta . 

Prnidea d-e paver to ENG THRUST and CHD THRUST ind . 

Ensine thrust level ia diaplayed resardl .. • of aettioa 
of ENG THR CONT : THR CONT • .  

Route• ac:cu.ulated LGC throttlins ca.aaada fraa DICA to 
am THRUST iDd . 

Prnidea d-e: power for enersizins relay , vhic:b routea 
unual thrust c�nda to ENG THRUST and am THRUST ind . 

Route• .. nual thrust c�d• froa TTCA (CDR or LHP) to 
CHD THRUST ind . 

Followins DSKY diaplay 1• available durins powered 
landios , to aupport unual throttle operationa . (Auto-�tic: � ia not available for diaplay OD am THRUST 

Del duriDIJ unual throttle. ) 
6 N92E 
Rl Deaired auto throt tle 

R2 H rate 
Rl H 

XXXXX% (uy be >100% of 
PTP thruat) 

XXXX .X fpa 
xxxxx ft 
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4 . 5 . 3 . 1 2  Radar Sianal Strength Display 

1 .  Power up RADA1t :  SIGMA!. STRENGTH ind : 
11 C B  PGNS: SIG STR DISP - close 

3 
2 .  Select diaplay aource froa following : 

RADAR : T!ST MON ael - ALT XHTR 

VEL XHTR 

NX 
I 

3 I JHTR PWR 

16 

SllAPT Ill 

TIDR Ill 

14 . 5 . 3 . 13 Beater C.trol T!!p!ratare Mooitor Display 

1. Ponr up 8ft COlft : T1MP iacl: 
CB Jrn: DISP - clOM 

REMARKS 

Displays LR and RR test and flight data on lADAil : SIGNAL 
STRENCTH ind . 

Provides d-e power to RADAR : SIGMA!. STR!NCTB ind . 

Routes LR altitude tranaaitter power output to RADAR: 
SIGNAL STRENGTH ind during teattng and fliaht opera­
tiona . 

Routes LR velocity tranaaitter power output to RADAR: 
SIGNAL STRENGTH ind during te.ting and fliaht opera­
tiona. 

Durina teating, apecific value (TID) of Rl receiver 
aisnal etrength ia diaplayed. Durina fltaht opera­
tiona aignal varies. 

Diaplaya apecific value of trana.itter output power 
durina flight operationa. 

Durin& teating, diaplaya -.le error dpala aa ... dla 
flactuationa of equal aplitude. lhn:U, fliaht opera­
tiona , theee error dpala are cli8played aa Medle 
fluctaationa . which represent .-oothuaa of aeno 
trackina ancl are aaually of uaequal a.plitada. 

s ... aa abaft error . 

Di8playa radar antena.a aaaeltbly, ICS quad, or S-band 
antena.a t..,erature. 

Pr"iclea cl-c ponr to lft'R COlft : TIMP illcl. 
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PIOCEDUUS 

4. 5 . 3 . 13 Beater CODt rol T!!IP!rature Monitor Dhplay (cont) 

2 .  Select diaplay aource froa followins : 
1ft aJn' :  T!.. K>N eel - RNDZ RADAR 

LDG RADAR 

RCS QUAD 1 (QUAD 2 ,  QUAD 3,  
QUAD 4) 

S lAND 

4 . 5 . 3 . 14 II LOS Azt.uth and Elevat ion Diaplay (V85) 

1 .  DDZ RADAR eel - LGC 

2 .  by V85E 
Pa.. OPR IU lt - OD 
l:dt vas . KeJ RS!T 

3.  PL Vl6 B56 - IR LOS 
Rl ut.uth ux.u• 
R2 JJayatiOD Ul.ll• 
R3 --
To tendaate : 
hy Pm , V341 or V321 
lxit VIS 

REMARKS 

Routes RR antenna uaellbly te11perature to BT R  OONT : 
TEMP ind. Dhphy raose 1a -1oo• to +zoo• r.  

Routes LR antenna uaellbly te111perature to BTR OONT :  
Tl .. ind. Dlapl� ranse h -1oo• to +zoo• r. 

Routes selected RCS quad teaperature to BTR OONT: TEMP 
iod. Quad tellperature diaplay ranse h -60· to 26o•r. 

Routes S-band antenna te111perature to BTR OONT: TEMP 
ind. Display ranae is -100• to +200• P. 

Diapl�• RR LOS aziauth and eleYation analea on DSIY. 

OPR ERR lt - OD if •other extended verb fr• 176 1a 
act1Ye . 

+OOO.oo• to 36o.oo• about +Z . 
+000. oo• to 360 . oo• about +t . 
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LGC Power-Down Program (P06) IMU Power-Up (LGC Operating) IMU Power-Up (Lr� Off) 
IMU Power-DCftnl • • • • • • • • • • • 
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PROCEDURES REMARKS 

4 . 6  r.&C GENERAL 

The G&C general procedures are usuallv performed during orbital fl ight and involve both PGNS and AGS/CES procedures . 
Being basic for G&C operat ions , thev are variouslv referred to or included as part of the more comprehensive G&C proce­
dures in paragraphs 4 . 7  through 4 . 12 .  In add it ion, appl icable G&C reference nodes (para 4 . 5 ) are referenced throughout 
the r� procedure s .  

Two assumptions are made before init iating any G&C procedure : (1)  Circuit Breaker Ac tiva tion (para 4 . 2 . 4) has been com­
pleted and ( 2) RCS Pressurization (para 4 . 2 . 30)  and RCS Hot/Cold Firing Check (para 4 . 2 . 31 )  have been completed . 

4 . 6 . 1  PGNS 

4 . 6 . 1 . 1  LGC Power-Up 

1 .  CB PGNS: tr.C /DS� - close 

2 .  

3 .  

Poss LGC warn l t  - on (up to 2 0  sec )  

Poss RESTART l t  - on 
Key RS!T , 
and/or 
Poss PROO lt - on 
Key RS!T 
Poss l'«l DAP lt - on 

Jtey PRO for 3 sec 
FL V37 (P06 static) 
If LGC revert s  to standbv af ter PRO is keyed , repeat 
step 2 .  
Key RS!T 
Poss NO DAP lt - on 

Perform Fresh Start .  

Purpose o f  LGC Power-Up procedure is  to  bring LGC 
from off mode to operate mode or from standby mode 
to operate mode . Step 2 is not required if step 1 
is performed . 

LGC warn lt - on due to LGC startup transient condi­
tions . Light stays on until capacitor discharges • 

LGC warn lt discrete is normally closed contact ; there­
fore , light is on when CWEA is powered up and LGC is not • 

RESTART lt and/or PROG lt may go on due to LGC startup 
transients. 

I f  alarm 01105 (downlink too fast)  occurs,  key RS!T and 
ignore alarm . 
NO DAP lt - on if IMU powered down 

NO DAP lt - on if IMU powered down 

Ref para 4 . 6 . 1 . 20 .  
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PROCEDURES 

4 . 6 . 1 . 2  LGC Power-Down Proar .. (P06) 

1 .  

2 .  

3 .  

LGC Power-Up (required) 

Key Vl7E 06E 

PL VSO N2S - Checklist reference 
Rl 00062 - Svitch LGC power down 
ll2 ---­

RJ -----
Key PRO UDtil STBY lt - on 

(Optional) 
CB PGNS : LGC/DSlY - opeo 
MASTER ALARM - on 
LGC van lt - on 
HASTEJl ALARM pb/lt - reset 

4 . 6 . 1 . 3  IHU Power-Up (LGC Operating) 

LGC Power-Up (required) 

1. CB PGNS : IHU OPR - close 

NO ATT lt - on for 90 sec , then off 

NO DAP lt - off 

4 . 6 . 1 . 4  IHU Power-Up (LGC Off) 

1 .  CB PGNS : IMU STBY - close 

2.  Select PGNCS Total Attitude Display mode .  

3. CB PGNS : IMU OPR - close 

REMARKS 

Purpose of LGC Power-Dovn Program (P06) is to transfer 
LGC from operate mode to standby aode . In order for LGC 
to .. intain accurate value of GET , it aua t be brough t 
to operate condition once every 2 3  hours • 

Ref para 4 .6 . 1 . 1  • 

Exit frOID P06 cannot be ac:c:o.-pliahed without putting 
LGC into standby aode , or keying V69E or V96E • 

Reaoves power from LGC/DSKY ; lHU aay be lef t  on for 
total at titude reference . 
LGC varn lt discrete is normally closed contact ; there­
fore , light is on when CWEA t. powered up ADd LGC is not.  

I f  computer paver is switched off , it vill be  necessary 
to perfora Fresh Start (V36) procedure (para 4 .6 . 1 . 20) 
after paver-up . 

Purpose of IHU Power-Up procedure is to transfer lHU 
froa standby aode to operate aode , with LGC operating . 

Ref para 4 . 6 . 1 . 1 . 

For PIPA s tabi lizat ion , lMU should be on for at leas t  15 
ainutes . 

This is b ackup procedure , to be used only when LGC is 
of f or fai led and UIU is desired as attitude reference 
only • 

Ref para 4 . 5 . 3 . 1 .  Allows monitoring of IMU powe r-up . 

Energizes Itru caRe relavs and app l ies Rvro-wheel powe r .  

i 
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4 . 6 . 1 . 4  IMU Power-Up (LGC Off) (cont) 

4 .  Wait approx 90 sec . 
In Ill "" " Ill 

3 1 5 . S / C :  IHU CAGE sw - ON (momentarily) 

g. 
Ill '1 
.... 
\0 
..... .... 

n r 
1 r 

� 0 I � I  
� 
I � 

11 

I 

I 
I 

I 

4 .6 . 1 . 5  IHU Power-Down 

1.  CB PGNS : IMU OPR - open 

CAUTION 

When GUID CON'I sw - PGNS , CB PGNS : 
IHU OPR - open will disable 800-cps ex­
citation to ACA & TTCA throttling. 

2 .  I f  LGC operating : 
NO DAP lt - on 
Key V37E --E 

CAUTION 

Only in case of emergency shall IHU be 
powered down beyond standby . CB PGNS : 
IHU STBY - open. If standby power is re­
.oved for .are than 20 min , ISS calib ra­
tion 1a no longer valid . 

4 . 6 . 1 . 6  LGC Idling Proaraa (POO) 

LGC Power-Up (required) 

IHU Power-Up (LGC Operating) (desired) 

REMARKS 

Causes IMU to go inertial with present body-axis as 
reference . 

Purpose of IMU Power-Down procedure is to 
power from operate to standby condition. 
operate mode and is using IMU , 1MU should 
down . 

Select desired prograaa not requiring IHU . 

reduce IMU 
If  LGC is in 
not be powered 

Purpose of LGC Idling Prograa (POO) is to maintain LGC 
in s tate of readiness for any other program entry . POO 
is automatically selected by extended verb 96 in Inter­
rupt Integration procedure (para 4 . 6 . 1 . 31) . 

Ref para 4 . 6 . 1 . 1 . 

Ref para 4 . 6 . 1 . 3 . Enables crew aaneuver via DAP 
operation . ISS should be on 15 minutes before 
thrus ting maneuver . 

II 
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PROCEDURES 

4 . 6 . 1 . 6  LGC Idlina Proar .. (POO) (cont) 

1. Key V37E OOE 

4 . 6 . 1 . 7  LGC Update Prosr .. (P27) 

LGC Power-Up ( required) 

DUA Enable (required) 

Ca..unicatioaa B .. ic  (required - near earth) 

Lunar tele.etry (required - lunar distance) 

1 .  Key V37E OOE 

2 .  I f  AGS is operating : 
Key DED.\ C 563+00000£ 

3. If  update ia auto.at ic (via digital uplink) : 

4 .  

UPLINK ACTY lt - on ; go to  step 8 
I f  update is manual : 
Receive & record data.  

Deaired update alternatives : 
a .  Key V70E - Update lift-off tiae (P27) 
b .  Key V71E - Load data block (P27) 

c. Key V72E - Load singular data (Pl7 )  
d .  Key V73E - Octal tiae incr.-ent (P27) 

Poss OPR ERR lt - on Exi t P27 ,  Key RSET ; or 
If P27 not displayed , reselect POO , repeat step 4 .  

REMARKS 

During this program, co .. ting integration routine will 
periodically update LM and CSH atate vectors to approxi­
..tely current tiae . Capability of selecting LGC pro­
graa (V37E --E) is inhibited by LGC during this inte­
gration . Use of V37 at this ti .. will reault in proar .. 
alar. (1520) . Before state vector initialization, V96E 
should be used to prevent .. aningless integration fro• 
tying up LGC • 

Purpose of LGC Update Program (P27) is to inaert infor­
aation into LGC via digital uplink froa HSPN or via DSKY 
input .  

Ref para 4 . 6 . 1 . 1 .  

Ref para 4 . 1 3 . 2 . 11 .  

Ref 4 . ll .  2 • 1 .  

5-Band Steerable Antenna Activation aod Checkout 
(para 4 . 2 . 20) . 

POO is autoaatically selected by extended verb 96 in 
Interrupt Integration procedure (para 4 .6 . 1 . 31) . 

This s tep is perfor.ed to prevent erroneous data being 
taken by AGS . 

V71 may be used to update state vector , REFSMHAT , 
or landing s i te .  
V 7 2  may be used to update DAP data .  

OPR ERR l t  - o n  if another extended verb from R76 is 
active . 

� 
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4 . 6 . 1 .  7 LGC Update Program (P27) (cont) 

5 .  

6 .  

7 .  

FL V21 NOl ( if V 7 1  or V72 entered) 
Rl -----
R2 Unchanged 
R3 UPBUFF 

xxxxx 
Octal 

Accept : Key XXXXXE index word (displayed in Rl) 
Reject : Key V 34E - Terminate 

FL V21 NOl - Data load reques t 
Rl -----
R2 Unchanged 
R3 AAAAA - Calculated machine address 

Accept : 
Key XXXXXE update data 
Repeat data load until all components are loaded . 

Reject : Key V34E - Terminate 

FL V21 N02 - Load octal identifier 
Rl -----
R2 Unchanged 
R3 UPTEHP 

Accept alternatives : 
a .  Key VJ3E - Use data 

'�.,,, 

REMARKS 

Load octal index word and display UPBUFF . UPBUFF is 
address of erasable memory location ( ini tially 1173) 
used for temporary s torage of index word to be loaded 
next . V70 and V 7 3  do not require index word . 
Twenty locations are available for V71  and V72 . Index 
word represents total number of quantities to be loaded 
including index word , addresses , and data. For V71 and 
V72 , 3< index word <24 (octal) . Difference between verbs 
is �hat V72 requires index word that mus t be odd. With 
V7 1 ,  single address describes where b lock of data will 
go ; 22 (octal) locations are availab le f or update 
parameters in addition to index word and b lock address . 
With V72 , separate address is needed for each data 
word , and each b lock consists of index word , and up to 
nine pair of address and data words in successive even­
and-odd numbered locations . An index word is not re­
quired for either V70 or V73. 

Flashing continues until all data components are loaded. 
In this step , data can aean either a machine address or 
actual update data . For V71 , f irs t entry is always cal­
culated address ( specified in R3) followed by update 
components . For V72 , first entry is calculated add­
ress followed alternately by update data , next address , 
update data , etc . For V 70 and V73 , only update data 
are entered . 

UPTEHP is erasable location (1166) for octal ident if ier. 
Af ter last word in b lock being loaded is entered , noun 
changes to 02 to permit loading octal identif ier of 
previous ly loaded b lock . This peralta reloading b lock 
if HSFN detects previous value to be in error . If index 
word is to be changed , program should be terminated and 
reselected . 

Zeroes channel 77 ( res tart monitor) (only if completed 
a state vector update) . 

� 
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PROCEDURES 

4 . 6 . 1 .  7 LGC Update Prosram (P27) (cont) 

b .  Key XXE - Octal identifier for data to be updated , 
return to step 6 

Reject : Key V34E - Ter.inate 

8.  Autoaatic update co.plet e :  
UPLINK ACTY l t  - off 

9 .  I f  update waa autoaatic , DSKY aay indicate alarm because 
of traa.ieot condition. Perfor. DUA Disable . 

10 . Exit P27 , POO is selected . 

4 . 6 . 1 . 8 DAP Data Load Routine (R03) 

LGC Power-Up (required) 

1 .  Key V48E 

2 .  

Poss OPR E RR  lt - on 
Exit R03 ,  key RSET 

FL V04 N46 
Rl DAP configuration/response data code 
R2 Channel 30 backup code 
� 
A • 1 - Ascent s tage only 
A • 2 - Ascent & Descent stages 

ABCDE 
OOOIJ 

A • 3 - Ascent & Descent stages docked wi th CSM 
B • 0 - Two-jet trans lation & rol l/pitch minimum 

impulse (RCS sys tem A) 

B • 1 - Two-j et translation & roll/pi tch minimum 
impulse (RCS sys tem B)  

REMARKS 

Loading octal identifier recycles program to step 6, 
Af ter value is loaded , program continues to step 7 ,  
per�tting additional HSFN changes to be .. de, 

Ref para 4 . 13 . 2 . 12 .  

Purpose of DAP Data Load Routine (R03) is to load and 
ve rify DAP data , channel 30 backup codes , and DPS gimbal 
trim angles and to perfor. engine gimbal trim. (An 
optional throttle teat may also be perfor.ed . )  

Rout ine 0 3  should not be selected during powered flight 
(or when average g is on) to avoid difficulties in settin1 
attitude deadband and aass settings . 

Ref para 4 . 6 . 1 . 1 .  

OPR ERR l t  - on if another extended verb from R76 is 
act ive . 

Two-1et  system B X-axis translat ion should be selected in 
CS�-docked and �1-unstaged conf igurat ions , to avoid j e t  
A 2 D  imp inRement on descent s ta�e and resu l t ing torque 

� � � I !  
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4 . 6 . 1 . 8  DAP Data Load Routine (ROJ) ( cont) 

B • 2 - Four-jet tr.oalation (Mint.ua t.pulae/RSC aya A) 
B • 3 - Four-j et traoalation (Kini.ua t.pulse/RCS aya B) 
C • 0 - Fine acalin& ACA - 4• /aec (LH only) 

- 0 . 4• /aec (LH • CSK) 

C • 1 - Nor.al acalin& ACA - 20• /sec (LH only) 
- 2 . o• /aec (LH • CSM) 

D • 0 - Attitude de.lband 0 . 3• (Subject to 
D • 1 - Attitude deadbaod l .o• proar .... d 
D • 2 - Attitude deadbaod 5 .o• deadb.nd conditions) 

REMARKS 

loss . When docked with CSH , avoid +X-traoalation of .ore 
than 10 aeconda duration with jet A2D to avoid beodin& 
and possib le daaage to dockina tunnel • 

Manual aaaeuvera uain& 4• /aecond ACA acaliaa are .ore 
efficient ( i . e . , propellant-ttae product ie lower) thaD 
aanual .. neuvers ua ing 20. /aecond acaliaa. 

lf �3 . s• attitude deadb.nd ia aelected by default . 
Progr .... d exceptiona to the crew selected deadb&Dd 1a 
R03 occur during portiona (or all) of tha followina vitb 
deadbands aa indicated : 

Condition I DeadbaDd 

P64 ; P41 (R60 through burn) ; Pl2 , P70, P71 I 0 . 3• 
( RCS trt.) ; P40 , P41 , P42 (RCS tria) ; P66 ( if 
preceded by P64) ; ll61 ,  R65 (duriog 160 aaaeu-
nr) ; R23 

P63 , P40 , P42 (R60 through KPS burn) ; Pl2 , I 1 .0• 
P70 , P71, P66 ( if selected froa P63) 

CSK docked {W) code (A • 3 in Rl of N46) I 1 . 4• 

Fresh start I S .o• 

Other prograaed exception• to crew aelected data load in 
N46 : 
A CSH DOCKED ----------

APSFLAG Set by P42 (@ TlG-30) , P71 ,  P68 

B ACC4-2FL 
AORBTRAN 

Set by Pl2 , P70 , P71 (aelects four Jet) 
Switched by R40 (@ !NTR to V9 7) (reverae1 
sys A or B selection) 

I � � I ! � 
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4 . 6 . 1 . 8  DAP Data Load Routine (R03) (cont) 

3. 

4 .  

E • KALCHANU rate 
0 - 0 . 2• /sec 
1 - 0 . 5• /sec 
2 - 2 . 0• /sec 
3 - 10 .o• /sec 

I • 0 - Test channel 30 , bit 5 for AUTO THROTTLE discret 
& act accordingly 

I • 1 - Ignore AUTO THROTTLE discrete & assuae auto 
throt tle is desired . 

J • 0 - Test channel 30 ,  bits 1 & 4 for ABORT & ABORT 
STAGE discrete& & act accordingly . 

J • 1 - Ignore ABORT & ABORT STAGE discretes . 
Accept : Key PRO 
Reject : Key V21 , V22 , or V24 - Load desired DAP data 

code and/or channel 30 back-up code 

FL V06 N47 
Rl LM weight XXXXX lb 
R2 CSM weight XXXXX lb 
Rl -----
Accept : Key PRO - If DPS has been staged , exit  RO) 

Reject : Key V24E - Load desired parameters 
If descent s tage is attached , proceed to step 4 .  

FL V06 N48 - Gilllbal 
Rl Pitch trim 
R2 Roll trim 
Rl 

tri• par&��eters 
xxx. xx• 
xxx.xx• 

To accept displayed parameters & enable gimbal drive to 
trim : 

CB S/C :  DECA PWR - close ( if open) 
S /C :  PGNS sw - AUTO or ATT HOLD 
GUID CONT sw - PGNS 

I 
C RHCSCALE 

D DBSL2FLG 
DBSELFLG 

E AUTR2FLG 
AUTR2FLG 

· ·"""-' 

REMARKS 

None ; see tab le above 

If docked with CSM, KALCMANU rate loaded should be 
0 . 2• /second or o . s• /second and 2 . 0• /second or 10• /second 
�st not be selected (would result in excessive RCS 
propellant consumption and impingement) . 

In light ascent stage configurat ion , it is poss ible to 
encounter high-rate attitude limit cycle . To correct 
this condition , load minimua LH weight of 5000 pounds in 
s tep 3. Miniaua aass values are as follows : 

Ascent s tage only - 4 , 850 pounds 
Descent s tage attached - 14 , 462 pounds 
CS�t - 9 ,060 pounds 

Do not load zero or negative value in Rl or R2 of N48 
otherwise PROG lt - on with FL V37 and alar. code 21204 
stored in N09 will resul t .  
GDA Enable ( para 4 . 5 . 2 . 4) . 

� 
� � 5 �  o p  Z w  i i 
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4 . 6 . 1 . 8  DAP Data Load Routine (103) {cont) 

5 .  

6 .  

CAUTION 

To prevent overheatina descent 
enaine throttlin& actuators , 
following control configuration 
..at be establtahed before araina 
descent eDg • 

CB PGHS : IKU OPR - close 
NO ATT lt - on for 90 aecoads , then off 
THROTTLE/JETS cont ( CDR) - THROTTLE 
ENG THR CONT : HAN 'DIROT av - CDR 
or : 
'DIROTTLE/JETS cont (LKP) - THROTTLE 
ENG THR CONT : HAN 'DIIOT sw - LKP 

Eng STOP pb/lt - push 
ENG THR CONT : DIG AllH aw - DES 
MASTER ALARM - on 
DES REG varn 1 t - on 
MASTER ALARM pb /lt - reset 
ENG GHBL 8V - ENABLE 
Key PRO 
Within 60 seconds : 
MASTER ALARM - on 
DIG GHBL caut lt - on 
MASTER ALARM pb/lt - reset 
To reject :  Key V24E - Load des ired parameters , return to 
beginning of step 4 
To exit R03 , Key V34E 

Optional throt tle tes t :  
TICA (CDR) - ainimUIII 
CHD THRUST ind - approx 10% 
TTCA (CDR) - soft stop 
CHD THRUST ind - approx 60% 
TTCA (CDR) - maxiaUIII 
CHD THRUST ind - approx 100% 

FL VSO N48 - Continue interrupted program 
Rl xxx . xx• 
R2 xxx . xx• 

REMARKS 

Required to prevent throttle valve actuator froa over­
heating. 

Light remains on until : (1) Noraal pressures are estab­
lished by DPS pressurization , (2) CB INST : CWEA is cycled 
whi ch resets logic if ENG THR CONT : ENG AIM av - OFF , or 
( 3) s taging occurs . 
When gimbal s tops are reached , ENG GHBL caut lt goes on 
within 60 seconds and remains on until ENG ntR CONT : ENG 
ARM sw or ENG GHBL sw - OFF in s tep 6 .  This should not 
be regarded as aalfunction indication. 

Opti ona l thro t t le tes t may be perf ormed during gimbal 
drive to trim pos i t ion . 

I f  RESTART lt - on and t h is display does not occur , gim­

bal dr ive process has been permanently interrupted ; rou­
t ine mus t be recalled and/or trim process repeated . 

� 
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4 . 6 . 1 . 8  DAP Data Load Routine (R03) (cont) 

RJ xxx.xx• 
Disable gimbal drive: 

1 I ENG THR OONT: ENG ARM sw - OFF 
Reset eng STOP pb/lt :  
a. Release tab - push 
b .  Verify eng STOP pb/lt - on 
c.  If eng STOP pb /lt - off , verify that lights are 

functioning by perfo�ing Caution & Warning Array 
Checkout , steps 3 & 4 .  
I f  lights are functioning , inadvertent reset has 
taken place & engine is enabled . Steps d ,  e ,  & f 
should not be perfol'lled .  

d .  Eng STOP pb/lt - push 
e .  Release tab - push 
f .  Verify eng STOP pb/lt - off 

2 I ENG GHBL caut lt - off 

1 
3 

4 
l ,  2 

Key PRO , ENTR , or V34E ( terminate) - Exi t  R03 

4 . 6 . 1 . 9  Crew-Defined Maneuver Routine (R62) 

l. 

LGC Power-Up (required) LGC Self-Test ( desired) IMU Power-Up (LGC Operating) (required) 

� Data Load Routine ( R03) (required) 

Enable PGNCS attitude control : 
GUID CONT sw - PGNS 
S/C: 

PGNS sw - ATT HOLD 
ROLL , PITCH , YAW sw - !IJDE OONT 

N:.A/4 JET sw ( 2) - ENABLE 
ACA PROP aw (2) - ENABLE 

Display indicates gimbal trim drive has been completed . 
Flashing display of V50 N48 will not occur until 1 
minute minimum ( 2  minutes in wors t case) has elapsed 
af ter PRO , s tep 4 .  

Ref para 4 . 2 . 10 • 

Purpose of Crew-Defined Maneuver Routine (R62) is to 
provide crew with .eans of specifying final vehicle 
attitude when using LGC-controlled attitude aaneuver .  
This routine can be entered only froe POO . 

Ref para 4 . 6 . 1 . 1 .  

Ref para 4 . 6 . 1 . 13 .  

Ref para 4 . 6 . 1 . 3 .  ISS should be on 15 minutes before 
thrus ting aaneuver . 

Hos t programs and extended verbs that perform maneuvers , 
require P51 and check for it via R02 .  

Ref para 4 . 6 . 1 . 8 .  
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4 . 6 . 1 . 9  C�ew-Defined Maneuver Routine (162) (coat) 

2. 

l • 

4.  

s.  

Eatabliah PGMCS total attitude & attitude rate/error 
diaplay : 
ATTITUDE !I)N IV - PGIIS 
RATI/!U )1)11 .., (2) - LDC IDl/CMPn 

�7 ¥49! 
Poaa OPI Ell lt - oa 
Exit 162 , Key IS!T 

n v06 •22 
11 OGA ux.xx• 
12 IGA DX . xx• 
ll MCA ux . xx• 
Accept :  lay PIO 
Reject : ley 9251 - Load new aiabal analea for R60 

Attitude Maneuver Routine (160) 

FL VSO Nl8 - Perfora deaired autoaatic aaneuver to final 
FDAI analea 

11 aou xxx .xx• 
12 Pitch xxx.xx• 
u ,.., xu.xx• 

To reject attitude .. neuver : 
When vithia DAP deadband l imi ts ,  & further adjustment 
about deaired vector ia not deaired , 
ley ENTR, exit 160/162 
To perfora attitude aaneuver :  
a .  To adjuat vehicle attitude & have LGC recoapute 

aillbal &DJlea , 
Select deaired attitude control aode -
ACA - .. neuver •• desired 
S/C: PGNS IV - ATT HOLD 
ley PllO 
letura to beainnina of atep 5 .  

b .  To perfora attitude aaneuver aanually :  
Select deeired attitude control mode -
ACA - aaneuver .. nually to required attitude 
ley PRO 
Return to beginning of step 5 .  

REMARKS 

Ref para 4 . 5 . 3 . 1  and 4 . 5 . 3 . 2 .  

OPI Ell l t  - oa i f  another extended verb froa 176 ia ac­
tive or if LGC Idlina Proaraa (POO) ia not ia proceaa . 

Auta.atic attitude .. aeuvere are .ore efficieat ( i . e . , 
propellant-tt.l product ia lower) thaD aaaual attitude 
.. neuvera . 

If final coaputed FDAI analea reault in +90• y.w, trana­
foraation froa IMU to FDAI analea in roll and pitch ia 
indeterainate ; Rl and R2 will be zero. 

Adjustment is not poaeible in all cases , including roll 
attitude adj uat .. nt.  
Ref para 4 . 5 . 1 .  

I f  GUID CONT av - PGNS and S/C:  PGNS av - AUTO , LGC 
ca..anda autoaatic atti tude .. aeuver .  

Ref para 4 . 5 . 1 .  

i 
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4 . 6 . 1 . 9 Crew-Defined Maneuver Routine (R62) (cont) 
c. To perfora attitude aaneuver autoaatically : 

GUID CONT sw - PGNS 
S/C: PGNS sw - AUTO 
Key PRO 
Go to step 6 . 

6 . I f PGNCS Autoaatic selected: 
DSrf displays are blanked until coapletion of autoaatic 
aaneuver. Monitor FOAl belly band , with respect to color 
band on roll bezel , to avoid giabal lock. 

To etop LM aotion if &iabal lock is approached : 
S/C : PGNS 11W - ATT HOLD 
If aanual OYerride ' coapletion of aaneuver is desired: 
Select desired attitude control aode -
ACA - aaneuver aanually 
Return to step 5 . 

4 . 6 . 1 . 10 Rendezvous Final Attitude Routine (R63) 

LGC Power-Up (required) 

LGC Self-Test (desired) 

IMU Power-Up (LGC Operating) (required) 

IMU Orientation Deteraination Prograa (P51) (required) 

DAP Data Load Routine (R03) (required) 

LGC state vector valid (required) 

.......... 

REMARKS 

Autaaatic tria maneuver is to be considered essential for 
aaneuvering to thrusting attitudes . 

If desired , Key extended verbs 
or 
Key Vl6 Nl8 - Final FOAl angles 
Rl Roll xxx.xx• 
R2 Pitch xxx.xx• 
R3 law XXX.xx• 

Key lEY REL 
Belly band covers separation between h.-ispheres of FOAl 
ball . Belly band , in color bands on each side of FOAl 
roll bezel , would indicate IMU aiddle giabal angle �75• . 

During this aaneuver , LGC vill terainate autoaatic 
unuever if S/C : PGNS sw is switched out of AIJTO .  

Ref para 4 . 5 . 1 .  

Purpose of Rendezvous Final Attitude Routine (R63) is to 
calculate and display final FOAl angles required to point 
+Z-axis or +X-axis at CSH and to cal l Attitude Kaueuver 
Routine (R60) for autoaatic aaneuver capability . This 
routine is selected only during LGC Idling Prograa (POO) . 

Ref para 4 .6 . 1 . 1 .  

Ref para 4.6 . 1 . 13 . 

Ref para 4 . 6 . 1 . 3 . ISS should be on 15 ainutes before 
thrusting maneuver . 

Ref para 4 . 9 . 1 . 1 . 

Ref para 4 .6 . 1 . 8 . 

LGC Update Program (P27) (para 4 .6 . 1 . 7) .  

,... � 
0 

l e .... .... 
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4 .6 . 1 . 10 leadezvou. PiD&l Attitude Routine (R63) (coot) 1 1 . 

1 2 .  

b. 

4 .  

5 .  

Eaable PGHCS attitude control : 
GUID COIIt .., - PCIIS 
S/C :  

PGHS .., - ATT HOLD 
lOLL. PITCH. ' YAW .., - ti>DE COHT 

ACA/4 JET .., (2) - IHAILE 
lti:.A PlOP .., (2) - IHAILE 

Eatabllab PGHCS total attitude ' attitude rate/error 
cllaplay : 
ATTITUDE IIlii av - PCRS 
lATE/ED JI)H av (2) - LDG IDR/OCPTR 

ley V89E 
Poaa OPl Ell lt - on 
Exit 163 0  key ISET 
Poaa PIDG lt - oa 
ley vos 1109£ - can alal'll 

00210 - IMU DOt OD 
00220 - ISS or1eatat1oa DOt kaCJWD 

�y KEY lEL ' lSET 
PL V37 N-
�y xu .  edt 163 

PL V04 Nl2 - Option 
Rl 00003 - Specify trackina attitude 
R2 00001 - Attitude option {+Z) 
lJ ----
12 00001 • Preferred (+Z) 

00002 • +X-axia 
Accept : Key PRO 
Reject:  � V22E - Key 2E (+X) 

PL V06 Nl8 - FDAI anglea at track attitude 
11 Roll XXX.xx• 
12 Pitch xxx.xx• 
R3 ,_ xxx.xx• 
Update diaplay : Key V32E 
Auto.atic attitude .. neuver: Key PRO 
Terainate : Key V34E 

REMARKS 

Ref para 4 . 5 . 1 .  

Ref para 4 . 5 . 3 . 1  and 4 . 5 . 3 . 2 .  

OPR ERR l t  - on i f  LGC Idling Progr.. {POO) ia not in 
proceaa or if another eztended verb fro. 176 ia active . 

Perfora IHU Power-Up {LGC Operatina) procedure {para 
4 . 6 . 1 . 3) .  Perfora IMU Orientation Detel'lliD&tioa Pro­
araa (PSl) (para 4 . 9 . 1 . 1) . 
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4. 6 . 1 . 10 Rendezvous Final Attitude Routine (R63) (cont) 

6. 

7. 

Attitude Maneuver Routine (R60) 

FL V50 Nl8 - Perfora desired autoaatic aaneuver to final 
FDAI angles 

u Roll xxx. xx• 
R2 Pitch xxx.xx• 
Rl Yav xxx.xx• 

To reject attitude .aneuver : 
When vithin DAP deadband limits , & further adjus t  .. nt 
about desired vector is not desi red , 
Key ENTll, exit ll60/R63 
To perfora attitude aaneuver : 
a .  To adjust vehicle attitude & have LGC recoapute 

gillbal angles , 
Select desired attitude control .ode -
ACA - aaneuver as desired 
S/C :  PGNS t1V - ATr HOLD 
l.ey PR.O 
Return to beainning of step 6 .  

b .  To perfora attitude aaneuver JUnually : 
Select desired att itude control .ode -
ACA - aaneuver .. nually to required attitude 
Key PRO 
Return to beginning of step 6 .  

c .  To perfora attitude aaneuver autoaatically : 
GUID CONT sw - PGNS 
S/C: PGNS fiV - AUTO 
Key PRO 
Go to s tep 7 .  

If PGNCS aut�tic selected : 
DSKY displays are blanked until coapletion of 
autoaatic .. neuver . Monitor FDAI belly band , 
vith respect to color band on roll bezel , to 
avoid gimbal lock . 

REMARKS 

Automatic attitude aaneuvers are .ore ef ficient ( i .e . ,  
propellant-time product is lower) than manual att i­
tude aaneuvers . 
I f  f inal c�puted FDAI angles result in +90• y.w, trans­
foraation froa lHU to PDAI angles in roll and pitch is 
indeterainate ; Rl and Rl vill be zero . 

Adjust.ent is not possible in all cases , includina roll 
attitude adjustaent . 
Ref para 4 . 5 . 1 .  

I f  GUID CONT w - PGNS and S/C : PGNS sv - AUTO , LGC 
c�nds autoaatic attitude aaneuver. 

Ref para 4 . 5 . 1 .  

Automatic trim aaneuver is t o  be considered essential 
for aaneuvering to thrusting att itudes , 

I f  desired , Key extended verba 
or 
Key Vl6 Nl8 - Final FDAI angles 

Rl Roll xxx. xx• 
R2 Pitch xxx. xx• 
� Yw XXX. �  

Key KEY REL 
Belly band covers separation between heaiapherea of FDAI 
ball . Belly band , in color banda on each aide of FDAI 
roll bezel , vould indicate IHU middle giabal anale �75• • 
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4 . 6 . 1 . 10 Rendezvous Final Att itude Routine (R63) (cont) 

To s top LH motion if gimbal lock is approached : 
S/C :  PGNS aw - ATT HOLD 
If aanual override & completion of aaneuver is desired : 
Select des ired attitude control mode -
ACA - maneuver aanually 
Return to s tep 6 • 

REMARKS 

During this maneuver , LGC will terminate automatic 
maneuver if S / C :  PGNS sw is switched out of AUtO .  

Ref para 4 . 5 . 1 . 
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4 . 6 . 1 . 11 a.adervoua Per ... ter Diaplay Routina (131) 

1 .  

2 .  

LGC Power-Up (required) 

LGC Self-T .. t (d .. ired) 

IMU Power-Up (LGC Operatiaa) (required) 

lMU OrieDtatiOD Deter.iaation Proaraa (PSl) (required) 

ley V831 
Poea OR Dl. lt - OD 
Exit Rll, key UIT 

PL Vl6 RS4 - Rendezvoua par ... tera 
Rl Raaa• XXX . XX oa 
R2 laD&• rate XXIX.I fpa 
Rl 8 xxx . xx• 

Diaplay update every 0 , 5  aec .  
To terainate diaplay : ley PRO, exit Ill 

REMARKS 

Purpoae of Readezvoua Paraaeter Diaplay Routine (Ill) ia 
to diaplay, at requeat of aatronaut, LGC-calculated 
rendervoua par ... tera (raaae, raaae rate , aod 8) . 
Ref para 4 . 6 . 1. 1 .  

Ref para 4 . 6 . 1 . 13 • 

Ref para 4 . 6 . 1 . 3 .  ISS ahould be oo 15 aiDutea before 
thruating aaoeuver • 

Ref para 4 .9 . 1 . 1 .  

To aonitor proareaa of atate vector integratioa , tiae 
(CIT) to vhicb atate vector iDtegration proceaa haa prea­
eatly calculated atate vector ia available aa follova : Eey Vl6 NJ8E - TET 

11 OODX hr 
12 OOOD aiD 
Rl OD.D aec 
To releaae diaplay : ley IJY IEL 

OPR ERR lt - OD if aoother .steaded verb froa R76 ia 
active. Effecta of aarka on atate vector• vill aot be 
exhibited in diaplay of raaae aad raaae rate if aevtaa­
tiOD aarka are aade after Rll ia .. lected and ruoniaa . 
If Ill ia rua for long tiaa durtDa coaat fliaht , raaae 
and range rate data in NS4 vill begin to degeaerate 
becauae of conic extrapolation of atate vector . 
Range rate diaplay aay degrade coaaiderably at raaae 
<O . S  na, depending on naviaation accuracy . I f  V83 ia 
called vhile on lunar aurface , 13 of NS4 vill  read ap­
proxiaately 110• , vhereaa it aight be expected to read 
o• . Thia ia attributable to coaputational eethod and 
ahould be ignored • 
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4 . 6 . 1 . 12 Show Bankaua 

LCC Power-Up (required) 

LCC Idling Progr .. or Fresh Start (required) 

1 .  Key V91E 
Poaa OPR ERR lt - on 
Exit V91 ,  key RSET 
n. VOS MOl 

lU Sua of bolt A.M1CX 
R2 Actual bank nuaber OOOYY 
R3 Bugger word ZZZZZ 

Verify Banltaua equala bank nuaber or ita 7 ' •  complement 
Key V32E to recheck Banltaua display 
Proceed : Key PIO - Go to next atep in cycle 
Teninate : Key V34E - Exit Shov Banltaua 

2 .  I f  diacrepancy appears , record bank nuaber for transmittal 
to MSPN & teninate uae of LGC af ter completion of test .  

4 .6 . 1 . 13 LGC Self-Tea t 

LCC Pover-Up (required) 

1 .  Key V21 N27E OE (Set SMODE for backup idle mode . )  

2 .  Zero SCOUNT , SCOUMT +1, & 
Key V25 MOlE 1365E 

ERCOUNT reais tera : 
E - (ERCOUNT) 
E - (SCOUNT) 
E - (SCOUNT +1) 

REMARKS 

Purpose of Show Banksum (V91) procedure is to verify 
contents of f ixed memory • 

Recommended : Show Banksum procedure should be coapleted 
before LGC Self-Tes t procedure ( para 4 . 6 . 1 . 13) , if it is 
des ired to leave self-tes t running. 

Ref para 4 . 6 . 1 . 1 . 

Ref para 4 . 6 . 1 . 6  or 4 . 6 . 1 . 20 • 

At s tart of Show Banltaua, +0 ia put in SMODE regiater 
and forces LGC Self-Tes t into backup idle loop . 

OPR ERR lt - on if not in POO or if another extended 
verb is active . 

Bugger word is value which , when added to Banltaua , aaltea 
result equal bank nuaber or its 7 ' s  coapleaent .  

Bank nuaber s tarts a t  zero ad incrementa t o  next high­
est bank unti l  Banksua repeats cycle froa zero . 

Purpose of this procedure is to initiate and aonitor 
LGC Self-Tes t ,  leaving aelf-test running in background ; 
i .e . , when LGC is not otherwise employed . Selection of 
POO before self-tes t tends to aaxiaize LGC time available 
for self-tes t .  

Ref para 4 . 6 . 1 . 1 . 

Steps 1 ,  2 ,  and 3 are optional . 

ERCOUNT - Error counter 
SCOUNT - Self-test counter 
SCOUNT +1 - Erasable meaory , cycle , and shift registers 
check good counter • 

,.. � 
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4 . 6 . 1.13 LGC Self-Teat (coat) 

3 .  Altaraati .. to step 1 :  
E., V361 - rrub Start 
ObaarYe DSD bJADU • 

4 .  Stert _,.ltoriq o f  DOOUHT ,  SCOUHT , ' SCOUNT +1 : 
E., VlS *ll& 136SI 

S.  E., Y21 1271 AAAAAI 

6.  

7 • 

vbere AAAAA (SMDDI) • oae of fiva-diait codea liated below 

0.. cycle C,clu 

00001(+1) 77776 (-1) 
00002(+2) 77775 (-2) 
00003(+3) 77774 (-3) 
00004(+4) 77773 (-4) 

00005(+5) 77772 (-S) 

00006(+6) 77771 (-6) 
00007 (+7) 77770 (-7) 
00010(+10) 77767 (-10) 
OOOU to 77766 to 
37777 (>+10) 40000 (<-10) 
00000(+0) -

- 77777 (-o) 

MaGitor raaiater R2 (SCOUHT) 

Claclt 

Perf ora +4 ' +S . 
Perfora +4 ' +s . 
Perfora +4 ' +s . 
Perfora iRASciil , 
�. ' CYCLSHFT 
if oo aw job 18 vaitina 
Perfora lOP� if DO 
- job b vaiUna. 
Parfora +4 ' +S . 
Perf ora ±4 ' ±s. 
Perf ora +4 ' +S . 
ChaD&• to +a .-

Perf ora b ac:kup idle 110de ; 
looka for DeV job . 
Perf ora :.!:.4 ' ±5 . 

Monel iDdication : 00001 for approx 13 sec 
00002 for approx 52 aec 
00003 for approx 13 aec , etc 

Abnonal indication : PROG lt - on 

Record 11 (ERCOUHT) 
R2 (SCOUMT) 
RJ (SCOUMT +1) 

If SHOD! (-) non-zero ,  key VERB 

Key VOS N09E - Call alara 

REMAIKS 

Preah Start procedure alao aeta SHDDE and EIOOUNT to +0 .  

I f  LGC detects error during one cycle selection (+ noa­
&ero) , LGC goes to backup idle (+0) . If no error ia 
detected , teat is repeated . If LGC detect& error durin& 
repeated cycles (- non-zero) , LGC triea tut aaain. If  
no error ia detected , teat 1a repeated. If  -o 1a de­
tected and error ia detected , teat coatinuea f roa failed 
locatioo. 

LGC aelf-test continues until S!IJDE 1a changed by DSD 
entry or error is detected . However,  once it ia s tarted , 
self-tea t rune only in background (when LGC ia idlina) . 
Tiaes quoted are aint.u• and are highly dependent upon 
present coaputer activity (e.g.  vith digital autopilot 
on , total tillle could be as long as 95 seconda) . 

Verb pb ia used to •a.entarily inhibit updating of DSKT 
by running 110nitor . Other DSD pb 'a vhicb vill alao 
freeze DSICY display are MOUN , CLEAR, +, - ,  or any diait.  

Alar. can occur an y  time after step 5 .  

i 
I I i 
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4 . 6 . 1. 1 3  LGC Sel f-Teat (coot) 

Rl XXXXX 
R2 :xxxxx 
R3 xxxxx 
If 01102 appears : 
ley V05 NOSE - Alarm data 
Rl Octal - ALHCADR 
R2 Octal - ALHCADR +l 
Rl Octal - ERCOUNT 
lacord Rl (ALHCADR) • 

If 01102 does not appear: 
Attend to alar. & continue. 

If SOOUNT vu odd nullber when PROG lt c- on: 
a. ley VOl NOlE 1374! , record Rl ( SKEEP 4) 
b. ley ENTJl 1377! ,  record Rl ( SKEEP 7) 
c.  Traoaait ALHCADil, SICEEP 4 ,  & SKEEP 7 to HSFN. 
d. Terainate �e of LGC (erasable •110ry problea) . 

If SOOUirl' w .. even n..-er when PROG 1t  c.- oo :  
a .  Perfor. Show Banksu. procedure (para 4 .6 . 1 . 12) . 
b .  Traaaait nu.ber of failed bank t o  HSFN. 
c. Terainate �• of LGC ( fixed MIIOry prob lea) . 

4 .6 . 1 . 14 DSlY Lilht Teat 

LGC Power-Up ( required) 

1. ley V35E - DSrt lipta teat 
Poae OPil Ellll l t  - on 

4 1 2. 
Edt V35 , k.y RS!T 

UPLIHJt ACTY lt - on 
NO ATT l t - on 
STBY 1t - on 
KEY llEL 1t - on ( fluhing) 
OPil Elll 1t - on ( fluhing) 
PlliO DISP lt - on 
NO DAP 1t - on 
TEMP lt - on 
GIMBAL LOCK 1 t - on 
PROG lt - on 
RESTART 1t - on 

REMARKS 

ALHCADR - Contents of S FAIL • 1 + address of failure 
ALHCADR +1 - BBCON of SELFCRlt 
EROOUNT - Amount of self-check failures s ince 1ut crew­
initiated fresh start or aanual zero of EllCOUNT. 

Purpose of DSKY Li&ht Teat procedure is to wrify cor­
rect ill�ination of all osn lipta , except atPn ACtY .  
Ref para 4 .6 . 1 . 1 .  

OPR Ellll lt - on i f  DSrt liaht teat (V35) ia not per­
forMd in POO. 

TRACKER 1t - on 
ALT lt - on 
VEL lt - on �I I I I I 

� � 
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PROCEDURES 

4 .6 . 1 . 14 DSKY Li&ht Tes t (cont) 

PIIOG ind - 88 
VERB ind - 88 ( flashing) 
NOUN ind - 88 ( flashing) 
Rl +88888 
ll2 +88888 
Rl +88888 
ISS warn lt - on 
LGC warn lt - on 
MASTER ALARM - on 
MASTER ALARM pb/lt - reset 

3.  After S sec : 
UPLINK ACTY lt - off 
NO Arr 1t - off 
Key RSET 
STBY lt - off 
KEY REL lt - off 
OPR ERR lt - off 
PRIO DISP lt - off 
NO DAP lt  - off 
TEMP lt  - off 
GIMBAL LOCK lt - off 
PROG l t  - off 
RESTART lt - off 
TRACKER lt - off 
ALT lt  - off 
VEL lt - off 
PROG ind - 00 
VERB ind - -
NOUN ind - --
Rl --
R2 ---
Rl --
ISS warn lt  - off 
LGC warn lt - off 

4 . 6 . 1 . 1S LGC/CHC Clock Sinchronization Routine �Rl32 

REMARKS 

I I I I 

Purpose of LGC/CMC Clock Synchronization Routine (Rll) 
is to de termine time differential between LGC clock 
and OIC clock . 

I 
l i 
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4 . 6 . 1 . 15 

PROCEDURES 

LGC/CHC Clock Synchronization Routine (R33) 
(cont) 

REMARKS 

LGC Power-Up ( required) laef para 4 . 6 . 1 . 1 .  and CMC clock 

1 .  I f  precise value (difference between LGC & CM C  clocks) is 
avaihble fro• HS FN ,  go to s tep 7 • 

2 .  

3.  

4 .  

5 .  

6 .  

7 .  

s. 

Confir. selection of Routine 33 in CSH. 

Key V06 N65 (Do not enter.)  

Perfor. countdown vith CHP & key ENTR on .ark co..and. 

V06 N65 - LGC clock ti• 
Rl OODX hr 
R2 OOO:U ain 
RJ Oll.IX .. c 

Record LGC clock ti ... 
Obtain QIC clock ti• froa CSH crevMIIIber. 
eo.pute clock-ti .. dif ference . 
If .are clock-ti .. difference data points are desired, 
return to step 4 & repeat procedures . 
To discontinue procedure, key KEY REL 
To co.plete procedure, go to step 6 .  

Dete�ne average of all clock-ti .. differences . 

by VS5E (incre .. nt LGC U•) 
Pa.a OPR ERR lt - on 

PL V21 N24 
�ey clock hr-difference 

FL V22 N24 
�., clock ala-difference 

PL V23 N24 
Key clock sec-difference (0 .01 sec) 

9 . If clock check is desired, repeat steps 3 through 5 .  

OPR ERR l t  - on i f  another extended verb froa R76 is 
active . 

Polarity is plus (+) if LGC gives lower clock indication. 

� 
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4 . 6 . 1 . 16 PIPA Bias Heaaureaent & Loading 

1. 

2. 

3 I 3. 

4 .  

s .  

6 .  

7 . 

LGC Power-Up (required) 

IHU Power-Up (LGC Operating) ( required) 

Eat�llah Attitude Rate Display .ode. 

Eat�liah desired attitude control .ode . 

Eoaure attitude ratea are <o . l• tsec. 

Sat EVNT THR ind - 00 : 00  

S/C:  PGNS aw - OFP 

�ay V2S H21E E .  E 
� EHTR & start EVNT THR ind simultaneously 

�y V06E 
When EVNT TMil ind - 01:20 :  
�y ENTR 
Record final PIPA counts 

Rl X - pulses 
R2 Y - pulses 
U Z - pulses 

Calculate PIPA bias : 
Pinal count • PIPA b ias 

1000 

8 .  �ey V06 NOlE - Present bias 
1452E - Record Rl X Bias + -----
1454! - Record Rl Y Bias + -----
1456E - Record Rl Z Bias ± -----

I 9 o Update PIPA bias : 
Kay V21 NOlE 14XXE (applicable bias) 
±• XXXXXE - Calculated value 

IEMAIKS 

Ref para 4 . 6 . 1 . 1 .  

Ref para 4 . 6 . 1 . 3 .  ISS should be oo 15 ainutes before 
thrusting aaneuver. 

Ref para 4 . 5 . 3 . 5 .  

Ref para 4. 5 . 1  • 

Ref para 4 . 1 3 . 6 .  

Zeroes PIPA pulse regis te rs .  

Tille shown is for 80-second (01 : 20) b ias check. I f  wry 
short check is desired • perfom step 6 at EVMT 11m iod -
00 :08 and use divisor of 100 for step 7.  

PIPA pulses are displayed as + integers in right-hand 
digits of readout. Fomula for calculating PIPA bias 
coapensation results in deciaal fraction (with deci .. l 
point oo left) . 

I 
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� . 6 . 1 . 17 Rate of Descent Controller/Lee Interf ace Check 

�-

5 � -
� -

� -

LGC Power-Up (required) 

Key Vll HlOE l6E - Monitor input channel 16 
Rl XXCDX - Rate--of-descent inbit configuration 
R2 -----
13 ----

DES RATE - - center 
Verify c • 0 & D < 4 

DES RATE w - +1 FPS (plus) 
Verify D > 3 
PIOG lt - on 

DES RATE - - -1 FPS (minus) 
Verify c • 1 

� . 6 . 1 . 18 AGS Initialization Routine (R4 7) 

LGC Power-Up (required) 

LGC Self-T .. t (d .. ired) 

IHU Power-Up (LGC Operating) (required) 

IMU Orientation Deteraioation Prograa (P51) (required) 

AGS Power-Up ( required) 

I REMARKS 

Ref para 4 . 6 . 1 . 1 .  

Alarw code 00112 s tored i f  DES RATE av activated with 
average g off and not in P52 or P57 .  

Purpoae of AGS Initialization Routine ( R47) ia to in­
itialize AGS absolute tt.e and/or to initialize/update 
AGS LH/CSM s tate vector. 

CSH state vector aaa t be updated af ter eacb CSM thrust j.aneuver. 

If this routine is called frc. POO or P3X (with P20 oot 
io operation) , LGC will aend CDU zero discrete and dis­
ab le DAP for approximately 12 aeconda . 

Ref para 4 . 6 . 1. 1 .  

IRef para 4 . 6 . 1 . 13 .  

Ref para 4 . 6 . 1 . 3 . ISS should be on 1 5  ainutea before 
thrus ting maneuver . 

Ref para 4 . 9 . 1 . 1 .  

Ref para 4 . 6 . 2 . 1 .  

I ! � s �  i !  "' i  
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4 . 6 . 1 . 18 AGS Initialization Routine (R47) (cont) 

1 .  

2 .  

3 .  

. ......, ... _.. 

AGS Checkout (daaired) 

Set Hlaaion Tiaer 

LGC/CHC Clock Synchronization Routine ( R33) 

to..unications Basic (desired - near earth) 

S-Band Steerable Antenna Activation and Checkout 
(desired - lunar distance) 

Select AGS Initialization Routine (R47) : 
Key V47E 
If only AGS Uf/CSH state vector update is perfor-d , 
c.it atep 3.  

Poe& OPR ERR lt - on 
Edt R47 • kay RSET 

Poaa PROG lt - on 
Key VOS N09E - Call alara 

00220 - UPSMPLG not aet 
Key UY lliL 6 RSET • exit R47 
Perfora IHU Orientation Deteraination Program (P51) 
Return to beainnina of atep 1 .  

PL V06 Nl6 
Rl OOXXX hr 
R2 OOOXX ain 
R3 OXX. XX  sec 

Initialization of AGS time : 
a .  Option I :  AEA clock zero 

Key DEDA C 377+00000 (Do not ente r . )  
Key DSKY V32 (Do not enter . )  
Key ENTR on DSKY 6 DEDA siaultaneously • 

Ref para 4 . 6 . 2 . 4 .  

Re f  para 4 . 2 . 12 .  

Ref para 4 . 6 . 1 . 15 .  

Ref para 4 . 13 . 2 . 1 .  

Ref para 4 . 2 . 20 .  

REMARKS 

OPR ERR lt - on if another extended verb froa R76 is 
active .  

Ref para 4 . 9 . 1 . 1 .  

Before firs t  AEA clock ini tialization ,  V06 Nl6 contains 
meaningless value . After AEA clock initialization ,  V06 
Nl6 contains s tored GET of AEA c lock zero (K) . (GET of 
AEA clock zero is HIT /DL express ion for AGS t ime bias . )  
AGS time b ias is required because AGS time is limited to 
approximately 72 hours . GET - AGS time bias (K) • AGS 
time . 

AEA clock is set to zero and s imul taneous ly , present GET 
is set into V06 Nl6 by entering V32 . 

� � � � -z w  "' i  
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4 . 6 . 1 . 18 AGS Initiali zat ion Routine (R4 7 )  (cont) 

4 .  

5 .  

b .  Option II : Selection of specific AGS time bias (K) 

Key DEDA C 377+XXXXX (0 . 1  min) 

Key DEDA ENTR 
If only time initiali zation is performed , omit 
steps 5 & 8 thru 11.  

Verify ACS time is incrementing from XXXXX value entered 
in step 3 :  
Key DEDA C 3 77R 

eo.mand LH/CSH state vector update via PGNCS downlink : 
Key DEDA C 414+10000E 

CAUTION 

COHH : TLH PCH sv must be set to HI . 

Check V06 Nl6 
If value is not satisfactory , or if op tion "b" selected 
in step 3 :  
Key in correct value . 
Record K, Key PRO 

V06 Nl6 
Rl OOXXX hr 
R2 OOOXX min 
R3 OXX . XX  sec 

FL V50 Nl6 
Ill OOXXX hr 
R2 OOOXX min 
R3 OXX . XX sec 

REMARKS 

To simplify computat ion of ACS time , value for GET of 
AEA clock zero (K)  can be determined that : 
1 .  Can be readi ly subtracted f rom GET to obtain AGS time 
2 . Has occurred in recent past 
3. Is easy to remembe r  

Posit ive value of XXXXX and GET of A EA  ENTR must be 
de termined so that GET of AEA ENTR less XXXXX equals 
predetermined AGS time bias (K) • 

Entry to be made at GET o f  AEA ENTR. 

If +00000 or +10000 is inadvertently entered into address 
414 , search of PGNCS downlink for identification word can 
be eliminated by keying C 563+00000E . 

HSFN can obtain precise value of K by co.paring LGC and 
AEA downl ink and can correct for uncertainties in pro­
cessing pushbutton depres sion . 

(step 6) , display is static until AEA 
transmit ted 10 t imes at 2 seconds per 

transmiss ion (20 seconds ) .  Then, if IMU is not in use , 
'U , LGC , and AEA gimbal-angle counters are zeroed and 

�P is disabled and NO DAP l t  - on for approximately 12 
econds . The flashing V50 Nl6 display , which follows 

(after ei ther approximately 20 seconds , or approximately 
2 seconds if CDU zero is performed) ,  ind icates completion 
f downlink navigation update (and CDU Zero if performed ) . 

,.. � 6 
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4 . 6 . 1 . 18 AGS Initialization Routine {R47) (cont) 

9 .  Verify AGS initialization co.plete : 
Key DEM C 414R+OOOOO 
To ter.inate : 
�ey PIO, V32E, or V34E 

10 . If update accuracy verification 1a desired : 
Display LGC readezvoua par ... tera (RJl) - Key V83E 
P08s OPI Ill lt - on 
Exit Rll, key ISET 
PI. Vl6 NS4 

11 Ranae ID. XX D11 
12 Ranae rate DU.X fpa 
lJ 8 Dl • .xx• 

Ill .  ll.ead ou t  AGS raoae rate : 
l:ey DEDA C 4401 DIXX (0 . 1/1 fpa) 
eo.pare PGNCS & AGS valuu of range rate . 
Valuee should be vithio 10 fps . 
To ter.inate Rll : 
Key PIO 

�.6.1 .19 Preferred Trackiaa Attitude Proaraa (P2S) 

LGC Power-Up (required) 

LGC/CHC Clock Synchronization Prograa ( 133) (required) 

IHU Power-Up (LGC Operating) ( required) 

LGC Update Progr .. (P27) (desired) 

IHU Orieotation Deteraination Program (P51) (required) 

DAP Data Load Routioe (R03) (required) 

REMARKS 

Occurs within 2 secoods • 

OPR ERR lt - on if another extended verb froa R76 1a in 
process . 
Range rate comparisoo is usable up to 8 , 388 ,000 feet 
( 1380 na) in lunar orbit ;  up to 33 , 554, 000 feet 
(5 , 518 na) in earth orbit . 

If IHU orientatioo has changed since las t AGS aligu.ent , 
perfora PGNCS/AGS Align (para 4 . 9 . 2 . 1) .  Wait at leaa t 
30 seconds after CDU zero . Parenthetical quantization 
notation : lunar aiaaioo/earth aiasion . 

Purpoee of Preferred Tracking Attitude Prograa (P25) 
is to coapute LH preferred tracking attitude that will 
enable CSM tracking of LM beacon and to perfora aaoeu­
ver to preferred tracking attitude . 

!Ref para 4 . 6 . 1 . 1 .  

Ref para 4 . 6 . 1 . 15 .  

�ef para 4 . 6 . 1 . 3 .  ISS should be on 15 ainutea before 
thrus ting aaneuver. 

Ref para 4 . 6 . 1 . 7 .  

iRef para 4 . 9 . 1 . 1 .  

Ref para 4 . 6 . 1 . 8  • 
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4 . 6 . 1 . 19 Pre ferred Tracking Attitude Program (P2S) (cont) 

1.  

2. 

3.  

4.  

Enable PGNCS attitude cont rol : 
WID OONT av - PGNS 
S /C:  

PGNS av - ATT II>LD 
ROLL , PITCH , & YAW av - MODE CONT 

N;A/4 .Jr:r av (2) - ENABLE 
10. PllCW av (2) - ENABLE 

latabliah PGNCS total attitude & attitude rate/error 
display: 
ATl'ITUD! 11)1( ev - PGNS 
IAT!/!IUl !«)'R av - LOG RDR/CHPTil 

Select P2S : 
�ey V37E 25! 
P011a PROG lt - on 
� VOS N09E - Call al am 

00210 - Ull not on 
00220 - ISS orientation not ltnovn 

ley U1' 1tEL & IS!T 
lL V37 11-
l.ey XXI ,  exit P2S 

Pine Preferred Tradtin& Attitude Routine (R6S) 

Attitude "-neuver Routine (160) 

REMARKS 

Ref para 4. S . 3. 1  and 4. S . 3 . 2 .  

Perfol'll 11'11 Power-Up ( LGC  Operating) procedure (para 4 .  
6 . 1 . 3) .  
Perfon IMU Orientation Deteraination Proar• (PSl) 
(para 4 . 9 . 1 . 1) .  

Ptae Preferred Trackina Attitude Routine (ll6S) silently 
perfor.a autoaatic tria to trackin& attitude if ..a.wwer 
< ls• . If liaita are exceeded , c:rev 1a notified via 
Pl. VSO Nl8 (R60) th at attitude JUDeuver ia required. 
The roll attitude about LM z-uia 1a Ulldefined , but 
aalntalned at orientation reaultiD& froa uneuver. The 
crev -.y aelec:t roll attitude , auc:h aa heads up ,  in 
reeponae to FL VSO Nl8. 

Aeterlelt (*) indicate• priority display . Tvo-eeeond delay 
ia required before LGC vill accept crev reaponee. 

Autoaatic attitude a.aeuvere are aore efficient (i .e . ,  
prope1lent-tiae product ie lover) than .-oual attitude 
aaneuvera . 

I 0 � �  a '  Z w  "' i  I I 
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4 . 6 . 1 . 19 Preferred Trackiaa Attitude Proar .. (P25) (coat) 

�� .. 

3 

1 
3 

s .  

*rL VSO Rl8 - Perfora d .. ired autoaatic aaneuver to final 
rDAI aql .. 

11 aou ux.n• 
u Pitch ux . n• 
aJ Y• ux.xx• 
To reject attitude ..aeuYer : 
\lba vitbia DAP d .. clbaad liaita ,  6 furtlwr ujuat.ent 
about cM.irM Yector 1a DOt daaired , 
leJ Dft , a:it lt60 
To parfora attitude .aaeuver: 
a. To adjust vehicle attitude & have LGC rec011pute 

ai.llbal &���lea : 
Select deaired attitude control aode -
N:.A - II&MUVer aa daaired 
S/C: PGIS ev - ATT BOLD 
leJ no 
Ratura to baaiDDiq of step 4 .  

b .  To parfora attitude UDeUVer ll&llually : 
Select deairM attitude coatrol IIOde -
N:.A - -...uYer aa d .. ind 
leJ PIO 
letun to baa:iaDiq of atep 4 .  

c.  To perfora attitude .aaeuver autoaetically: 
GUID COft .. - PGRS 
S/C: PGIS .. - AU'rO 
leJ PIO 
Go to atep 5 .  

I f  PGNC S  auta.atic .. lected : 
DSIY diaplaya are blanked until ca.pletion of auto.atic 
..... uver. MoDitor PDAI belly band , wi th respect to color 
baud oa roll beael, to avoid atabal lock. 

REMARKS 

I f  final co.puted FOAl analee result in +90• yev , trana­
foraatioa fro. IHU to FDli aualea in roll aad pitch ia 
iadeteniute ; Rl and R2 will be aero • 

Adjustaent 1a not possible in all caaea , iacludin& roll 
attitude adjuat.ent . 
Ref para 4 . 5 . 1 .  

If GUID COHT IN - PGNS and S/C : PGNS IN - AUTO , LGC 
co.aanda auto.atic attitude aaaeuver. 

Ref para 4 . 5 . 1 .  

Autoaatic tria aaneuver ia to be considered esaeatial 
for aaneuverina to thruatiD& attitudes . 

If desired , Key extended verba 
or 
ley Vl6 Nl8 - Pinal FDAI angles 

Rl Roll xxx . xx• 
R2 Pitch xxx . xx• 
Rl Yav XXX . xx• 

Key ltEY REI. 
Belly band covers separation between heaiapherea of FDAI 
ball . Belly band , in color bands on each aide of FOAl 
roll bezel , would indicate IHU aiddle gtabal angle � 1s• . 

I 
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4 . 6 . 1 . 19 Preferred Tracking Att i tude Program (P25) (cont) 

5 .  To s top LM aotion i f  gimbal lock is approached : 
S /C : PGNS ew - ATT HOLD 
I f  .. nual override & completion of maneuver is desired : 
Select desired attitude control mode -
ACA - .. neuver aanually 
Return to s tep 4 .  

REMARKS 

During this maneuver ,  LGC will terminate automatic 
111aneuver i f  S /C :  PGNS aw is swi tched out of AUTO . 

Ref para 4 . 5 . 1 .  
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4 . 6 . 1 . 19 Preferred Tracking Attitude Program (P25) (cont ) 

6 .  To terminate P25 : 

a .  To terminate P25 only : Key V56E , go t 1  other 
program in proces s .  

b .  To terminate a l l  current programs & routines : Key V34E 
FL V37 N---

Key V37E OOE , go to LGC Idling Program (POO) 

4 . 6 . 1 . 20 Fresh Start 

LGC Power-Up (required) 

1 .  � V36E 
Pose NO DAP lt - on (momentary ) 
Observe DSXT blanks . 

2 .  Confer with HSFN to determine whether erasable ..-cry 
restoration is required . 

3 .  Perform LGC Update Program (P27) if erasable memory 
restoration is required . 
Perform IHU Orientation Determination Program (PSI) if 
REFSHHAT is not acceptable • 

REMARKS 

Purpose o f  Fresh S tart procedure is to establish com­
puter memory configuration f rom which normal activity 
can proceed . (V36 can be used to recover from transient 
malfunc tions . )  

Ref para 4 . 6 . 1 . 1 .  

Fresh Start can be init iated as follova : 
Via program if phase table d iaagree.ent is detected 
following restart . (Alar. code 01107 ia stored . ) ; 
via program if self-check ia interrupted by restart 
during ita erasable .emory check and erasable ... ory 
is suspec t ;  by simultaneously pushing aark REJECT pb 
and RSET pb during restart (GOJAK) (co ... nd engine 
o f f ) ; or by DSKY enter of V36E (Co..anda enaine off ) . 

If V36 interrupted state vector intearation, present 
state vector aay not be valid. P27 can be used to re­
store state vector . 

Some initialization settings can be chanaed by perforaina 
DAP Data Load Routine (R03) if desired. These aettinaa 
are as follows (states set by Fresh Start) : 

Undocked, unstaged conf iauration 
2-j et translation (RCS system B) 
Normal ACA scaling 
Maximum deadband 
2 . 0• /sec KALCMANU rate 

Ref para 4 . 6 . 1 . 7  • 

Re f para 4 . 9 . 1 . 1 • 
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4 . 6 . 1 . 20 Freah Start (coat) 

Perfora DlP Data Load Routine (103) if deaired. 
leJ V76E if d .. ired . 

laload HWCEHT : 
1eJ V21 NOll 3000£ 23241 

4 . 6 . 1.21 ICDU Zero 

1 .  

2. 

LGC Pawer-Up (required) 

ltay 940 K20! 
Poea OPI. !U lt - on 
bit 940 , key UBT 

HO DAP l t - OD 
Poes PIOG lt - on 
Ka, 90S 11091 - Call &lara 

00206 - Zero enc:ode not allowed vi th coarse align & 

&!Jibal lock 
ltay UY REL 
Perfora ISS Coarae Alip 

NO ATT lt - off 
NO DAP lt - off 
Poes PROO 1 t - on 
ley VOS N09E - Call alara 

00210 - IHU DOt OD 
Kay ltEY REI. & UBT 1 ezit V40 
Poaa ISS vam lt - on 

REMARKS 

Ref para 4 . 6 . 1 . 8 .  
DAPBOOLS (f1aawood 13) is set to 21322 ( para 4 . 4 . 13) . If 
this is not satisfactory . select 103 and reload DAP data . 
V36E will des troy stored eraa.ble valuea 1 whicb therefore 
.us t  be reloaded. V36E also aeroea cbaone1 77 (r .. tart 
.aaitor) • 

Purpoee of ICDU Zero procedure is to enaure ayncbrODi&a­
tiOD of IHU CDU counters in LGC 1 to teniaate IHU eoaree 
alip �e . and anter inertial IIOde .  

ICDU Zero disables DAP for approzt.ately 1 2  eeeonda . 

Atte�ts to use V37 to chana• proar .. duriaa 10 .56 sec­
onds after ICDU aero , during wh ich DAP is dueled , will 
cause PROC 1t - on with &lara code 01520 (937 requut DOt 
peraitted at this tille) stored for diaplay with 90S 1109!. 
DAP r ... iu disabled if hardware or aoftware r•tart 
oec:ura while DAP ia diaab1ed. To rec:cwer. repeat V40 •201 

Ref para 4 . 6 . 1 . 1 .  

Poas OPR ERil 1t - oa if .ade cbanae or if aYro torquiq 
is in proca.a • 

Ref para 4 . 9 . 1 . 3 .  

NO ATT l t  - off indicates that ISS is not in coarse align 
.ode 

ISS warn lt logic is updated at this tiae . ( IMU and ICDU 
fai l discretes previous ly inhib i ted are rese t . )  

���--�----------------------------------------------------L-----------------------------------------------� 
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PROCEDURES 

,4 . 6 . 1 . 22 RR CDU Zero 

LGC Power-Up (required) 

LGC Self-Tes t ( des ired) 

1 .  Key V40 N72E 

Poss OPR ERR lt - on 
Exit V40 N72 , key RSET 

2 .  When TRACKER l t  i s  updated , i t  will go on i f  any of 
following haa occurred . 
a .  RR CDU fails while i n  RR automatic mode 
b .  RR data fail 

Poaa PROG lt - on 
Key V05 N09E - tall alarm 

00510 - Radar automatic discrete not present 
Key KEY REL & RSET 

4 . 6 . 1 . 23 Load IHU Atti tude Error Meters 

LGC Power-Up ( required) 

1 .  Establish PGNCS Attitude Rate /Error Display mode : 
ATTITUDE MON sw - PGNS 
RATE /ERR !«>N sw - LDG RDR/CHPTR 

3 12 .  S/C: PGNS sw - OFF 
NO DAP lt - on 

3 .  Key V43E 

Poss OPR ERR lt - on 
Exit V43 ,  key RSET 

REMARKS 

Purpose of RR CDU Zero procedure is to zero rendezvous 
radar CDU ' s ,  de termine ( internally} RR antenna mode , and 
update TRACKER l t .  

R e f  para 4 . 6 . 1 . 1 . 

Ref para 4 . 6 . 1 . 13 .  

RR CDU Zero procedure terminates if RR is in process of 
be ing turned on or if repos ition f lag is set • 

OPR ERR lt - on if read sequence of either radar or RR 
designate is in process or if another program or routine 
1s using ei ther radar or TRACKFLG is set. 

Alarm 00510 is called only when RNDZ RADAR sel is not 
set to LGC . 

Purpose of Load IHU Attitude Error Meters procedure is 
to d isp lay crew-specif ied angles by FDAI error needles . 
Procedure can be selected only during LGC Idling Program 
(POO) . 

Ref para 4 . 6 . 1 . 1 . 

Ref para 4 . 5 . 3 . 2 .  

Switch mus t be of f ,  for V43 procedure t o  continue . 
Switch guard may be moved to side position f or duration 
of time S/C: PGNS sw - OFF. 

All regis ters are initially b lank . 

OPR ERR lt - on i f  S / C :  PGNS sw - ATT HOLD or AUTO , IHU 
is in coarse align,  POO is not operating , or if another 
extended verb is act ive . 

� 
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14 . 6 . 1 . 23 Load lHU Attitude Error Meters (cont) 

FL V21 N22 - Load error angles 
Rl ocA xxx . xx• 
R2 IGA XXX. xx• 
R3 HGA XXX .xx• 
Load desired angles 
To terminate : 
Key V34E 

4 .  V 4 3  - Error .. ter load verb 
Verify specified error angles d isplayed by FDA! error 
needles . 

� . 6 . 1 . 24 Iocra.eot LGC Time 

LGC Power-Up ( required) 

1 .  Key VSSE 
Poea OPR ERR lt - on 
Exit VSS • key RSET 

2 .  FL V21 N24 - Load A clock u .. 
Ill OODX hr 
R2 OOOXX ain 
R3 OXX .XX aec. 
Accept : Load desi red t ime increments 
Reject : Key V33E or V34E , exit V55 

4 . 6 . 1 . 25 Initialize Erasable Dump Via Downlink 

LGC Power-Up ( required) 

Comaunicationa Basic ( required - near earth) 

S-Band Steerable Antenna Activat ion and Checkout 
( required - lunar dis tance) 

REMARKS 

Haximua angle loaded should be +s• . Any value exceeding 
:ts• will peg error needles . 

-

Purpose of Increment LGC Time procedure is to change LGC 
clock time , using increments loaded by crew . 

Ref para 4 . 6 . 1 . 1 .  

OPR ERR l t  - on i f  another extended verb froa R76 is 
active . 

All regis ters are initially blank . 

Purpose of Init ialize Erasab le Dump Via Downlink pro­
cedure is to perform nondes truc tive dump of erasab le 
memory to HS FN .  

Ref para 4 . 6 . 1 . 1 .  

Ref para 4 . 13 . 2 . 1 .  

Ref para 4 . 2 . 20 .  
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REMARKS 

4 . 6 . 1 . 25 Initialize Erasable Dump Via Downlink (cont) 
11 .  Initialize erasable du11p : 

Key V74E 

� . 6 . 1 . 26 Eaable W-Hatrix Initialization 

LGC Power-Up (required) �. �., V9 3E 

� . 6 . 1 . 27 ORDEAL laitialization 

LGC Power-Up (required for uae with PGMCS) 

V74 should not be aelected during AGS Initialization 
Routine (R47) , 
V74 will always deliver two complete du� • 

Purpose of Enable W-Katrix Initialization procedure ia to 
request reinitializatioo of rendezvous w-.. trix • 

Enable W-Katrix Initialization procedure reaeta IEMDW 
FLG, which then causes LGC to reinitialize rendezvoua W­
.. trix before next uae . Flag ia aet , following initial­
ization , indicating that it can be uaed again. 

Initialization is required after period of tracking to 
ensure nonzero rendezvous radar data weighting. Wait for 
navigation update for lt.ited period of ti .. .  

Ref para 4 . 6 . 1 . 1 .  

Purpose of ORDEAL Initialization procedure ia to align 
ooe or both FDAI ' a to local vertical c:oordinatM . Pro­
cedure can be accoaplished uain& PGHCS or AGS data. 

Ref para 4 . 6 . 1 . 1 .  

1MU Power-Up ( LGC  Operatina) (required for uae with PGNCS) IRef para 4 . 6 . 1 . 3 .  ISS ahould be on 15 llinuta before 
thrusting .. neuver .  

IMU Dr1aatat1oa Deteraination Proar .. (P51) ( required for !Ref para 4 . 9 . 1 . 1 .  
_. with PGNCS) 

AGS Power-Up ( required for uae with AGS) IRef para 4 . 6 . 2 . 1 .  

AGS aliao-ent valid ( required for uae with AGS) 

AGS atate vector valid (required) 

JPGNCS/ AGS Align (desired) �ef para 4 . 9 . 2 . 1  or AGS Lunar Allan ( para 4 . 9 . 3 . 2) , AGS 
Initialization Routine (R47) (para 4 . 6 . 1 . 18) ,  AGS Manual 
State Vector Update/Initialization {para 4 . 6 .2 . 7/ 
4 . 6 . 2 .9) . 

IMU end/or AGS ..at be alianed with +Y-axia of reference !;lona (VxR) , where V ia velocity vector and R ia position �ector from center of earth or aoon • 

� 
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4 . 6 . 1 . 27 ORDEAL Initialization (cont) 

1 .  Eatabliah total attitude diaplay & ORDEAL controla . 

2 .  Obtain altitude aettina by aelecting one of following : 

3 .  

4 . 

s .  

6.  

Orbit Par ... ter Diaplay Routine ( RJO) 

Ground Track Deteraination Progr .. (P21) 
Obtain altitude aettina froa MSFN . 
Uae AGS altitude : 

ley DEDA C 577R (0 . 1  na) 
AGS (hp addreaa 403) (ha addreaa 315) 

ORDEAL: ALT S!T cont - adjuat  to aetting detenined in 
atep 2 

o..p LH ratea - aelect deaired attitude control .ode 

Obtain pitch anale to local horizontal .  
If PCNCS data required : 
Key V83E - Requeat Rendezvoua Para.eter Display Routine 
(Rll) 

Poaa OPR ERR lt - on (if another extended verb running) 
Exit Rll , key IS!T 
rL Vl6 NS4 

1.1 Range XU .  XX na 
R2 Ranae rate XXXX .X fps 
RJ e xxx . xx• 
To terainate R31 : �ey PRO 

If AGS data deaired : 
�y DEDA C 277R (0 .01•) 

7. ORDEAL : 

8 .  

MODE aw - HOLD/FAST 
SLEW av - UP , center , DOWN (as required for coarse 
alianaent of proper angles at right) 

ORDEAL : 
MODE av - OPR/SLOW 
SLEW av - UP , center , DOWN (fine-adjust FOAl precisely) 

REMARKS 

Ref para 4 . 5 . 3 . 1  and/or 4 . 5 . 3 . 3 .  

Ref para 4 , 8 . 1 . 2  (average ha and hp) . When R30 ia uaed to 
deter.ine altitude to be aet in atep 3 ,  average of ha and 
hp ahould be perfor.ed • 

Ref para 4 . 8 . 1 . 1  (for circular orbit) . 

Ref para 4 . 5 . 1 .  

Ref para 4 .6 . 1 . 1 1 .  

e (LGC) and � (DEDA) i s  angle between +Z-axis and local 
horizontal plane . 

Q or � is froq o• to 360• . (Fast rate is approxiaately 
X200 orbit rate . )  

� i �  � ._.. 6 ;  � �  
� i 
z " • a 



r .. n· ¥ 
N 
,.. 

II> 
.. .., ,. 
• 1-
• 
.. 

..... � ..... ..... 

n 

f 
' 

l I� 

REW· 
MAN I PNL I PROCEDURES 

4 . 6 . 1. 28 LGC Erasab le Heaory Display/Update 

1 • 

2 .  

l .  

4 .  

s.  

6.  

LGC Power-Up ( required) 

LGC Self-Test (desired) 

ltey Vl7E OOE 

Revi- erasable .e110ry :  
Key VOl MOlE 
FL VOl MOl 

B.l ---­
ll2 --­

Ill --
ley desired register address (octal) 
ley !NTR 

VOl 101 
Ill Register content 
ll2 -----
Ill Register addreas 

To reYiew uezt register : 
ley Ml5! 

VOl M15 
Ill Resister conteot 
ll2 ----
Ill leaister addreaa 
ley INTil for each succeediDI register 

To chaqe data 1n eraaable 11e110ry :  
by V2l MOlE 
FL V21 N01 

Ill ----
1.2 --­

Ill ---
ltey desired reaiater addreas (octal) 
ltey ENTR 

REMARKS 

This procedure may be performed in POO only . 

Ref para 4 . 6 . 1 . 1 .  

Ref para 4 . 6 . 1 . 13 • 
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,4 , 6 .1 . 28 LGC Erasab le Me1110ry Display/Update (cont) 

7 .  V2l NOl 
Rl Regis ter content 
R2 ---
R3 Register address 
Load desired data • 

Key ENT1l 

8.  To change next regis ter : 
Key NlSE � .  V21 NlS 

Rl Regis ter content 
R2 -----
Rl Register address 
Load desired data 
Key ENTR for each succeeding regis ter .  

10 . Repeat s teps 2 thru 5 to verify correct loading of data . 

4 . 6 . 1 . 29 Rea tart 

,1 .  

LGC Power-Up (required) 

Key V69E - lea tart 
RESTAJlT lt - on 
NO DAP lt - on (.,mentary) 

Poaa PROG lt - on 
Key V05 N09E 

01107 - Bad phase table 

2 .  Confer with MS FN  to deter.ine whether restoration of 
erasable memory is required . 

3 .  To restore erasable maaory : 
Select LGC Update Progr .. (P27) . 

REMARKS 

Rl blank until loaded 

Rl blank until loaded 

Purpose of Res tart procedure is to cause computer re­
s tart .  

Ref para 4 . 6 . 1 . 1 .  

V69E does not select res tart directly . Ins tead ,  i t  b rings 
about "hardware" res tart ;  i .e , , it executes too aany 
consecutive TC ins truc t ions ( tigh t loop) . 
Initially , all regis ters are blank unless res tartable 
display is present when res tart occurs . 

I f  alarm code is 0110 7 , Fresh S tart is automatically 
initiated . (Ref para 4 . 6 . 1 . 20 . )  

Ref para 4 . 6 . 1 . 7 .  
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4 . 6 . 1 . 29 Res tart ( cont) 

4 .  Perform Itru Orientation Determinat ion Program (P51) & 
IHU Realign Program (P 52) , if required . 

5 .  Deleted 

4 . 6 . 1 . 30 S-Band Antenna Routine (R05) 

1 .  

2 .  

3 • 

LGC Power-Up ( required} 
LGC Self-Tes t ( desired) 
LGC time valid (required) 

LGC s tate vector valid (required) 

IHU Power-Up (LGC operating) ( required) 

IHU Orientation Determinat ion Program (P51) ( required) 

Key V64E 
Poss OPR ERR lt - on 
Exit R05 ,  key RSET 

FL V06 N51 
Rl P itch 
R2 y,., 
R3 

xxx. xx• 
xxx. xx• 

Evaluate pitch & yaw angles wi th respect to veh icle 
obs truction to antenn a ,  LOS to earth center. 
To exit R05 : Key PRO 
To ob ta in more des irable antenna angles : 
Maneuver vehicle , us ing ACA. 

Set S-band antenna to displayed angles : 
Key PRO 

REMARKS 

Ref para 4 . 9 . 1 . 1 ;  rees tab lishes REFStniAT • 

Re f para 4 . 9 . 1 . 2 .  

Purpose of S-Band Antenna Routine (R05) is to compute 
and disp lay the two s teerable S-band antenna gimbal 
angles , which will point it toward center of earth 
( for use in lunar orb i t) • 

Ref para 4 . 6 . 1 . 1 .  
Ref para 4 . 6 . 1 . 13 .  
LGC/CUC Clock Synchronization Routine ( R33) (para 
4 . 6 . 1 . 15) 
LGC Update Program (P27) (para 4 . 6 . 1 . 7) and , when pos­
sible , LH Rendezvous Navigation Program (P20) (para 
4 . 8 . 2 . 1) . (If  P20 is operating , radar s ighting marks 
will automat ically be made approximately once per 
minute . )  
Ref para 4 . 6 . 1 . 3 .  ISS should be on 15 minutes before 
thrusting aaneuver . 
Ref para 4 . 9 . 1 . 1 .  

OPR ERR l t  - on if another extended verb f rom R76 is 
act ive . 

<-9o• • <+270• (pitch angle) . 
<-9o• 8 <+9o• (yaw angle) . 
Disp lay limits are angle convent ions , not hardware 
limi ts . 

Ref para 4 . 2 . 20 .  
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4 . 6 . 1 . 31 Interrupt Integration 

LGC Power-Up ( required) 

1.  Key V961 

Verify PIOG ind - 00 

4 .6 . 1 . 32 Hode I Attitude Error Display 

LGC Power-Up (required) 

IHU Power-Up (LGC Operating) (required) 

1 .  Select PGNCS Attitude Rate/Error Display : 
ATTITUDE HON av - PGNS 
UTI/ERR HON sv - LDG RDR/QIPTR 

2 .  Key V61E 

4 . 6 . 1 . 33 Mode Il Attitude Error Display 

LGC Power-Up ( required) 

lHU Power-Up (LGC Operating) ( required) 

REMARKS 

Purpose of Interrupt Integration procedure is to suspend 
s tate vector integration . 

Ref para 4 . 6 . 1 . 1 .  

Selecting Interrupt Integration procedure terainates 
progr .. in process and selects POO • 

POO s tate vector integration is bypassed until new pro­
gr .. is selected • 

This does not .. intain s tate vector synchronization ; 
therefore , incorrect w-.. trix extrapolation aay occur if 
V96E is perforaed : ( 1) during P20 .. rk processing ,  but 
only if CSH state vector is being updated (V81 in effect) 
or ( 2) during AVETOHID, i .e . , after responding to FL V37 
when leaving program where average-g vu on , but before 
program lights change . To recover : for i tem (1) - none 
required , for item (2) key V93E . 

Mode I displays DAP following attitude errors on FDAI 
error needles (difference between current CDU angles and 
DAP commanded angles) . 

Ref para 4 .6 .1 . 1 .  

Re f  para 4 . 6 . 1 . 3 .  

Ref para 4 . 5 . 3 . 2 .  

Mode I I  displays total attitude error (N22-N20) on FDAI 
error needles . Mode I I  is automatically selected by 
LGC program and routine ; e . g . , ( R60) . 

Ref para 4 . 6 .1 .1 .  

Ref para 4 . 6 . 1 . 3 .  
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4 . 6 . 1 . 3 3 Mode II Atti tude Error Disp lay ( cont) 

1 .  Select PGNCS Attitude Rate/Error Display : 
ATTITUDE HON sv - PGNS 
RATE/ERR HON sv - LDG RDR/CMPTR 

2 .  Key V62E 

4 . 6 . 1 . 34 W-Matrix Error Display 

LGC Power-Up ( required) 

1 .  Key V67E 
Poss OPR ERR lt - on 
Exit V67 , key RSET 

2 .  FL V06 N99 - Pos ition & velocity errors 
Rl RSS in pos ition XXXXX ft 
R2 RSS in velocity XXXX . X  fps 
R3 RSS in bias XXXXX mrad 
Reject : Key V25E - Load desired values , or key V34E 
Accept : Key PRO 

4 . 6 . 1 . 35 Move This Vehicle S tate Vector to Other S tate Vector 

1 .  

LGC Power-Up ( required) 

Key V66E 
Poss OPR ERR lt - on 
Exit V66 , key RSET 

REMARKS 

Re f  para 4 . 5 . 3 . 2 .  

The purpose of this procedure is to d isplay w-matrix 
error information and provide means of reinitiali zing 
W-matrix if des ired . 

Ref para 4 . 6 . 1 . 1 .  

OPR ERR l t  - on if another extended verb from R76 is 
active . 

Pos it ion , velocity ,  and bias values are initialization 
values for each diagonal e lement o f  the appropriate 
submatrix . 

I f  new data are loaded and accepted , W-.at rix is rein­
itialized , using loaded data . 

This extended verb transfers CSM s tate vector data ( in 
LGC) to LM s tate vector . Meaningful only when spacecraf t 
are docked or s tation-keeping .  

Ref para 4 . 6 . 1 . 1 .  

OPR ERR l t  - on i f  this extended verb is used when on 
lunar surface . 

i 0 
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4 . 6 . 1 . 36  Pinal Aut-.tic Reguut T.r.tnate Routine (ROO) 

1. 

2. 

3. 

4. 

LGC Power-Up (required) 

If 100 ia aelected by LGC : 
PL V37 N-- Pleeee perfora chana• of proar .. 

1.1 --

1.2 ---
13 ---

ley Dl 
Plaahiaa ter.iaatea upon receipt of XX!. 
Go to atep 3. 

If 1.00 ia Hl.ected by crew : 
ley V371 XII 

If deatred proar• 1a P70 or P71:  
bit 1.00 (Go to deaired progr•. )  

If cleaired proar• 1a not P70 or P 7 1 :  
Poaa PIOG lt - on 
ley V05 N091 - Call alara 

01520 

Exit ROO 
ley UY UL i ISIT 
PIOG lt - off 

REMARKS 

Purpoee of Final Auta.atic lequeat Terataate Routine 
(ROO) 1a to provide atandard exit for proar ... , and 
option to aelect any deaired progr... Tbia procedure aleo 
providea deacriptioo of activity following any V37E XI& .  

Ref para 4 . 6 . 1 . 1  • 

Aaau.ption : Calling progr .. haa aucceaafully ca.pleted 
all i ta functiona or cr....n baa pre .. turely teratnated 
progr ... 

Alara 01520 indicatea (1)  IHU ia being initialized or (2)  
progr .. other than POO baa been aelected and chanae of 
progr .. ia diaallowed at thia tiae . 
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PROCEDURES 

4 . 6 . 1 . 37 Erasable Modification Routine (ROl) 

1. ley V25 N07E 
lU {octal) !CADI of erasable location 
12 (octal) Bit identification - five digits 

apecifyina bits in word to be .edified 
13 {octal) Action poaitive nonzero (or nonblank) indi­

cates "1" is to be set into bit positions specified in 
12. Zero or blank indicates "O" . 

4 . 6 . 1 . 38 Input 6ILS for Pinpoint Landing 

LGC Power Up (required) 

LGC state vector and landina site vector valid ( required) 

eo..unication with HSFN ( required) 

1 .  Receive 6 record 4RLS fro. HSFN. 

2. Load 41LS 
�ey V25 N69E 

lU 6Z XXXIX f t 
12 !J.Y XXXIX f t 
13 .u xxxxx f t 

REMARKS 

Purpose of Erasable Modification Routine is to provide 
manual capability of changing flagword and channel bits . 
It is not restricted to f lagvords , but can modify any 
legitimate erasable location. 

Rl is channel location if JOg or below . 

Octal representation of binary word usina binary l ' s  
in bit positions t o  be modified. 
Specifically : octal numbers (0000) 1 through 37777 are 
interpreted as positive nonzero and cause one(s) to be 
set in bit positions specified in 12 ;  and octal numbers 
11711 through 40000 are interpreted as negative and they 
as well as (0000) 0 and blank cause zero(s) to be set in 
bit positions specified in 12 .  

Purpose of this procedure is t o  provide a flexible 
.. thod for crew .adification of RLS ( in stab le ...ber 
(SH) coordinates , based on latest s tate vector data) for 
pinpoint landing . 

Ref para 4 . 6 . 1 . 1 .  

LGC Update Progr .. (P27) (para 4 .6 . 1 . 7) 

Hay be performed as follows : 
1 .  Before selection of P63 ( ignition t i  .. will be 

adjusted) . 
2 .  In P63 before throttle-up ( inputa .ust be moderate 

in aagnitude - possible aaall attitude transient at 
throttle-up) . 

3 .  I n  P63 after throttle-up ( inputs aua t  be .aderate in 
.. gnitude - possible small attitude transient) . 

6Z - downrange in SH coordinatea . 
!J.Y - crossrange in SH coordinatea . 
.U - approximate altitude in SH coordinates . 

I f  P63 is reselected , above procedure must be repeated. 

I 
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4 . 6 . 1 . 39  DSD 88888 Claar 

1.  Perf ora follc.U., DSU •tries : 
Y99 1199 
V2S IIOU 
000001 
+999991 
+999991 
+99999 a.a l CL& I a.a 000001 
000001 
000001 

lD w•t of operator error or if DSIY doea DOt clear 1 
repeat procedure . 

-- ..__ _ _ ____ __ --- - - ----- --

IEMAIKS 

This procedure att .. pta to clear DSIY relay cootaad-
aatioo that 1a possible causa of abort that could li&ht 
all aea-ota of tile DSJ:Y IL oUIIbera (appeariDa as 8 ' a  
•d + ' a )  • 

I 
i I 
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PROCEDURES 

4 . 6 . 2  AGS /CES 

4 . 6 . 2 . 1  AGS Power-Up 

CAUTION 

Do not power up AGS if LHP bus voltage < 26 . 5  
vdc . Allow at leas t  1 second between settings 
of AGS STATUS sv and CB S /C :  AEA . 

1 .  CB S/C : AEA - open 
Cl S/C : AEA - open 
AGS STATUS ltV - OFF 
Disable AGS attitude control : 
CUID CONT ltV - PGNS or 
S/C:  

AGS ltV - OFF 
or 
ROLL , PITCH, & YAW sv - PULSE or DIRECT 

REMARKS 

Purpose of AGS Paver-Up procedure is to power up AGS and 
to allow for ASA warmup and stabilization . 
CB S/C:  ASA - close ( required from prelaunch) • 

DC BUS warn lt - on i f  LMP bus voltage is <26 . 5  vdc • 

Rapid cycling could destroy AEA .. .ary . 

Avoids possible attitude transients during power-up . 

LH is free to drift .  

LH is free to dri f t .  

j 
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4 . 6 . 2 . 1  AGS Power-Up (cont) 

LHP I 6 1 2 ·  
CDR 1 

1, 2 
1/2 

LHP I 16 I J. 

CDR 1 

4 .  

11 

11 

5 .  
11 

AGS STATUS sw - STAND BY 
AGS warn lt - on 
MASTER ALARM - on 
MASTER ALARM pb /lt - reset 

CB S /C :  AEA - close 

Note time or start EVNT TMR ind. 

AGS wam lt - off 

Positioning of AEA backup power cb : 
I f  PGNCS operating noraa11y : 
CB S/C:  AEA - open 
If PGNCS fails : 
CB S/C:  AEA - close 

25 .tn after s tep 3:  
CB/AC BUS B :  AGS - close 

REMARKS 

AGS CWEA inhibit  is removed and ASA voltage is low due 
to absence of AEA clock . 

Within 20 seconds , AEA can accept CDU discrete from PGNCS 
and can integrate PGNCS Euler angle increments . 

Following CB S/C :  AEA - close, ASA requires 25 minutes of 
operation with AGS STATUS sw - STAND BY or OPERATE to 
stabilize sufficiently for nominal AGS operation. 

Under emergency conditions , AGS operation with degraded 
performance is availab le :  

Five minutes after ASA activation ( CB S/C:  AEA close and 
AGS STATUS SW - STANDBY or OPERATE) provided that , prior 
to this time , the CB S/C ASA had been closed and AGS 
STATUS SW - OFF (de fined as wa�up IIOde) for at least 
8.5  minutes with coolant flowing (and the ASA initially 
assumed at the· coolant teiiPerature of 40.F) . Only 4 
minutes are required in the warm-up 110cle prior to ASA 
activation for no coolant flow (with an initial assumed 
nominal ASA temperature of at least 60•F) . For this 
case coolant flow must be initiated at or before ASA 
activation. 

AEA backup cb should nor-ally be open to prevent sneak 
path for transient or loss of both power buses due to a 
single failure ; it should be closed i f  PGMCS fails . 
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4 . 6 . 2 . 1  AGS Power-Up (cont) 

6 AGS STATUS sv • OPERATE 
1 , 2  MASTER ALAliH - oa 

1/2 MASTER ALAIUf pb/lt - reset 
1 AGS warn lt - oo 

2 I 02/820 QTY HOM sel - C/W RESET 

1 .AGS warn lt - off 
2 02/820 QTY HDH sel - previous poaition 

l:ey DEDA C 412R+l0000 

6 .  Perfora AEA Readiness Check. 

4 . 6 . 2 . 2  AGS Power-Down 

AGS Power-Up (required) 

16 11 .  CB S/C : AEA - open 
11 CB S/C : AEA - open 

1 AGS warn lt - on 
1 , 2  MASTER ALARM - on 

1/2 MASTER ALARM pb/lt - reset 

6 2 .  AGS STATUS sv - STAND BY 

3 .  AGS STATUS sw - OFF 
AGS warn lt - off 

11 14 • CB/ AC BUS B :  AGS - open 

.,; .· .-� 

REMARKS 

AGS warn lt latches on (caused initially by core-priming 
operation , which , when perfor.ed , interferes with prograa 
inhibit of hardware alara) . AEA initial s tate : 

1 .  Engine-off is present.  
2.  400 , and 410 through 417 , are set to 00000 • 

02 /820 QTY HON sel should not reaain in C/W RESET 
position. It perforas its reset function only at tt.e it 
is switched into C/W RESET poai tion.  

412+10000 indicates self-tes t waa succeaaful . 

Ref para 4 . 6 . 2 . 12 .  

Ref para 4 . 6 . 2 . 1  

CB S/C:  AEA i s  to be opened before AGS STAIUS sw -
STAND BY . This eliminates detriaental effects of switch 
closure bounce . 

AGS warn lt - on because ASA voltage is low due to 
absence of AEA clock . 

I 
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PROCEDURES 

4 . 6 . 2 . 3  AEA Self-Teat 

1 • 

2 .  

J.  

AGS Power-Up (required) 

Check AEA aelf-teat statue : 
Cl S/C :  AE.A - clos e 
Cl S /C:  AEA - open 
ley DEDA C 412R+XOOOO 

I f  +10000 diaplayed , go to step 3.  

leinitiate A!A aelf-teat : 
ley DEDA C 412+00000£ 
llepeat readout after approx 15 aec : 
ley DEDA C 4121. 

CAUTION 

I f  +10000 ia not atorecl & displayed 
within 15 aee , AGS c011puter opera­
tiOM are not rec�nded . I f  
-+00000 re-ina after 15 sec , teat 
ia DOt being executed. 

Check AEA ael f-teat /CW!A interface : 
PrOYicle AEA aelf-teat output to CWEA -
ley DEnA C 412+70000£ 
MASTER ALUM pb /lt - reset 
AGS warn lt - on 
02/820 QTY II>R eel - C/W RESET 
AGS warn l t  - off 
02 /820 QTY II>R ael - previoua position 

4. lleinitiate AEA self-teat : 
l.ey D!DA C 412+00000£ 

5 .  

ley D!DA C 412R+l0000 

Tea t AEA backup pwer ayatea: 
Cl S/C :  AEA - close 
Cl S/C : AEA - open 
AGS warn lt - off 

REMARKS 

Purpose of AEA Self-Teat procedure ia to verify correct 
operation of AEA aelf-teat /CWEA interface , and AEA nor­
-1 and backup d-e power ayate• . 

Re f  para 4 . 6 . 2 . 1 .  

X • 1 ,  X • 3, X • 4 ,  X • 7 

AGS warn lt - on within 5 to 30 aecooda of initializing 
or reinitializing self- teat (412+00000) if self-teat 
result code stored in 412 ia not +10000 . 

AGS ia operat ing correct ly i f  self-teat output ia 
412+10000 . 

AGS warn lt - on and latched indicates failure in AEA 
b ackup power sys tem. 

I 
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4.6 . 2 . 3  AlA S.1f-Te•t �coat� 

6 .  Coafipan AlA d-e backup power: 
If PCJCS operatiaa aoraa11y:  
Cl  S/C :  AlA - clo.e 
Cl S/C :  AlA - opea 
If PGIICS faUa : 
Cl 8/C: AlA - clo.e 
Cl 5/C : AlA - clo.e 

4.6.2 .4  AGS Qaeckout 

1 .  

2 .  

3 .  

AGS Pawer-Up ( nqui nd) 

Perfo� !L 1.., check: 
ley DIDA C 000+111188 
Verify : 

OPJt ED 1t - oa 
000 Ia ... n.• ladicator 
+11818 Ia data iadlcator 

C011p1ete puabbuttoa check : 
ley D!Dl C 12l-4S679C 
OPil Dll 1t - off 

Perfo� AlA badiaa .. Check . 

4 . 6 . 2 . S  AGS 9yro & Acce1eroe.ter Calibration 

LGC P011er-Up (nquired) 

IMU PCIIIer-Up (LGC Operating) /IHU Power-Up (LGC Off)  

IMU Ortentatiou Deterainatioa Proar .. (P51) (des ired) 

AGS PCIIIe r-Up (required) 

REMARKS 

AlA backup cb •hou1d nor.ally be open ; it •hould be 
cloeed i f  PGHCS fail• • 

Purpoee of AGS Olecltout procedure 1e to verify correct 
operation of AlA .ad DEDA e1ectrolu.doeaceat diapl.,• 
.ad puahbutton Upta . 

Re f  para 4 .6 . 2 . 1 .  

OPR ERR l t  - on b eceuae •re than aloe puahbuttou ba­
beeu keyed dnce l.ut lteJiD& CLR pb . 

Ref para 4.6 . 2 . 12 .  

Purpose o f  AGS Gyro and Accelero .. ter Calibration p roce­
dure is to perfora in-f1i&ht gy ro and accelero .. ter cali­
brat ion with PGNCS IHU operating. AGS align.ent in­
flipt calib ration aay be perfor.ed p rovided IHU bas been 
a1ianed ( IHU Orientation Deterainatioa P roaraa, P51) . 

Ref para 4 .6 . 1 . 1 .  

Re f  para 4 . 6 . 1 . 3/4 . 6 . 1 . 4 .  ISS ahould b e  oa 15 ainates 
before thrust ina aaoeuver. 

Ref para 4 . 9 . 1 . 1 .  

Re f  para 4 . 6 . 2 . 1 .  

I 
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PROCEDURES 

4 . 6 . 2 . 5  AGS Gyro I. Accelera��eter Calibration (cont) 

AGS Checkout (desired) 

1. 

eo..unications Basic (desired - near earth ) 

S-B�d S teerable Antenna Activation and Checkout 
( desired - lunar distance ) 

Eatablish desired attitude control mode froa following : 

a. 

b .  

AGS Attitude Bold/Rate Co.aand : 
GOlD COMT sv - AGS 
S /C :  

AGS sv - li1T BOLD 
ttm.L, PITCH , 6 YAW sv - MODE CONT 

DC TD COIIT : BAL CPL av - «lf 
S /C : DEAD BARD av - MAX 
PCNCS Attitude Bold/Rate Ca..and 
<JJID OONT av - PafS 
S /C:  

PCNS sv - ATT BOLD 
ROLL , PITCH , 6 YAW sv - K'>DE CONT 

ley V77! 
NO DAP lt - off 

c.  Durtna docked f ligh t ,  request that CSM aaintain 
attitude hold. Est ab lish attitude control aode -
AGS puln : 
GUID CafT n - AGS 
S /C : AGS av - AtrrO or ATT JI)LD 

ROLL, PITCH , 6 YAW av - PULSE 
DC TBR eDIT :  · BAL CPL av - ON 

AGS direct : 
GUID OOMT n - AGS 
S /C : AGS av - AtrrO or ArT BOLD 

JOLL • PITOI , 6 YAW sv - DIR 
ENG THR CONT : BAL CPL aw - ON 

PGNCS .tni.u. iapulae : 
GUID CONT av - PGNS 
S/C : PCNS av - ATT BOLD 

ROLL , PITCH , 6 YAW aw - K'>DE OONT 
Key V76E 

Ref para 4 . 6 . 2 , 4 .  

Re f  para 4. 13. 2 . 1 . 

Ref para 4 . 2 . 20 . 

Re f  para 4 . 5 . 1 . 6 .  

Re f  para 4 . 5 . 1 . 3 . 

Re f  para 4 . 5. 1. 7 .  

Ref para 4 . 5. 1 . 8. 

Re f  para 4 . 5 . 1 . 4 .  

REMARKS 

,. 
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PROCEDURES 

4.6. 2 . 5  AGS eyro • Accelero.eter Calibration (cont) 

2 .  lead out • record 11ro and acceleroaeter b i  .. -c�ensa­
tioa coefficieata : 
x-accelero.eter 

Key DIDA C S40R (0 .001/0 .01 fpa aq) 
t-accelero.eter 

Key DIDA C SUR (0 .001/0 .01 fpe aq) 
z-accelero.eter 

Key DEDl C 542R (0.001/0 .01 fpa aq) 
x-.,.ro 

K.y DIDl c S44R (O .ol•fbr) 
t-11ro 

K8y llDA C S45R (0 .01./hr) 
z-.,.ro 

ley DIDA C S46R (0.01. /hr) 

REMARKS 

Parenthetical quantizatioa ootatioa : lunar aiaaioa/ 
earth aiaaioa. 

i 
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� . 6 . 2 . 5  AGS Gyro l Accel.ero.eter Cel.ibrat1oa (coot) 

13. 
1 
3 

1 

3 

1 

3 

� · 

Z.tabliab attitade caatrol .ode fro. follawioa : 
a. AGS pabe 

GUID eDIT • - AGS 
S/C: 

AGS • - AUIO or ArT HOLD 
llOLL • Plt'CH • l !All .., - PULSE 
DUD 1MB • - MAX or Kill 

DIG 'I'D COft: 1M. CPL • - OR 
b .  AGS direct 

GUID a.t • - AGS 
S/C: 
AGS • - AUIO or ArT BOLD 
lOLL. PITal. l !All • - DIUCT 
DUD I.AIID • - MAX or NDf 

IIIG 'DI& CDI'1': W. CPL • - OR 
c. PGHCS alaS.. illpube 

GOlD oo.t • - PQIS 
S/C : 

PQIS ev - Aft BOLD 
llOLL0 PI'fCII. l YAW • - MODI cotfT 

Key V76E 
10 DAP lt - OD 

d.  Durlq dockecl fli&ht. requee t that CSH -iotaio drift-
1q fUpt. 

lecabliab attitude l exerciae ICDU floe-align witchea . 
a. 

b .  

c.  
d .  

MODitor ICDU anal .. 
ley Vl6 •201 

IU OGA ID .u• 
R2 1GA ux .u• 
U HGA ux.u• 

Obtain deaired lCDU aoalea by either of following : 
(1) Maaeu.er LK Yia ACA until DSKY display of 

lCDU anal .. reads approx 22 . s• or d .. ired 
odd 8Ultiple of 22 . s• .  

(2) Requeat tbat CSH aaneuver until DSKY 
dt.�lay of ICDU aoglea reacla approx 
22 • •  or desired odd aultiple of zz .s· . 

Perfora ICDU Zero procedure . 
latabliab free drift rate of (0 .075• /aec for docked 
fli&ht;  <o .l•/sec . for uadocked fli&ht • 

Display LH attitude ratee oo PDAI error needles : 
Key V60E 

�--� ��-------··-· - -

IEMAIKS 

Io firs t 30 seconds of tht. �e . AGS accelero.eters are 
calibrated ; this requir .. that RCS be iDbibited for ba8 t 
perforuoce . llCS c:ao be iobibltecl by S/C: AGS .., - orr. 
Ref para 4 . 5 . 1 . 7 .  

le f  para 4 . 5 . 1 . 8  • 

lef para 4 . 5 .1 . 4 .  

This step eliainates poeaibility of dearaled AGS 11ro 
caUbratioo due to coarse or floe ICDU nitchiD& 
traoaieota . 

lef para 4 . 6 . 1 . 21 .  

- - - - - - --- -· ----- - --- -�--------
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4.6 . 2 . S  AGS Gyro 6 Accelero..ter Calibration (cont) 

s .  

6 .  

7 .  

8. 

Ca..and gyro-accelerometer calibration : 
Key DEDA C�OE 

Display one 11ro biu coapeaaation coefficient fr011 
following : 
X-11ro 

Key DEDA C S44R (0 .01• /hr) 
Y-11ro 

hy D1DA C S4SR (0 .01• /hr) 
Z-&Jro 

hJ DEDA c S46R (O .o1• /hr) 

Verify calibration �late : 
hy DEDA C 400R+OOOOO 

Read out 6 record 11ro 6 accelera.eter bias-coapeaaatioaa 
coeffidenta : 
l-acceleroaeter 

hy DEDA C S401l (octal) 
t-acceleroaeter 

ley DEDA C S41R (octal) 
Z-accelera.eter 

ley DEDA C S42R (octal) 
X-11ro 

�ey DEDA c S44R (O .o1• /hr) 
Y-11ro 

�ey DIDA C S4SR (O .Ol. /hr) 
Z-11ro 

�ey D!DA C S46R (0 .01. /hr) 

4.6 .2 .6  AGS Manual Absolute Ti .. Initialization 

AGS Power-Up (required) 

AGS Checkout (deaired) 

MSPN receivina AGS tele .. try (LH in LOS to MSPN) 

to..unicatiooa Baaic (required - near earth) 

REMARKS 

If AGS is removed fr011 calibrate mode before 32 seconds . 
initial value of accelerometer cons tants will be aain­
tained . 

Readout of gyro bias-co�eaaation coefficient p lacea 
this quantity on AGS downlink (if  lunar tele .. try is 
es tablished and COHH : n.M PCH sw - HI) to aid ground 
evaluation of calibration. 

Display should appear within 302 seconds . 

I f  AGS is re.aved from calibrate .ode before 302 secoads . 
updated 11ro coaatants will be used by AGS . If calibrate 
.ode is exited before 180 seconds . reload initial 11ro­
calibration constants . 

Readout of these quantitiu places thea on AGS dolnalink. 

If prelaunch specified failure lillita on change in biaa­
compeaaation coefficients are exceeded . reload initial 
biu-compenaation coefficients after concurrence froa 
MSFN. 

Purpose of AGS Manual Absolute Tiae Initialization pro­
cedure 1a to provide specific base tiae value froa which 
tille increaenting continues (LGC not operating) . 

Re f para 4 . 6 . 2 . 1  

Ref para 4 . 6 . 2 . 4  

Re f  para 4 . 13 . 2 . 1  • 
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!4 . 6 . 2. 6  AGS N.aal Abeo1ata Tt.e lnit:lalhat:lon (coot) 

S-1-.1 StHr .. l.e Aateaaa Actlvatioa (lip P011er) 
(required - baar dlateace) 

1. &later iatt:lal value 1D AGS tt.e addrus : 187 IIDA C 377+1XUX (0 . 1  aiD) 

187 DIDA 11ft 
2 .  leceift ' record AGS t t.e  bi• fro. HSPH 

(Gft 111- AGI tt.e) • 

4 . 6 . 2 . 7  AGI � tM State Vector Upd!ta/Iaitialiaation 

AGS PCRMr-Up (required) 

AGS Qackout (._ired) 

AGS Calibratioa/AGS laitiallaatioa loutine (ll47) (required) 

1.  Obtain LM state vector ' epoch tt.e fro. HSPH, and reeet 
DBL 32 (Dclllfllliak lDitlaliaa naa> CS63 + 00000£ 

2 .  

3 .  

c 

CAUrlOII 

State .actor 1a invalid if LH 
tbruatiDI occur• between epoch 
poiDt ' update tt.e, or if this 
tt.e uc:eede 136 . 5  atn. 

later 1-c011paaeat of LH poaitioa: 
Kay DEDA C 240±UXID (100 /1000 ft) 

Eotar Y-ca.poaeat of LH poaitioa : 
ley DED.\ C 241::!:XXXXXE ( 100 /1000 ft) 

later Z-ca.poaeat of LH position: 
Key DEDA C 242:tXXXUE (100/1000 ft) 

Enter X-ca.poaeat of LH velocity : 
Kay DEDA C 260±DXXXE (0 . 1/1 fps) 

REMARKS 

llaf para 4 . 2 . 20 .  

Select convenient AGS tt.e biaa (e . a . , in tene of hoare) , 
eubtract .AGS tt.e biaa fro. pleaned tt.e of ABA IIITI 
(in GET) , and coavert reu1Ddar to tenth& of ataatu for 
DEDA antry of initial value (DID) • 

Entry to be .ade at plaDDed tt.e of ABA llft'll. 

HSPH obtaiu difference via aroaad cbac:b and AGS tei.e.­
atry . 

llaf para 4 . 6 . 2 . 1 .  

llaf para 4 . 6 . 2 . 4 .  

Re f  para 4 . 6 . 2 . 5  or 4 . 6 . 1 . 18 .  AEA clock cwarflowe 4396 
•iaut• (approzieately 73 hours) after 1Ditial1aatioa 
at aero. 
Kiaue ie set , plae is ruet. llaeettiaa DEL 32 and 
co.pleting -.nual state vector update be fore re-1nitia­
tiDI AGS autoeatic readaavoue radar LM state vector up­
data (law Data Traaefer via LGC) para 4.8.2. 3  avoids 
poaaible aaoeo1oue state vector update. 

Parenthetical quantization notation: lunar aission/earth 
•iaaion . 
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4 . 6 . 2 . 7  ACS "-Dual LM State Vector Update/In1t1a1i aat 1on (cont) 

6 .  

7 .  

8.  

Enter T-ca.poaent of  LM we1oc1ty : 
ley D!DA C 261;!:1XXXXE (0 , 1/ 1  fpe ) 

later Z-co.poaeat of LM Ye1ocity: 
ley Dml C 262:!:UXIXE (0 . 1/1 fpa )  

later LM epoch u- : 
ley IIEDA C 254+XXDD (0 . 1  .!n) 

CAUTIOII 

lfoch data ahou1d be Yalid for 
exact AGS u.. lodicatad. Epoch 
tt. for updat• vben 1M Ia oa 
1aaar aurfaca •hould be within 
0 . 5  hr of DO.!nal 11ft-off.  

9 .  C--..1 AI.A to update LM atate Yector: 
ley .... c 414+20000! 

10. Verify 1M atate ..ctor update ca.plete : 
r.y D1DA c 414R+OOOOO 

4.6 . 2 .8 Load ACS Coatinl!ncy 1M Luaar Touchdawn State Vector 

1. 

ACS Parer-Up (nM�uired) 

ACS Checkout (deaired) 

ACS u- nlid (required) 

l.ead out ludina alta radlua : 
ley DEDA C 231K ( 100 ft) 

REMARKS 

Entry errore (atepa 2 tbroulh 8) -.y be corrected .ay 
ti .. before atep 9 .  
If  data are not Ya11d for eaact 0 . 1  .!aute iadlcated , 
errore of 3 .t1ea (1uaar aiaaloa) or 12 .!lea (earth 
ldaaloa) or aore could reault . 

Diaplay abould 8ppear v1tb1D 2 aecoade after a tap 9 .  

1bla procedure aball be perfo�d approJd.•tely 7 .!a•te• 
before POI (after atate Yector update) , to prepare ACS 
for l ... dlate aacent after LM toucbdava (acco.pliahed 
by lteylaa D!M C 414+20000! to update ACS atate 9'Ktor to 
Yaluea In procedure) . Tbia procedure .., alao be per­
foraed at any tl- oa luaar aurface vbn LGC Ia DOt 
a•al lable for AGS a tate .ector update (K47) . 

Re f  para 4 .6 . 2 . 1 .  

le f  para 4 . 6 . 2 . 4 .  

ACS Manual Abaolute Tiaa Initia11aat1oa (para 4 .6 . 2 .6)  
or AGS Iai tlallaatioa Koutine (147) (para 4 . 6 , 1 ,18) • 
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4 . 6 . 2 . 8  Load AGS CaatlDJ!!cy LH Lunar Touchdown State Vector (coa t) 

I 

later coot .. ta of ... ,... 231 lato 1-co.poneat of 
LH poelt Jaa : 

laJ D1DA C 240+11Dll ( 100 ft ) 

later eattuted tiM of touchd.a +6 Ida . 
(AGS ••1•• t be of 1aadtaa +I for 

'I'IH-1 •ona) : 
laJ DIDl C 2S4+IDIII (0 . 1  Ida) 

later 1 .. r ntatioa rate :  
laJ DIDA C 261+nn'YI (0 . 1  fpa ) 
laJ DIDA C 262-ZZUZI (0 . 1  (Jia ) 

4 . 6 . 2 . 9  AGS "-Dual CSN S tete Vector yPdate/lD1tla11aattOD 

AGS PCIIMr-Up (required) 
lt&S �eckout (d .. t red) 
AGS Ca1tbrattoa/ACS latt1a11aatlon Rout ine (l47) ( required 

1. Obteta CSII a tate wctor ' epoch U• froa HSP'N , •d re .. t 
DIL l2 (Dolnll.Uk lotUaUae P1aa) CS6l+OOOOOE 

2 .  

J.  

4 .  

s .  

CAUTIOK 

S tate .. ctor 1• tawa11d If CSM thruat iDI occur• 
betweea epoch potat ' upclate U• , or 1f U• 
exceed• 136 . S  Ida . 

Eater 1-ca.poaeat of CSM poa l t ioa : 
ley DIDA C 2�XXXIII ( 100/1000 f t )  

later Y-coapooeat o f  CSM po•lt loa : 

laJ DIDA C 24�XUIII ( 100/1000 ft) 

Eater z-ca.poaeat of CSM poa ltioa :  
leJ DEDA C 246!,XIDX! ( 100/1000 ft) 

later 1-COIIpODeDt o f  CSH .. 1odty : 
lay DIDA C 264-!_XUDI (0 .1/1 fp•) 

I 6 .  Eater Y-co.poaeat o f  CSM velocity : 
lay DEDA C 26�DD.IE (0 . 1/1 fpa) 

To achlew aatlafactory pertcyath ioa , value eatered 
ta 2S4 ahou1d be :!:6 ldautea of lift-off • 

T!TIY•1S . 2  ala (1) 
ZZZZZ•1S . 2  coa (I)  
1•aaale c .... ured c1ockvtae) froa veat to AGS z-axta 

a.f para 4. 6 . 2 . 1 .  
la f  para 4 . 6 . 2 . 4 .  
la f  para 4 . 6 . 2 . S/4 . 6 . 1 . 18. AEA clock owrflwa 4396 
lllautea (approaiaate1y 73 hour.) after latUaUaattoa 
at •ro. 
Ml.aua h aet , p1ua 1a reNt . leaett iq DIL 32 aad 
co.plettaa ... ua1 a tate wctor upclate before n-1Dtt1-
attaa AGS aat� tc �EWoua radar LM atate ,.ctor .,_ 
date (Raw Data Traaafer wta LGC) para 4 . 1. 2. 3 . awatcla 
poaatb le aaoaaloua a tate ,.ctor update. 

Pareatheti cal qu•t i zatloa aotat t oa :  luaar � ••loa/earth 
a!•• i oa .  

I � �  i '  Z w  -- �  



r .. 
;:;· 

� 
ii 

...., 
"' 

In 
It 

"0 
" 
It g. 
It 
'1 ..... "' .... ..... 

n r 
t 
¥ 

l 
• 

� . 
f v. IN 

CREW· PNL MAN PROCEDURES 

4 . 6 . 2 . 9  AGS Manual CSH S tate Vector �ate/Initialization (cont) 

7 .  Enter Z-co.ponent o f  CSH velocity : 
Key DEDA C 266±XXXXXE (0 .1/1 fps) 

8.  Enter CSH epoch tiae : 
Key D!DA C 272±XXXXXE (0 . 1  ain) 

CAUTION 

CSH epoch t� .ust be a valid paat-AGS 
ti .. at .ultiple of 0 . 1  ain. 

9 .  C�d A!A to update CSH state vector : 
Key DEDA C 414+30000E 

10 . Verify CSH state vector update coaplete : 
Key DEDA C 414R+OOOOO 

4 . 6 . 2 . 10 Deleted 

REMARKS 

Entry errors (steps 2 through 8) aay be corrected any 
t iae before step 9 .  

Display should appear within 2 seconds after s tep 9 .  

,.. 
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PROCEDURES 

4 . 6 . 2 . 11 Rate Gyro Check 

1 • Set controls for checkout : 
CB S/C : ATCA (AGS) - cl01e 
RATE SCALE av - 25. /SEC 
S /C :  GYRO TEST POS RT av - OFF 

2 • S/C : 
GYRO TEST lOLL av - ROLL 
GYRO TEST POS RT av - POS RT & HOLD 

PDAI roll rate lad - +s• 
S/C :  GYRO TEST ROLL av - PITCH 
FDAI pitch rate lad - +s• 
S/C :  GYRO TEST ROLL av - YAW 
PDAI yaw rate ind - +s• 

S/C: GYRO TEST POS RT av - NEG RT & HOLD 
FDAI y- rate iad - -s• 
S/C:  GYRO TEST ROLL av - PITQI 
FDAI pitch rate iad - -s• 
S/C : GYRO TEST lOLL av - ROLL 
FDAI roll rate ind - -s• 
S/C :  GYRO TEST POS RT av - OFF 

J.  RATE SCALE av - s• /SEC 
GYRO TEST POS RT av - POS RT & HOLD 
FDAI roll rate iad - +s• 
S/C : GYRO TEST ROLL av - PITCH 
FDAI pi tch rate ind - +s• 
S/C :  GYRO TEST ROLL av - YNII 
FDAI yaw rate ind - +s• 

REMARKS 

Rate Gyro Check procedure is to be accomplished only 
under PGNS control . 

Complete checkout if abnoraal condition 1a noted at 
any point . Check any additional abnoraal1t1 .. be-
fore proceeding to .. lfunction diagno. tic. 
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3 

4 . 6 . 2 . 11 Rate Gyro Check (cont) 

S /C :  GYRO TEST POS RT aw - NEG RT & HOLD 
FDAI yaw rate ind - -s• 
S/C : GYRO TEST ROLL sw - PITCH 
FDAI pitch rate ind - -s• 
S /C GYRO TEST ROLL sv - ROLL 
FDA! roll rate ind - -s• 
S/C: GYRO TEST POS RT sw - OFF 

4 . 6 . 2 . 12 AEA Readiness Check 

AGS Power-Up (required) 

AGS Self-Tes t (required) 

1 .  Descent section staging flag s tatus check : 
Key DEDA C S74R 
Neaative nu.ber • staged ; positive ouaber • unstaged 

If incorrect : 
Key DEDA C 574+00000E (if unstaged) ; or 

-OOOOOE (if s taged) 

2 .  Lunar surface flag 1 tatus check: 
Key DEDA C 604R 

Negative nu.ber • on lunar surface ; positive number • 

not on lunar surface 
I f  incorrect ;  Key DEDA C 604+00000E if not on lunar 
surface ; or -QOOOOE if on lunar surface . 

3.  S taging sequence counter status check : 
Key DEDA C 612R 

If unstaged & +00000 not displayed : 
Key DEDA C 612+00000E 

I f  staged & +00006 not displayed : 
Key DEDA C 612+00007E 

REMARKS 

Purpose of AEA Readiness Check procedure is to verify 
status of AEA descent-section staging f lag, lunar sur­
face flag ,  and staging sequence counter. 

Ref para 4 . 6 . 2 . 1 . 

Ref para 4 . 6 . 2 . 3 .  

-00000 - on lunar surface 
+00000 - not on lunar surface 

. ........... , 
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PROCEDURES 

4 .6 . 2 . 13 AGS Orientation to Initial Coaputed Steering Attitude 

1 .  

2 .  

AGS Power-Up (required) 

AGS aliga.ent valid  (required) 

AGS LM s tate vector valid (required) 

AGS CSH s tate vector valid (required) 

AGS Wb Vector Update (required if applicable to miss ion) 

AGS Manual Rendezvous Radar LH State Vec tor Update 
(required) 

Es tablish AGS Attitude Error Di�play mode : 
RATF./ERR MON sw - LDG RDR/CHPTR 

Es tablish atti tude control mode 
AEA attitude hold submode -

Key DEDA C 400+00000E 

REMARKS 

Purpose of AGS Orientat ion to Initial Computed S teering 
Attitude procedure is to offer crew ainimua fuel option 
or ainimua time option for AGS orientation to initial 
computed s teering attitude . The nor-ally used minimum 
fuel opt ion is presented first in a continuous and co.­
plete format .  The ainimua t ime option and other avail­
able procedural choices are presented in a for.at re­
lating to the minimum fuel option procedure • 

Ref para 4 .6 . 2 . 1  • 

Backup AGS Alig�nt (AGS body axis alisn-ent and PGNCS 
IMU) (para 4 . 9 . 2 . 2) Backup AGS Alignment (AGS body axis 
alignment and AOT) (para 4 . 9 . 2 . 3)  AGS Lunar A1ig�nt 
(para 4 . 9 . 3 . 2) .  

AGS Init ialization Routine (R47)  (para 4 . 6 . 1 . 18) , AGS 
Manua l  L� State Vector Update/Initialization, procedure 
(para 4 . 6 . 2 . 7 ) , or AGS Manual Rendezvous Radar LH State 
Vector Update procedure (para 4 .8 . 2 .2)  

AGS Init ialization Routine (R47)  (para 4 . 6 . 1 . 18) , AGS 
Manual CSH State Vector Update/Initialization procedure 
(para 4 . 6 . 2 . 9) 

Ref para 4 . 6 . 2 . 15 .  

Ref para 4 . 8 . 2 . 2 .  

Val id AGS LH s tate vec tor i s  not applicab le when this 
procedure is used as par t  of AGS Manual Rendezvous Ra­
dar L� State Vec tor Update . 

Ref para 4 . 5 . 3 . 4 .  I f  total atti tude display is desi red , 
es tablish AGS Total Atti tude Display mode ( para 4 . 5 . 3 . 3) . 

AEA a t t i tude hold submode configuration is normal ly es­
tabl ished after maneuver in which ABORT or ABORT STAGE pb 
was used . 
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4 . 6 . 2 . 13 AGS Orientation to I ni t ial Computed Stee ring At titude ( cont) 

1 
3 

) 

J .  

GU I D  CONT sw - AGS 
5 /C : ROLL , PITCH , & YAI� sv - MODE CONT 
AGS Attitude Hold /Rate Command Mode : 
5 / C : AGS sv - ATT HOLD 
S / C : DEAD BAND sw - MAX 
Select guidance s teering from fol lowing : 
X-axis guidance s teering , Z-axis para l le l  to 
CS�I orb i t  p lane -

Key DEDA C 62 3+00000E 
Key DEDA C 400+ 10000E; or 

With yav orientation spe c i f ied by Wb vector -
Key DEDA C 623+10000E 
Key DEDA C 400+10000E ; or 

Acquisition z-axis ateerina -
Key DEDA C 507+00000E 
Key DEDA C 400+20000E ; or 

Thrust  guidance z-axis s teering -
Key DEDA C 507+10000E 
Key DEDA C 400+20000E 

Orient LH to computed stee ring attitude : 

a .  Manual :  
S /C :  

ROLL . PITCH. & YAW sw - PULSE or DI RECT 
DEADBAND sw - MIN 

S /C :  AGS sw - AUTO 
ACA - nul l  atti tude errors 
S /C :  ROLL , P ITCH . & YA\� sw - MODE CONT 

CAUTIO� 

Orientat ion in auto (minimum time option) vith 
maximum deadband (af ter staging) can overload 
AEA counters & lose AEA alignment . 

b .  Auto.atic : 
S /C :  DEAD BAND sw - MIN 
5 /C :  AGS sw - AUTO 

Ref para 4 . ) . 1 . 6 .  

Wb vector is provided for 5-band LOS angle for ascent 
from far ves tern lunar landing s i tes . Checkout and /or 
other use of Wb ve ctor is poss ib le for ear th-orb ital 
f l ights . 

Minimum fue l op tion - preferred method f or ACS orienta­
t ion of LH .  

Atti tude error needles must b e  nu l led by " f lying-to" 
needles . A " f ly-f rom" nu l l  wi l l  be a false null and 
vi l l  resu lt in large attitude excursions vhen vehicle 
is re turned to automatic control . Avoid IMU gimbal 
lock. 

Minimum t ime opt ion (ABRUPT s• and/or 10• /sec maneuver) 
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PROCEDURES 

4 . 6 . 2 . 14 AGS Accelera.eter Calibration 

1. 

2 .  

CAUTION 

AGS accelero.ater calibration require• 
unaccelerated fliaht , & rotation ratea 
�0 . 1• /aec • 

AGS Power-Up ( requi red) 

AGS Checkout (deaired) 

Co-.aicaUou lade (deaired - near earth) 

S-leDd Steerab la ADteQQa Activation .ad Checkout 
(daaired luaar diat.ace) 

Eatab liah Attitude Rate Diaplay � :  
RATE SCALE 8V - s• /s!C 

!atabliah deaired attitude cont rol � froa follovina : 

a. AGS Pulse : 
GUID OOIIT av - AGS 
S /C :  

AGS av - AUTO or ATT HOLD 
JOLL , PITCH, & YAW aw - PULSE 
DEAD lAND aw - HAl or HIN 

ENG THR CIXtT : IAL CPL aw - ON 
b .  AGS Direct : 

GUID COIIT av - AGS 
S/C:  

AGS av - AUTO or  ATT HOLD 
R(I.L , PITCH , & YAW .v - DIRECT 
DEAD BAND aw - HAl or HIN 

ENG THR CONT : BAL CPL sv - ON 
c .  PaiCS Attitude Hold/Rate Co-and 

GUID CONT aw - PaiS 
S/C :  

PaiS aw - ATT HOLD 
ROLL , PITCH , & YAW sw - HODE CONT 

Key V77E 
NO DAP lt - off 

REMARKS 

Purpoae of AGS Accelera.eter Calibration p rocedure ia 
to calibrate AGS accele roeetere without 1181DI PGHCS UIJ . 

Tiae to co!lplete procedure ia approxiaately 302 aeconda . 

lef para 4 . 6 . 2 . 1 .  

Ref para 4 . 6 . 2 . 4 .  

Ref para 4 . 1 3 . 2 . 1 . 

Re f para 4 . 2 . 20 .  

Re f  para 4 . 5 . 3 . 5 .  

le f  para 4 . 5 . 1 . 7 .  

Re f  para 4. 5 . 1 . 8. 

Re f  para 4 . 5 . 1 . 3. In- fligh t accelero .. ter-only 
calib ration 1a acceptab le with RCS not inhibi ted , but 
calibration accuracy aay be degraded. 
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4 . 6 . 2 . 14 AGS Accelerometer Calibrat ion ( cont) 

d .  During docked fligh t ,  reques t that CSH aaintain 
drifting f ligh t .  

3 . Read out & record accelerometer bias-compensat ion 
coe f f icients : 

X-AccelerOIIIeter 
Key DEDA C 540R ( 0 . 00 1 /0 . 01 fps sq) 

Y-Accelero .. ter 
Key DEDA C 541R { 0 . 00 1/0 .01 fps sq) 

Z-Accelerometer 
Key DEDA C 542R (0 .00 1/0 .01 fps sq) 

4 .  Ca.aand accelero .. ter calibration: 
Key DEDA C 400+70000£ 
Note tiae or start EVNT TMR ind 

5 .  35 seconds after beginning s tep 4 .  
Reeuae attitude control : 
Key DEDA C 400+00000£ 
Es tab lish desired attitude control mode 

6 .  Repeat step 3 

� . 6 . 2 . 15 AGS Wb Vector Update 

jl.  

AGS Power-Up (required) 

ACS Checkout (desired) 

Receive & record Wb vector components f rom HSFN , & enter 
Wb vector components : 
X-co.ponent 

Key DEDA C 514+XXXXXE (octal) 
Y-component 

-

Key DEDA C 515+XXXXXE (octal) 
z-coaponent 

-

Key DEDA C 516!XXXXXE (octal) 

REMARKS 

Parenthe t ical quan tization notation : lunar mis s ion/ 
earth mission • 

Although AGS accelerometer calib ration requires only 
approximate ly 32 seconds to complete , AEA reaains in 
calibrate aode for 302 seconds . Calibration aay be 
manually termina ted after 35 seconds by keying DEDA 
C 400+00000£ (attitude hold) . 

Readout of these quantities p laces thea on AGS downlink . 

Purpose of AGS Wb Vector Update p rocedure is to aaintain 
5-band LOS angles for ascent froa far western lunar 
landing s ites . Checkout or other use of yaw orientation 
is poss ib le for earth-orb i tal f li ghts . 

Ref para 4 . 6 . 2 . 1 .  

Ref para 4 . 6 . 2 . 4 .  

Nominally , appropriate Wb vector is loaded before 
launch . 
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PROCEDURES 

4 . 6 . 2 . 16 AGS Lunar Surface Gyro Calib rat ion 

1 .  

2 .  

3. 

4 .  

5 .  

AGS Power-Up ( required) 

AEA Self-Tes t (desired )  

AGS Lunar Aziauth Store (required) 

AGS alicuent ( requi red) 

S-Band Steerable Antenna Act ivat ion and Checkout (des i red) 

Read out & record gyro-drift-coapenaat ion coefficients : 
Key DEDA 

C S44R (O .Ol. /hr) 
C S4SR (0 .01. /hr) 
C S46R (0 .01• /hr) 

Enter appropriate lunar rotat ional rate inforaation:  
Key DEDA 

C 640+XXXXX (octal) 
c 64l+xxxxx (octal) 
C 642tXXXXX (octal) 

Ca..and IJro calib rat ion :  
Key DEDA C 400+60000£ 

Read out gyro calibration status : 
C 400R 

Read out & record gyro-dri ft -compensat i on coe ffici ents 
afte r coapletion of calib rat ion: 
Key DEDA : 

C 544R (O .ol• thr) 
C 545R (O .Ol. /hr) 
C 546R (O .ol • /h r) 

Ca.pare with prevtou. values 

REMARKS 

Purpose of AGS Lunar Surface Gyro Calibration procedure 
is to reestimate gyro-dri ft-compensation coefficients 
on lunar surface . 

Ref para 4 . 6 . 2 . 1 .  

Ref para 4 . 6 . 2 . 3  • 

Re f para 4 . 6 . 2 . 1 7 • 

PGNCS/AGS Align procedure (para 4 . 9 . 2 . 1) or AGS Lunar 
Align (400+40000) (para 4 . 9 . 3 . 2) .  

Re f  para 4 . 2 . 20 .  Required t o  downlink calibrat ion data 

Readout of coe fficients places thea on AGS downlink . 

AGS Flight Prograa 7 (FP- 7) includes routines for cali­
b rating gyros without rest riction on lunar latitude or 
s pacecraft alignment . 

Readout automat i cal ly changes to zero a fter 302 s econds 
of calib rat i on ,  to indicate complet ion of cal ibration.  

Allowab le d i f fe rences : 
+0 . 90. /h r p relaunch to i n- flight ±o . 7o• thr in- f l igh t to in-f l i ght ( < 24 hours ) 
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4 . b . 2 . 1 7  AGS Lunar Az imuth S t ore 

AGS Power-Up ( requ i re d )  

AGS Se l f-Test ( des ired) 

PGNCS / AGS A l i gn 

1 .  Inuuediately after touchdown , command store 1 unar azi1nuth : 
Key IJEDA C 4U+ lOOOOE 

4. 6 .  2 . 18 AGS Rescaling From Lunar to Earth Miss ion 

imTE 

Not included i n  the following list 
are modi fied t arge t ing J cons t ants . 
llew values w i l l  be determined when a 
b ackup miss ion is e s t ab lished . 

DEDA Address En t ry 
651  +20000 
6 5 )  +32 756 
656 + 1 5 )6 7  
6 7 7  +20 )05 

304 +0 78)9 
446 +000 )4 
454 +00 100 
466 +000 15 
47) -0 7 ))2 
526  + 13560 
b0 7 + 12000 
6 )4 +00020 
6)6 +62026 
637  +50 7 3 2  
660 +00 100 

Parame t e r  
Bl JVS F  
B 2 lRSF 
B 2 2 R S F  
B2)SF 

JK4 
4K25 
4K26 
51\26 
4K2 7 
2Kll 
K55 
11\35 
2Kl 
21\2 
41\)4 

REMARKS 

Purpose of AGS Lunar Az imuth S t o re procedure is to s t ore 
azimuth angle for pos s i b l e  later use by AGS Lunar A l i gn 
procedure and to indi cate to AGS that L.'t is on lunar 
sur face . ( Lunar s u r f ace f lag i s  set by this p roced u re . )  

Re f para 4 . 6 . 2 . 1 .  

Re f para 4 . 6 . 2 . ). 

Re f para 4 . 9 . 2 . 1  • 

Any entry ( +10000 is sugges t ed) causes lunar azimuth to 
be s tored and lunar surface f lag to be set . 

Purpose of AGS Res cal ing From Lunar to Earth :uss ion 
procedure is to provide method o f  mod i fy ing scal ing in 
AEA program when mis s i on changes f rom lunar to earth . 

DEDA s cale fac tors ; to be entered f i rs t  b ecause they are 
for use in input-process ing o ther DEDA entries . 

S ine o f  TPI central angle l imit 
Eng cuto f f  compens a t i on 
t.IJG threshold 
VG thresh old 
Des cen t s t age b ias 
VF limit 
A l t i t ude rate s c a l ing 
Accel erometer b ias threshold 
Grav i ty cons t ant 
l / 2Kl 
aT lower limit 

5 5 
i i  
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4 .6 .2 .18  AGS Rescaling From Lunar to  Earth Miss ion (cont) 

DEDA Address 
661 
6 74 

S 34 
S 35 
536 

540 
541 
542 

65 7 

5 3 7  

Entry 
+00007 
-15 752 

(Accelerometer 
s cale factors) 

( Accelerometer 
b ias compensa­
tion constants) 

( l>EDA scale 
factor) 
+23420 

( X-gyro mass 
unbalanced 

compensation 
constant)  

Parameter 
4K35 
2K4 

1Kl8 
1K20 
1K22 

1Kl9 

1K21 
1K23 

BACCSF 

1 K l 4  

Ullage threshold 
-2(2Kl) 

REMARKS 

Accelero.eter scale factors ; octal number must be 
replaced by number equal to one-fourth of previous value 
as follows : 
1 .  Read exis t ing value • 

2 .  Convert octal readout to b inary . 
3 .  Round constant by adding 1 to second least 
significant b i t .  
4 .  Drop two least signifi cant b its and add two b i t s  a t  
most s igni ficant end o f  word . Bits added are ze ros i f  

readout was plus ; ones , if  readout was minus . Regroup 
as five octal digits . 
5 .  Enter into original address with original s ign . 

Accelerometer bias-compensation constants (decimal 
quantities , scaled at 0 .00 1  fps sq) are rescaled as 
follows : 
1 .  Readout and record accelerometer b ias compensation 
constants 
2 .  Change BACCSF -

Key DEDA C657+23 420 
3 .  Round accelerometer b ias-compensation constant by 
adding 0 . 005 
4.  Reenter accelerometer bias constant -

Key DEDA C 540 ( 541 ,  542) +XXXXX (0 .01  fps sq) 

Exis t ing octal numb e r  mus t be replaced by numb e r  equal 
to four times i t s  former value . Fol lowin� is metnod for 

ob t aining new value : 
1 .  Read exis t ing value . 
2 .  Convert oc t al readout to b inary . 
3 .  Drop two mos t s igni f i cant b its and add two zeros at 
leas t s igni f icant end of word .  Regroup as five oc tal 
digits . 

4 .  Ente r new value i n t o  original location with 
o riginal s ign. 

i 
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CDR 
LMP 

LHP 

11 
6 

1 , 2 
1/2 
1 

2 

1 
2 
6 

16 

1 

4 . 6 . 2 . 19 AGS Power-Up From AGS Partial P ower-Down 

1 . CB/AC BUS B :  AGS - close 
AGS STATUS sw - OPERATE 
MASTER ALARM - on 
MASTER ALARM pb / lt - reset 
AGS warn lt - on 

o2/H20 QTY MON sel - C/W RESET 

AGS warn lt - off  
o2 /H20 QTY MON sel - previous pos it ion 
ley DEDA C 412R +10000 

2 .  Perfor. AEA Readiness Check 

4 . 6 . 2 . 20 AGS Partial Power-Down 

ACS Power-Up ( required) 

1 . C B  S /C :  AEA - open 

AGS warn lt - on 

1 , 2 I MASTER ALARM - on 
1/2 MASTER ALARM pb /lt - reset 

6 12 . 
16 

2 

AGS STATUS sw - STAND BY 
CB S /C :  AEA - close 
AGS warn lt - off  

or 
AGS warn lt - on 
02/H20 QTY MON sel - C /W RESET & return to previous 
position 
ACS warn lt - off 

J., I CDR 11 13 • CB /AC BUS B :  ACS - open ..... 

REMARKS 

AGS warn lt latches on ( caused initially by core priming 
operat ion which , when performed , interferes with program 
inh ib i t  of hardware alarm) . 

AEA ini tial s tate :  
1 . Engine-off  i s  present • 

2 . Addresses 400 and 410 through 417 are set to 00000 • 

02/H20 QTY MON sel should not remain in C /W RESET 
posit ion . It perfor.s its reset function only at ti.e it 
is switched into C/W RESET posit ion . 

For AGS to operate correct ly , 412 output must b e  10000 . 

Re f Para 4 . 6 . 2 . 12 

ACS Partial Power Down procedure may b e  used for lunar 
s tay to eliminate pos s ib ility of b ias shift  resulting 
from complete power-down. 

Ref para 4 . 6 . 2 . 1 .  

C B  S /C :  AEA - open b efore ACS STATUS sw - STAND BY . 
This eliminates det ri.ental e ffects of switch closure 
b ounce . 

AGS warn lt - on because of improper ASA power outputs 
due to absence of AEA clock . 

Opening CB S /C :  AEA in s tep 1 may cause AEA to issue 
tes t-fail ure s ignal , which causes AGS warn lt to latch on . 
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ICIEW·I PNL MAN PROCEDURES 
14.6.3 � 
4 .6 . 3 . 1  Rendezvous Radar Power-Up 

11 I CB HTR : RNDZ RDR OPR - close ( required) 
CB HTR : RNDZ RDR STBY - open ( required) 

1 .  Select display mode :  
3 HTR CONT : TEHP HON sel - RNDZ RADAR 

REMARKS 

Assumption : Rendezvous Radar Initial Activation & Check­
out procedure has been completed . Para 4 . 6 . 3 . 2 .  

Circui t breaker shall be closed for a t  least 1 hour 45  
minutes prior to operation ( t ime required to warm up 
high power multiplier (HPH) f roa cold soak to nor .. l 
operating temperature (-4o•r to +lo•r) wi th LH bus volt­
age of 29 volta . )  Circuit breaker shall be closed for at 
leas t 45 minutes prior to self tea t ( time required to 
warm up HPH froa cold soak to •ini.ua operating temper­
ature (-40• r to -5•F) with LM bus voltage of 29 volta ) . 
Adequate RR accuracy for an abort from the lunar surface 
can be assured wi th the following warmup ( 28 volta at 
antenna) . 

Lunar 
Surface 
Antenna 
Position 

AOT 
Aligt1111ent 

Boresight 
LH +X 

Boresight 
at sun 

Lunar Surface Warmup 
Time using operate 
heaters only (-4o• r 
+lO•r,  HPH) 

45 minutes 

32 1/2 minutes 

20 minutes 

CAUTION 

Lunar Surface Warmup 
time using operate 
heaters until HPH 
reaches -5•r aad us­
ina concurrent heater 
/electronics opera­
tion to coaplete 
warmup (-4o•r to 
+1o•r .  HPH) 

32 minutes (activate 
electronics after 25 
minutes, HPH a t  -5•F) 

26 minutes (activate 
electronics af ter 20 
minutes , HPH at -5•F) 

18 minutes (activate 
electronics af ter 14 
minutes , HPH at -5•F )  

IIPH ma y  be damaged i f  operated at temperatures below -s•r 

Ref para 4 . 5 . 3 . 13 .  
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4 . 6 . 3 . 1  Rendezvous Radar Power-Up (cont ) 

2 .  Veri fy rendezvou11 radar teaperature : 
HTR OONT : TEMP ind - > +10• F 

11 1 3. CB/ AC BUS A: RNDZ RDR - close 
Wait 30 sec • 

11 

1 

CB PafS : RNDZ RDR - close 

JOIDZ RADAR : NO TRACX lt - on 

4 . 6 . 3 . 2  Rendezvous Radar Initial Activation & Checkout 

LGC Power-Up ( required) 

LGC Self-Te•t (desired) 

ATCA Power-Up ( required) 

CB HTR: RNDZ RDR OPR - close (required) 
CB HTR: RNDZ RDR STBY - open (required) 

1. Select diaplays : 
sHn /TRUN J sw - +so• 
RATE /ERR HON IIV -

-
RNDZ RADAR 

RNG/ALT HON IIV - RNG/RNG Rl' 

12 1 2 .  Rlt GYRO SEL !IV - PRIM 

REMARKS 

Wait until HTR CONT : TEMP ind - > +lo• r before cont inuing 
p rocedure . 

-

Prevent• : ( 1 )  Prob ab le high-rate driving of antenna 
into s tops and (2)  probab le unpredictable performance 
during gyro spin-up . 

This ligh t  ill normally on when radar is energized but 
is not tracking. 

Re f  para 4 . 6 . 1 . 1 .  

Re f  para 4 . 6 . 1 . 13 .  

Ref para 4 . 2 . 4 .  

Circui t breaker 11hall b e  closed for at leas t 4 5  llinutea 
p rior to self te11 t (tt.e required to war. up RPM froa 
cold soak to lliniaua operating teaperature (-4o• r to 
-s•r) with LM bUll voltage of 29 volts ) . 

Ref para 4 . 5 . 3 . 6 .  

To avoid possible gyro logic voting prob leas , ua e  PRIM 
position at all times unle1111 priaary gyro fails , at 
which tiae SEC should be selected . Failure of p riaary 
gy ro whi le in aode I is indicated by gyration of FDAI 
shaft and trunnion needles . 

II 
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CREW·I PNL 1 PROCEDURES MAN 
4 . 6 . 3 . 2  Rendezvous Radar Ini tial Activation & Checkout (cant) 

3 I 3 .  

4 .  

5 .  

6 .  

HTR CONT : TEMP KJN eel - RNDZ RADAR 

HTR CONT: TEMP ind - > +lO•F 

RNDZ RADAR eel - SLEW 

Release rendezvous radar antenna res t raining device :  
a .  Rewove locking PIP pin f rom T-handle mechanism on le ft 

s ide of AOT guard . 
b .  Pull T-handle down to release antenna & take up cable 

slack until detent is engaged.  
c .  Reinsert locking PIP pin .  

Apply power to rendezvous radar: 9 I I 11 CB/AC BUS A:  RNDZ RDR - close (after 30 sec . )  
C B  PGNS : tamZ RDit - close 0 

::J 
G 
• � I I 

., I I 
0 

G .. I I 
� ;, I 0\ "' 

3 1 7 . RNDZ RADAR: NO TRACK lt - oa 
RNG/ALT ind pvr/sig fail lt - on 1 

3 
, a. Bring rendezvous radar antenna to .ode I with shaft & 

trunnion angles at o• : 
RNDZ RADAR: SLEW RATE sv - HI 
Hold RNDZ RADAR: SLEW sw - LEFT ( t runnion angle display 
on FDAI deflects to right & returns to o• . )  
RNDZ RADAR SLEW RATE sw - LO 
Hold INDZ RADAR :  SLEW sv - DOWN (Shaft angle display 
oa FDAI reaches o• , ) 

9 .  I f  docked with CSH, verify :  

10 . 
I 11 , 

1 12 .  

CSH RC S  thruster B-3 - off 
RNDZ RDit t ransponder - off 

Select rendezvous radar display :  
X POINTER SCALE sw - HI 

RNDZ RADAR: SLEW RATE sw - HI 

Verify : 
RADAR: NO TRACK lt - on 
RNG /ALT ind pvr/s ig fail lt - on 

REMARKS 

Ref para 4 . 5 . 3 . 1 3 .  

Wai t until HTR CONT: TEMP ind - � +10• F before contin­
uing procedure . 

Data-no-good s ignal to CWEA is inhib ited . 

RR antenna IIIU8 t remain s towed or in o• trunnion angle, 
283• shaft angle before undocking, to prevent CSH RCS 
p lume-impingement da .. ge . 

Prevents : (1) Prob ab le h igh-rate driving of antenna into 
stops and (2) probab le unpredictable perforaance during 
gyro spin-up .  

Trunnion slew at low rate can result i n  large a.plitude 
oscillation near 90• . 

Ref para 4 . 5 . 3 , 7 .  
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lcREW·I PNL MAN PROCEDURES REMARKS 

4 . 6 . 3 . 2  Rendezvous Radar Initial Activation & Checkout (cont) 

13 .  RNDZ RADAR: S LEW  RATE sw - LO 

14. C onfin nulling can be achieved with :  
AOT I RR GYRO SEL SW - AtrrO • SEC. 

15 . RR GYRO SEL n - PRIM 

3 116 . Hold RNDZ RADAR: SLEW sw - UP or DOWN, as required ,  
until shaft anale display on FDAI reaches o• . 

1 7 . RNDZ RADAR ael - AUTO TRACK 

CAtTriON 

Monitor FDAI & prevent trunnion 
aaa1e froa exceeding so• meter limi t .  
Perforaance .ani toring above meter 
liait is not poss ible . I f  trunnion 
is peraitted to drift above meter 
liait , uoatable perforaance aay occur. 

18. RADAR TEST sw - RNDZ 

RADAR: TEST/IDN sel - positions indicated in chart , 
& observe values given for each radar. 

RR antenna will cycle and drift during self- teat . 
Track lockup takes approxiaately 1 2  seconds . 

Values given are extremes of tolerance for each function.  

�--�---.------·--·---r--------------. 
Rendezvous Radar 
Elect ronics Antenna 
Ass ellb ly* Aasellb 1y AGC I Xmt r Pwr Shaft Err Trun Err 

2 7  34 1 . 3  to 1 . 7 2 .  3 to 2 .  7 2 . 2  to 2 . 6  2 . 2  t o  2 . 6  
34 40 1 . 5  to 1 . 9  2 .  8 to 3.  2 2 . 2  to 2 . 6  2 . 2  to 2 . 6  
36 42 1 . 2 to 1 . 6  2 . 8  t o  3 . 2  2 . 2  t o  2 . 6  2 . 2  t o  2 . 6  
4 0  2 3  1 . 4 t o  1 . 8  2 .  8 t o  3 . 2  2 . 2  t o  2 .6 2 . 2  to 2 . 6  
4 2  44 1 . 4  to 1 . 8  2 . 5  to 2 . 9  2 . 2  to 2 . 6  2 . 2  t o  2 .6 

*Ass ignment of rendezvous radar e le c t roni cs ass emb li es to vehicles as of 8 / 31 / 71 is : 
LHll - RREA 36 ; LH12 - RREA 40 ; spares - RREA 34 ,  42 ; hold - RREA 27  
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PROCEDURES 

4 . 6 . 3 . 2 Rendezvous Radar Initial Activation & Checkout (cont ) 

119 . 

RADAR: NO TRACK lt - off 
RNG/ALT ind pvr/aig fail lt - off 

To set No RR Monitor flag : 
Key V25 N07E - Load flagvord generator 

Rl 101E - ECADR of No RR Monitor flag 
R2 lOE - Bit identification, bit 4 
R3 lE - Set bit (to reset load 0) 

3 120. 
I I 

RNDZ RADAR ael - LGC 

n 
7 
0 
:1 

tO 
• 

i 
ii 

, 
0 
10 
• 

,. 
a­' "' 
� ........ 
,. 
"' I a­a­tOI 

I I 

I I 

21 . 

22 . I 

12 3 . 

124 . 

Perfora RR/LR Self-Teat (R04) , steps 22 through 25. 

ltey V63E 

Poaa OPR ERR lt - on 
Exit R04 , key RSET 

FL V04 N12 
Rl Option coda for aaau.ed teat 
R2 LGC aaauaed opt ion (RR) 
R3 

Kay PRO 
FL Vl6 M72 - RR CDU analea 

Rl Trunnion XXX.xx• 
R2 Shaft xxx.xx• 
R3 -----

Verify trunnion & shaft angles with FDAI 
ltey PRO 

00004 
00001 

�5 . FL Vl6 N78 
Rl XXX .XX 111 Range 
R2 XXX .X fpa Range rate 
R3 XXBXX ain-aec TFI 
Verify : 
Rl - XXX .XX +/-0 . 2 na 
R2 - -OXXX . X +1-20 fpa 

ltey V34E - Terminate 
Exit R04 

REMARKS 

Enables display of RR data on DSKY in all RR antenna 
positions . 

Because LM RR self-test cannot be perforaed with CSM 
RR transponder radiating , it is aasu.ed that CSM has dis­
abled ita transponder . 
OPR ERR lt - on if another extended verb fro. R76 ia 
active or if another prograa or routine is using either 
radar , or TRACKFLG is set . 

RR CDU angles will change at 0.5 hertz due to 
RR antenna cycling and drift during self-teat .  

Values are flight values . All pad values will be de­
crement of these . Tolerance shall be +0.20 aa of ranae 
at ambient temperature and +20.0 fpa of ranae rata at 
aabient temperature. Initial abnoraal values loaded in 
rendezvous radar range output shift register during 
rendezvous radar power-up (-9899 . 5 fpa typical) may be 
ignored . 
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4 . 6 . 3 . 2  Rendezvous Radar Ini tial Ac tivat ion & Checkout (cont) 

Rende zvous Radar 
Elec tronics Antenna R DSKY R ind 
Asseubly* Asseub ly (nm) (nm) 

2 7  34 19 5 . 40+/-0 . 2  196+/-2 
34 40 19 5 . 30+ /-0 . 2 19 5+/-2 
36 42 194 . 8&+/-0 . 2  195+/-2 
40 23 19 5 . 64+/-0 . 2  196+/-2 
42 44 195 . 6  +/-0 . 2  196+/-2 

R dot 
DSKY 
( fps ) 

-489 . 0+/-20 
-490 . 5+/-20 
-499 . 5+/-20 
-50 2 . 5+/-20 
-498. 0+/-20 

REMARKS 

R dot 
ind 

( fps ) 

-487+/-20 
-48&+/-20 
-49 7+/- 20 
- 500+/-20 
-496+/-20 

*Assign.ent of rendezvous radar e lectronics assemb lies to veh icles as of 8/31/71 i s : LMlO - RREA 38 ; 
LMll - RREA 36 ; LM12 - RREA 40 ; Spares - RREA 34 , 42 ; hold - RREA 2 7 .  

26 . 

2 7 .  

28. 

29.  

30 . 

31. 

RADAR: TEST/I«>N sel - SHAFr ERR 

RADAR : S IGNAL STRENGTH ind - verify needle de flection 
at 0 . 5  hertz froa 2 . 2  to 2 . 6  VDC (nominal) 

RADAR: TEST /I«>N sel - TRUN ERR 

Repeat step 2 7 .  

RNDZ RADAR sel - SLEW 
RNDZ RADAR: NO TRACK lt - on 
RNG/ALT ind pwr/sig fail lt - on 

RNDZ RADAR: SLEW sw - null shaf t  & trunnion angles 

32 . RNDZ RADAR s e l  - AUTO TRACK 

33.  RNDZ RADAR :  NO TRACK lt - off 
RNG/ALT ind pwr /sig fail lt - off 

34. Allow approx 1 5  see for lock-on. Ver i fy rendezvous 
radar lock-on • 
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4 . 6 . 3 . 2  Rendezvous Radar Initial Activation & Checkout ( cont } 

1 I JS .  

3 36 . 
1 , 2 

2 
1/2 

Veri fy reversals eve ry two seconds , of the following : 
FDAI shaft and trunnion 2• to s• in a.plitude , 
until beyond display range due to drif t .  
X pointer ind AZ RT & ELEV Rf - full scale (both 
polarities) 

CAUTION 

Monitor FDAI & prevent trunnion 
angle froa exceeding so• -.ter liait (by 
going to next step) . Perforaance 
IIOilitoring ab ove -.te r Uait 1s not 
possible . I f  trunnion is perai t ted to 
dri ft above �ter liait , uns table per­
foraance aay occur . 

RADAR TEST sw - OFF 
MASTER ALARM - on 
RNDZ RDR caut lt - on 
MASTER ALARM pb/lt - reset 

REMARKS 

Needle motion will be barely percept ible at + so• . 

I f  docked to CSH , position antenna to o •  -o• , RNDZ RADAR: 
SLEW RATE sw - HI , s lew shaft downward f or lS seconds 
(to -.chanical stop} , CB PGNS : RNDZ RDR - open , then 
CB/AC BUS A:  RNDZ RDR - open. 

,.. 
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PROCEDURES 

. 6 . 3 . 3  Rendezvous Radar Coarse Align 

LGC Power-Up ( required) 

LGC Self-T .. t (desired) 

Rendezvous Radar Power-Up or Initial Activation and 
Checkout ( required) 

IOIDZ RADAll ael - LGC 
hy V41 M72E 
Poss OPR ERR lt - on 
Exit V41 M72 , key RSET 

PL V21 N7 3 - Load Mev llR aoalea 

11 Tl'UIIIlion 
12 Shaft 
R3 

xxx.xx• 
xxx.xx• 

Accept:  Load desired angles 
Reject : Key V34E 

PL '104 Nl2 - Option 11 00006 - Aasu.ed llR designate aode 
12 00002 - LGC aasuaed option (continuous designate) 
R3 ----
12 1 - Lock-on 

2 - Continuous deaianate 
Accept : ICey PRO 
Reject : �ey V22E - �ey lE ( lock-on) 

REMARKS 

Purpose of Rendezvous Radar Coarse Align procedure is 
to drive rendezvous radar shaft and trunnion to angles 
specified by crew . Procedure can be perfor.ed only 
Mhen no other extended verb is active , or when P20 
is not in process . Continuous designate .ode 
inhibits llR Gimbal Monitor Routine (2S) . 

Ref para 4 . 6 . 1 . 1  • 

Ref para 4 . 6 . 1 . 13 .  

Ref para 4 . 6 . 3 . 1 and para 4 . 6 . 3 . 2 . 

If reaoding or repositioning , delay until c�plete before 
proceeding to s tep 2 .  
OPR ERR lt - on if another extended verb 1a active, 
P20/P22 in use, or designate or read sequence in process , 
or TRACKFLG is set .  
'All registers initially blank. For AOT ,  dockina , and 
lunar-stay operations , stow RR antenna u follows : 

AOT 
Shaft -77• (+283) 
Trunnion o• 

Docltiy 
-S01 (+310) 

o• 

Sub-Solar Point 
Lunar S tay 

90. 
uo• 

Stow position for illpinae��ent or for lunar stay with 
n�inal sun conditions 1a s- aa AOT pos ition. 

runnion angle IIWit be leas than +so• to prevent ex­
cessive heating due to servo-loop

-
oscillation. 

e antenna is stowed to provide ainiau. optical ob­
'Struction , -ximWI clearance , and acceptab le llR teaper­
ature liaits (>-so• and < +lso•r) . 

iaits for continuous desianate are extended additional 
1s• in shaft (aode I) beyond noraal (-ss• to - 10• or 
21s• to +290• ) .  

Continuous designate aode auat be terainated by DSII 
entry V44E. If rendezvous radar antenna position reaode 
or reposition is in process , it will be co�leted before 
continuous designate is terainated . 

j 
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4 . 6 . 3 . 3  ladenoue War Coane Alii! �cont) 

4. V41 - Coar•e-alip CDU'• 
ro .ooitor II truDDioo ' •h•ft anal .. durin& coar•• align: Kef Yl6 11721 

Ill Ta.uaioo ux .u• 
u Shaft ux . u• 
R3 --
Wbeo fiaiebecl vitb diaplay : 
Kef Ut IlL 

s. Pa.a PIOG lt - oa 
Kef YOS m91 - Call alan 

00502 - lad aaal• 1oput• 
00503 - llo date-aood dlecrete in 30-eec d .. taaate 
Kef lEY IlL 6 UET 

4.6.3.4  ll.eade&YOUe a.dar "-aual Dull!!tiOD to tlocle II 

lelldenoua IMar Paver-Up ( required) 

leDde&YOUe laclar lDitial ActiYattoa 6 Checkout ( required) 

leade&YOUe Radar Coar•• Altan (required) 

1.  IATI/DI. 101 .., - IDIDZ/IWWl 

2.  IIIDZ IWWl: 
SUII IA1'I ev - Bl 
SLEV .., - RIGHT until truanioa anal• jllllp• to nro 
f r011 utr .. ri&bt of ecele 

REMARKS 

I 
Ref para 4 . 6 . 3 . 1 .  

Re f  para 4 . 6 . 3 . 2 .  

Re f  pare 4 . 6 . 3 . 3 .  

i 
I I  z w  
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PROCEDURES REMARKS 
4 . 6 . 3 . 5  Rendezvous Radar Manual S ide-Lobe Acquisition Check 

& Main-Lobe Acquisition Verification 

1 .  

2 .  

COAS Lighting Check ! Ref para 4 . 2 . 9 .  

Rendezvous Radar Power-Up ( required) ! Ref para 4 . 6 . 3 . 1  • 

or 
Rendezvous Radar Initial Activation & Checkout (required) j Ref para 4 . 6 . 3 . 2  • 

CSH aaintaining preferred tracking attitude 

Coa.unications Basic (required - near earth) 

S-Band Steerable Antenna Act ivation and Checkout 
(required - lunar distance) 

Select RR display : 
SHPT/TRUN J aw - +so• 
RATE/ERR MOM aw --RNDZ RADAR 
RNG/ALT MOM aw - ltMG/IUfG RT 
RADAR : TEST/HOM sel - AGC 

If CSH is not visible , go to step 4 .  
Turn on COAS : 

Reaove COAS froa O¥erhead position . 
Set COAS detent for forward ( left window) position. 
Install COAS in forward position .  
COAS aw - FWD 

ACA - aaneuver LH to bring CSH to center of COAS reticle 
COAS aw - OFF 

Ref para 4 . 13 . 2 . 1 .  

Re f  para 4 .2 . 20 .  

This procedure is noraal ly entered froa LH Rendezvous 
Navigation Prograa (P20) (para 4 . 8 . 2 . 1) or AGS Manual 
Rendezvous Radar LH State Vector Update procedure ; 
therefore , requireaents and switch 1ettinga for these 
procedures are not repeated in this procedure . 

Figure 4-12 data are taken froa rendeavoua radar P-23 , 
figures 4-17 throulh 4-21 are froa teat data 
coapiled on RR electronic aaaellbly No. 9 and anteaaa 
aasellb1y No . 7 ,  and per transponder aiaulator LS¥410-
3070 . Transponder ai.ulator doubles true ainsle-path 
attenuation and exaggerates AGC differences between 
side-and aain-1obe peaks . 

Ref para 4 . 5 . 3 . 6 .  

Ref para 4 . 5 . 3 . 10 .  
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PROCEDURES 

4 . 6 . 3 . 5  Rendezvous Radar Manual Side-Lobe Acguiaition Check 
& Main-Lobe Acguiaition Verification (coat) 

3 .  

4 .  

I f  abaft & trunaion aaglea are not nulled and RNDZ RADAR : 
NO TRACK lt - on : 
RNDZ RADAR ael - SLEW 
RNDZ RADAR: SLEW ,., - slew to null shaft & trunnion 
anal•• 
RNDZ RADAR ael - LGC or AUTO TRACK 

RNDZ RADAR : NO TRACK lt - o f f  (af ter approx 15  sec) 

If RNDZ RADAR : NO TRACK lt - on , go to step 6 

RANGE ind - note raaae 

RADAR : SIGNAL STRENGTH ind - note AGC level (See figure 
4-17 for aain lobe) . 

REMARKS 

Approximately 15 aeconds are required for lockup . 

Selection is based on procedure referencing thia pro­
cedure • 

At low AGC levels (approxiaately 0 . 5  vdc) , RANGE lad 
will display uaatable sequence of range Yaluea . In 
this case , acquisition is likely to haYe beea aade on 
aide lobe . 

Figure 4-17 is a noaograa illustrating naainal AGC leYel 
Yeraua range. Adjuat.ent for RR transponder &ain ( i f  
CSH attitude ia off-naainal) o r  RR transponder trana­
aitter output power dearadation can be aade uaina aianal 
strength in dbm . 

RR electronic assembly and RR traaaponder te.peraturea aa 
they affect RR AGC are not caapeaaated for in the aaao­
graph . However ,  Apollo 9 AGC tracked "Uibieat" curve 
closely ; therefore , RR P-18 &ab ient curve waa selected 
for this nomograa. 

AGC values 12 to 18 db down from nominal indicate 
probable s ide-lobe acquisition .  

Variations i n  AGC values are due t o  several variables : 
CSH orientation produces +6-db variation , CSH trans­
ponder output produces variations , and RR temperature 
also produces variatioaa . Therefore , signal s trength 
versus range may not always discriminate between main­
and aide-lobe lockup . 
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4 . 6 . 3 . S  Rendezvous Radar Manual Side-Lobe Acquisition Check & 
Main-Lobe Acquisition Verification (cont) 

s .  

RANGE ind - verify AGC is nominal for disp lay range 

If AGC ia not noainal : 
a. Verify transponder signal strength receiver on 

ut AGC indicator . Determine LOS angles from LH 
to CSH using voice and/or COAS • 

b .  Deteraine AGC variation as a f unction of CSH 
tranaponder altitude with respect to LOS to LH • 

c .  Deteraine if AGC aaximu• value reflects aide 
lobe or aain lobe acquis ition . 

Acquire aain lobe from aide lobe : 
If abaf t & trunnion angles on FDAI are not at null:  

S/C : PGNS sw (or AGS sw) - ATT HOLD 
ACA - aaneuver to null shaft & trunnion angles 

RNDZ IADAR ael - SLEW 
RHDZ IADAR : SLEW sw - slew (in shaft or trunnion) to find 
a,..etric s table lock-on peak 

Deteraine aiddle point between tvin peaks • 

RHDZ RADAR : SLEW sw - slew in other u:ia to find higher 
AGC peak . 
RNDZ RADAR ae 1 - LGC or AUTO TRACK 

RHDZ RADAR : NO TRACK lt - off (after approx lS sec) 

6 .  To Obtain initial lock-oa : 
RNDZ RADAR ael - SLEW 

REMARKS 

ligure 4-19 sh011a projected view of abaft and trUDDiOD 
angles vs . AGC angles for RR aain and a ide lObes . 

L011eat dip between tvin pealts (aiddle point) ia bued OD 
approxiaately 4-second s lewing froa peak to peak or on 
split ting difference betveen shaft (or truanioa) angles 
at tvo pealts . 

Selection is baaed on procedure referencing tbia pro­
cedure . 

Approximately lS seconds are required for lockup . 

RNDZ RADAR : SLEW sw - alew to null shaft & trunnion angles J Note any AGC pealts in event AGC 1a zero at abaf t and 
trunnion null .  

7 .  When AGC response is Observed : 
RNDZ RADAR : SLEW sw - search for highest peak or pair of 
peaks ; note shaft & trunnion angles 
RNDZ RADAR ael - LGC or AUTO TRACK Selectioa is baaed on procedure referencing tbia pro­

cedure . 
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4 . 6 . 3 . 5  Rendezvous Radar Manual Side Lobe Acquisi t ion Check & 
Main-Lobe Acquisit ion Ve ri ficat ion ( cont) 

RNDZ RADAR : NO TRACK lt - off (after 15 sec) �Approximately 15 seconds are required for lockup . 

I f  RNDZ RADAR : NO TRACK lt - on ,  return to s tep 4 No lock-on implies AGC peaks were from second s ide lobe 
(second side-lobe lock-on is not possible at >0 . 5  nm 
range ) or from f i rs t  s ide lobe at range too great for 
lock-on . (See figure 4-17 . )  

3 I RNDZ RADAR sel - SLEW 

3 

RNDZ RADAR :  SLEW sw - slew to previous shaft & troonion 
angles ; search for higher AGC peak in other axis , starting 
fra. hiahest peak previously found or from bisection of 
pair of hiahes t  peaks previously foWtd 

Retum to beainnina of step 7 .  

14 . 6 . 3 . 6  Tel'llinste Rendezvous Radar Cont inuous Designate !Purpose of Terainate Rendezvous Radar Continuous 
Designate procedure is to clear continuous designate 
and designate (internal) flags , disable RR CDU error 
counters , and enable RR Monitor Rout ine (R25) . 
Procedure .ay be selected at any tiae , but has no effect 
unless Rende zvous Radar Coarse Alian (option 2) h in 
p rocess . I f  remode or repos ition is in process , terain­
ation will be delayed until reaode or repositioning is 
completed. 

LCC Pwer-up ( required) IRe f para 4 . 6 . 1 . 1 .  

1 .  lt.ey V44E 

4 . 6 . 3. 7  Landin& Radar Power-Up 

1 .  Select displays .ode & verify landing radar temperature : 
RTR Cl>MT : TEMP KlN sel - LDG RADAR 
Monitor HTR COtn" : TEMP ind 

Temperature limits are deterained by manageaent curves 
and are mission dependent . 

11 ,2 .  

3 .  

CB PGNS: LD C  RD R  - close 

Monitor velocity transmitter power : 
3 

4 .  

RAQ.AR: 
TEST Jt)N sel - VEL XMI'R 
SIGNAL STRENGTH ind - >2 . 1  vdc 

Monitor altiaeter transaitter power: 
RADAR :  

TE ST  Jt)N sel - ALT XMI'R 
S IQIAL STRENGTH ind - >2 . 1  vdc 

S ignal strength noted in OCP test ing : approx iaa tely 3 . 0  
vdc. (Transmi tter power i s  temperature-dependent . )  

Signal strength noted in OCP testing : approxiaately 3 . 0  
vdc. (Transmi tter power i s  temperature-dependent . )  
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j4 . 6 . 3 .8 Landini R.aclir Checkout 

1.  

2.  

3 .  

4 .  

5 .  

6 .  

LGC Power-Up (required) 

LGC Self-Teat (desired) 

L•dina Radar Pa��er-Up ( requi red) 

Select l.nding radar display : 
RATE/ERR NJN av - LDC RDR/CHPTR 
Joi)DE SEL av - LDC RADAR 
RMG / ALT Joi)N sv - ALT I ALT RT 
I POIWTER SCALE sv - HI foiJLT 

Select sel f- test mode : RADAR TEST av - LOG 

Verify sel f-test signal values : 
ALT ind - 7700 to 8100 f t  
ALT RATE ind - 4 7 8  t o  - 4 8 2  fps 
X pointer ind - off s cale , to righ t and up 

Perform LR/RR Sel f-Test (R04 ) :  
Key V63E 
Pass OPR ERR lt - on 
Exit . 

R04 ,  key RSET 

n. V04 N l2 
Rl 00004 - Option code for as sumed test 
R2 00001 - LGC as sumed opt ion (RR) 
R3 ----
Key Rej ect : V22E , 2E ( lo ad LR option ) ,  PRO 

FL Vl6 N66 
Rl Range XXXXX ft 
R2 LR position OOOOX 
R3 -----
R2 OOOOX - 1 - LR pos it ion 1 

OOOOX - 2 - LR pos ition 2 

Verify Rl is 082 76 to 08296 f t  + 2 counts on LGC 
(approximately 1 1  ft ) 

-

If antenna posit ion change check is not des i re d :  
Key PRO , g o  to s tep 12  • 

Ref para 4 . 6 . 1 . 1 .  

Re f  para 4 . 6 . 1 . 1 3 . 

Re f  para 4 . 6 . 3 . 7  • 

REMARKS 

Re cord sel f-test s ignal for mi ss ion evaluation 
(to ne arest 50 fee t) . 
No�nal al t i tude display is 8000 f t .  
Nominal alt i tude rate i s  -480 fps .  

OPR ERR lt - on i f  another extended verb from R76 is 
active or if another p rogram or routine is using e ither 
radar , or TRACKFLG is set . 

LGC supp l i e s  LR parame te rs to MS FN  via downl ink . 

Se l f - te s t  s imu lated s l ant range to lunar sur face . 

Record for mission evaluation , nominal range : 08286 f t .  

� l i 5 �  0 '  z w  .,. . .  

� ' z " I 



S' .. 
;;· 

� 
it 

N 
a-

U> .. 
'0 " .. 
g. 
.. 11 
� ID ...... � 

n r t 
� 

i � 

CREW· PNL MAN 

3 

3 

PROCEDURES 

4 . 6 . 3. 8  Land1na Radar Checkout (cont) 

7 . RADAR : LDG ANT IIW - AUTO 
R2 - 00001 

8. RADAR: LDG ANT 1111 - DES 
lt2 - 00001 

9 .  RADAil :  LDG ANT 8V - HOVER 
R2 - 00002 

PROG 1t - on 
Key VOS N09E - Call alar. 

OOS22 - LR poeition chanse 
Key D'f llEL ' RSET 

10. lWWl : LOG ANT 8V - DIS 
R2 - 00001 

11. lWWl : LOG ANT 8V - AUTO 
a2 - 00001 

leJ PBO 

12 . PL Vl6 N67 - St.ulated velocities 
U X XXXIX fpa 
U !  XIXXX fpa 
aJ Z XXXIX fpa 

Verify al 1a -D0493 to -o0497 
Verify R2 1e +01860 to +01864 
Verify a3 1s +01329 to +01333 

13. RADAll TEST " - on 
ALT lt - OD 
VBL lt - on 
RSET pb - push 
ALT 1t - off 
VEL lt - off 

14 . To terwinate R04 : 
ltey V34E 

-�-

REMARKS 

LR position chanse durin& LR read cycle . 

ALT and VEL lta - on since data-aood is lost vbeo RADAR 
TEST 11W - on in R.04 .  

�--

I 

! 

j 
l e 
i ' z w  "' &  I § 



' LH 3231 

r =· -
I 

N 
0\ 

en 

1.: " 

J 
• .. 
.... \Q ..... .... 

f 
r 

l 
.... 

0\ 
I 

ao 
N 

PROCEDURES 

4.6 . 3 . 9  Ca.aand Landin& Radar to Position 2 

LGC Power-Up ( required) 

L�din& Radar Power-Up (requi red) 

1. ley VS9E 
Poaa OPR ERR lt - on 
Exit VS9 1 Key RSET 
Poaa PRDG lt - on 
lay VOS H09E - Call alara 

00523 - LR did not achieve pos ition 2 
lay UY REL ' RSET 

4.6 . 3 . 10 Landin& Radar Spurious Test Routine (R77) 

LGC Power-Up ( required) 

LGC Self-Teat (desired) 

Landin& Radar Power-Up ( required) 

Landin& Radar Checkout (desired) 

Coaaunications Basic (required - near earth) 

S-Band Steerable Antenna Activation and Checkout 
(required - lunar distance) 

REMARKS 

Purpose of this extended verb is to drive LR antenna to 
posi tion No . 2 ( final approach and landing) and to cause 
HIGATJOB (high rate) to occur within 2 seconds if LR is  
stuck in position number 2 during P63  powered fligh t .  

Ref para 4 . 6 . 1 . 1 .  

Re f  para 4 . 6 . 3 . 7  • 

OPR ERR lt - on if  average g is off and TRAC�FLG is  set 
another prograa or routine is us ing e ither radar, or i f  
average g is on an d  P6 3 ,  P64 ,  or P66 is  not i n  prosresa.  

Alara occurs only with ave rage g off .  

The purpose of Landing Radar Spurious Test Routine (R77) 
is to provide landing radar range and velocity data for 
input on LGC downlink at one/second rate (when desired) . 
Landing radar data are placed on downlink regardless of 
status of landing radar ranae-data-good and Velocity­
data-good discrete& . Some portion of teat (ainiaal) aust 
be performed while HSFN is receiving LGC downl ink tele­
metry data. 

Ref para 4 . 6 . 1 . 1 .  

Re f para 4 . 6 . 1 . 1 3 .  

Ref para 4 . 6 . 3 . 7 .  

Ref para 4 . 6 . 3 . 8 .  

Ref para 4 . 13 . 2 . 1 .  

Re f  para 4 . 2 . 20 .  
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CREW· PNL MAN PROCEDURES 

j4 . 6 . 3 . 10 Landin& Radar s2urious Test Rout ine (R7 7) ( Cont ) 

� .  Key V78E 

P os s  OPR ERR lt - on 
Exi t  R 7 7 ,  key RSET 

2 . To terminate routine : 
Key V79E 

4 . 6 . 3 . 11 Landing Radar Power-Down 

1 .  CB PGNS : LOG RDR - open 

---

REMARKS 

Routine may be cal led only when no other p rogram or 
rout ine is  us ing e i ther radar ,  o r  TRACKFLG is set . 
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jc:REW-1 PNL MAN PROCEDURES REMARKS 

4 . 7  PRETIIRUST 

4 .  7 . 1  �S /AGS 

P rethrua t  PGNCS/AGS procedure• are in a two-column format to fac i l i tate p resenting these procedures as separate PGNCS or 
AGS procedu rea . and as integrated PGNCS and AGS p rocedures : LGC in control and AEA in a fol lowup condi ti on ready to asaUDM 
control . The left colunn presents the PGNCS p rocedures ; the right column , AGS p rocedures • 

4 . 7 . 1 . 1  External AV (LGC P 30, AEA 4 10+50000)_ 

LGC Power-Up ( requi red) 

LGC Sel f-Tes t (desi red) 

Purpose of PGNCS External AV (P30) 
p rocedure is to accept t arge t i ng 
parame ters from s ource ( s )  external 
to LGC and , from theae data , co.­
pute ve loci ty and othe r i ni tial con 
d i t i ons req u i red by LGC for des i red 
maneuve r .  PGNCS-required parameters 
are TIG and AV vector. 

AGS External AV ( 410+50000) p roce­
dure accepts targe ting parane tera 
externally or from CSI . CDH . or TPI 
guidance rout ines . Thia procedure is 
used for all AGS-controlled thruats • 
except AGS Orb i t  Insertion . 

Rendezvous Out-of-Plane Display 
Routine (R36) (para 4 . 7 . 2 . 1) aay 
be used with External AV and RCS 
Th rus t Program (P41) With AGS Fol­
lowup/ln Control procedure (para 
4 . 10 . 1 . 3) for plane- change ini tia­
tion (PC I )  maneuve r .  This is ac­
comp li shed by ob taining AVY t arget­
ing o f  external AV , fol l owed by 
p l us or minus Y-axis trans lat i on  
P C I  maneuve r using RCS . PCI i s  
targeted t o  occur a t  approximately 
30 minutes . or 90° phas e angle , be­
fore CDII . It forces node at CDH 
and al lows out-of-plane component 
of AV at CDH to achieve cop lanar 
o rb i ts . 

Re f para 4 . 6 . 1 . 1 .  

Re f p a ra 4 . � . 1 . 1 1 .  
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CREW-I PNL MAN PROCEDURES REMARKS 

4 . 7 . 1 . 1  �a l  I'>V (LGC P 10 , AF.A 4 10+)0000 ) ( cont)  

LGC t i�e val i d  ( requi red) 

LGC R tate vec tor valirl ( required) 

External b.V data received ( req ui red) 

UIU Power-Up ( LGC Operntinr,) (desired) 

UnJ Orien tn tion Determination Program 
( P5 1 )  ( deRired) 

LGC/OIC Clock Synchronization 
Routine (R31) (para 4 . 6 . 1 . 15 )  

LI.C Update Prngram ( P2 7) (para 
4 .  6 .  I .  7 )  

LGC Update Pro;;ram (P27)  (para 4 . 6  • 

1 . 7) 

Re f para 4 . 6 . 1 . 1 .  ISS should be on 
15 minutes before th rus ting man­
euver .  

Re f para 4 . 9 . 1 . 1 . 

AGS Power-Up ( required) I Re f  para 4 . 6 . 2 . 1 .  

AEA Se l f-Tes t  (desi red) I Ref para 4 . 6 . 2 . 3 .  

AGS t ime valid ( required) l AGS Manual Ab s olute Time Initiali-
zat ion procedure (para 4 . 6 . 2 . 6 ) or 
AGS Ini ti alizat ion Routine (R47) 
( para 4 . 6 . 1 . 1 8) 

AGS UI/CS}I s tate vector val id ( req uired) l AGS Initialization Routine (R47) 
(para 4 . 6 . 1 . 18) or AGS Manual LM 
State Vector Update /Initialization 
procedure (parn 4 . 6 . 2 . 7) and AGS 
�anual CS� S t ate Vector Update / 
Initiali 7.ation (para 4 . 6 . 2 . 9 )  

Ar.S llh vector vnlid ( desire rl) 

If GUID CONT s�1 - AGS , select AEA 
atti tude hold : 

Kev DF.DA C 400+00000E , or 
S /C :  AGS sw - ATT HOLD . Prevents 
po� s ib le a t ti tude maneuver change 
of 5° and/or 10 ° / sec if AEA atti­
tude hold not selected when in 
AGS con t ro l . 

AGS 1/h Ve ctor Update (para 4 . 6 . 2 . 15) . 
Val id l.fu vec t or i� required i f  

� CJ 
I= 
0 
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CREW. PNL MAN PROCEDURES 

4. 7 . 1 . 1  Extenaal AV (LGC PlOJL AEA 4l!h ... vvv.JJ (coot) 

AGS Alian-ent valid (desired) 

1. If taraetina par ... tera are not 
ca.puted by CS I , CDH , or TPI 
auidance routines , receive & 
record taraetina paraaetera fro• 
MSFH. 

1 .  K.ey V37E JOE 

2 .  Select ezternal AV routine : 
K.ey DEDA C 410+500001 

2 .  PL V06 1133 - TIC 
Rl OOIXX hr 
R2 OOOXX ain 
Ill OXI . Xl  sec 
Accept :  Record TIC 
l.ey PRO 
Reject : K.ey V25E - Load desired 
TIC 

3 .  PL V06 H81 - AV (LV) 
Rl X XXXX .X fps 
R2 Y XXXX .X fps 
R3 z xxxx.x fps 
Accept :  K.ey PRO 
Reject : l.ey V25E - Load desired 
AV data 

REMARKS 

s teerina selector addr .. s 623 • 
+10000 • 

PGNCS /AGS Ali&D (para 4 .9 . 2 . 1) , 
Backup AGS Aliaa.ent (Usina AGS 
Body-Axis Aliaa.ent and PGHS IMU) 
(para 4 . 9 . 2 . 2) , or Backup AGS Ali&D-
ment (Usina AGS Body-Axis Alian.ent 
aDd AOT) (Para 4 . 9 . 2 . 3) 

Initiate PJO at leas t  15 ainutea 
before TIG. 

External AV routine -t be selected 
before enterina taraetina par ... tera 
because Orb i t  InaertiCJD, CS I ,  <DB, 
and TPI routinea uae s-. AlA ...ory 
locatiCJDs that contain ezternal AV 
and tia taraetina par ... ters 

External AV co.ponents are &iven in 
local vertical coordinate fr ... at 
tiae of ianition ( tiaD) . At TIC 
tiae bias (external AV) ( ntl) 
(noainally 30 seconds) before 
taraeted ignition time ,  no change in 
AV targeting paraaeters .. , be 
entered . In addition , thrua t should 
not be initiated before 71.1 seconds 
before taraeted i&nition ti .. .  

Stored components of iapuls ive AV 
along LH local vertical axes at TIC . 

' 
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CREW! PNL 1 PROCEDURES MAN 
4 . 7 . 1 . 1  External AV (LGC PJO, AEA 410+50000) (cont) 

4. 

s.  

lL V06 142 - calculated thru.tina 
,__tan 

Ill Ba Ull.:l -
u 8p Ull. :l ­
U A'f DD.:l fpe 
Coordinate data with HSPR , 1f 
a•allabla. 
Accapt: 1.,- PIO 
lajact altarnati•aa : 
a.  1.,- V341 - raaalact PJO & 

ad jut ai• par-tan .  
b .  �., V341 - aelact P27 & load 

.., aia par-tera via up-
11Dk. 

rL ¥16 145 - �r data 
Ill " UXX:l 
12 TPI IXlXl .tn-aec 
ll3 MGA UX.:u• 

3.  If taraeting para.etere are re­
ceived fr011 MSPH (atep 1) , enter 
CC*pooenta of external IJ.V and tigD : 
Horiaontal co.ponent AVa -
�ey DIDA C 4SO+XXXXXE (0 . 1/1 fpa) 

Out-of-CSM plane c�onent AVy -
ley DEDA C 45l+XIXJXE (0 . 1/1 fpa) 

bdial COIIponent AVa -
ley DIDA C 452!1XXXXE (0. 1/1 fpa) 

UaD -
�ey DEDA C 373+DD.D (0 , 1  ain) 

II 

REMARKS 

Parenthetical quantiaatioo notatioo: 
lunar aiaaion/earth aiaaion. 

Poaitin •alue of 6Vx 1ndicataa c.,._ 
ponent of •alocity-to-be-pined in 
poeigrade direction • 

Poaitiva •alae of 6Vy indicataa coa­
ponent of valoci ty-to-be-pillad 
oppoaita to CSM anpalar -tUII 
vector. 

Poeitive value of AVa indicataa coa­
ponent of valocity-to-ba-aainecl to­
ward aravitatioaal aoarce . 

Apofocu and perifocua altitudaa are 
•aaured aboYa buacb pad radiu ia 
earth orbit; abcr#a lunar radiu at 
aoat raceatly defiaed laadiaa alta, 
in lunar orbit . AV 1.8 Mpitnde of 
velocity to be aaiaad at TIG. 

Mut.. altitude duplay nlaa u 
9999 .9 - ·  

M vill be 00000 bacauae D tr.:k.iaa 
data are norally not takaa duriaa 
PJO . TPI ia aiau before TIG ADd 
plus after. Maxt.. TPI raellilla ia 
59 :59 .  MGA at TIG if LM +1-axia 1.8 
aliaaed to iaitial thrust direction. 
ulna curreat lMU allan--at ; -oooo2 
if IMU orientation ia uakDGwa. 

I 
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CREW PNL MAN PROCEDURES 

4 . 7 . 1 . 1  External AV �LGC P301 AlA 410+50000} (coot} 

6. Beain couatcicMa to TIC : 
Set IVHT TMI. ind to count-dcana 
Load TIC into IVIIT TKil ind 
a • Uae TPI froa atep S 
or 
b .  Uae HSPII tiM 
Key PIO 

4 .  Be&iD couatdown to TIC : 
Set IVNT THR ind to count-down . 
Load tt.e-to-go to ignition into 
EVMT THR ind : 
• •  �ey DIDA CllOR TA 
or 
b .  Uae HSPII tiaa .  

7 .  n. Y37 N-
Key UE 

REMARKS 

I f  HGA ia not aati8factory , PS2 aay 
be aelected by kefina V371 S21 • 

Ref para 4 . 13 . 6  • 

I 

Ref para 4 . 13 . 6 .  8 6 
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CREW- PNL MAN PROCEDURES 

4 . 7 . 1 . 2  Coelli2tic S�uence Initiation �LGC P321  AEA 410+100002 

LGC Power-Up (required) 

LGC Self-Teat (deaired) 

LGC tiM ulid (required) 

LGC state vector valid (required) 

tMD Power-Up (LCC Operating) 
(dad red) 

DIJ Orieatatioa Detend.nation 
Proar• (P51) (desired) 

AGS Power-Up (required) 

AEA Self-Teat (deaired) 

AGS tiae valid (required) 

AGS LM/CSK a tate ftctor valid (required) 

�--�--·· ·- -

REMARKS 

Ref para 4 . 6 . 1 . 1 . 

Ref para 4 . 6 . 1 . 13 • 

LGC/atC Clock Synchrooiaation lou-
tine (R33) (para 4 . 6 . 1 . 15) 

LGC Update Progr .. (P27) (para 
4 . 6 . 1 . 7) and, when poasible , LM 
Rendezvoua NavigatiOD Progr.. (P20) 
(para 4 . 8 . 2 . 1) . If  P20 is op-
erating, radar sighting .. rka are 
autoaatically .. de approzi .. tely 
once per ld.nute . JUIIber of .. rka (K) 
is diaplayed in Rl with N45 . 

Ref para 4 .6 . 1. 3.  ISS abould be OD 
15 ld.nutes before thruting aaneu-
ftr. 

lef para 4 .9 . 1 .1.  Dtaplay of actual 
t«;A in U, with N45 during final 
paa • will not occur if DIJ orieata-
tion ia not known. 

laf para 4 . 6 .2 . 1 .  

lef para 4 . 6 . 2 . 3 .  

AG S  Manual Abaolute t i  .. Initialiaa-
tion procedure (para 4 .6 . 2 .6) or AGS 
Initialization Routine (R47) (para 
4 . 6 . 1 .18) 

AGS Initiali&atioa Routine (R47) 
(para 4 .6 . 1 . 18) or AGS Kaaual LK 
State Vector Update/lnitialiaation 
procedure (para 4 .6 . 2 .  7) and AGS 
Manual CSK State Vector Update/ 
Initialization procedure (para 
4. 6 .  2 • 9) • AGS Manual Rende zvoua lladar 
LK State Vector Update Re f  para 
4 . 8 . 2 . 2 .  -- -

I 
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PROCEDURES 

� . 7 . 1 . 2  Coelliptic Sequence Initiation (LGC P32 , AEA 410+10000) (cont) 

AGS Wb vector valid (desired) 

1 .  Key V37E 32E 

2 .  PL V06 Nll -- TIG (CSI) 1. Eatablish altitude/altitude rate 
Rl OOXXX hr display : 
R2 OOOIX llin RNG/ALT t«)N sv - ALT/ALT RT 
1.3 OIX.XX sec !«>DE SEL sv - AGS 

Alteraatiws : 
a. To display tt.e of apoapsis 

with initial zeroes , 
ley PRO 
or 
ley V25! & load any 
neptive value 

b .  To accept nonzero & non-negative 
TIG (CSI) co.puted in response 
to a .  uove : 
Record TIG (CSI) 
Key PRO 

c .  T o  reject TIG (CSI) : 
�ey V25! - Load desired 
TIG (CSI) 
Key PRO 

- -- ---

REMARKS 

If GUID CONT sv - AGS , select AEA 
attitude hold : 

Key DEDA C 400+0000!, or 
S/C :  AGS sv - ATT HOLD 

If  AEA attitude hold not selected 
when in AGS control , attitude 
aaneuvers at s• and/or 10• /second 
-y occur . 

AGS Wb Vector Update (para 4 .6 . 2 . 1S) . 
Valid Wb vector is required if 
steering selector address 623 • 

+10000 . 

Ref para 4 . S . l . 9 .  

Initial display is always zero. 
Negative or zero value causes ti .. I 

of apoapsis display . (Useful after 
abort . )  

---
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CREW-I PNL MAN PROCEDURES 

4 . 7 . 1 . 2  Coelliptic Sequence Ini tiat ion (LGC P 32 ,  AEA 410+10000) (cont) 

3. 

4. 

FL V06 NSS 
Rl N XXXXX 
R2 E xxx .xx• 
R 3  (Rl code) 00000 
Accept : Record values . 
ley PRO 
Reject : ley V2SE - Load desired 
par-ten 

FL V06 Nl7 TIC (TPI) 
11 OOXXX hr 
R2 000::0: ain 
Rl OXX . XX sec 
Accept : Record TIC (TPI) 
ley PRO 
Reject : ley V2SE - Load desired 
TIC (TPI) 

2 .  Se lect CSI gui dance mode : 
ley DEDA C 410+10000! 

CAUTION 

Tiae overflow will occur i f  
selected earlier than 1 36  mi n  
before igni tion ti.e . 

3 .  Recehe tarptina data fr011 MSFN 
or if PGMS P32 1a in p rocess 
ob tain tarpting data as follows : 

a. <l» taia: 
TIC (CSI) s tep 2 PGNS col� 
TIC (TPI) s tep 4 PGHS coluan 
l fro. last perforaance of R47 .  

b . CCJIII)Ute : 
tigA • TIC (CSI) -l 
tigC • TIC (TPI ) -l 

4 .  Eater tarse ting data :  
AGS ti .. o f  C S I  ( tigA) 
ley DEDA C 37l+XXXXXE (O . 1  ain) 
AGS ti• of TPI ( tigC) 
ley DEDA C 27S+XXXXXE (0 . 1  ain) 
Select apsidal crossing for CDR 

REMARKS 

Enter targe ting before selecting 
CSI routine . If new targeting or 
new navigat ional updates are 
entered , reini tialize CS I routine 
by entering 410+00000 , then 
410+10000 . Valld CSI solution 
should not be atte.pted earlier 
than 136 llinutes before tigA. 

If R3 • 0: When Rl is 00001, TIC 
(CDR) should occur at first apa idal 
cross ing ; when Rl is 00002 , second 
apsidal crossing; etc.  

I f  R3 � 0: TIC (CDR) at CSI + ( 180•) 
(Rl) 

AGS Initialization Routine (147) 
(para 4 . 6 . 1 .18) . 

� i �  5 � o ;  
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!CREW-I PNL 1 PROCEDURES MAN 
4 . 7 . 1 .2 Coelliptic S!guence Initiation (LGC P32, AlA 410+10000) (coot) 

s.  n. Vl6 •45 
U K  
12 t'PI 

u ti:A 

IUXX 
UBU ain-.ec 

-00001 

13 diaplaye �1 at mlY u­
other tb• lut peee throush pro­
ar•; -oooo2 durin& lut pue 
if IIIJ 1e aot eliped. MCA IXX.XX 
ie displayed on lut pue if IHU 
ie aliped . 
Opttou : 
•· To continue •rk proceu : 

lay V32E - Go to etep 6 
b .  To terainate •rk proceea , 

do ftaal pue throuah proar• : 
ley PIO 

s. 

Key DIDA C 416+XOOOOE 

X • 1 - CDH tr.aafer at o .s 
orbital period after CSI 

I • 3 - CDH traoefer a t  l . S  
orbital parioda after CSI 

Zero out-of-plane velocity to be 
aatnad : 
lay DIDA C 4Sl+OOOOOE 

If thruating 1a to be along x-u is : 
Key DIDA C 623+10000! 
I • 0 - Z-uie parallel to CSH 

orbit plane 
X • 1 - Z-uie epecified by Wb 

vector 

Inter LOS anale at TPI (octal B 7  
cotanaent) :  
ley DEDA C 60S+XXXXXE 

REMARKS 

Noainal value ie +00777 (preloeded 
before la.ach) . Raop ie +01277  to 
+00135 . 

CotiiDJente of analee iD octal fon 
with binary ehift (17) : 

Angle 

20 
26 .6 

Cotansent (Octal B7; 
DEDA load 1a + dp 
and five diaite) 

01277 
00777 

26.6• 1a noainal value betv•n LOS 
to CSM and local hort aontal at de­
sired TPI ti- ,  u uaed in CSI 
co..,utationa (LM below mld behind 
CSM) . 

2 8 . 3  00733 
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CREw-1 PNL 1 PROCEDURES MAN 
4 . 7 . 1 . 2  Coelliptic Sequence Initiation (LGC P32 , AEA 410+10000) (cont) 

6 .  

7 .  

Read out predicted radial velocity 
at CSI 
Key DEDA C 477R (O . l/1 fpa) 

Check CSI solution after CSI solu­
tion 1a found (approx 2 sec) : 
Total velocity-to-be-gained aagni­
tude for CSI aaneuver:  
Key DEDA C 370R (+0 .1/1 fpa) 

Downr.oge velocity to be gained in 
CSI aaneuver -
Key DEDA C 450R (±0 .1/1 fps) 

Differential altitude at predicted 
tiae of CDR -
Key DEDA C 4021l (+0. 1  oa) 
Predicted coaat tiae fra. CSI to 
CDR -
Key DEDA C 3721l (+0.1  ain) 

LM-to-CSH phaae angle at CSI -
Key DEDA C 3031l (0.01• ) 

6r at CSI -
Key DEDA C 3141l (0 . 1  oa) 
If step 7 indicates acceptable CSI 
solution , go to step 9 ;  if not ,  
perfora step 8 .  

II 

REMARKS 

Parenthetical quantization notation: 
lunar aiasioo/earth aissioo. 

Exclusive of out-of-plane velocity 
unless address 451 � 00000 .  

Negative value indicates LM is 
higher tbaa CSK. 

Sixty or eighty aioutea are cur­
rently suggested approxiaate values 
for this tiae. 
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jcREW-1 PNL MAN PROCEDURES 

4 .  7 . 1 . 2  Coelliptic Sequence Ini tiation (LGC P32, AEA 410+10000) (cont) 

� .  

7 .  

Po88 n. V05 N09 - Alara in up to 
three registers 

Rl ooxxx 
R2 ooxxx 
R3 OOXXJ. 
PROG lt- - on 
Possible alaraa : 

00600 - I ... inary roots on firs t 
i teration 

00606 - AV ezceeda -z�­
(1000 fps) 

00605 - Nuaber of iterations 
ezceed loop .axiaua (15) 

00601 - CSI Hp (85 na (earth 
orbit) or 35 ,000 ft 
(lunar orbit) 

00602 - CDH Hp (85 na (earth 
orbit)  or 35 ,000 ft  
(lunar orbit) 

a .  

00603 - CSI to CDH tiae <10 llin I 9 .  
00604 - C DH  to TPI tiae <10 llin 

Key RSET & V32E - recycle to step 
2, adjust input paraaeters 

FL V06 N75 
Rl Aalt (CDH) XXXX .X nm 
R2 AT (CSI/CDH) XXBXX min-sec 
R3 AT (CDH/TPI) XXBXX llin-sec 
Record values 
Key PRO 

RecOIIJiute CSI .aneuver :  
a .  Receive new targeting para.­

eters froa MSFN . 
or 
b .  Generate new TPI time • 

If  thrusting is to be along 
Z-body-axis : 
Key DEDA C 50 7+10000£ 
Key DEDA C 400+20000£ 

REMARKS 

If lighting is i8portant considera­
tion in rendezvous , nev TPI ti• 
would probably be present TPI plus 
one orbital period • 

Times shown in R2 and R.3 are 
modulo 60 ainutes , i .e . ,  remainder 
in llinutes and seconds after divid­
ing time in seconds by 3600 (60 
times 60) seconds . TIG(CDH) is 
available , key V06 Nl3E .  

,. � r" 0 
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CREW- PNL MAN PROCEDURIES 

4 . 7 . 1 . 2  Coelliptic Sequence Initiation (LGC �32, AEA 4 10+10000) (cont) 

8. FL V06 N81 - CSI �V(LV) 
Rl X XXXX.X fpa 
R2 Y XXXX .X fpa 
llJ Z XXXX .X fps 
Accept : Record values 
Key PBO 
Reject : Key V25E - Load desired 
data 

9 .  FL V06 N82 - C)H �V (LV) 
U X :UXX.X fpa 
ll2 Y XXXX. X  fpa 
R3 z xxxx .x fpa 
Record values 
Jtey PBO 

10 . Raad out tille to -neuver : Key DEDA C 310R (0 .01 ain) 

10 . FL Vl6 M45 
U K  xxxxx 
ll2 TPI XXBXX ain-sec 
ll3 KGA xxx .xx• 
Rl will display : 
•• -ooDOl if this is not lu t 

pua through progr .. 
b .  -ooD02 if this is last pass & 

IKU ia not aligned 
c .  xxx.xx• MGA with + x-axia 

aligned with thrust vector 

REMARKS 

Nw value of �VY baaed on uae of ll36 
aay be substituted to obtain out-of-
plane correctioaa ( para 4 . 7 . 2 . 1) .  
For AGS Out-of-Plane aaaeuver ,  ref 
para 4 . 7 . 3 . 1 . 

If 6V(LV) for CSI has beea .ed ified 
by crev, .odificatioa will aot be 
reflected in LGC-coaputed values for 
C)H �V(LV) . Unlike �V(LV) for CSI , 
these values cannot be written over . 1 

U display of K will be 00000 if 
RR data are aot tU.a. 

KGA (ux.xx•) is displayed oa lu t 
! 

pua if IKU ia aligned. 

I 
I 
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lcREW-1 PNL I PROCEDURES MAN REMARKS 

14 . 7 . 1 . 2  Coelliptic Sequence Initiation (LGC P32 , AEA 410+10000) (cont) 

Options : 
a .  I f  this was not laat pass 

through prograa : 
(1) To terminate .. rk process 

& acco.plish final pass -
Key PRO - Return to step 6 

(2)  To continue aark process -
Key V32 E ,  recycle to 
step 6 

b .  I f  this wu lut pass through 
proar•: 
Set EVNT THR ind to TFI . 

11 . Transllit .. neuver para.eters CSI 
AV(LV) (N81) to CSM . 
Key PRO 

12 . FL V37 N--

11 . 

12 . 

Select appropriate thrus t procedure , ! 13 . 
XXE - Exit P32 

If radar data are entered into AEA 
after switching to External AV or if 
navigation update is aade , repeat 
AGS s tep 2 • 

Set EVNT TMR ind to time to aaneu- ! Ref para 4 . 13 . 6 .  
ver .  

Select External AV guidance 
routine : 
Key DEDA C410+50000E 

Ref para 4 . 7 . 1 . 1 .  To per-it .aoi tor­
ing of CSI parameters , it is sug­
gea ted that External AV guidance 
routine not be selected uatil 4 
or 5 ainutes before iSDitiOD. 

Perform appropriate th rus t proce- j Ref para 4 . 10 .  
dure . 

4 . 7 . 1 . 3  Cons tant A Altitude (LGC P33 , AEA 410+20000) 

LGC Power-Up ( required) 

LGC Self-Tes t (desi red) 

LGC time valid ( requi red) 

Purpose of Cons tant A Alti tude pro­
cedure is to calculate par ... ters , 
baaed on maneuver data approved 
and keyed into LGC/AEA , for CDR ; to 
disp lay dependent variables for CDR 
maneuve r ;  to display to, and receive 
approval from, as tronaut/MSFN ;  and 
to s tore CDR target paraaeters for 
use by desired thrusting procedure . 

Ref para 4 .6 . 1 . 1 .  

Ref para 4 . 6 . 1 . 1 3 .  

LGC/CHC Clock Synchroni zation Rou­
tine (R33) ( para 4 .6 . 1 . 15 )  
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CREW-I PNL 1 PROCEDURES MAN 
4 . 7 . 1 . 3  Constant 6 Altitude (LGC P 33, AEA �10+20000) (cont) 

LGC state vector valid ( required) 

IMU Power-Up (LGC Operating) 
(desired) 

IMU Orientation Deteraination Pro­
graa (P51) (desired) 

Coelliptic Sequence Initiation (LGC 
P32 ,  AEA 410+10000) (required) 

AGS Power-Up (required) 

A£A Self-Test (desired) 

AGS time valid (required) 

AGS LH/CSH state vector valid 
(required) 

II 

REMARKS 

LGC Update Prograa (P27) (para 
4 .6 . 1 . 7) and , when possible , LK 
Rendezvous Navigation Prograa (P20) 
(para 4 . 8 . 2 . 1) . If P20 is operat­
ing , rada! sighting marks are made 
automatically about once per ainute • 

Nu.ber of aarks (H) is displayed in 
Rl with N45 • 

-

Ref para 4 . 6 . 1 , 3 .  ISS should b e  on 
15 minutes before thrusting maneuver . 

Ref para 4 .9 . 1 . 1 .  Display of actual 
HGA in Rl , with N45 during f inal 
pass , will not occur if IHU orienta­
tion is not known . 

Ref para 4 , 7 . 1 . 2 .  

Ref para 4 , 6 . 2 . 1 .  

Ref para 4 .6 . 2 . 3 .  

AGS Manual Absolute T i  .. Initializa­
tion procedure (para 4 . 6 .2 .6) or AGS 
Ini ti alization Routine (R47) (para 
4 .6 . 1 . 18) 

AGS Initialization Routine (R4 7) 
(para 4 .6 . 1 . 18) or AGS Manual LH 
State Vector Update /Initialization 
(para 4 .6 . 2 . 7) and AGS Manual CSH 
S tate Vector Update/Initialization 
procedure (para 4 . 6 . 2 .9) . AGS 
Manual Rendezvous Radar LM State 
Vector Update (para 4 . 8 . 2 . 2) • 

,. 2 
0 

� �  ,. ...,. 
:::! • 
o p  
Z w  "' i  � 0 
! 
a 



8' 
.. ;;· � 
ii 

N 
Cl' 

en 
• 

"0 
ft 
• IJ. 
• 
tt 

.... IQ .... .... 

(l r i 
f 

"! 
ID 
• 

I � 

CREW. PNL MAN 

-

PROCEDURI:S 

4 . 7 . 1 . 3  Coutant 4 Altitude (LGC P33 , AU. 410+20000) (cont} 

Wb vector valid (dea ired) 

1 .  Eatabliah altitude/altitude rate 
diaplay : 
ING/ALT HOM av - ALT/ALT RT 
MODE SEL av - AGS 

2 .  Select CDH routine :  
Key D!DA C 410+20000E 

3 .  Zero out-of-plane velocity to be 
gained : 
X.ey D!DA C 451+00000E 

4 .  Perfora AGS targeting : 

a.  If CSI (but not PCI) vas 
perforaed before CDH , & CDH 
vas aelected before LH & CSH 
navigation update , no target-
ing is required . 

b .  Otherwise obtain tigB froa 
HSFN & enter into AEA: 
Key DEDA C 37l+XXXXXE (0 . 1  ain 

REMARKS 

If GUID CONT av - AGS , aelect AEA 
atti tude bold : 

Key DEDA C 400+00000£, or 
S/C : AGS av - ATT HOLD 

I f  AEA attitude bold ia not aelected 
vbea in AGS control , attitude 
.aaeuver at 5. and/or 10. /aeCODd 
aay occur . 

AGS Wb Vector Update (para 4 . 6 . 2 . 15}  
Valid Wb Yector 1a required if 
a teerina aelector addreaa 623 • 
+10000 . 

Ref para 4 . 5 . 3 . 9 .  

CDH aolution will b e  invalid before 
tisB aiaua 136 ainu tea . Tbia io-
itially invalid aolutioa could 
occur when CDH 1a to be perforaed 
at 1 . 5  orbital perioda after CS I .  

I 
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CREW.I PNL 1 PROCEDURES MAN 
4 . 7 . 1 . 3  Constant � Altitude (LGC P33, AEA 410+20000) (cont)  

1 .  

2 .  

). 

4 .  

Key V 37E 33E 

FL V06 Nl3 - TIG (CDR) 
Rl OOXXX hr 
R2 OOOXX ain 
R3 OXX. XX  sec 
Accept :  Record data • 

ley PRO - Co to step 6 
Reject: ley V25E - Load desired 
data 

Po.. FL V05 N09 - Alara 
00611 - No solution for given 
CDR paraetera 
PROG lt - on 
Key ISET 

Options ; 
a. ltey V 32E - Recycle to step 2 ,  

readj ust TIG (CDH) 
b .  Key PRO - Proceed with inac­

curate data 
c .  Key V 34E - Terainate 

FL V37 N--
Key XXE 

FL V06 N75 
Rl 6 alt (CDH) XXXX .X  na 
R2 6T (CDH/TPI) XXBXX ain-sec 
R3 6T (TPI /na.TPI)XXBXX ain-sec 
Record values . 
Key PRO 

I 

5 .  Verify solutions : 
Display �r 
Key DEDA 402R (0 . 1  na) 
Co.pare with Rl 6 alt 

II 

REMARKS 

Parenthetical quantization notation : 
lunar aiasion/earth aission. 

� § ! e 5 �  0 �  Z w  wa i I I 
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CREW-I PNL 1 PROCEDURES MAN 

4 . 7 . 1 . 3  Constant A Altitude (LGC P33,  AEA 4 1�20000) (cont) 

5 .  

6 .  

FL V06 N81 - CDH AV(LV) 
Rl X XXXX . X  fps 
R2 Y XXXX . X  fps 
R3 Z XXXX . X  fps 
Accept : Record values 
Key PRO 
Rej ec t :  ley V25E - Load desired 
6Y(LV) 

n. Vl6 N45 
Rl M XXXXX 
12 TPI XXBXX •in-sec 
RJ HGA xxx .xx• 
13 will display : 
a .  -00001 if not last pass 

throuah progra• 
b .  -00002 if this ia last pass & 

IMU is not aligned 
c .  XXX .xx• MGA with +X-axis 

ali&ned with thrust vector 

Options : 
a .  If not last pass throuah 

proar-: 
(1) To ter.inate .. rk process 

perfor. final pass , key 
PRO , 6 ao to step 3 .  

6 .  

D isplay total velocity-to-be­
gained aagni tude in CDH : 
Key DEDA C 370R (0 . 1/1 fps) 
Co.pare with N81 • 

Display alti tude rate at CDH : 
ley DEDA C 477R (0 . 1/ 1  fpa) 
Record value . 

Display downrange velocity to be 
aained : 
ley DEDA C 450R (0 . 1/ 1  fps) 

Display radial velocity to be 
gained : 
Key DEDA C 452R (0. 1/1  fpa) 

Read out ti•e to CDH •aneuver :  
Key DEDA C 310R (0.01 •in) 
Co.pare with TFI in R2 . 

REMARKS 

Negative value indicates retroarade 
attitude , Z-axia up (for X-axis 
thrust) . 

New AVY value , baaed on use of R36 
(V90) , aay be used to obtain out-of­
plane correctioDS . Ref para 4 . 7 . 2 . 1  
For AGS out-of-cSM-plaoe burn , ref 
para 4 . 7 . 3 . 1 .  

Rl display of M will be 00000 if RR 
data are not taken. 

HGA (Xxx . xx • )  is displayed on las t 
pass if IMU ia alianed . 

� 
l i � .... 
8 p  
z w  "' i  i 0 • a 



o> � ;;· 
0 
Q 

iD 
... 0' 
en 
� 

..., ,.. � g. 
� .... 
... 'oj) ..... ... 

n � 
D 
� 
G 
• � 
ii 

;: 
G 
• 

I �  

CREw-1 PNL I PROCEDURES MAN 
4 . 7 . 1 . 3  Cons tan t � A l t i tude ( LGC P 3 3 ,  AEA 4 1 0+20000) (cont) 

7 .  

( 2) To continue aark p rocess -
Key V32E - Recycle to 
s tep 3 

b .  I f  this was las t pass through 

7 .  

program - I 8 .  
S e t  EVNT � ind to TFI ( in 
Rl) , transmit maneuver param- I 9 .  
e tera CDH AV (LV) (N81) to 
CSM, key PRO , go to step 7 

FL V37 N-- I 10 . 
Select appropriate thrust 
procedure , Key XXE - Exi t P 3 3 . 

I f  thrus t ing is along X-axis : 
Key DEDA C 62 3+XOOOOE 
X • 0 - Z-axis parallel to CSM 

orbi t p l ane 
X • 1 - Z-axis specified by Wb 

vector 

I f  thrus ting is along Z-axis : 
Key DEDA C S07+10000E 
Key DEDA C 400+20000E 

Set EVNT T\'fR i nd to TA . 

Select External AV guidance 
routine : 
Key DEDA C 410+SOOOOE 

Select appropriate thrus t pro­
cedure . 

II 

A:-n.,.. 

REMARKS 

I f  radar data are entered into AEA 
after switching to External �V or i f  
navigation update i s  made , repeat 
AGS s tep 2 .  

Ref para 4 . 13 . 6 . 

Ref para 4 . 7 . 1 . 1 .  To permit moni tor­
ing of CDH parameters , it is sug­
gested that External AV guidance 
routine not be selected unti l  4 or S 
minutes before ignition time . 

Ref para 4 . 10 .  
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lcREW-1 PNL MAN PROCEDURES 

� . 7 . 1 . 4  Transfer Phase Initiation (LGC P34, AEA 4 10+30000 , Search ; & 410+40000 1 
Execute� 

LGC Power-Up (requi red) 

LGC Self-Tes t (desired) 

LGC time valid (required) 

LGC state vector valid ( required) 

REMARKS 

Purpose of Transfer Phase Ini tiation 
procedure is to calculate required 
4V and other ini tial conditions 
required by LGC/AEA for LH execu­
tion of TPI aaneuver ,  given: 
a. Tiae of igni tion , TIG (TPI) , or 

elevation angle (E) of LM/CSH 
LOS at TIG (TPI) 

b .  Central angle of transfer of 
passive vehicle ( CSH) froa TIG 
(TPI) to ti .. of intercept . 

TPI also calculates TIG (TPI) given 
E ,  or E given TIG (TPI) . 

TPI procedure aay be perfor-ed con­
currently with P20 (LGC) . If P20 
is operating , radar .. rks are taken 
automatically , approxi .. tely oace 
per •inute when enabled by track 
and update flags . 
I f  AGS is in coatrol , i t  can dis­
play LOS elevation anale for se­
lected ti .. interval in future so 
that . whea desired anale is db­
played , selected ti .. interval is 
available for final crew preparatioa 
for �euver .  

Ref para 4 . 6 . 1 . 1 .  

Ref para 4 . 6 . 1 . 1 3 .  

LGC/CHC Clock Synchroni zation Rou­
tine ( R33) (para 4 . 6 . 1 . 15)  

LGC Update Program (P27) (para 
4 . 6 . 1 . 7) and,  when possib le , LM 
Rendezvous Navigation Program (P20) 
(para 4 . 8 . 2 . 1) .  I f  P20 is operat­
ing , radar aarks are .. de auto­
matically about once per minute . Nua-j 
ber of marks (H) is displayed in Rl 
with N45 . 
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MAN PNL I PROCEDURES REMARKS 

4 . 7 . 1 . 4  T rans f e r  Phase I n i t i a t ion ( LGC P 3 4 ,  AEA 4 10+30000 , Search ; & 4 1 0+40000 , 
Execute )  (cont)  

IMU Power-Up {LGC Ope r a t i n g )  

( des i red) 

IMU Orientat ion De terminat ion 
Program (P51)  (desired) 

Ref para 4 . 6 . 1 . 3 .  ISS should be on 
1 5  minu tes be fore thru s ting 
maneuve r .  

Ref  para 4 . 9 . 1 . 1 .  Display o f  actual 
HGA in RJ , wi th N45 dur ing f inal 
p ass , will not occur if IMU orienta­
t ion is not known . 

AGS Power-Up ( required) I Ref para 4 . 6 . 2 . 1 .  

AEA Self-Tes t ( des i red) I Ref para 4 . 6 . 2 . 3 .  

AGS t ime valid ( requi red) I AGS Manual Absolute T ime Initializa-
t ion procedure ( para 4 , 6 . 2 . 6) or AGS 
Initializat ion Rout ine (R4 7 )  (para 
4 . 6 . 1 . 18) 

AGS LM/CSM s tate vec tor valid (required) l AGS Init ializa tion Rout ine ( R47) 
( para 4 . 6 . 1 . 18) or AGS Manual LM 
S tate Vector Update/Initializat ion 
p rocedure (para 4 . 6 . 2 . 7) and AGS 
Manual CSM S tate Vec tor Update/ 
Initialization procedure ( para 
4 . 6 . 2 . 9 ) . AGS Manual Rendezvous 
Radar LM S tate Vector Update 

II 

Ref para 4 . 8 . 2 . 2 .  

I f  GUID CONT sv - AGS , select AEA 
a t t i tude hold : 

Key DEDA C 400+00000E , or 
S/C : AGS sw - ATT HOLD 

I f  AEA attitude hold is not selected 
when in AGS control .  atti tude maneu­
ver at s• and/or 10• sec may occur . 
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CREW.! PNL 1 PROCEDURES MAN 
j4 . 7 . 1 . 4 Trans fe r Phase I ni t i a t ion (LC.C P 34 ,  A EA  4 10+ 30000 , Search ; I. 410+40000 , 

Execute ) ( con t )  

1 .  Key V37E 34E 

Wb vector valid  (des i red) 

1 .  En ter ini tial target ing dat a:  
a .  Ente r  nu.Oer o f  minutes before 

rendezvous that node occur­
rence is des i red -
Key DEDA C J06+XXXXXE (0 .01 
min) 

b .  Enter time duration o f  trans­
fer-
Key DEDA C 30 7+XXXXXE 
(0 . 0 1  min) ---- - -- 1  I If AGS in cont rol ,  go to s tep 3 .  

2 .  Se lect mode & target for AGS in 
followup ( i f  search mode is not 
des i red) : 
a .  Se lect TPI e xecute -

Kev DETlA C 4 10+40000E 
b .  Enter TPI ( t igC ) -

Key DEDA r. 37 l+XXXXXE (0 . 1  
mi n) 

c .  Go to s teps Je & Jf and ve ri�y 
s olution .  

REMARKS 

AGS Wb Vector Update (para 4 . 6 . 2 . 15 ) . 
Valid Wb vector is required i f  s teer­
i ng s elector address 623 • +10000 

Zero ini t ial input will allow va l id 
readout of VF (DEDA address 3 7 1 ,  
s tep 4d ) . 

To avoid i nde terainate values at 
tao• , and 360• , address 307 mus t 
not contain following values : 

Earth orb i t :  
<00500 

04200 to (05300 
09000 to < 10000 

>1 3000 

Lunar orb i t :  
<00350 

05 700 to <06500 
>1 1900 

tigC • TIG (TP I ) - K ,  

o• ,  

I 
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LH 32 31 El PNL N PROCEDURES 

4 , 7 . 1 . 4  Transfer Phase Init iat ion (LGC P 31, AEA 410+30000 1 Search ; & 4 10+40000 , 
Execute) (cont) 

2 .  

) . 

FL V06 N 3 7  - TIG (TPI) 
Rl OOXXX hr 
R2 OOOXX min 
Rl OX:X . XX  sec 
Accept : Key PRO 
Reject :  Key V25E - Load desired 
TIG (TPI) 

FL V06 NSS 
Rl N 
R2 E 
Rl CENTANG 

Alternatives : 

xxxxx 
xxx.xx• 
xxx.xx• 

a .  To accept present values of N ,  
E ,  and CENTANG - Record values 
Key PIO - Co to step 9 

b .  To reject present values of N ,  
E ,  or CENTANG - Key V2SE , load 
N ,  E ,  & CENTANG aa desired . 
Key PRO - Go to step 9 

c, I f  program is to be terminated : 
Key V34E 
FL V37 N--
Key XXE ,  exit P 34 

REMARKS 

P34 requires initi al value of TIG 
(TPI) to be wi thin 30 minutes of 
actua l TPI time . 

N is def ined as f ollows : 
N • 0 ( initial d isplay is +00000)­
specifies Kepler conic integration 
with no target offset ( f as ter than 
precision integrat ion) 
N � 0 - specifies precision inte­
gration with N target of fsets 
(useful in earth orbit) 

E is e levation angle between LH/CSM 
LOS and LM local horizontal at TIG 
(TPI) referenced to direction of 
f l igh t .  Initial Display is +OOo .oo• . 
A zero value in R2 requests that E 
be calculated based on previous 
display of TIC (TPI) ; a nonzero 
value of E ,  that TIC (TPI) be calcu­
lated based on E .  CENTANG is orb ital 
central angle of passive vehicle 
during trans fer f rom TIG (TPI) to 
t ime of intercept . 
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CREW. PNL MAN PROCEDURES 

4 . 7 . 1 . 4  Transfer Phase Initiat ion �LGC P34 1 AEA 4 10+30000 1 Search j & 4 10+40000 1 
Execute) (cont) 

4 .  Poss FL VOS N09 - Alarm ) .  Select modes & targeting for AGS 
00611 - No TIG for given E in cont rol (or using search mode) : 

a .  Selec t TPI search mode -
Key DEDA C 4 10+30000E 

PROG l t  - on 
Key RSET & PRO - Go to s tep 2 

b .  Enter � time from TPI execute 
(counted down to ignit i on) -
Key DEDA C 310+XXXXXE (0 . 0 1  
min) 

c .  Read out Q LOS -
Key DEDA C )O)R (0 . 0 1 • )  

When 9 LOS • preselected value 
(approxiMately PGNCS E) : 
d • Select TPI execute mode -

Key DEDA C 4 10+40000£ 
e .  Read out t ime to ign i t ion -

Key DF.DA C )lOR (0 . 0 1  ain) 
f .  Set EVNT THR ind t o  count-down 

to time to igni t ion ua ing 
value in address 310 . 

5 .  FL V06 N37 - TIC (TP I )  
Rl OOXXX hr  
R 2  OOOXX ain 
R3 OXX . XX sec 
Record TIG (TPI) 
Key PRO - Go to step 7 

6 .  FL V06 N55 
Rl N xxxxx 
R2 E xxx . xx• 
R) CENTANG xxx . xx •  
Record data . 
Key PRO 

-'-

REMARKS 

Address 310 mus t be entered after 
select ing TPI search aode ( 4 10+ 
30000) ; otherwise , entry is los t .  
Valid solution should not b e  at-
temp ted earlier then 1 36 minutes be-
fore targe ted rendezvous time .  
(Targeted rendezvous time is t igC 
+ 6J . )  

Ref para 4 . 13 . 6 .  
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CREW- PNL MAN PROCEDURES 

4. 7 . 1 . 4  Trans fer Phase Initiat ion (LGC P341  AEA 410+300001 Search;  & 4 10+40000 1 

Execute) (cont)  

7 .  FL V06 NSB 
Rl Hp XXXX . X  nm 
R2 t.V (TPI )  XXXX . X  fps 
RJ t.V (TPF) XXXX . X  fps 
Record data .  
Key PRO 

4 .  Verify TPI solution : 
a .  Read out time to rendezvous -

Key DEDA C JllR ( 0 . 0 1  min) 

b .  Read out LOS angle -
Key DEDA C JOJR (O . ol • )  

c .  Read out t.V to b e  gained -
Key DEDA C 370R (0 . 1/ 1  fpa) 

d .  Read out braking velocity (VF)-
Key DEDA C 37 1R (0. 1 / 1  fps )  

e .  Read out TPI t ime -
Key DEDA C 373R (0 . 1  min) 

f .  Read out transf er orbi t  peri-
focus -
Key DEDA C 402R (0 . 1  na) 

II 

REMARKS 

Hp is altitude of perifocus above 
launch pad radius in earth orb i t ;  
above lunar radius at .ost recent ly 
def ined land ing s ite.  in lunar or-
bit . t.V(TPF) is required impulsive 
t.V to accomp lish intercept maneuver 
(TPF) at calculated time of inter-
cept . 

To verify central angle of active 
vehicle is not within 110• to 190• : 

Key V06 NS2E 
Rl XXX . XX  ACTCENT (active vehicle 
central angle) 
R2 -----
R3 -----

Key lCEY REL 
If within 1 10• to 19o• . reenter 
progr .. & adj ust input . 

Parenthetical quantization notation: 
lunar aission/earth aiaaion. 
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LH 3231 

;CREW.! PNL 1 PROCEDURI:S MAN 
4 . 7 . 1 . 4  Transfer Phase Initiation (LGC P34,  AEA 410+30000, Search ; & 410+40000, 

Execute) (eont) 

8 .  FL V06 N81 - dV(LV) 
Rl X XXXX.X  fps 
R2 Y XXXX:.X fps 
R3 z XXXX.X fps 
Accept : Record data . 
Key PRO 
Rejec t :  Key V2SE - Load desired 
values 

g .  

h .  

i .  

j . 

If desired , enter nonzero 
nuaber of •inutes before 
rendezvous that node occur­
renee is desired 
Key DEDA C 306 +XXXXXE (0. 01 
•in) 

Read out TPI rende�ous offset 
t�e -
Key DEDA C 312R (0 . 01 •in) 

Read out transfer tiae to 
rendezvous -
Key DEDA C 307R (0. 01 min) 

Read out local level dV compo­
nents of TPI solution -
Key DEnA C4SOR (0. 1/1  fps) 

C4SlR (0 . 1/1 fps) 
C4S2R (0 . 1/1  fps) 

REMARKS 

N- IJ.VY value , baaed on use of 136 
(V90) , .. , be used to obtain out-of­
plane corrections . Ref para 4 . 7 . 2 . 1  

AV (LOS) are ca.ponents of required 
�pulsive 4V in orthogonal coordin­
ate syste• oriented along LH-to-CSH 
LOS , 

LOS 1 is component along unit I 
LOS 2 is co.ponent along unit 
(Hxi ) xi 
LOS 3 is co•ponent along unit 
(Hxl) 
Where , 
I • unit vector along LOS to CSH 
H • unit vector along LH orbital 
.aaentua vector. 
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CREW-I PNL I PROCEDURES MAN 
REMARKS 

4. 7 . 1 . 4  Transfer Initiat ion LGC P 34 AEA 410+30000 Search · & 410+40000 

9 .  

Execute 

ft. Vl6 N45 
Rl M 
R2 TFI 
R3 t«;A 

xxxxx 
XXBXX ain-sec 
xxx. xx• 

Alternatives:  
a.  Continue aarlta : 

leJ V32E (recycle ) ,  ao to 
( 1) Step 6 if LGC ia to cal­

culate E 
or 
( 2 )  S tap 4 if LGC is not to 

calculate ! 
b .  Terainate aarlta : 

ltey PRO 
(1) I f  not final pasa , 10 to 

(a) S tep 6 if LGC ia to 
calculate E 

or 
(b) S tep 4 if LGC ia not 

to calculate ! 
(2)  I f  this vu lut pus , 

ft. V37 N--
lay XXI ,  exit P 34 

Tran•it aaneuve r par-ters 
TPI AV (LV) (N81) to CSM. 

c.  Terainate progr•: 
ley V34E 
ft. V37 N--
Key XXE , exit P34 

5 .  If thrusting is along X-axis :  
ley DEDA C 6 23+XOOOOE 
X • 0 - Z-axis parallel to CSM orb it 

plane 
X • 1 - axis specified by Wb vector 

If thruatina is along z-axi s :  

M i s  number o f  marks made s ince last 
thrust maneuver or P20 initiation. 
TFI is t ime from TIG (TPI) .  
Sign i s  - before, + after, TIC (TPI) 
Maxiaua reading is 59B59 . 
MGA is middle giabal angle at TIC 
(TPI) if LM +X-axis is altaned with 
initial thrust direction. Sign is 
+ ,  except : 

a. When displayed at any t iae 
other than last pass through 
prograa, value is -00001 . 

b .  On last pas s ,  when IMU is not 
aligned , value ia -00002 . 

I f  desired : 
V06 N59E 

Rl 6V (LOS 1) XXXX .X fpa 
R2 6V (LOS 2 )  XXXX . X  fpa 
R3 6V (LOS 3) XXXX . X  fps 
Record data. 
Key UY REL 

If AGS is in followup , before keyina 
PRO after last pasa , perform AGS 
Initializat ion Routine (R47) (para 
4 . 6 . 1 . 18) . 

ley DEDA C 507+10000! I I f  radar data are entered into AEA 
�ey DEDA C 400+20000! after switching to External 6V or if 

navigation update is made, repeat 
AGS step 3d . 
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LH 3231 

icREW-1 PNL I PROCEDURES MAN 
4 , 7 . 1 . 4  Transfer Phase Initiation (LGC PJ41 AEA 410+30000 , Search; & 4 10+40000 , 

E:ucute) (Coat) 

6 .  Select External AV guidance routine : 
Key DEDA C 410+50000! 

4, 7 . 1. 5  Transfer Ph!fe Midcourae (LGC P35 , AEA 410+40000) 

CAUTION 

AGS uaea direct trans fer equations for aidcourse corrections 
(also used for TPI) ; therefore , guidance �e .us t not change 
for this procedure . State vector updates provide information 
for ca.putina aidcourse corrections . 

LGC Power-Up (required) 

LGC Self-Teat (desired) 

LGC ti .. valid ( required) 

LGC state vector valid ( required) 

IHU Power-Up (desired) 

IHU Orientation Determination 
Progr .. (P51) (desired) 

TPI program (P34)  (required) 

AGS Power-Up (req ui red) 

AEA Sel f-Test (des i red) 

REMARKS 

Ref para 4 . 7 . 1 . 1 .  To perai t .aaitor­
ing of TPI par ... tera , it is sug­
ges ted that External AV guidance 
routine not be selected until 4 or 5 
ainutes before ignition ti .. .  

Purpose of Transfer Phase Hidcourse 
procedure is to calculate required 
AV and other initial condi tions for 
TPH aaneuver during LH active 
rendezvous . 

Ref para 4 . 6 . 1 . 1 .  

Ref para 4 . 6 . 1 . 13 .  

LGC/CHC Clock Synchronization 
Routine (R33) (para 4 .6 . 1 . 15 )  

LGC Update Prograa (P27)  (para 4 . 6 .  
1 . 7) and LH Rendezvous Naviaation 
Prograa (P20) (para 4 . 8 . 2 . 1) 

Ref para 4 . 6 . 1 . 3 .  ISS should b e  on 
15 ainutes before thrus t aaneuver .  

Ref para 4 . 9 . 1 . 1 .  Display o f  actual 
HGA in Rl,  with N45 during final 
pass , wi ll not occur if IHU orienta­
tion is not known . 

Ref para 4 . 7 . 1 , 4 .  S tores tiae of 
intercept in LGC 

Re f para 4 . 6 , 2 . 1 .  

Re f para 4 . 6 . 2 , 3 .  
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CREW- PNL MAN PROCEDURES 

4 . 7 . 1 . 5  Transfer Phase Hidcourse (LGC P351  AEA 410+40000) (cont) 

AGS time valid (required) 

AGS LH/CSH s tate vector valid 
(required) 

Wb vector val id (desired) 

1 .  Rese1ect TP I  Execute:  
�ey DEDA C 410+40000! 

1 .  �ey V37E 35! 2 .  Deleted 
Go to s tep 3 .  

3.  Deteraine tarseted t ime of TPI 
burn & t ime duration of transfer . 
Original time of rendezvous can 
be preserved by specifying nev 
targeted t iae of TPI burn & ad-
justing duration o f  transfer • 

a.  Read out AGS computer time of 
TPI 
Key DEDA C 373R (0 . 1  min) 
Record t igC • 

REMARKS 

AGS Manual Absolute Time Initializa-
t ion procedure (para 4 . 6 . 2 . 6) or AGS 
Initialization Routine (R47)  (para 
4 . 6 . 1 . 18 )  

AG S  Initialization Routine (R47) 
(para 4 . 6 . 1 . 18) or AGS Manual LH 
S tate Vector Update/Initialization 
procedure (para 4 . 6 . 2 . 7) and AGS 
Manual CSH State Vector Update/ 
Init ialization procedure (para 
4 . 6 . 2 . 9)  or AGS Manual Rendezvoua 
Radar LH State Vector Update pro-
cedure (para 4 . 8 . 2 , 2) 

I f  GUID CONT sw - AGS . aelect AEA 
attitude hold : 

l:ey DEDA - C 400+00000!0 or 
S/C : AGS sw - ATT HOLD 

I f  AEA attitude hold ia not aelacted 
when in AGS control. attitude 11a11eu-
vera at s• and/or 10•/second aay 
occur,  

AGS Wb Vector Update (para 4 . 6. 2 . 15) 
A valid Wb vector ia required if ad-
dress 623 • +10000 
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CREW PNL MAN 
PROCEDURIES 

4 . 7 . 1 . 5  Transfer Phaae Hidcourae �LGC P3j1 AEA 410+40000) (cont) 

b .  Read out tt.e from TPI to 
rendezvous -
Key DEDA C 307R (0. 01 ain) 
Record value 

c • Enter tt.e of aidcourae -
Key DEDA C 373+XXXXXE (0. 1  aio 

d.  Enter adjusted tt.e duration 
of transfer -
Key DEDi C 307+XXXXXE (0.01 
ain) 

e.  Set  node tt.e prior to  ooainal 
rendezvous to zero -
Key DEDA C 306+00000! (0 .01 
ain) 

f .  Read out VC -

2 .  FL V06 N81 - AV (LV) 
Key DEDA C 370R (0. 1/1 fpa) 

Rl X XXXX.X fpa 
R2 Y XXXX.X fpa 
Rl z xxxx.x fpa 
Accep t :  Record data 
ley PRO 
Rejec t :  �., V25E - Load desired 
AV(LV) 

REMARKS 

Uae tiaelioe valuea , coapute oev 
value , or receive froa KSFN . 

Setting addreaa 306 to zero avoida 
poaaibility of thrusting during 
invalid 2-aecond co.puter cycle. 

Reodezvoua Out-of-Plane Diaplay 
Routine (R36) aay be used to define 
out-of-plane velocity correctiODa 
to be acbia.ed by alterioa AVT. 

If deaired : 
V06 NS9E 

Rl AV (LOS 1) XXXX.X fpa 
R2 AV (LOS 2) XX.XX . X  fpa 
R3 AV(LOS J) XXXl. X  fpa 
Record data 
Key KEY REL 
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CREW. PNL MAN 

'- �- �-

PROCEDURES 

4 . 7 . 1 . 5  Transfer Phase Midcourse (LGC P35 1 AEA 410+40000) �cont ) 

4 .  I f  th rus ting i s  along X axis : 
Key DEDA C 62 3+XOOOOE 
X • 0 - Z-axis paralle l to CSM orb i t  

plane 
X • 1 - Z-axis speci fied by Wb 

vector 

If  thrust ing along Z axis : 
3 . FL Vl6 N45 Key DEDA C 507+10000E 

Rl M xxxxx Key DEDA C 400+20000E 
R2 TFI XXBXX min-sec 
R3 MGA xxx . xx• 

5 .  Select External AV guidance routine . 

6 .  Select RCS thrus t .  

•• Continue uru -
Key V32E - Co to s tep 2 

b .  To tend.nate ll8rk & do final 
pass -
Key PRO - Co to step 2 ( I f  
f inal p as s  go t o  s tep 4) . 

4. FL V37 N--
Key XXE - Exit P35 

'----------� �-� �- - -- ·�-- -

REMARKS 

To ve rify central angle of active 
vehicle is not within 110• to 190• : 

Key V06 N52E 
Rl XXX . xx• ACTCENT (act ive 
vehicle central angle) 
R2 -------
R 3  -------

I f  within 1 10• to 190• , wait as 
necessary ,  
Key KEY REL 

Ref para 4 . 7 . 1 . 1 .  To permit monitorl 
ing of TPK paraaetera, it is aug-
ges ted that External AV not be ae-
lected until 4 or 5 minutes before 
ignition • 

Ref para 4 . 10 . 1 . 3 . 

R3 will d isplay : 
a.  -00001 i f  this i s  not last pass  • 

b .  -00002 i f  this ill las t  pass and 
IHU orientat ion i s  not known. 

c .  XXX . XX  MGA with +X-axis aligned 
w ith thrust vector .  

If  midcourae correction i s  not 
required (AV <TBD fps) , continue 
marks . 

I 
I 
I 
! 
I 
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4 . 7 . 2  !!!f! 

4 . 7 . 2 . 1  ... deKYOu. Out-of-Plaae Diapl!f loutiae (136) 

1 .  

2.  

LGC PG�Nr-Up (nquind) 

LGC Sel f-Teat ( ... ired) 

LGC tt• Yalid 

LGC atete .. ctor valid 

ley V90! 
P .. a OPI Ell lt - ao 
lx1 t 136 , ley RSET 

n. V06 Nl6 - T (E .. nt) 
11 00111 hr 
R2 000U IIin 
Rl OU . IX  .. c 
Accept : ley PRO 
Reject : ley V2SE - Load new T (Ewnt ) 

IIMAIKS 

Purpoae of RendeZYOUII Out-of-Pl .. Diapl., loutiae (136) 
ia to diaplay LGC-caleulate• nadezvoue out-of-pl ... 
par ... tara . Thia routine .., be u.ed to tar .. t pl ... 
change 6V at nollinal buraa or vitb btenaal 6Y (LGC PlO, 
AU. 410+50000) (para 4 .  7 . 1 . 1 )  •d ICS 'Ihnat Protr .. 
(P41) With ACS Pollovup/Ia c .. trol (para 4 . 10 .1 . 3) for 
addi tional pl• or ldaue t-at• traalattaa., auc:h • 
PCI II&DeiiYer. 

lef para 4. 6 . 1 . 1 .  

Re f  para 4 . 6 . 1 . 3. 

LGC/CHC Clock Synehraataact .. ao.ttae (133) (para 4. 6 . 1. 
15) 

LCC Update Proar .. (P27) (para 4. 6 . 1 . 7) 

To IMJDi tor proareaa of atate .. etor latearatloa , tt• 
(GET) to vhieh a tate .. etor lllltell'atiaa procaaa baa 
p naently calculated a tate •ctor 1a avatl•la u 
follova : 
Key V16 N38E - TET 

11 OOIIX h r  
R2 OOOU aln 
Rl OU . XX  see 
To nleue DSlY : ley u:r UL 

This routine ahould not be called vbile awr ... C ia 
runnin1. OPR ERR lt - OD if ... r ... I ia oa or if 
another e:ztencled .. n fro. 176 1a aetiw . 

T (Event ) 1a initialized to pnMDt TIC u • u-d by 
p r01r• in proeeaa . 

I � � I ! 
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LH 32 J1 
jcREW·I PNL MAN PROCEDURES 

4 . 7 . 2 . 1 Rendezvous Out-of-Plane Display Routine (R36 ) ( cont )  

3 .  FL V06 N90 - Out-of-plane parameters 
Rl Y XXX .XX 1\111 
R2 Y rate XXX . XX  fps 
R3 ' xxx. xx• 

a.  To receive another data point : 
Key V32E - Go to s tep 2 

b .  To terminate : 
Key PRO , exit R36 

4 . 7 . 2 . 2  Tarset AV Proaram (CSH) (P76 )  

1 .  

2 .  

LGC Power-Up ( required) 

LGC time val id ( required) 

LGC CSH s tate vector valid 
(Premaneuver) (required) 

Key V37E 76E 

FL V06 N33 - TIC (CSH) 
Rl OOXXX h r  
R2 OOOXX llin 
R3 OXX.XX sec 
Accept : Key PRO 
Reject : Key V25E - Load correct TIC (CSH) 

I' 

REMARKS 

Rl and R2 display out-of-plane position and velocity ; R3 
displays ang le between LOS and forward direction , 
measured in local horizontal plane • 

Y • distance between CSH orb it plane and LM measured 
along line defined by V x R of CSH where : 

v • CSH initial velocity-vector 
R • CSM radial position vector 

y rate • rate of change of y with following s ign 
convention : 

+ i f  Y is increasing algebraically 
- i f  Y is decreasing algebraically 
( I f  thi s  parameter is to be nulled , magnitude of Y 
rate is used , but with opposite s ign , in prethrust 
p rogram; i .e . , P30 and P 32 through P 35 . )  

t • angle o f  LH orb ital p lane and projection o f  LOS to 
CSH onto LH horizontal plane . 

Purpose o f  Target AV Progr .. (CSH) (P76) i s  to notify LGC 
of orb ital parameter changes by CSM and to p rovide , to 
LGC , AV for CSM impulsive state velocity update. 

Ref para 4 . 6 . 1 . 1 .  

LGC/CHC Clock Synchronization Routine (R33)  (para 
4 . 6 . 1 . 15 )  

LGC Update P rogram (P27) (para 4 . 6 . 1 . 7 )  o r  LM Rendezvous 
Navigation Program ( P20) (para 4 . 8 . 2 . 1) or Lunar Surface 
Navigation Program (P22) (para 4 . 8 . 3 . 1 )  with valid LH 
state vector and P20 or P22 updat ing CSH s tate vector. 
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4 . 7 . 2 .2 Taraet AV Proar .. (CSH) (P76) (cant) 

3 • FL V06 N84 -- AV(CSH) at TIG (CSH) 
Rl X lXXX .X fps 
R2 Y XXXX.X fps 
R3 Z XXXX .X fps 
Accept : ley PRO 

Raject : ley V2SE - Load desired AV 

4. FL V37 N--
Key XXE - !zit P76 

4 . 7 . 2 . 3 Tar�et AV Proar .. <tiQ (P77) 

LGC Power-Up (required) 

LGC tiae valid (required) 

LGC LM state vector valid (pre�euver) (required) 

1 .  Key V37E 77E 

2 .  FL V06 N 3 3  - TIG (LH) 
Rl OOXXX hr  
R2 OOOXX llin 
R3 OXX . XX see 
Accept : ley PRO 
Reject : Key V25E - Load correct TIC (LH) 

REMARKS 

N84 is avail ab le as an optional display in subsequent use 
of P3X or P 72 th rough P 75 .  
NODOFLAG i s  set after PRO i s  keyed causing 1 520 alarm 
(V37 request is not permitted at this tiae) if V37E 
xxE , with xx � 00 is atte�ted during integration • 

NODOFLAG is reset after co.pletion of integration . 

Data loaded should be actual AV at TIG (CSH) . 

To resu.e P20 RR state vector updating, select an or­
b ital prethruat prograa (PJO to P3S, P 72 to P 7S ) . 
I f  Rendezvous Navigation Progra• (P20) or Lunar Surface 
Navigation Prograa (P22) is in process ,  P 76 �t be 
selected before CSH thrusting maneuver .  

Purpose of Target AV Prograa (LH) (P77) is t o  notify 
LGC of orbital para.eter chanses by LH and to provide , 
to LGC , AV for LM i•puls ive s tate ve locity update . 

Ref para 4 . 6 . 1 . 1 .  

LGC/CHC Clock Synchronization Routine (R33) (para 
4. 6 . 1 . 15) 

Lr� Update Progr .. (P27) (para 4 . 6 . 1 . 7) or LH Rendezvous 
Navigation Progra• (P20) with valid CSH S tate Vector and 
P20 updating LH state vector (para 4 . 8. 2 . 1) .  
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4 . 7 . 2 . 3  Target AV Program (LH) (P7 7 )  (cont) 

3. FL V06 N81 - AV (LV) at TIC. (IJI) 
Rl X XXXX . X  fps 
R2 Y XXXX . X  fps 
RJ Z XXXX . X  fps 
Accep t :  Key PRO 

... I I I Rej ect :  Key V25E - Load des i red AV 

n 

f 
� 

l 

� 

14 . FL V37 N-
Key XXE - Exit P77 

:4 . 7 . 3  AGS 

4. 7 . 3. 1  AGS Out-of-P lane Maneuver 

1. 

AGS Power-Up (required) 

AEA Self-Teat (desired) 

AGS time valid (required) 

AGS LM/CSH state vector valid (required) 

Select External AV : 
Key DEDA C 41()+-50000E 

REMARKS 

AV in N81 is also writ ten into N84 by LGC so that it is 
available as an opt ional display in subsequent use of 
P 3X or P72 through P 7 5 .  (N81 is overvr it ten by referenced 
programs . )  
NOUOFLAG is set after PRO is keyed causing 1520 alarm 
(V37 reques t is not permitted at this t ime) if V37E xxE , 
with xx�OO is at tempted during integration . NODOFLAG is 
reset after coapletion of integration • 

Data loaded should be actual AV at TIG (LH) . 

To resume P20 RR state vector updat ing , select an orb i tal 
prethrust program (P30 to P 35 ,  P72 to P75) . 
If Rendezvous Navigation Prograa (P20) is in process , P 7 7  
auat be selected before LH thrusting maneuver .  

Ref para 4 . 6 . 2 . 1 . 

Ref para 4 . 6. 2 . 3. 

AGS Manual Absolute Time Initialization Procedure (para 
4 . 6 . 2 . 6) or AGS Init ialization Routine (R47) (para 
4 . 6 . 1 . 18)  

AGS Initialization Routine (R47) (para 4 . 6 . 1 . 18) or  AGS 
Manual LH State Vector Update/Initialization procedure 
(para 4 . 6. 2 . 7) and AGS Manual CSH State Vector Update/ 
Initialization procedure (para 4 . 6 . 2 .9) . AGS Manual len­
dezvous Radar LH S tate Vector Update. Ref para 4 . 8. 2 . 2  

I f  GUID CONT sv - AGS , select AEA attitude hold : 
Key DEDA C 400+00000£,  or 
S/C : AGS sv - ATT HOLD 

If AEA att itude hold is not selected when in AGS control , 
att itude maneuvers at s• and/or 10• /aec aay occur . 
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4. 7. 3 . 1  AGS Out-of-Plaae Maneuver (cont) 

2.  After CSI solution haa con••rz•d & aolution checks .. de , 
or CDH solution checks aade , read out-of-plane Yelocity :  
ley DBDA C 263R (0 . 1/ 1  fpa ) 

Go to step 4 for PCI tranalation • 

J • Deteraine proportion of out-of-plana velocity ,  vith 
appropriate alaabraic s ian (a ... aian to decreaae out-of-
plana anala) , to ba eatered in AVy (obtain froa HSPM) : 
ley DIDA C 45l±XXXXX! (0. 1/1 fps) 
Read out in-plana horizontal veloci ty -
ley DEDA C 4SOR (0. 1/1 fps ) 

�---- --- -

REMARKS 

Parenthetical quantization notation: lunar aission/ 
earth at.aion. 

Tvo coaponenta of 6.V (6.VX and 6.VZ) for exterul 6.V option 
are coaputed by CSI and CDH rout iDea . Other coaponent 18 
read out on DEDA (address 263) and a proportion (depead-
ant on deaired effect on LM/CSM orbit out-of-plane anala 
and/or phaain& on LM/CSH orbit nodea) ia entered in ad-
draaa 451. Thraa coaponents of 6.V ara coaputad (and 
s tored) by TPI and TPH routines . Extarul AV option 18 
uaad for CSI • CDH , TP I • TPH or PCI burna • 

- ----- - ---- -- - ---- -···-- -- - - --
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4 . 7 . 3 . 1  AGS Out-of-Plane Maneuve r  ( cont ) 

4.  

s .  

Read out radial velocity -
Key DEDA C 452R (0 . 1/1 fps ) 
Go to a tep S .  

For PCI aaneuver:  
Select CSI Routine -
ley D!DA C 410+10000! 

Load abaolute ti• of PCI -
ley D!DA C l7l+XXXXXE (0 . 1  ld.n) 

Read out tiM to PCI (TA) -
ley DEDA C llOR (0 .01 en) 

Set EVMT THR ind to TA 

Select External AV -
Key D!DA C 410+50000! 

Read out Vpy -
ley D!DA C 26 3R (0 . 1/l fpa)  
Record Vpy 

Enter Vpy • croaara&e AV (with dgn of  Vpy) -
ley DEDA C 45l+XXXXX!(O . l/lfps ) 

Enter aeroa in AV dovnr.a11 & AV radial veloci ties -
ley DEDA C 450+00000! (0 . 1/1 fpa ) 
ley DEDA C 452+00000! (0 . 1/1  fpa) 

Select thru.t procedure . 

REMARKS 

Veri fy fligh t  prograa has stored downrange component . 

Radial ve locity should be zero for horizontal aaneuver.  

Ref  para 4 . 10 .  
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4 . 7 . 3 . 2  AGS Orbit Inaertion 

1 .  

CAUTION 

Uae of AGS orbit ineertion routine 
ia not reca..endad in earth orbit ,  aince 
larae terainal altitude rate errore could 
ruult . It  1e rec�nded that earth orbit 
ioeertion burna be perfo�d under control 
of Eate mal AV routine . 

AGS Power-Up (required) 

AJ!.A Self-Tee t (des ired) 

AGS ti• valid (required) 

AGS LM/CSH atate vector valid (required) 

Select Orb i t  Inaert ion mode : 
Key DEDA C 410+00000E 

NOTE 

Orbit insert ion target ing data are ente red 
be fore launch and include variable targe ting 
par ... ters . For launch afte r  T2 vhen variable 
targe ti ng does not apply , pe rfor. s tep 2A ; 
otherwise ,  perfora step 2 • 

REMARKS 

Purpose of AGS Orb it Insertion procedure is to enter 
orb i t  injection par ... ters into AEA to place LM into 
des ired orbit .  

Re f  para 4 . 6 . 2 . 1 .  

Re f  para 4 .6 . 2 . 3 . 

AGS Manual Absolute Ti .. Ini tializat i on p rocedure (para 
4 . 6 . 2 . 6) or AGS Ini tiali zation Routine (R4 7) (para 
4 . 6 . 1 . 18) 

AGS Initializat ion Routine (R47) (para 4 . 6 . 1 . 18) or AGS 
Manual LM State Vector Update/Initialization procedure 
(para 4 .6 . 2 . 7) and AGS Manual CSM State Vector Update/ 
Ini tialization procedure (para 4 . 6 . 2 . 9 ) . AGS Manual Ren­
dezvous Radar S tate Vector Update. Ref para 4 . 8 . 2 . 2 . 

I f  GUI D CONT sw - AGS , select AEA attitude hold : 
Key DEDA C 400+00000E , or 
S/C:  AGS sw - ATT HOLD 

I f  AEA at t i t ude hold is not s e lected when in AGS cont rol,  
atti tude maneuve rs at s• and/or 10• /sec aay occur . 

During thrus t •aneuver ,  i t  is poss ib le to read out pre­
dicted burnout radius , DEDA address 34 7 ( 100 f t ) . 

Amount of out-of-plane e r rors removed in Orb it Insert ion 
can be varied by changing DEDA-access ib le cons tants 5Kl6 
( address 561) and 5Kl7 (address 611) . 
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4 . 7 . 3 . 2  AGS Orbit Insertion (cont)  

2 .  

3 .  

Enter targeting data : 

CAUTION 

Targeting for LH/CSM phase angles >90• 
(absolute value) should not be atteapted ; 
range overflow aay result .  (Typically , 
range overflow occurs at angles of approx­
iaately ±115 • •  ) 

Injection altitude -
ley DEDA C 232+XXXXXE (100/1000 f t )  

Injection altitude rate lover liait ( 23J) -
ley DEDA C 465+XXXXXE (0 . 1/1  fps) 

Seaiaajor axis targeting tera (7J) -
ley DEDA C 224+XXXXXE (100/1000 f t )  

One half o f  lover liait o f  apolune radius (8J) -
ley DEDA C 225+XXXXXE (100/ 1000 f t )  

Retarget value (lOJ) for 7J when central angle 
exceeds 12J -
Key DEDA C 226+XXXXXE (100/1000 f t )  

Retaraet value (llJ) for 4ll0 when central angle 
exceeds 12J -
Key D!DA C 673+XXXXXE (octal) 

Phaae anale liait (12J) for retaraeting -
ley DEDA C 305+XXXXXE (0 .01•)  

Freeze TIG for poat-inaertion tria aaneuver :  
Read out and record present AGS tiae 
ley C 377R (0 . 1  ain) 
Load present AGS tiae in aa tigD 
Key C 373+XXXXXE (0 . 1  ain) 

Enter retargeting data: 

Key DEDA C 305+20000E 
ley DEDA C 662+00000E 

REMARKS 

Parenthetical quantization notation: lunar aission/ 
earth aission. 

Step is necessary for launch after T2 when variable 
targeting does not apply • 

Avoids retargeting on phase angle . 
Eliminates phase angle dependency • 
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4 . 7 .3 . 2  AGS Orbit Insertion (cont) 

4 • 

Load desired a .. iaaj or axis 7J -
ley DIDA C 224+XIXIXE (100/1000 f t )  

Perfor. deaired thruatiDI procedure. 

4 • 7. 4 CSM IACIUP 

4 . 7 . 4 . 1  CSM Coelliptic Sequence Initiation Tarae tia& 
Proar• (P72) 

Ref para 4 . 10 . 

Purpose of CSH Coelliptic Sequence Initiation Targeting 
Progra• ia to calculate par .. e tera , baaed on .. neuver 
data apprO¥ed and keyed into LGC , for CSI and CDH ; to 
display dependent variables to , and receive approval 
fr08, aa t ronaut/MSFN ; and to s tore and tran .. it CS I 
target par ... tera for uae by desired CSH thrust progr .. .  

r LGC Power-Up (required) 

LGC Self-Teat (deaired) 

Ref para 4 . 6 . 1 . 1 .  

Ref para 4 . 6 . 1 . 13 .  

r LGC tt.e Y8Ud (required ) LGC/CMC Clock Synchronization Routine (R33) 
(para 4 . 6 . 1 . 15)  

1 .  

2 .  

LGC atate vector valid (required) 

Key V37E 72! 

FL V06 Nll - TIC (CSI) 
Rl OOXIX hr 
R2 OOOXX •in 
Rl OXX .IX aec 
Accep t :  Record TIC (CSI ) .  
ICey PRO 

LGC Upda te Progr .. (P27) (para 4 . 6 . 1 . 7 )  and , when possi­
ble , LH Rendezvous Navigation Progr .. (P20) (para 
4 . 8 . 2 . 1) . If P20 is operating , radar sighting .. rka are 
.. de auta.atically about once per •inute . Nu.ber of 
.. rka (H) is displayed in Rl with N45 .  

Ini tial d isplay i s  always zero . Nega tive o r  zero value 
causes d i splay of ti•e of apoapais (useful af ter abort) . 

.,. Rej ec t :  ley V25E - Load desired TIC (CSI)  t 3 .  FL V06 N55 
• Rl N XXXXX If R3 • 0 :  
� R2 E xxx .xx• When Rl is 00001 , TIC (CDH) should occur a t  first 

� R3 CENTANG +00000 apsidal crossing ;  when Rl is 00002 , second aps idal I 
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4. 7 . 4 . 1  C SM  Coelliptic Sequence Initiation Targeting 
Prosra (P72) 

4 . 

5 .  

6 .  

Accept :  Record values 
�y PRO 
Reject : ley V25E - Load desired par .. eters 

FL V06 N37 TIC (TPI) 
R1 OOXD hr 
ll2 000:0: ain 
1.3 on:.xx sec 
Accept : Record TIC (TPI)  
by PRO 
l.eject :  ley Y25E - Load desired TIC (TPI) 

n Yl6 N45 
Rl M IXIXX 
ll2 TPI XXIXX ain-sec 
1.3 IGA -ooool 
Optiona : 
a .  To continue aarlt process : 

by YJZE - Go to step 6 
b .  To terainate aarlt process & do f inal pass throuah 

proara : 
J:.ey PRO 

Pose PL Y05 R09 - Alara in up to three reaistera 
Rl oo:xxx 
1.2 ooux 
Ill oo:xxx 
PIOG l t  - OD 
Possible alaraa : 

00600 - Iaaainary roots on first iteration 
00606 - AY exceeds aaziaua (1000 fpa) 
00605 - Nuaber of iterations exceed loop aaxiaua (15) 
00601 - CSI lip <35 ,000 ft (lunar orbit) or 

<85 aa (earth orbit) 
00602 - CDR Bp <35 ,000 ft (lunar orbit) or 

<85 aa (earth orbit) 
00603 - CSI to CDR tiae < 10 ain 
00604 - CDR to TPI tiae ( 10 ain 

� RS!T & YJZ! - Recycle to step z .  adjust input paraa­
etera 

REMARKS 

crossing ; etc.  
If R3 � 0:  

TIC (CDR) at CSI + (180• ) (Rl) 
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4 . 7 . 4 .1  CSH Coelliptic Sequence Initiat ion Tarseting Proara• 
(P72) (ccmt) 

7. 

8. 

9 .  

10 . 

FL V06 N 75 
Rl �lt (CDR) 
R2 AT (CSI /CDH) 
R3 AT (CDH/TPI) 
Record values 
Key PRO 

XXXX .Xn• 
XXBXX ain-eec 
XXBXX ldn-aec 

FL V06 N81 - CSI AV(LV) 
Rl X XXXX . X  fps 
R2 Y XXXX . X  fps 
R3 Z XIXl . X  fps 
Accept : Record values 
Key PRO 
Reject : ley V2SE - Load des ired data 

FL V06 N82 - CDH AV (LV) 
Rl X XXXX .X fps 
R2 Y XXXX.X fpa 
Rl Z XXXX. X  fps 
Record values 
Key PRO 

FL Vl6 N45 
Rl H XXXX.X 
R2 TFI XXBXX ad.n-sec 
Rl HCA OOOOX 

R3 wi ll  display : 
a .  -00001 if this is not las t  pass through program 
b .  -00002 if th is is last pass 
Options : 
a. I f  this was not last pass th rough program: 

( 1) To ter.inate mark process & accomp lish fi nal 
pass -
Key PRO - Return to s tep 6 
(2) To continue mark process -
Key V32E - Recycle to s tep 6 

b .  I f  this was last pass th rough program: 
Set EVNT THR ind to TFI . 

REMARKS 

Ti-.s shown in R2 and Rl are modulo 60 minutes , i .e . , re­
aainder in adnutes and seconds after dividing ti8e in 
seconds by 3600 (60 ti-.s 60) seconds . TI6 (CDH) is 
availab l e , key V06 Nl3E. 

New value of AVY , based on use of Rl6 (V90) , •ay be sub­
stituted to obtain out-of-plane corrections . (Ref para 
4 . 7 . 2 . 1) .  However ,  R36 calculat i ons are based on LH 
being active . 

If AV(LV) for CSI has been .edified by crew, •edification 
wi ll not be reflected in LGC-co.puted values for CDH 
AV(LV) . Unlike AV (LV) for CSI ,  these values cannot b e  
written over.  

Rl display of H will  be 00000 i f  RR  data are not taken.  

Re f para 4 . 1 3 . 6 .  
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4 . 7 . 4 . 1  CSM Coellipt ic Sequence Initiation Targeting Program 
(P72) (coot) 

1 1 .  Transmit maneuver parameters CSI 6V (LV) (N81) to CSH 
Key PRO 

12 . FL V37 N--
Key XXE - Exit P72 

4 . 7 . 4 . 2  CSM Constant 6 Altitude Targeting Program (P73) 

LGC P011er-Up ( required) 

LGC Self-Teat (des ired) 

LGC ti .. valid (required) 

LGC state vector valid (required) 

REMARKS 

Purpose of CSM Constant 6 Altitude Targeting procedure is 
to calculate para .. tera , based on maneuver data approved 
and keyed into LGC for CDH; to display dependent variables 
for CDH ..aeuver to, and receive approval from as tronaut /  
MSFN ;  and t o  s tore and tranaadt CDH target para.eters for 
u.e by des ired CSM thrusting procedure . 

Ref para 4 . 6 . 1 . 1 .  

Re f  para 4 .6 . 1 . 13. 

LGC/CMC Clock Synchronization Routine (R33) (para 4 . 6 . 1 .  
15) 

LGC Update Program (P27) (para 4 . 6 . 1 . 7) and, when possi­
ble , LM Rendezvous Navigation Progra• (P20) (para 4 . 8 . 2 .  
1) . I f  P20 is operating , radar sighting marks are .. de 
automat ically about once per .tnute . Number of .. rks (M) 
is displayed in Rl with N45 . 

CSM Coelliptic Sequence Initiation Tar&eting Progra• (P72)  !Re f  para 4 . 7 . 4 . 1 .  
( required) 

1 .  Key V37E 7 3E 

2 .  FL V06 Nl3 - TIG (CDH) 
Rl OOXXX hr 
R2 oooxx .tn 
RJ OXX .XX sec 
Accept : Record data 
Key PRO - Go to step 6 
Reject :  Key V25E - Load desired data 
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4 . 7 . 4 . 2  CSK CoDat.nt 4 Altitude Taraetina Proar .. (P73) (cont) 

3. Poea PL VOS N09 - Alan 

4 .  

s .  

6. 

00611 - No solution for atven CDR par ... ters 
PIIOO lt - on 
Key UIT 

Optiou : 
a. Key V32E - Recycle to atep 2 ,  readjuat TIG(CDH) 
b.  Key PRO - Procaad with inaccurate data 
c. Key V34E - Taninate 

PL V37 N-
Key XXI 

PL V06 N7S 
11 4alt (Q)H) 
12 AT (Q)H/TPI) 
R3 AT (TPI/..a.TPI) 
Rac:ord val-. 
Key PIO 

PL V06 N81 - Q)H AV(LV) 
Rl X DD . X  fpa 
12 Y IXXX. X  fpa 
Ill Z XDX.X fpa 
Accept : lecord values 
Key PRO 
laject : Key V2SE - Load 

PL Vl6 N4S 
Rl H XXDX 
12 TPI DUX llin-aec 
13 l«l.\ oooox 

R3 will dieplay : 

UXX.X na 
D.IU ain-aec 
D.IU ain-aec 

desired AV(LV) 

•· -oooo1 if thia ia not laat paaa throuah proar .. 
b .  -00002 i f  thia 18 1-t paaa 

Opticma : 
a. If thia waa not laat pus through progr• : 

(1)  To teninate .. rk proceaa ' accoapliah final 
, ... -
Key PIO , and go to atep 3 

REMARKS 

Neaative value indicates retroarade attitude, Z-axia up 
(for X-azia thrus t ) . Nev 4VY value, baaed on uae of 136 
(V90) , .. y be uaed to obtain out-of-plana corrections . 
(laf para 4 .  7 .  2 . 1 . )  However , ll36 calculations are baaed 
on LH beina active . 

Rl display of H will be 00000 if RR data are not taken . 

i 
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lcREW-1 PNL MAN PROCEDURES 

4 . 7 . 4 . 2  CSH Constant � Altitude Targeting Program (P 73) (cont )  

( 2) To continue mark process : 
Key V32E - Recy c le to s tep 3 

b .  I f  this vas last pass through program: 
Set EVNT TMR ind to TFI (in R2) . 

7 • Transmi t aaneuver parameters CDH �V (N81) to CSH: 
Key PRO 

8 .  FL V37 N--
ley XXE - Exi t P73 

4. 7 . 4 . 3  CSH Trans fer Phase Initiation Targeting Progr .. (P74) 

LGC Power-Up ( required) 

LGC Self-Tee t (des ired) 

LGC ti .. valid (required) 

LGC state wctor valid ( required) 

REMARKS 

Re f para 4 . 1 3 . 6 .  

Purpose o f  CSH Trans fer Phase Initiat ion Targeting Pro­
gra• is to calculate and transmit required 6V and other 
ini tial conditions required by CHC for CSM execution of 
TPI uneuver giwn: 
a. Ti .. of ignition, TIG (TPI) , or e levation angle (E) 

of CSM/LM LOS at TIG (TPI) 
b .  Central angle of traoa fer of passiw vehicle (LH) 

froa TIG (TPI) to ti .. of intercept . 
TPI also calculates TIG (TPI) given E ,  or E given TlG 
(TPI) . 

TPI procedure -.y be perfor.ed concurrently vith P20 .  
I f  P20 is operating , radar .. rka are aade autoaatically , 
approximately once per minute , vhen enabled by track and 
update flags . 

Ref para 4 .6 . 1 . 1 . 

Re f  para 4 .6 . 1 . 13 .  

LGC/CMC Clock Synchroni zation Routine (R33) (para 4 . 6 . 1 .  
15) 

LGC Update Progra• (P27) (para 4 . 6 . 1 . 7) and vhea possi­
b le LM Rendezvous Navigation Progra• (P20) (para 4 . 8 . 2 . 1) 
I f  P20 is operating , radar marks are aade automatically 
about once per ndnute . Nuaber of marks (H) is displayed 
in Rl vith N45 • 
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4 . 7 . 4 . 3  CSK Traoafer Pbaae Ioitiatioa Taraetioa Proaraa 
(P74) (coat) 

1.  lay V371 741 

2 .  

3 .  

4 .  

rL V06 1137 - TIG (TPI) 
U OOIIX br 
12 OOOD lliD 
1.3 OD. D  eec 
Accept : lay PIO 
Reject : lay V2SI - Loed deeired TIG (TPI) 

rL V06 ISS 
1.1 11  
12 1  
aJ CINTAMG 

Alteraativu : 

IIXD 
ux . u• 
XD . u• 

a.  To accept prueat valua of II .  E .  and 
CEIITAMG - Record valuu 
lay PIO - Go to atep 9 

b .  To reject pr•eat valuea of N ,  E .  or CENTANG 
lay V2SI Load 11 .  1 0  mcl CIITAIIG aa desired 
lay PIO - Go to atep 9 

c. If proar .. ia to be terld.oated : 
lay V34E 
n. V37 N--
lay 111 0 exit P74 

Po.. n. V05 1109 - Alara 
00611 - No TIG for &iven E 
PIOG lt - aa 
�ey RSET & PRO - Go to a tep 2 

REMARKS 

P74 requires initial value of TIC (TPI) to be within 30 
ld.nutu of actual TPI tiM • 

N ie defiaed aa follows : 
N • 0 (initial diaplay ia +00000) - apecifiea Kapler 
conic integratioa with no taraet offaet (faater than 
preciaioa iDtearatioa) 
II � 0 - apecifiea preciaion iotearation with I taraet 
offaeta (uaeful in earth orbit) 

I ia aleYatioa male betveea CSH/LK LOS ad CSH local 
boriaootal at TIC (TPI) referenced to directioa of 
fliaht . Initial die play ia -ooo .oo• . Zero value in 12 
requuta that I be calculated b .. ed oa previ� display 
of TIC (TPI) ; aouero value of E • that TIG (TPI) be 
calculated baaed on E.  
CEIITAMG 1a orbital central anal• of paaaive 9Abicle 
durioa traoafer froa TIG (TPI) to tiM of intercept . 
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jcREW·I PNL MAN PROCEDURES 

4 . 7 . 4 . 3  CSH Transfer Phase Init iat ion Targeting Program 
(P 74) (cont) 

5 • 

6 .  

7 .  

8 .  

FL V06 N17 - Tlr. (TPI )  
Rl OOXXX hr 
R2 OOOXX min 
RJ OXX . XX  �ec 
Record Tlr. (TPI)  • 

Kev PRO - r� to step 7 

FL V06 N55 
Rl N 
R2 E 
R J CENTANc. 
Record data 
Key PRO 

FL V06 N.';8 
Rl Hp 
R2 AV(TPI )  
R J  AV (TPF) 
Record data. 
K_. PRO 

XXX XX 
xxx .xx• 
xxx.xx• 

xxxx . 
XXXX . X  fps 
XXXX . X  fps 

FL V06 NRl - hV(LV) 
Rl X XXXX . X  fps 
R2 Y XXXX: . X  fps 
RJ Z XXXX . X  fps 
Accept : Record data 
Key PRO 
Rej ec t :  Ke, '125E - Load desired AV(LV) 

REMARKS 

To ver ify central angle of act ive vehicle is not within 
110• to 190• : 

Key V06 N52E 
Rl xxx . xx• ACTCENT (active vehicle central angle) 
R2 -----
R 3  ----
Kev KEY REL 
I f

-
within 110• to 190• , reenter prograa & adj ust 

input.  

Hp is altitude of  perifocua above launch pad radius in 
earth orbit ; above lunar radius at .ost recently defined 
landing site, in lunar orbit.  6V(TPF) is required i.­
pulsive 6V to accomplish intercep t maneuver (TPF) at 
calculated t ime of intercep t .  

N ew  6VY value , based on use of R36 (V90) , may be used to 
obtain out-of-plane correc tions . (Ref para 4 . 7 . 2 . 1 ) How­
ever ,  R36 calculations are based on LM being active. 

If desired : 
V06 N59E 
Rl 6V (LOS 1 )  XXXX . X  fps 
R2 6V (LOS 2)  XXXX . X  fps 
R3 6V (LOS 3) XXXX . X  fps 
Record data • 

Kev KEY REL 

,. CJ 6 
l e • --. -t .  - o 0 ,  Z w  ; i � g I 





r ii· ! 
.... 
"' 

Ill 
• 

"0 i 
• 
... 

to .... .... 

I 
r 

l 
... . 
.... 
� "" 

IeREW· PNL MAN 

4 . 7 .4 . 3  

PROCEDURES REMARKS 

CSH TraD8fer Phase Iaitiatioa Taraeti!l Proar .. 
(P74) (coat) 

6V (LOS) are coapoaeata of required i.pulaive 6V ia or-
thogoaal coordiaate ayat• orieated aloag CSH-to-LM LOS . 

LOS 1 ia coapoaeat aloag uait I 
LOS 2 ia coapoaeat aloag uait (BKI)xi 
LOS 3 1a coapoaeat aloag uait (lid) 
Where , 
I • uait vector aloag LOS to LM 
B • uait vector aloag CSM orbital .a.eatua vector 
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4 . 7 . 4 . 3  CSH Tr ... fer Phaae Initiation Tarsetins Prosr .. 
(P74) (coat) 

' ·  n. Vl6 N45 
U H  
12 TPI 
a3 HGA 

max 
IDIX 
-oooox 

Alternatifta ; 
a. Continue .. rta : 

ley ¥321, (recycle) , ao to : 
(l) Step 6 if LGC is to calculate E 
or 
(2) Step 4 if LGC is not to calculate E 

b .  Tehi-ce •rita : 
ley .., 
(l) If DOt final pass , 10 to :  

(a) Step 6 i f  LGC is to calculate E 
or 
(b) Step 4 if LGC is not to calculate E 

(2) If this vu lu t pass 
n. V37 N--
ley XXE, ezit P74 
Trenaait .aneuver par-ters TPI 6.V (LV) (N8l) 
to CSH. 

c .  Terainate proar .. : 
Key ¥341 
n. V37 N--
ley XXI ,  ezit P74 

4 . 7 . 4 .4 CSH Tr ... fer Phase Hidcourse Tarsetina Proar .. (P75) 

LGC Power-Up (required) 

LGC Self-Test (desired) 

REMARKS 

H is nUIIber of .. rka .. de since lut thruat .. neuver or 
P20 initiation . 
TFI is ti.e fro. TIG (TPI) . 
Sian is - before , + after, TIG (TPI) • 

Mazt.ua readins is 59559 . 

MGA is not pertinent to this proar ... 13 will display : 
-ooool if this ia not last pus throup prosr .. 
-00002 if this is lu t pus 

Purpose of CSH Transfer Phase Hidcourse Targetins Pro­
gram is to calculate and transmit required 6V and other 
init ial conditions for TPH .. neuver during CSH active 
rendezvous . 

Ref para 4 . 6 . 1 . 1  . 

Ref para 4 . 6 . 1 . 13 .  

I 
I I  E 
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4 . 7 . 4 . 4  CSH Transfer Phase Hidcourse Targeting Program (P75) 
�cont) 

1 .  

2 .  

LGC time valid ( required) 

LGC state vector valid ( required) 

Tt.e of intercept stored in LGC by CSH TPI Program (P74) . 

Key V37E 75E 
Go to step 3 .  

FL V06 N81 - 6V(LV) 
lU X XXXX . X  fps 
R2 y xxxx.x fpe 
R3 Z XXXX . X  fpa 
Accept :  Record data. 
Key PllO 
Reject Key V25E - Load desired AV(LV) 

REMARKS 

LGC/CHC Clock Synchronization Routine ( R33) (para 
4 . 6 . 1 . 15) 

LGC Update Program (P27) (para 4 .6 . 1 . 7 )  and LH Rendezvous 
Navigation Program (P20) (para 4 .8 . 2 . 1) 

Ref para 4 . 7 . 4 . 3  . 

Rendezvous Out-of-Plane Display Routine ( R36) aay be used 
to define out-of-plane velocity corrections to be achiev­
ed by altering 6VY . However .  R36 calculations are based 
on LH being act ive . 

If desired : 
V06 N59E 

lU 6V (LOS 1) XXXX.X fpa 
R2 6V (LOS 2) XXXX. X  fps 
R3 6V (LOS 3) XXXX.X fps 
Record data. 
Key KEY REL 

To verify central angle of active vehicle is not within 
110• to 190• : 

Key V06 N52E 
Rl xxx.xx• ACTCENT ( active vehicle central angle) 
R2-------­
R3------

Key KEY REL 
If within 110• to 190• . wait as necessary . 
Key KEY REL 

6V (LOS) are coaponents of required iapulaive 6V in 
orthogonal coordinate systea oriented along LM-to-CSH LOS • 

LOS 1 is component along unit I 
LOS 2 is ca.ponent along unit (Hxi ) xi 
LOS 3 is component along unit (Hxi) 
Where . 
I • unit vector along LOS to LH 
H • unit vector alona CSH orbital �Dt�_yec;�o� 
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�.7 .4 .4  CSH T r  ... fer Pbue Hidcourae TaraetiDa Proar.. lP7S) 
(CODt) 

�· n. Yl6 1145 
U H  IDl 
R2 TI'I IDil lliD-aec 
R3 HGA oooox 

•• CoDtiau -rb -
ley Y321 - Co to atep 2 

b .  To ter.iaate -rk • do Uul pua -
ley PIO - Co to atep 2 (If fiul pua ao to atep 4) 

" ·  n YJ7 11--
ley XII - lait P75 
Trauait .... wer par-tera TPH 6Y (LV) (N81) to CSH. 

REMARKS 

aJ vil1 diap1ay : 
-00001 if thia 1a DOt lu t pua 
-oooo2 if thia 1a 1ut pua 

If aidcourae correctiOD 1a DOt required (AY 1... th• 
TBD) CODtiDue .. rka . 
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PARA 

4 . 8  
4 . 8 . 1  
4 . 8 . 1 . 1  
4 . 8 . 1 . 2  
4 . 8 . 2  
4 . 8 . 2 . 1  
4 . 8 . 2 . 2  
4 .8 . 2 . 3  

4 . 8 . 3  
4 . 8 . 3 . 1  

TITLE 

Naviaation . • • • • • • • • • . • • 

Orbital Navigation • • • • • • • • 

GrouDd Track Determination Program (P21) 
Orbit Parameter Diaplay (PGNCS RJO 6 AGS) • 

LM Rendezvous Naviaation • • • • • • • • 

LM Rendezvous Navigation Program (P20) • • 

AGS Manual Rendezvous Radar LM State Vector Update 
AGS Automatic Rendezvous Radar LM State Vector Update 
(Raw Data Transfet Via LGC) • • • • • • • 

Lunar Surface Navigation • • • • • • • 

Lunar Surface Navigation Program (P22) 

lcnic Date 26 September 1971 Change Date -----
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4 . 8-22B 
4 . 8-22B 
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4. 1.1 CIDITAL lllVIGATIOI 

4.8, 1.1  Grouad Track O.ter.iaatlOD Proar .. (P21) 

ux: r .. r-Up (�uincl) 

1. &., V371 211 

2.  

3.  

4 .  

5 • 

n. V04 1106 - Opttaa 
u 00002 - s.-cu, ftbicle 
u 00001 (UC) 
u -
x - 1 - UI  

• 2 - CIM 
.Aceept : .., ,., 
.. ject : .., Y221 - D (CIII) 

n. Y06 •34 - T (lftat) 
U OOXD br 
u oooxx Ida 
1.3 OD. D  MC 
Accept :  .., ,., 
l.eject : .., Y251 - Load duired tiM or all ura for 
pruat tiM 

ft. V06 N43 

Rl Latitude (+North) 
1.2 Longitude (+Eaat)  
1.3 Altitude 

xxx.xx• 
:xxx.xx• 
xxxx. x  011 

a .  Recycle : Key Vl2 E ,  go to atep 3 
or 
b .  Ter.inate progr .. : Key PRO 

FL V37 N-­
Key XXE 

IEMAIIS 

Purpoae of Grouacl Track O.termaatiaa Proar• (P21) 1a 
to c:o.pute arOUDCI track par&Mtera uaociated with Ul 
or CSM 1 bued aa tt.a loaded 1D etep 3 • 

a.f para 4 . 6 . 1. 1 • 

LGC will uau.e CSH for all optloaa other thaD 00001, 
00000 , or 77776 .  

T (!wot) i a  tlJM (GIT) at vhicb latitude ud loD&itude 
of vehicle podtiOD are deaired .  Diapl.ay reaJ.atera &11 
U, ad 1.3 will 1Dit1ally reacl 00000 . 

Addltlaaal par ... tera .. , be called aa follows : 
Key V06 N91E 

Rl Altitude XXXXX (10 oa) 
R2 V XXXXX fpa 
R3 Flight path angle xxx.xx• 

To ter.inate N91 : Key KEY REL 
Altitude for earth orbit ia above launch pad radius ; 
for lunar orbit , above landing aite radius . 

T (Event) ia incremented by 10 minutes . 

Select desired program. 

i � � I ! 
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4 . 8 . 1 . 2  Orbit Par ... ter Diaplay (PGNCS R30 & AGS) 

LGC PCIIINr-Up (rllqUired) 
LGC Self-T .. t (d .. irad) 
LGC tt.e valid (required) 

LGC atate Yector valid 
(nquired) 

AGS Power-Up (required) 
AEA Self-T .. t (deaired) 
AGS ti .. valid (required) 

AGS LH atate vector valid (required) 

REMARKS 

Purpoae of Orbit Paraaeter Diaplay 
(PGNCS R30 & AGS) procedure ia to 
provide aatronaut with orbital 
par ... tera , ca.puted by LGC aad 
AEA , to aupple.ent orbital inforaa­
tion provided by ground . 

To .anitor proar••• of atate vector 
inte1ration , ti .. aaaoeiatad vith 
advanein1 (retrolreaaiftl) atata ia 
ayailabla by keyin1 Vl6 R381 : 
ley Vl6 R38E - State vector intelra­
tion tbe (TIT) 

Rl OOXXX hr 
R2 OOOXX •in 
R3 OXX.XX aee 

TIT ia tt.e (GET) to vhich atata 
vector inte1ration proceaa baa 
preaently calculated atate vector. 
To releaae N38 : Key KEY REL 

Ref para 4 . 6 . 1 . 1 .  
Ref para 4 . 6 . 1 . 13 .  
LGC/CMC Clock Synchronization 
Routine (R33) (para 4 . 6 . 1 . 15) 
LGC Update Pro1r .. (P27) (para 
4 . 6 . 1 . 7) 

Ref para 4 . 6 . 2 . 1 .  
Ref para 4 . 6 . 2 . 3 .  
AG S  Manual Absolute Tbe 
Initialization procedure (para 
4 . 6 . 2 . 6) or AGS Initialization 
Routine (R47) (para 4 . 6 . 1 . 18) 

AGS Initialization Routine (R47) 
(para 4 . 6 . 1 . 18) or AGS Manual LM 
State Vector Update/Initialization 
procedure (para 4 . 6. 2 . 7) or AGS 
Manual Rendeavoua Radar LH State 
Vector Update procedure (para 
4 . 8 . 2 . 2 )  
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4 . 1 . 1 . 2  Orbit Par ... ter Dl!pl!y (PCICI a� 6 ACS) (eaat) 

1. 

p. 

1.eJ Vl21 
hee OPa aa lt - oa 
IKtt uo. u, ua 

••• n. Y04 •12 - Optloa c:ocle 
a1 00002 - s,.c:lfJ .ahlc:le 
U 00001 - � optlaa (UI) 
u -
X • l - UI  

• 2 - CIII 
Accept : �-, no 
bject: 1.eJ Y221 - 21 (C81) 

n. V16 1144 - Orbit panMtere 
a1 .. DD.X • 
u 11p uu.x • 
U TPP DUX ata-aec 

To repeat �lt-par ... ter c:alcula­
tlou If nente-1 iatep-atloa 18 
aot ia procua : Kef V321 
If rrr • -59159 • dt.,lay of tt .. 
to pertfoc:ua u d .. ired, so to 
atep 3 ;  othervlae : 
1aJ PIO . exit aJO 

ACS CIH atate Yac:tor Yalld (required) 

1.  Read out apofocua altitude : 
ley DEDA C 315R (0. 1 a.) 
Coapare vith N44 Ha. 

2.  Read out perifocua altitude : 
�ey D!DA C 403R (0. 1 na) 
Coapare vi th N44 Rp .  

REMARKS 

ACS IDltlaliaatioa loutiae (a47) 
(para 4 . 6 . 1 . 11) or ACS Maul C8l 
State Vector Update/laltlali&atloa 
procedare (para 4 . 6 . 2 . 9) 

on IU lt - oa if aaothar ataaded 
..n froa 176 Ia acu •• • 

If AYeraae-a tatearattoa u 1a 
proc .. a (po�Mred fUaht) • optioa 
c:ocla vill aot be called . 

Orbit par ... tara are autoaatically 
updated wary 2 aac:oacla while 
AYaraae-a iatearatloa Ia ill proc .... 
Por luaar orbit , If lp )35,000 f .. t ,  
rrr • -59159 Cor earth orbit . I f  lp 
>300,000 f .. t) . TPP Ia tt.a of free 
fall to 35 ,000 faat for luaar orbit 
(or to 300,000 feat for earth orbit) 
TFF couata deNa if &Yeraae-a 
iatearatioa Ia aot 1a proc .. a .  
Kaxt.u. altitude dlaplaJ •alua ia 
9999 . 9 -
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PROCEDURES REMARKS 

4 . 8 . 1 . 2  Orbi t  Par-.eter Dia2l•I {PGNCS RJO & AGS} {coot) 

J .  �ay H32E - T W.  f r011 perifocua 
I 

Ill OODX br 
R2 00011 llio 
ll3 OII.XX aec 
When finished with diaplay : 
� UY 1EL ,  PIO , exit 1.30 
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4 . 8 . 2  LH IEHDEZVOUS NAVICAl'ION 

4, 8. 2 . 1  LH leDclenou. NariptiOD Prgr• (P20) 

LCC Powe r-Up (requi red) 

IMU Power-Up (LGC Ope rat ia&) (required) 

LCC Sel f-Teat (desired) 

IMU Orientation Deter.inatiOD (requi red) 

ACS P011er-Up (dedred) 

ACS Checkout ( desired) 

REMARKS 

Purpose of LM Rendenoua Navigation Progr.. (P20) ia to 
acqui re and track CSM trllll8poader by podtioning Rl 
antenna and/or LH +Z-a:da alona lOS to CSM, and to 
update LM or CSM s tate v.ctora fro. tracking data. 
Prosr- .. Y be uaed to point LH trackina llsht at CSM • 

tb rae • tate wctor update options exist : 
1 .  LM s tate wctor update (V80E) 
2 .  CSM state vector update (VIlE) 
3. No state ftctor update (V95E) 

If P20 is selected before landina phue of luoar landiq 
ll188ion , operation _.t be in no-update -.,de . 

When this p rosr• hu b•n co-,leted , it will continue 
to operate autoutically and at.ultaneoualy with aDotber 
prosr• �attU ter.inated by crew selection of LCC Idliq 
Prosr• (POO) • V56E or Vl4E in reapoaae to flMbiq 
P20 display . laying in Vl4E in response to P20 display 
when LM Prethruat Prosr- (P3X) h operating in fore­
around will not ter.t.aate prethruat prosr•. If V56E 
or V34E (terwdaate P20) ia keyed in during P 32 ,  P33 , 
Pl4 ,  or P35 co.putaUGDa (excep t on a nouo 49 display) . 
these co-,utationa wi ll be res tarted fro. the b esianina. 

Hardware res tart re-.,wa track enable and forces P20 to 
beginning of RR Deaianate Routine (121) , which calla 
Preferred Tracking At titude Routine (R61 ) .  

Ref para 4 , 6 . 1 . 1 .  

Re f para 4 . 6 . 1 . 3 . ISS should b e  on 1 5  minutes before 
thrus ting aaneuver.  

Re f  para 4 . 6 . 1 . 13 .  

Re f  para 4 . 9 . 1 . 1 .  

Re f para 4 . 6 . 2 . 1 .  

Ref para 4 . 6 . 2 . 4 .  
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4 . 8 . 2 . 1  LM Rendezvous Navigat ion Program (P20) ( con t) 

1. 

2 .  

LGC time valid (des ired) 

LGC s tate vector valid ( required) 

Rendezvous Radar Initial Activat ion & Checkout (required) 

CSH RR Transponder Activation ( required) 

CSH aaintaining preferred tracking attitude ( required) 

Verify/set controls as follows : 

RATE/ERR K>N sw - RNDZ RADAR 

ATTITUDE K>N sw - PGNS 
GUID CONT sw - PGNS 
RNG/ALT HON sw - RNG/RNG RT 
RADAR TEST aw - OFF 
RNDZ RADAR s e l  - SLEW ( i f  choice of LGC auto or manual 
acquisition is desired) 

RNDZ RADAR s e l  - LGC (if  auto acquis it ion is des ired) 
S / C :  

ROLL , PITCH , & YAW aw - HODE CONT 
PGNS sw - ATT HOLD 

Key V37E 20E 
Poss PROG lt - on 
Key V05 N09E - Call alarm 

00210 - IHU not on 
00220 - Bad REFSMHAT ( ISS orientation not known) 

REMARKS 

LGC/CHC C lock Synchronization Routine ( R33)  ( para 
4 . 6 . 1 . 15 )  

AGS required to perform AGS acquis i tion s teering as 
backup to Preferred Tracking Attitude Rout ine • 

LGC Update Program (P27) (para 4 . 6 . 1 . 7) 

Ref para 4 . 6 . 3 . 2 .  Rendezvous radar heaters aus t be 
turned on 2 . 5  hours before use . 

During attitude maneuvers , crew aay desire to switch to 
LDG RDR/CMPTR for display of attitude errors . 

RNG/ALT ind pwr/s ig fail lt uy f lash randOilly at range 
rates below 10 fps when displaying rendezvous radar data. 
This is inherent in detection logic of indicator and 
does not indicate malfunction . Data are good and randoa 
f l ashing l ight should be dis regarded . 
Crew will not be given option to acquire target manual ly 
if RNDZ RADAR sel - LGC . 
Allow 10 seconds between RNDZ RADAR sel-LGC and s tep 2 
( Key V37E20E) to help avoid a sof tware res tart during 
LGC RR CDU zero . A restart (Hardware or sof tware) 
during LGC "RR turn on" sequence can cause later 
erra t ic designate behavior . Recovery : RNDZ RADAR sel­
LGC-to-SLEW- to-LGC . 

Perform IMU Power-Up (LGC Operating) procedure ( para 
4 . 6 . 1 . 3) .  
Perform IMU Orientat ion Determination Program (P5 1) 
(para 4 . 9 . 1 . 1) . 
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CREW·I PNL MAN PROCEDURES 

4 . 8 . 2 . 1  LM Rendezvous Navigat ion P rogram (P20) (cont ) 

Key KEY REL 6 RSET 
FL V37 N-- Perform change of program 
Key XXE 
Exit P20 

2A.  Pos s  PROG lt - on 
Key VOS N09E - Call alarm 

00526 - Range >400 nm 
RNDZ RADAR : NO TRACK lt - on 
Key RSET 
A lternatives to alarm: 

a. Wait until range < 400 na - Key V 32E,  go to s tep 3 
or 

b .  Key V56E perform Ter.tnate Tracking Rout ine 
(R56) - Ter.tnate P20 , exit to othe r prograa in 
process or POO 

3 .  T o  change state vector to b e  updated : 
a. Key V81E - Update CSM state vector 
or 
b .  Key V95E - No state vector update 

4 .  Attitude Maneuver Routine (R61 /R60) 
I f  point ing error < 15 • ,  maneuver will occur without 
displays . Go to step 11 if RNDZ RADAR sel - LGC ; 
otherwise , go to s tep 6 .  
PRIO DISP lt - on 

*FL VSO Nl8 - Pe rform de sire d  automat ic maneuver to final 
FDAI angles 

Rl Roll xxx . xx• 
R2 Pitch xxx . xx• 
R3 Yaw xxx . u• 

REMARKS 

Resel ect P20 . 

Go to program selected.  

To ob tain optional display 
Key V l6 N54E 
Rl range XXX . XX nm 
R2 range rate XXXX . X fps 
R3 00000 

of range 6 range rate : 

(999. 99 will b e  displayed 
for values � 999 . 99 nm) 

..... 

I f  no other p rogram is in p rocess,  ROO is automatically 
ente red , 

At beginning o f  program, LGC automatically set a state 
vector to be updated to LH, but does not override pre­
vious V95E . Option may be changed at any time later by 
DSKY ent ry . 

Aut omat ic atti tude maneuve rs are more e f f icient (i . e , , 
p ropel lant-time product is lower) than manual attitude 
maneuve rs . 

I f  final computed FDAI angles result in +90• yaw, 
transformation from IMU to FDAI angle s  in roll and 
pitch i s  indeterminate and Rl and R2 will be zero. 
Aste risk (*) indicates priority disp lay . TWo-second 
del ay is requi red be fore LGC will accept crew response • 
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5 .  

To rej ect attitude aaneuver :  
When within DAP deadband l illits , & further adjus�nt 
about desired vector is not desired -
Key ENTR , exit R60 - Co to step 12 if RNDZ RADAR 
sel - LGC , otherwise , go to step 6 
PRIO DISP lt - off 
To perfora att itude a.neuve r:  
a.  To adjust vehicle attitude & have LGC reco.pute 

giabal anglea : 
Select desired attitude control aode -
ACA - ..aeuver aa des i red 
S /C :  PGNS sw - ATT HOLD 
ltey PRO 

PRIO DISP lt - off 
Return to beginning of step 4 .  

b .  To perform at titude aaneuver aanually : 
Select deaired attitude cont rol aode -
11/:.A - aaneuver aanually to required at titude 
Key PliO 
PRIO DISP lt - off 
Return to beginning of step 4 .  

c .  To perform at titude aaneuver automatically : 
GUID CONT sw - PCNS 
S /C :  PGNS aw - AtrrO 
Key PRO 
PRIO DISP lt - off 
Co to step 5 .  

I f  PCNCS autoaatic at titude maneuve r selected : 
DSKY displays are blanked unt il  complet ion of automatic 
aaneuver.  Monitor FDAI belly band , with respect to color 
band on roll bezel , to avoid gi�al lock . 

REMARKS 

Adjustaent is not possible in all caaes ,  including roll 
attitude adjustaent . 
Re f  para 4 . 5 . 1 .  

I f  CUID CONT sw - PCNS and S/C: PGNS aw - AUTO , LGC 
co-ands autoaatic attitude maneuver .  

Re f  para 4 . 5 . 1 .  

Aut a.atic tria aaneuver i s  t o  b e  considered essential 
for .aneuvering to thrusting attitudes.  

I f  des i red , Key extended verba 
or 

Key Vl6 Nl8 - Final FDAI angles 
Rl Roll xxx .xx• 
R2 Pitch xxx . xx• 
R3 Yaw xxx . xx •  

Key KEY REL 

� 
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LM 3 15 8 ,  LM 3 199 'CREW-
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4 . 8 . 2 . 1  LM Rendezvous N avigation Program (P20 ) ( coo t )  

I I 
ACA 

6 .  

Moni tor return of preceding display ,  ind icat ing aut omat ic 
maneuve r is comple t e . To s t op LM mot ion 1 f  gimb al lock 
is app roached :  

S / C :  PGNS sw - ATT HOLD 
I f  manual override & complet ion of maneuve r is desired : 
Select desired at t itude control mode -
ACA - maneuve r manual ly 

Return to step 4. 

*Pos s FL VOS N09 - Alarm (only if another p rogram i s  in 
process) 
PRIO DISP lt - on 

00514 - RR goes out of aut omat ic mode while in use 
PROG lt - on 
Alan alternatives : 
a .  RNDZ RADAR sel - LGC 

or 

Key RSET & PRO or V32E , go to s tep 11 
PRIO DISP lt - off 

b .  Key RSET & VS6E or V34E , exit P20 
PRIO DISP lt  - off 

REMARKS 

Belly band cove rs separat ion between hemispheres of FDAI 
b al l .  Belly band , i n  color b ands on e ach s ide o f  FDAI 
rol l  beze l ,  would indicate IMU middle gimbal angle �7s • . 
During th is maneuve r ,  LGC will te rminate automatic 
maneuver if S /C :  PGNS sw is swit ched out of AUTO . 

Re f para 4 . 5 . 1 .  

As terisk (*)  indicates priority display . Two-second del ay 
is requi red b efore LGC wil l accept crew response . 
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�. 8. 2.1  LM Rendeavoue Naviaation Proar .. (P20) (coot) 

7 .  

!8. 

Poaa FL V50 N25 - Checklist re ference (only if P20 is 
naning alone) 

Rl 00201 - Perf ora RR autcaat ic � 
JU -----
R.3 ---­

Accept : 
RNDZ R.ADA.R. ael - LGC 
�., PRO - Go to s tep 11 (JUl) 
Reject : X.y INTR. - Perfora R.23 ,  a tepa 8 through 10 

RR Manual Acquisition Routine (Rl3)  
FL V50 N25  - Checklist reference 

Rl 00205 - Perfora ..nual acquis ition of CSH 
JU ----
R.3 ---

Verify RArE/ERR HON aw - RNDZ RADAR 
RNDZ IADAR: SLEW RATE aw - LD 
RADAR :  TEST Ita ael - AGC 
Verify U ante1Ula 1a in aode No. 1 .  

I f  abaft & trunnion angles are zero & s tay at zero when 
RNDZ IADAil :  SLEW av - LEFI' , hold aw until trunnion de­
flects ript & returns to zero. 

Perfora square search pat tern for CSH : 
RNDZ llADAil :  SLEW av - RIGHT 2 .  5 • , a top 

SLEW aw - UP 2 . 5• , atop 
SLEW sv - LEFT s • , atop 
SLEW aw - DOWN 5• ,  s top 
SLEW av - RIGHT s• , atop 

Continue square search pattern t o  aax increase of 10• 
until AGC signal increases on RADAR: SIGNAL STRENGTH ind . 

RNDZ RADAR : SLEW av - LEFT & RIGHT for AGC peak on RADAR : 
SIGNAL STRENGTH ind 
RNDZ RADAR : SLEW sv - UP & DOWN for AGC puk on RADAR : 
SIGNAL STRENGTH ind 

REMARKS 

This display is called only when RNDZ RADAR ael is not 
set to LGC • 

Manual acquisition can be called froa this display only 
by keying ENTR. 

LGC selects mni.ua dea6and at this u- . 

R.R Manual Acquiaition Routine (R.23) 11ay only be selected 
if P20 is not running in conj unction with enother p rogr ... 

When RNDZ RADAR ael - SLEW, RR range tracker ia 
inhibited. RR range data are not usable. 

Hold at each atop 5 seconds . 

I f  electromagnetic inte rfe rence in syatea is identified 
as caused by tracking light ( regular pulses on audio 
channel or indicated on S IGNAL STRENGTH lad at approxiaate 
frequency of 1 ppa) , t racking light 11ay be turned off  
until tranaaiaaion or reception is coaplete . 
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CREW· 
MAN PNL PROCEDURES 

4 . 8 . 2 . 1 LH Rendezvous N avigat ion P rogram (P20 ) ( c on t )  

9 .  

Per form Rende zvous Radar Manual Side-Lobe Acqui s i t ion 
Check & Main-Lob e Acq ui s i t ion Ver i f i c at ion . 

a .  When CSM acq u i s i t i on achieved : 
RNDZ RADAR s e l  - LGC 
Ve ri fy RDNZ RADAR : NO TRACK lt - off  after 15 seconds 

Key PRO - Exit R 2 3  
C o  to step 1 7  (R22 ) unless : 

*Poss FL V05 N09 - Alarm 
00501 - RR antenna out of limi ts 
PROG lt - � 
RNDZ RADAR : NO TRACK lt - on 
�y �� 
Alternatives to alarm: 
1 .  Maneuver again t o  p referred tracking at titude -

Key V32E , go to s tep 9 (R6 1 )  
or 

2 .  Key V 34E or V56E - Terminate R23 & P 20 
FL V37 N -- - Perform change o f  program 
Key XXE - Exi t  R23 & P20 

b .  I f  CSH acquisition i s  not ob t ained o r  is by side lob e :  
Key ENT R  - Per form p re ferred tracking at ti tude 
routine ( R6 1 ) , steps 9 and 10 . 

c .  I f  unab le t o  acquire CSM manually : 
Perform Rendezvous Radar Checkout . 
Reque s t  CSM per form t ransponde r  test . 
Key V34E - Terminate P20 & R2 3 

FL V37 N-- - Per form change of progr am 
�y XXE - Exit P20 & R23 

Attitude Maneuve r Routine ( R61/R60) 
I f  pointing error < 15 • , maneuve r wil l  occur without 
displays . Return to s tep 8 .  
P R I O  DISP l t  - on 

*FL V50 N l 8  - P e r form desired automatic maneuve r to fi nal 
FDA.! angles 

Rl Roll 
R2 Pitch 
R 3  Ya� 

XXX . xx •  
XX X  . xx •  
XXX . xx •  

REMARKS 

Re f para 4 . 6 . 3 . 5 .  

Up to 1 5  se conds may e l apse before range t racker locks 
on and dat a-good disc rete is issued • 

As terisk (*) indicates p ri o ri ty display . Two-second 
de l ay is req u i re d  before LCC will accept c rew response . 

Go to p rogram selected. 

Ref para 4 . 6 . 3 . 2 .  

Automatic at t i tude maneuvers are more e ff ic ient ( i .e . , 
propellant- time p roduct is lower) than manual at t itude 
maneuve rs . 

I f  final computed FDAI angles result in +90• y aw ,  
trans formation from IHU to FDAI angles in rol l and 
p i t ch is inde terminate and Rl and R2 will be zer o . 
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4 . 8. 2 . 1  LH Rendezvou. Naviaation Proaraa (P20) (cont) 

10 . 

To reject attitude aaneuver :  
When within DAP deadband limits & further adjuabDent 
about deaired vector 1a not desired : 
�y ENTR, exit R60 - Return to step 8 
PRIO DISP lt - off 
To perfo� attitude -.aeuver:  
a. To adjust vehicle attitude & have LGC reco.pu te 

aiabal anal•• : 
Select deaired attitude control .ode -
ACA - ..a.uver aa deaired 
5/C :  PCIIS .., - An HOLD 
� PRO 
PRIO DISP lt - off 
Return to beainnina of s tep 9 .  

b .  To perfo� attitude .aneuver aanually : 
Select desired attitude control .ode -
ACA - .-aeuver -.oually to required attitude 
ley PRO 
PRIO DISP lt - off 
Return to beainaina of step 9 .  

c.  To perfo� attitude .aneuver autoaatically : 
GUID COHT .., - PCIIS 
S/C: PCIIS av - AUTO 
ley PRO 
PRIO DISP lt - off 
Go to step 10 

If PGNCS auta.atic attitude aaneuver selected : 
DSKY displays are blanked until co.pletion of 
autoaatic ... euver. Monitor FDAI belly band , wi th 
respect to color band on roll beze l ,  to avoid &iabal 
lock . 

Monitor return of preceding display , indicating automatic 
maneuver ia coaplete • 

REMARKS 

Adjuat•nt is not possible in all caaea • includin& roll 
attitude adjust .. nt . 
Ref para 4 . 5 . 1 .  

I f  GUID CONT aw - PGNS and S/C : PGNS av - .AUTO , LGC 
ca..anda autoaatic attitude aaaeuver.  

Ref para 4.  5 . 1 .  

Autoaatic tria maneuver is t o  be conaidered essential 
for aaneuvering to thrusting attitudes . 

If desired , Key extended verbs 
or 
Key Vl6 Nl8 - Final FDAI angles 

u Roll xxx. xx• 
R2 Pitch xxx. xx• 
RJ Yav xxx . xx• 

Key KEY REL 
Belly band covers separation between hemispheres of FDAI 
ball . Belly band , in color banda on each a ide of FDAI 
roll bezel , would indicate IHU aiddle gimbal angle >75• . 
During this maneuver ,  IGC will terminate automatic

­

maneuver if S/C :  PGNS sw is switch out of AUTO . 

� 
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ACA 

4 . 8 . 2 . 1  L� Rende zvous �avigat ion P rogram (P20) ( c on t ) 

1 1 .  

To stop LM mot ion i f  gi mb al lock i s approach e d ; 
S /C : PGNS sw - ATT HOLD 
I f  manual ove rride & c omplet ion of maneuve r  i s  de s i red : 
Select de s i red at t i t ude cont rol mode -
ACA - maneuve r manuallv 

Re turn to step 9 . 

RR automat i c  acqu i s i t ion (RR Des i gnate Rout i ne R21 ) 
I f  acquisit ion is successful (no alarms ) , go to s tep 16 . 

*Poss FL VSO Nl8 - Pe rform aut omat i c  maneuve r 
PRIO DISP lt - on 
Ret urn to s teps 4 & S .  

*Poss FL VOS N09 - Alarm 
PRIO DISP lt - on 

0050 3 - RR un able to acq u i re target 
�DZ RADA R :  �0 TRACK lt - on 
Kev RSET 
A lternat ives to alarm : 
a .  Key V32E - Re cyc le t o  s t art of R2 1 ,  s te p  11 to 

rede signate RR 
PRIO DISP l t  - o ff 

o r  
b .  Key PRO - I ni t i ate R R  Search Routine ( R24 ) , steps 1 2  

th rough 1 5  
PRIO DI SP lt - off 

or 
c ,  Key V34E o r  VS6E , perform Te rminat � Tracking P.outine 

( R56)  - Terminate R2 1 & P 2 0  
PRIO DI SP l t  - o f f  
Kev RS6 

REMARKS 

Re f para 4 .  5 . 1 .  

Routine 2 1  points rendezvous radar at CSM un t i l  targe t  
i s  acq u i re d  o r  un t i l alarm 00503 i s  gene rated . Des­
i gnat e p rocess i s  automat i c  unless at t i tude maneuver 
is req ue s te d  bv tr.c or p rogram a larm occurs . When ac­
q u is i t i on is accomp l ished in R2 1 , c rew conf i rmat ion of 
main-lobe lo ck on is reque sted ( s tep 1 6 ) . I f  acqui s i t ion 
is con fi rmed ,  RR Data Read Routine ( R2 2 ) , step 17 , i s  
pe r formed ; i f  not con f i rme d ,  P 2 0  i s  te rminated . Pre ferred 
Tracking Attitude Rout ine ( R6 1 )  is called if LOS is  not 
w i th i n  antenna l imi ts afte r reorient ing L�, P20 auto­
mat i callv re selects R2 1 ,  s te p  1 1 .  

RR search process can b e  entered only from this alarm. 
As t erisk ( * )  ind i c ates prior ity d isplay .  Two-second 
de lav is requ i red b e fore LGC will accept crew res pon s e .  
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CREW·I PNL MAN PROCEDURES 

4 . 8 . 2 . 1  LM Rendezvous Navigation Program (P20) (cont)  

12 .  Rendezvous radar search acquisition - Perform RR Search 
Routine (R24) 

Poss PROG lt - on 
Key V05 N09E - Call alal"lll 

0052 7  - Attitude maneuver required 
Key KEY REL 

*FL V l6 N� 
PRIO DISP lt - on 

Rl XXXXX ( init ially 00000) 
R2 n Xxx . xx• (init ially 00000 until designation begi ns) 
RJ -----
I f  n does not approach 30• , so to s tep 15 . 

I f  n exceeds 30• any tt.e durin& R24 -
To continue : ley V32E,  P re fe rred Tracking Attitude 
Routine (R61 ) , steps 13 & 14 . 
PRIO DISP lt - off 
To terainate : Xey V34E or V56E , perfo� Terminate 
Tracking Routine (R56) - exi t  R24 & P20 
PRIO DISP lt - off 

REMARKS 

Confirm ,  by voice , that CSM is in pre ferred at t itude and 
that transponder is act ive . 

n • angle between RR b oresight and LH +Z axis 

Rl displays 11111 after search is successfully 
c011pleted. 
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4. 8 . 2 . 1  LH leodezvoua Naviaatioo Proar .. (P20) (coot) 
13. Attitude Haaeuver Routine (R61/R60) 

If poiotiq error <Is • ,  JUDeuver vill occur without 
displays . laturn to step 12 . 
PRIO DISP lt - on 

*FL VSO N18 - Perfon desired autoutic aaneuver to final 
FDA.I anal•• 

Rl Roll xxx.u• 
R2 Pitch xxx.u• 
Rl T• JXX.u• 

To reject attitude •aneuver : 
When within DAP deadb•d U.11ita & further adjua t.ent 
llbout d.aired vector 1e not desired: 
ley !HTR, edt R60 - latun to step 12 
PRIO DISP lt - off 

To perfon attitude aaoeuve r :  
a .  To adjust vehicle attitude & have LCC rec011pute 

&illbal aaslea : 
Select desi r.d attitude control .ade -
N;A - ameuver u deal red 

3 I S /C :  PCNS sv - ATT HOLD 
ltey PRO 
PRIO DISP lt - off 
Return to bepnnins of s tep 13.  

b .  To perfon attitude ameuver •anually: 
Select desired att itude control mode -

ACA I ACA - .aaeuver unually to required at titude 
ley PRO 
PRIO DISP lt - off 
Return to beginning of s tep 13 .  

c .  To perfon attitude .aneuver autoaatically : 
WID CONT sv - PCNS 
S /C : PQIS av - AUfO 
Key PRO 
Go to s tep 14 . 

REMARKS 

Auta.atic attitude •aoeuvera are .are e ffective ( i . e . , 
p ropellant-tt.e product is lower) than .aaual attitude 
ameuve� . 

I f  final co.puted FDAI males result in +90• yw , traoa­
foraation fro• IHU to FDAI angles in roll and pitc:h is 
indetermnate and Rl and R2 vill be zero. 

Adjuat.ent is not possible in all cases , includins roll 
at ti tude adjua�nt . 
Re f  para 4 . 5 . 1 .  

I f  WID CONT av - PGNS md 5/C: PGNS av - Al1f0, LCC 
ca.aanda autoaatic attitude .aneuver. 

Ref para 4 .  5 . 1 .  

Automatic t rim maneuver i s  to b e  considered essential 
for aaneuvering to thrusting att itude s .  

I 
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4 . 8 . 2 . 1  LM Rendezvous Navigation Program (P20 ) ( cont)  

14 . 

15. 

If PGNCS Automat ic selected : 
P re-R60 displays return until complet ion of automat ic 
maneuve r .  Monitor FOAl belly band , with respect to color 
band on roll beze l ,  to avoid gimbal lock . 

Monitor return of preceding display , indi cat ing 
autoaatic maneuver is complete . 
To stop LH �K�t ion i f  gimbal lock is approached ;  
S /C :  PGNS sw - ATT HOLD 
I f  manual override & completion of maneuver is desired : 
Select desired at titude control mode -
ACA - aaneuver manually 
Return to step 13.  

Permi t Rll to search unti l  Vl6 N80 , Rl displays lllll .  
When search is successfully completed , verify CSH acquisi­
tion is not by side lobe : 
Key PRO - Return t o  s tep 2A 
I f  CSH acquisition is by side lobe , manually reacquire 
CSH in aain lobe : 
RNDZ RADAR sel - LGC 
RNDZ RADAR : NO TRACK lt - off 
Key PRO - Return to s tep 2A 
I f  CSH is not acquired : 
Key V34E or V56E - Terminate R24 & P20 , reselect P20 , & ,  
at step 7 select R23 

PRIO DISP lt - on 
16 . *FL V50 N72 

Rl Trunnion xxx .xx• 
R2 Shaft XXX . xx• 
R3 -----

I f  main-lobe lock-on has been achieved : 
Key PRO 
PRIO DISP lt - off  

REMARKS 

I f  desired , Key extended verbs 
or 
Key Vl6 Nl8 - Final FDA! angles 

Rl Roll xxx . xx• 
R2 Pitch XXX . xx• 
R3 Yaw xxx . xx• 

Key KEY REL 
Belly band covers separation between hemispheres of FDA! 
bal l .  Belly b an d ,  in color bands on each side o f  FOAl 
roll beze l , would indicate IMU middle gimbal angle >75 • .  
During th is maneuver ,  LGC will terminate automatic ­
maneuver i f  S/C:  PGNS sw i s  switched out of AUTO.  

Ref  para 4 . 5 . 1 .  

R l  displays 11111 i f  RR search has been successfu l .  
Ref para 4 . 6 . 3 . 5 .  

Key PRO only on display o f  lllll i s  Rl o f  NSO (indicating 
lockon ach i eved) , a PRO on 00000 results in an infinite 
RR designate loop . Recovery : 
Reselect P20 and redo R24.  

Large RR shaft and trunnion angles , or COAS LOS not 
optically on target , indicate s ide-lobe lock on has b een 
achieved.  
As terisk (*) indicates priority display . Two-second time 
de lay is required before LGC wi ll accept c rew response . 
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4 . 8 . 2 . 1  LH Rendezvous Navigation Program (P20) (cont) 

If main-lobe lock-on vas not ach ieved and is desired , 
manually � acqui re CSH in main-lobe:  
RNDZ RADAR sel - LGC 
RNDZ RADAR : NO TRACK lt - o ff 
�y P� 
PRIO DISP lt - off 

If main-lobe lock-on vas not achieved and is not desi re d :  
Key V34E o r  V56E - Perform Te rminate Tracking Rout ine 
(R56 ) - Exi t  P20 
PRIO DISP l t  - off  

17 . RR Data Read Routine (R22 ) 

LR/RR Read Routine (R20) 

Poss PROG lt - on 
Poas RNDZ RADAR: NO TRACK lt - on 
Poss TRACKER lt - on 

Key V05 �09E - Cal l  alarm 
00520 - RADARUPT not expected at this time 
or no radar sampl ing requested at this time 
Key KEL REL & RSET - Ret urn to step 11 ( R2 1 ) for 
automatic reacquisition 

*Poss FL V05 N09 - Alarm 
PRIO DISP lt - on 
00525 - A9 >J• 
PROG lt - on 
To te rminate P20 : 
Key RSET & V34E or V56E , perform Te rminate Trackin� 
Routine (R56) 
PRIO DISP lt - off 

REMARKS 

RR Data Read Rout ine (R22)  processes RR mark data to up­
date LM or CS� or ne ither state vect or,  as de fined in 
step 3.  Process i s  automatic unless at titude maneuver 
i s  requested by LGC , or program alarm occurs . 

Purpose of LR/RR Read Routine {R20) i s  to read LR/RR 
parameters requested by the calling routine (R22) , to 
pe rform various checks to ensure that syste• i s  operating 
correct ly , and to ensure an alarm if errors occur in RR 
reading. 

TRACKER lt indicates program is unable to obtain good 
radar samples on each required pass .  

RADARUPT : tr.c interrupt . 

�Q = d i f fe rence b etween RR indicated LOS and s ta te­
ve ct or-indicated LOS .  
As terisk ( * )  indi cates p riority disp lay . Two-second 
delav is requi red  before LGC will accept c rew response • 
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4 . 8 . 2 . 1  L� Rendezvous �aviga t i on Program ( P 2 0 )  ( cont ) 

To cont inue : 
Key RSET & PRO 
PRIO D I SP lt - o f f  
PRIO DISP l t - on 

*FL V06 NO S 
Rl fl9 xxx . xx• 
R2 -----
RJ -----
To accept 69 for state ve ctor update : Key PRO 
P RIO DISP lt - off 
If LOS not wi th in 30 • of LH +Z axi s ,  go to s tep 1 8 .  
T o  rej ect : Key V32E - Recycle to s tep 1 1  (R2 1 )  fo r 
automat ic reacquisit ion 
PRIO DISP lt - off 
To terminate P20 :  
Key V34E or V56E , pe rform Te rminate Tracking Routine 
(R56) 
PRIO DISP lt - off 

Fine Prefe rred Tracking Attitude Routine (R6S) 

18, Pos s Att itude Maneuve r Rout ine (R61/ R60) 
I f  point ing e rror < Is • , maneuve r will occur without 
d isplays . Return to s tep 1 7 .  
PRIO DISP lt - on 

*FL VSO N l 8  - Pe r form des ired automa t i c  maneuve r to f inal 
FOAl angles 

Rl Rol l xxx . xx• 
R2 P i t ch xxx . xx• 
RJ Ya� xxx . xx• 
To rej ect at titude maneuve r :  
When wi thin DAP deadband limits , & furthe r  adjus tment 
about des i red vector i s  not des i re d , 
Key ENTR , exit R60 - Re turn to s tep 1 7  
PRIO DISP lt - off 
To pe rform at t i t ude maneuve r :  
a .  To adj ust vehicle at t itude & have LGC recompute 

gimbal angles : 
Se lect des i red at t i t ude cont rol mode -

REMARKS 

Display is f lashed only when alarm OOS2S appears and 
PRO is keyed . 

Automat ic at ti t ude maneuvers are more e f ficient (i . e . , 
p rope l l ant- time product is lower )  than manual attitude 
maneuve rs . 

I f  final computed FOAl angles result in +90• yaw, 
t rans format ion f rom IHU to FDAI angles in roll and p itch 
is  indete rminate and Rl and R2 w i l l  be zero. 

Adj us tment i s  not possible in all cases , including roll 
att i t ude adj us tment • 

Re f para 4 . S . l  
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4 . 8 . 2 . 1  LH Rendezvous Navisatioo Prosr .. (P20) (cont) 

19 . 

N:.A - ... uver u desired 
S/C: PGHS sv - ATT HOLD 
ley PM 
PRIO DISP lt - off 
Return to beginnina of step 18 • 

b .  To perfora attitude -.neuver -.nually : 
Select desired attitude cont rol .ode -
N:.A - -.newer .anually to required at titude 
ley ,., 
PliO DISP lt - off 
Return to beginning of step 18. 

c. To perfora attitude --.uver sutc.atically : 
Q.JID OONT sv - PGMS 
S/C: PGMS sv - AUI'O 
ley PM 
Go to s tep 19 . 

If PGNCS Autc.atic selected :  
Pre-R60 displ.,s return until co.pletioo o f  auto.atic 
._euwr. MoDi t or PDll belly b•d , with respect to color 
b•d CD roll bezel , to avoid pllbal lodt . 

To atop LM aot ioo if gillbal lock is approached : 
S /C :  PCNS sv - ATT HOLD 

I f  manual override & co.plet ion of maneuver is desired : 
Select desi red at titude control aode 
N:.A - aaneuver -nually 
Return to s tep 18 . 

REMARKS 

I f  GUID OONT sw - PGNS and S/C: PGNS sw - AUIO, LGC 
co-ands auto-tic at titude II&IMUVer. 

Auto.atic tria .aneuver is to be considered essemtial 
for maneuvering to thrustin& att itudes. 

I f  desired,  ley enended verbs 
or 
ley Vl6 Nl8 - Final FDAI angles 

Rl Roll xxx . xx• 
R2 Pitch xxx . xx• 
RJ Y- xxx. xx• 

Key lEY REL 
Belly band covers separation between heaispberes of FOAl 
bal l .  Belly band , in color bands on each s ide of FDU 
roll bezel , would indicate IHU middle gimbal angle > 7s• . 
During this aaneuver,  LGC will terminate autoaatic ­

maneuver if S/C :  PGNS sw is switched out of AUTO . 

Ref para 4 . 5 . 1 .  
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4. 8. 2 . 1  LM Rendezvous Navigation P rogram (P20) { cant)  

20 . *Pos s FL V06 N49 - Out-of-tole rance update parameters 
PRIO DISP lt - on 
R l  AR XXX . XX nm 
R2 AV XXXX . X  fps 
R 3  OJOOX Source code 
To accept update : Key PRO (incorporate mark data) , 
return t o  s tep 17 
PRIO DISP lt - off 
Reject options : 
a .  Reject data from source specified by source code 

only : 
Key V32E - Return to s tep 17 
PRIO DISP lt - off 
or 

b .  Reject all data froa this urk : 
ltey VJ4E - Return to s tep 17 
PRIO DISP lt - off 
or 

c .  Terainate R22 & P20 : 
Key VS6E - Reaelect P20 & acqui re aanually 
PRIO DISP lt - off 

REMARKS 

As terisk {*)  indicates priority display . Two-second 
de lay is required before LGC will  accept c rew response . 

X • 1 - RR range 
X • 2 - RR range rate 
X • 3 - RR shaft angle 
X • 4 - RR trunnion angle 
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4 . 8 . 2 . 1  LH Rendezvous Navigation Program (P20) (cont) 

, 2 1 .  RR Monitor Rout ine ( R25)  - is cal led every 0 . 48 sec 
whenever LGC is on 
Poss PROG lt - on 
RNDZ RADAR: NO TRACK 1 t - on 
TRACKER lt - on 
Key V05 N09E - Call alarm 

00515 - RR CDU failure 
Key ICEY REL & RSET 

Att�pt to continue P20, using V06 N49 display , any 
additional alara codes , & MSFN to evaluate CDU perform­
aaee . 
I f  CDU perforaance is unsatisfactory : 
Key V56E - Terainate 

22.  To terainate P20 : 
Key VS6E , perfora Terainate Tracking Routine (R56) 
exit to other program in process , or 
If no other program in process : 
FL V37 N-­
Key �E 

4 . 8 . 2 . 2  AGS Manual Rendezvous Radar LH State Vector Update 

AGS Power-Up (required) 

AGS Checkout (desired) 

AGS alignment valid vith X-Z inertial reference 
plane within 10• of CSM orb i t  plane 

AGS t ime valid (required) 

REMARKS 

Routine 25 monitors RR gimbal angles and commands gimbal 
angles to one of two reference posi tions (dependent on 
an tenna mode) if gimbals exceed predefined limits . 
Routine 25 zeroes RR CDU when RR is f irs t put into 
automatic mode and moni tors RR CDU for possible failure . 

Ref para 5 . 2 . 2 ,  malfunction procedures , Primary Guid­
ance & Navigation Section .  

RR use under LGC control i s  not pos s ib le .  RR can be 
used in slew or automatic track modes . 

Select desired program. 

Purpose of AGS Manual Rendezvous Radar LH S tate Vector 
Update procedure is to update AGS LH s tate vector , us ing 
rendezvous radar range , range rate,  and LOS data. 

Due to program rescaling limitations , rendezvous radar 
navigation state vector updating cap ab ility does not 
exis t when AGS FP 8 is used in earth orbit .  

Ref para 4 . 6 . 2 . 1 .  

Ref para 4 . 6 . 2 . 4 .  

PGNCS /AGS Align procedure (para 4 . 9 . 2 . 1) , AGS Lunar 
Align procedure (para 4 .9 . 3 . 2 ) , or Backup AGS 
Al ignment Procedure (para 4 . 9 . 2 . 2/4 . 9 . 2 . 3) .  

AGS Manual Absolute Time Init ialization procedure (para 
4 . 6 . 2 . 6 )  or AGS Initialization Routine (para 4 . 6 . 1 . 18) 
AEA clock will overflow 4396 minutes (approximately 7 3  
hours) after initialization a t  zero • 
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PROCEDURES REMARKS 

4 .  8 .  2 .  2 AGS Manual Rendezvoua Radar LH State Vector Update (con�)-

1.  

2.  

3 .  

4.  

5 .  

AG S  LH/CSM atate .actor valid (required) 

Rende.voue Radar Paver-Up (required) 

Reade.voue ltadar Checkout (required) 

IWWl TEST av - OFP 

Eatabliah ranae/ranae rate diaplay .ode : 
RMG/ALT ti>N av - RMG/RHC IT 

Ca.pute CSH acquiaition .. oeu.er. 
Select nor.al acquisition ateerina : 
ley D!DA C 507+00000! 
ec.rand acquiaition eteerina co.putationa : 
Key D!DA C 400+20000! 

Perfor. AGS Orientation to Initial Caaputed Steering 
Attitude, uaina acquieition z-axie ateerina. 

Eatabliah RR contact with CSH: 
Eatabliah RR abaft/trunnion anRle & azi.uth/elevation 
rate diaplaya : 
SRPT/TRUN t 11V - +5• 
X POIIITER SCALE rN - aa desired 
RATE/ERR HON 11V - RNDZ RADAI 
Eatabliah radar aisnal atrenRth diaplav : 
RADAR: TEST /fi)N ael - AGC 
Eatablieh •nual control of RR antenna : 
RNDZ RADAR eel - SLEW 
RNDZ RADAR : SLEW RATE av - aa desired 
Slew RR antenna to null RR shaft & trunnion angle dis­
play one axia at a tiae . As second axis approaches null . 
obaerve RADAR : SIGNAL STRENGTH ind to deter.ine & lock 
onto atronaeet lobe . Slew antenna to check first axis 
for etronaeet lobe . 
Perfora further •in-lobe acquisition verification as 
required. 

AGS Initialization Routine (R47) (para 4 . 6. 1 . 18) or AGS 
Manual LH State Vector Update/Initialization and AGS 
Manual CSH State Vector Update/Initialization (para 
4 . 6 . 2 . 7  and 4 . 6 . 2 . 9) 

Ref para 4 . 6 . 3 . 1  • 

Ref para 4 . 6 . 3 . 2  • 

Diaables RR teat eignale . 

Ref para 4 . 5 . 3 . 10.  

AEA co.putes attitude errore to point LH +Z body­
axis in direction of AEA-eati .. ted LH-cSM LOS . 

Ref para 4 . 6 . 2 .13.  

Ref para 4 . 5 . 3 . 6  and 4 . 5 . 3 . 7 .  

Ref para 4 . 5 . 3 . 1 2 .  

Rendezvous Radar Manual Side-Lobe Acquisit ion Check & 
Main-Lobe Acquisit ion Verification (para 4 . 6 . 3 . 15) 
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4 . 8 . 2 . 2  AGS Manual Rendezvous Radar LH 

6 .  

7 .  

8 .  

Establish RR tracking o f  CSH: 
RNDZ RADAR sel - AUTO TRACK 
RNDZ RADAR : NO TRACK lt - off 
Establish AGS attitude command .ode : 
S/C : AGS sw - ATT HOLD 

DEAD BAND sw - MAX 
or 
ROLL , PITCH , & YAW sw - PULSE or DIR 

Initialize radar filter : 
Key DEDA C 417+10000E 

Perfora RR range update : 
S/C : ROLL , PITCH, & YAW sw - MODE CONT , PULSE , 
or DIR 
Enter RR range data : 
a .  Store Z-body-axis direction cosines -

(1) Key DEDA 415+10000 (Do not enter . )  
(2)  S/C : DEAD BAND sw - MIN 

b .  

c .  

(3) ACA - rotate LH to null sha f t  & trunnion angle 
display 

(4) When RR shaft & trunnion angles null,  ca.aand 
AEA to s tore Z-body-axis direction cosines : 
Key DEDA ENTR 

Obtain & load range data : 
(1) Note RR range on RANGE ind . 
(2) Enter range value -

Key DEDA C 316+XXXXXE (0 .01/0 . 1 )  
S/C : DEAD BAND aw - MAX 

REMARKS 

Ref para 4 . 5 . 1 . 6 .  

This is necessary to conserve fuel , in case o f  delay to 
next step • 

Before taking each set of radar data ,  DEDA address 417 
aust be set to +10000 , to initialize radar fil ter . 
It is recoamended that radar data entry schedule consist 
of sequence of at least six range and f ive range rate 
entries in alternating order (beginning and ending with 
range entry) . At long ranges (pre-cSI) , radar data 
entry schedule should consist of a sequence of a t  least 
nine range and eight range rate entires in alternating 
order . Time between range updates should be aaintained 
relatively constant in any updating sequence , and should 
be between 2 and 6 ainutes . It is desirable that total 
t iae interval between f irst and last range entry in a 
given sequence be large in order to take advantage of 
changing geometry . 

At least 16 seconds aus t  elapse between last entry of 
range or range rate and entry into 415 .  

I f  gimbal angles are not zeroed when ENTR i s  keyed , 
repeat step Sa . 

Range data should be entered within 30 seconds of step 
8a (4) . Parenthetical quantization notation : lunar 
aission/earth mission. 
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4 . 8 . 2 . 2  AGS Manual Rendezvous Radar LH State Vector Update (coat 

9 .  Eater ranae rate data : 

a.  S tore Z body-axis direction cosines -

(1) Key DEDA C 41S+10000 (Do not enter) 

( 2) lt.ey DEDA ENTR 

b .  Load IR range rate value -

lt.ey DEDA C SOJ±ixJxxE (0 . 1/1 fpa) 

�10 . Repeat s teps 8 & 9 in sequence & total nUIIber as 
d .. cribed in r ... rk opposite s tep 7 .  � . 8 . 2 . 3  AGS AutCMUtic Rendezvous Radar LH State 

Vector Update (R.w Data Transfer Via LGC) 

AGS Power up ( required) 

.AGS Checkout (deaired) 

AGS alig08ent valid with X-Z inertial reference plane 
within 10• of CSM orbit plane 

AGS time valid ( required) 

AGS LH/CSM State Vector Valid ( required) 

REMARKS 

One ranae rate entry is reca..ended between every pair of 
range entries • 

No special orientation is nece.sary ; it is only necessary 
for rendezvous radar to be locked onto CSM. At leas t 4 
seconds .us t elapse between las t entry of range or range 
rate and entry into 4 15 .  

I f  range rate data are not satisfactory , repeat s tep 9a. 

Range rate data should be entered within 30 seconds of 
step 9a(2) . 
Parenthetical quantization notation : lunar aissioo/earth 
llissioo. If range rate value is displayed on black 
portion of RANGE RArE ind tape , positive range rate DEDA 
entry is indicated ; negative is closing rate . 

Purpose of AGS Auta.atic Rendezvous Radar LM State Vector 
Update (a.w Data Traoafer Via LGC) procedure is to 
update AGS LH s tate vector uains rendezvous radar range , 
range rate and LOS data extracted f ro. the PGNCS Reode­
voua and Pre-thrus t Dowolist .  

Ref para 4 . 6 . 2 . 1  • 

Ref para 4 . 6 . 2 . 4 .  

PGNCS/AGS Align procedure (para 4 . 9 . 2 . 1) , AGS Lunar 
Align procedure (para 4 . 9 . 3 . 2) , or Backup AGS Alignment 
procedure (para 4 . 9 . 2 . 2 /4 .9 . 2 . 3) .  

AGS Manual Absolute Time Initialization procedure (para 
4 . 6 . 2 . 6) or AGS Initialization Rout ine (para 4 . 6 . 1 . 18) 
AEA clock will overflow 4396 ainutea ( approxiaately 72 
hours) after initialization at zero • 

AGS Initialization Routing ( R4 7) (para 4 . 6 . 1 . 18)  or 
AGS Manual LH/CSH State Vector Update/Initialization 
(para 4 . 6 . 2 . 7  & 4 . 6 . 2 . 9) . 
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4 . 8 . 2 . 3  AGS Automatic Rendezvous Radar LM State 
Vector Update (Raw Data Transfer Via LGC) 
(cont) 

LGC Power-Up ( required) 

LGC Self-Tea t (desired) 

TLM PCH aw - HI 

Rendezvous Radar Initial Activation & Checkout (required) 

CSM RR Tremspooder Activation (required) 

Rendezvous Radar locked on to CSM transponder (required) 

PGNCS outputting - Rendezvous & Prethruat List 

1.  RADAR TEST aw - OFF 

2 .  Initialize radar filter 
Key DEDA C 417+10000E 

3 .  Coaaand autoaatic RR update mode . 
Key DEDA C411+10000E 

REMARKS 

Ref para 4 . 6 . 1 . 1 .  

Ref para 4 . 6 . 1 . 13 .  

S-band S teerable Antenna Activation and Checkout 
(para 4 . 2 . 20) • 

Ref para 4 . 6 . 3 . 2 .  

LH Rendezvous Navigation Progr .. P20 (para 4 . 8. 2 . 1) ,  
AGS Manual Rendezvous Radar LM S tate Vector Update 
(para 4 . 8 . 2 . 2) . Rendezvous Radar Coarse Align (para 
4 . 6 . 3 . 3) .  

The PGNCS outputs the rendezvous and prethruat list 
during the following progr ... : 

P20 , 2 1 ,  25 
P30 , 32 , 33,  34, 35 
P72 ,  73,  74 , 75, 76 
(except during eras ab le .emory dump via downlink V74) . 

Diaablea RR tea t s ignals . 

Before taking each set of radar data,  DEDA address 417 
•ust be set to +10000 , to initialize radar filter. It is 
recommended that the radar data entry schedule consis t of 
a sequence of at least s ix range entries . At long ranges 
(such as pre-CSI) , a radar data entry schedule should 
consis t of a sequence of at leas t nine range entries . l t  
is recommended that the auto .. t i c  procedure b e  used 
whenever the PGNCS is in operation. 

In the automatic RR updating mode , range updates will 
be approximately two minutes apart (with range rate up­
dates at alternate minut es) . 

During the updating period , the radar shaft · and trunnion 
angles should be maintained at about s• or less and the 
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• • •• 2 . 3 AGS Auta.atic leade��Youa Radar LM State 
'lector !!J!clate �-- Data Tr .. fer Via LCC� li!!il 

4.  Mollitor update .. rlt co•ter 
�ey DIDl c62U uon 

s .  'fbe foll«*i.DI lldditiODal dJ.apla,a are &Yaihbla is cluired: 

a. la•/r•• rate update aext -
c 606a - (-tOOOOO/-IDD) 

b .  AGS r•• -
c 317a (0 .01/0.1  aa) 

c .  ACS r.ap rate -
c 440a (0. 1  fpa) 

4 . 8 . 3  UJIAil SUU'Aa NAVIGATION 

4. 8. 3 . 1  Luur Surface NaYi&atioa Pr!!lr• (P222 

REMARKS 

vahicle rate ahould be kept reuGDably low (0 .1 to 0 . 2  
dea/aec. )  Whee the shaft or trwallioa -ale nceeda 
11 . 2.5• , the radar data tr-..itted Yia the PCIICS dWDliat 
will aot be accepted • 

To tel'lliaate auto .. tic Ill update _,.. ; ley DIDA 
C4U+OOOOOI 

It ia CODaidered JOOd practice to be&iD •d tel'lliaate 
auta.atic D update .:Mie Clllly duriaa PQICI leadanoua 
' Pre-thr•t dCIIRlliat . 
Actual updatiaa occure ODly vhea all pre-�uiaitea are 
•t. 

Addreaa 621 reset by C417+10000E 
D - ...,.r of r•a• updat .. 
n - MSiber of raae rate updatea 

Paraathetical qu•tiaatioa aotatioa : l•ar maaioa/ 
earth lliaaioa 

Purpose of Lunar Surface NaYiaatioa Prosr .. (P22) is to 
acquire ad track CSM by poaitioailla ltR •teDDa aloaa 
LOS to CSM . At beainniaa of prosr .. , state vector 
optiOD 1a auta.atically set to CSM, but does not override 
previous '1951 ; this option can be illhibited any u-
&Dd restored at later ti- by folloviaa entries: 

1. No state vector update (V95E) 
2 .  CSM s tate vector update (V81E) 

This prograa tracks CSM with RR in aode 2 ;  therefore , 
&Dtenna coverage is leas tha horizOD to horizon . 
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4 . 8 . 3 . 1 Lunar Surface Navigation Program (P22) �cont) 

LGC Power-Up ( required) 

IMU Power-Up (LGC Operating) ( required) 

REMARKS 

Ref para 4 . 6 . 1 . 1 .  

Ref para 4 . 6 . 1 . 3 . ISS should be on 15 minutes before 
thrus ting maneuver .  
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PROCEDURES REMARKS 

4 . 8 . 3 . 1  Lunar Surface Navigation Program (P22) (cont) 

1 .  

2 .  

3 .  

4 .  

LGC Self-Tes t (desired) I R.ef para 4 . 6 . 1 . 13 .  

LGC/CMC Clock Synchronization (R.33) (desired) j R.ef para 4 . 6 . 1 . 15 .  

Rendezvous Radar Ini tial Activation & Checkout ( required) j R.ef para 4 . 6 . 3 . 2 .  Rendezvous radar mua t be turned on 
2 . 5  hours before use . 

CSM R.R. Transponder Activation (required) 

Verify/set controls as follows : 
GUID CONT sv - PGNS 
RNG/ALT JI)H sv - RNG/RNG R.T 
R.ADAll TEST sv - OFF 

RHDZ RADAR sel -LGC 

Key V37E 22E 

FL V04 H06 - Option 
Rl 00012 - CSM orbit option 
R.2 00001 - LGC ass�d opt ion (CSM will not change 

present orbit)  
R.3 ----
R.2 • 1 - CSM will not change present orb i t  

• 2 - CSH will change present orbit t o  go over LH 
pos ition 

Accept : Key PRO , go to step 5 
Reject : Key V22E - Key 2E , go to step 4 (CStl will change 
present orbit to go over LM position) 

I f  desired option not 00001 :  
FL V06 N33 - TIG 

Rl OOXXX hr 
R.2 OOOXX min 
R.3 OXX. XX  sec 
Accept : Key PRO 
Reject : Key V25E - Load desired TIG 

Display of RR LOS azimuth and elevation (para 4 . 5 . 3 . 14) 
is available throughout prograa. 

When range/altitude rate input is <5 fps , RNG/ALT ind 
pwr/sig fail lt goes on. This does not represent aal­
function, but condition inherent in detection circuitry . 
This will occur when CSM overpasses LM position and RR 
range rate goes through zero . 
Allow 10 seconds between llHDZ llADAI. sel-LGC aod step 2 
(Key V37E20E) to help avoid a sof tware restart during 
LGC R.R. CDU zero . A ru tart (Hardware or software) during 
LGC "R.R. turn on" sequence can cause later erratic 
designate behavior. Recovery : RNDZ RADAll sel-LGC-to­
SLEW-to-LGC . 

Estimated launch time is displayed ; CSM orbit change , 
option 2 ,  is selected . 
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4 . 8 . 3 . 1  Luoar Surface Naviaatioa Proaraa (P22) (coot) 

s .  

6 .  

7 .  

8 .  

Poaa PROG l t  - oa 
Key V05 N09E - C.ll alan 

00210 - lMU DOt on 
00220 - Bad RIPSHMAT ( ISS orientation not known) 

ltay KEY llEL & RSET 
n v37 N--
leJ DE 
bit 102 & P22 

Poaa Vl6 M54 
Rl range 
12 raga rate 
It] 00000 

Poaa FL V37 

XXX.XX na (999 . 99 will be displayed 
lXXX .X fpa for values � 999 . 99na) 

To tarainate CSH state vector update : 
ltay V9SE - No state vector update 

Poas FL VSO N2S - Checklis t reference 
Rl 00201 - Switch to Rl autoaatic .ade 
12 --
RJ ---
1MDZ RADAR aal - LGC 
ley PIO 

Rl auto.atic acquiaitioa (RI Designate Routine , R21) 
If acquiai t ioa is successful (no alan) , go to step 11 . 
Lunar Surface U Pradeaianate Routine (R26) 
PliO DISP l t  - oa 

*FL VOS N09 - Alan 
00530 - LOS oot in .ada 2 coverage 
oa luaar aurfaca after 10 ain 

Perfon tt.e check for P22 recall 
Key PRO - Edt 126 , R21,  & P22 
PRIO DISP lt - off 
FL V37 N--
ltay XXI 

*Poas FL VOS N09 - Alan 
PliO DISP lt - on 
00503 - RR unable to acquire CSH 

REMARKS 

Perfora IHU Power-Up (LGC Operating) procedure (para 
4 . 6 . 1 . 3) 
Perf on PGNCS Lunar Surface Align Prograa (P5 7) (para 
4 . 9 . 3 . 1) 

ieaelect P22 . 

Display appears while range is >400 na and ia decreasing. 
The display is recalculated every 5 seconds . 

n V37 occurs 1f range >400 na and is increasing . 

At beginning of program , LGC autoaat ically sets s tate 
vector to be updated to CSH , but does not override 
previous V95E. 

This display is called oaly vhen RNDZ RADAR sel is not 
set to LGC. 

As terisk (*) indicates priority display . Two-second de­
lay is required before LGC will accept crew responae . 
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4 . 8 . 3 . 1  Lunar Surface Navigation Program (P22) (cont) 

PROC l t  - on 

9 .  

RNDZ RADAR: NO TRACK lt - on 
Key RSET 
Alternatives to alar. : 
a.  Key V32E - Recycle to s tart of step 8 ,  R21 ,  to re­

designate Rlt 
PRIO DISP lt - off 

b .  Key PRO - Initiate Rlt Search Routine (R24) , steps 
9 6 10 . 
PRIO DISP lt - off 

c. Key V34E or VS6E , perfor. Ter.inate Tracking 
laatlae (RS6) - Terainate R21 6 P22 
PRIO DISP lt - off 
PL VJ7 N--
Key XXE 

lende&vOU8 radar search acquisition - Perfor. RR Search 
RoutiDe (R24) 

Poes PIOG lt - on 
Key VOS N09E - Call alar. 

00527 - CSH out of Rll liOda II liaits 

Key VS6E, perfor. Ter.inate Tracking Routine 
(RS6) - exit R24 & P22 
PRIO DISP lt - on 

*FL Vl6 N80 

Rl XXXXX ( initially 00000) 
R2 0 xxx.xx• ( initially 00000 until designation begins) 
u 

10 . Per-it RR to search until Vl6 N80 , Rl displays 1111 1 .  

ll.  

Key PRO - Return to step 5 
PRIO DISP lt - off 
If CSM 18 not acquired : 
Key V34E - Exi t  R24 & P22 
PRIO DISP lt - off 

Rlt Data Read Routine (R22) , steps 11 & 12 . 

REMARKS 

Confira, by voice , that CSM is in preferred attitude and 
that transponder is active . 

As terisk (*) indicates priority display . TWo-second 
delay is required before LGC will accept crew responae. 
Rl displays 11111 af ter RR Search Routine ( R24) is 
successfully completed . 
0 • angle between RR boresight and LM +Z axis . 

RR Data Read Routine (R22) processes RR aark data to 
update CSM s tate vector , defined in s tep 6 . 
If M (number of marks) is desired : 

Key Vl6 N45E 
Rl M XXXXX marks 
R2 TFI XXBXX min-sec 
R3 MGA XXX. xx• 
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4 , 8 . 3. 1 Lunar Surface Naviaation Prosraa (P22) (cont) 

LR/RR Read Routine (R20) 

Poaa PROG 1 t - on 
Po.. RRDZ RADAR : NO TRACK lt - on 
Po.. TIACUil lt - on 

ley V05 N09E - Call alara 
00520 - llADARUPT not expected at this ti .. 

or 
No radar aa.pling requested at this tiae 

Key lEY llEL 6 RSET - Ratum to step 8 (R21) for 
autoaatic reacquiaition 

*Poaa PL VOS N09 - Alara 
PUO DlSP lt - on 

00525 - 68 >3· 
PIOG lt - on 
To terainate P22 : 
Key llSET 6 V34E or V56E . perf ora Terainate Treckina 
Routine (RS6) 
PRIO DlSP lt - off 
To continue : 
ley llSET 6 PRO 
PRIO DISP lt - off 

PRIO DISP lt - on 
*PL V06 NOS 

u 68 xxx.xx• 
R2 -----
RJ ----
To accept 68 for atate vector update : Key PRO 
PRIO DISP lt - off 

REMARKS 

When finished with display , key KEY REL 
TPI and HGA displays are aeaningless . 

Purpose of LR/RR Read Routine (R20) is to read LR/RR 
paraaeters reques ted by calling routine (R22) , to per­
fora various checks to ensure that syat .. ia operating 
correctly , and to enaure an alara if errors occur in Ill 
reading • 

TRACKER lt indicates proar• 1a unable to obtain "good" 
radar aaaples on each required pass . 

L\DARUPT : LGC interrupt . 

Asterisk (*) indicates priority display ,  Two-second delay 
is required before LGC will accept crew reaponse . 

Display is f lashed only when alara 00525 appears and 
PRO is keyed . 
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4 . 8 . 3 . 1  Lunar Surf ace Navigation Program (P22) (cont) 

To reject : 
a. Verify acquisition is not by side lobe 

Key V32E - Recycle to s tep 8 (R21) for automatic 
reacquisition 
PRIO DISP lt - off 

b .  ley V34E or VS6E 1 perfora Terainate Tracking 
Routine (R56) - Teraioate R22 & P22 
PRIO DISP lt - off 
n. V37 N--
ley XXI 

12 . *Poaa PL V06 N49 - Out-of-tolerance update par ... ters 
PRIO DISP lt - on 
U .U DX.XX 011 
12 AV DXX.X fps 
Rl OOOOX Source Code 
RJ X • 1 - rena• 

X • 2 - ranae rate 
To accept update :  ley PRO 
PRIO DISP lt - off 
Reject optiona : 
a. Reject data froa source specified by source 

code only : 
ley Vl2E - Return to s tep 1 1  
PRIO DISP lt - off 
or 

b .  Reject all data froa this .. rk : 
ley Vl4E - Return to s tep 1 1  
PRIO DISP lt  - off 
or 

c. Terainate R22 & P22 
ley V56E 
PRIO DISP lt - off 
n. V37 N--
ley XXE 

13. RR Monitor Routine (125) is called every 0 . 48 second 
whenever LGC is on. 

REMARKS 

Routine 25 .onitora RR &i�al anglea and ca..anda gi�al 
angles to reference poaition if gi�al angles exceed 
predef ined liaita . Routine 25 zeroes RR CDU when RR ia 
first put into automatic .ade and .onitors RR CDU for 
possible failure • 

,.. CJ 5 
� � H '  
Z w  ; i  � I � 



) 
·' 



8' .. ;;· � 
� 

N "' 
U> .. "'0 ... .. 8-
• 
.. 

.... "' ... .... 

n l t � 

-: 
Cl 
• 

• . 
CD 
I 

N 
... 

LM 3199 

�lEW-
MAN PNL PROCEDURES 

4 . 8 . 3 . 1  Lunar Surface Naviaation Prosraa �P222 �cont) 

Poaa PIOG lt - on 
INDZ RADAR: NO TRACK lt - on 
� lt - on  
Key VOS N09E - tall alara 

00515 - RR CDU failure 
ley ICE! REL & RSET 

-

REMARKS 

I 
I 
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4 . 8 . 3 . 1  Luaar Surface N&Yil!tioa Proaraa lP22l �eoatl 

14. 

Att..,t to eoatiaue P22 . If iattial aequiaitioD or 
reacquiaitioa ia required (after failure) aDd tf 
CDU perfor.aace ia uaaatiafaetory (1D thia eaae 
pr .. eatiaa aueh aequiaittoa) , follow procedure• 
for 00503 alar. iD atep 8 (aod poaatbly atep 10) 
aboYe • 

To ter.iaate P22 : 
ley YS6E , perfor. Ter.iaate Traeltiq Route (RS6) 
ft. Y37N-
ley Dl 

-------- --------- - ----- - -

REMARKS 
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PARA 

4 . 9  
4 . 9 . 1  
4 . 9 . 1 . 1  
4 .9 . 1 . 2  
4 .9 . 1 . 3  
4 . 9 . 1 . 4  
4 . 9 . 1 . 5  
4 . 9 . 1 . 6  
4. 9 . 1 . 7  
4 . 9 . 2  
4 .9 . 2 . 1  
4 . 9 . 2 . 2  

4 .9 . 2 . 3  

4 . 9 . 2 . 4  
4 . 9 . 2 . 5  

4 . 9 . 3  
4 . 9 . 3 . 1  
4 .9 . 3 . 2  

AliJDMDt • • • • • • • • • • • • • • • • • 

PGIICS • • • • • • • • • • • • • • • • • • • • 

IMU Orientation Deter.iaatiOD Proaraa (P51) • 

IHU Raa11an Proaraa (P52) • • • • • • • 

ISS Coerae Allan • • • • • • • • • 

Torqu• Gyro• . • • • • • • • • • • • 

Docked Manual IMIJ Coerae Alipment 
Creaceat Allan-eat of PGNCS (IHU) • • • • • • 

Uf IMU Allan-eat to CSM Gyro Dtaplay Coupler (GDC) 
IIGS • • • • • • • • • • • • • • • • • • • • • • • • 

PGNCS I AGS Alip • • • • • • • • • • • • • • • • • • • • 

Backup AGS Aliaa-nt (Udna AGS lody-Ada Aliaru.nt 
aad PGNS IltU) • • • • • • • • • • • • • • • • • • • 

Backup AGS AliJDMDt (Uain& AGS lody-Axia Ali&DMnt 
ad Am) • • • • • • • • • • • • • • • • • • • • 

Creacent Allan-ant to AGS (ASA) • • • • • • • • • • 

AGS Aliaa-nt of CSM Gyro Diaplay Coupler or CSH 
Priaary Syatea • • • • • • • • • • • • • 

Lunar Surface Aliaa-nt • • • • • • • • • 

PGNCS Lunar Surface Allan Proaraa (P57) • 

AGS Lunar Allan (400+40000) • • • • • •  
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4. 9 ALIGMHENT 

4.9.1  PGNCS 

4.9. 1.1  IHU Ortentatioo Deter.iaatioa Proar .. (P51) 

LGC PCJ���er-Up (required) 

IHU Power-Up (LGC OperatiDa) (required) 

DAP Data Load Routiae (R03) (required) 

.tGS Power-Up (cluind) 
lladenaua Radar AateGDa ill NJT poeitioa (cluired) 

11 11.  Verify Cl IITR: Am - eloae 

2. Select total attitude diaplay : 
1 ATTITUDI tal ., - aa cluired 

11 1 3. Cl/11£ IUS A: NJT LAMP - close 

Adjust reticle brightoeaa of CCRD. 
N1f I ADT 1Dd - ooo. o• 

Ad.uth coat - F 

4. Key V37E 51! 
Pose PROG lt - on 
� VOS N09E - Call alan 

00210 - IMU DOt OD 
Perfona IHU Pover-Up. 

Key RSET & UY REL 
n. V 37 N-
Key 51! 

REMARKS 

Tt.e and llCS fuel •Y be saved md aubaequeot DIU 
realian-eot deciaioaa at.plified if IHU ia left iD­
ertially atabili&ed aa cloae aa possible to orieotatioa 
required by future LGC progr- . If docked vith CSM, 
CSM ahould relinquiah attitude control . P51 detend.DU 
ioertial orientation of IHU and providea attitude coa­
trol and total attitude .aaitoriDa capability. 

lef para 4 .6 .1 .1 .  

Ref para 4 . 6 . 1.3. ISS abould be oa 15  aiDutea before 
thruatiDa MDewer. 

Ref para 4 .6 . 1 .8. 

laf para 4 .6.2.1. 
llendenoua Iader Coarse Alip (para 4 . 6 . 3 . 3) . 

N1f beater abould be turned oa at least 25 llinutea 
before MlectiD& thia procedure , to pr .. ent foa&ina of 
N1f lena. 

CB/AC IUS B: NJT LAMP md Cl/11£ IUS A :  N1f LAMP are re­
dundant . If e-c bua A loediDa 1a lara• , Cl/ M:. IUS 1 :  N1f 
LAMP can be closed . Nner close both cb 'a at a&M tiM . 

Ref para 4 . 6 . 1 . 3 . 
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PROCEDURES 

. 9 . 1 . 1  IMU Orieutatioa Deter.iaatioo Proar .. (P51) (coat) 

PL VSO H2S - Check11at reference 
Rl 00015 - Star acquiaitioa 
R2 ---
13 -
If oeceaaary, aelect desired at titude coatrol .ade . 

Maoeuw.r to acquire daaired atara • 

To bypua coarae alia-at : ley PRO 

To coane-alip DIJ to LM axaa : 
K8y IITl 
V41 R22 - Coane alip 

n oca ooo.oo• 
12 IGA ooo.oo• 
u JK:A ooo. oo• 

., Aft lt - OD, th• off , 
latara to beaianiaa of a tep 5 .  

Ia-nipt Si&btiaa Nark lloutioe (RS3, atepa 6 throup 8) : 
.... PIOC lt - GD 
K8y WS 1091 - Call alan 

31207 - Ro Y.A.C ana for •l'b 
31211 - Illepl iDtarrupt of utencled nrb 
'-J UIT ' at 1EL 

PL VOl R71 
11 ooa. - Det•t/atar code 
12 -
Rl -
Accept :  '-1 PIO 
lajac:t : '-1 V211 - Load daaired c:odea 

If detent code 7 (bac:ltup optica) 1a beina uaed , ao to atep 
7 ;  otherviae , ao to atep 8. 

P'L V06 R87 
11 Aamuth 
12 Elnation 
RJ 

xxx.xx• 
xxx.xx• 

REMARKS 

16 N20E _,. be keyed to _,Ditor IHU &iabal ma1ea . 

lltef para 4 . 5 . 1 • 

tar paira ahould be aaparatad by at laaat so•. 

datant/LPD/COAS c:odea (para 4 . 4 . 12) . 
tar/planet liat (para 4 .4 . 8) .  

i.uth ia defined .. mal• Maaured fra. LM +Z--ta to 
projected oa LM T-Z plane ; + ,  for aaaatiYe rotatioa 

out LM +X-axie (y• riaht) . 
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14�9. 1 . 1  1111 Orientatioa Deteraiutioa Proar .. (PSl) (c:ont) 

Accept : � PliO 

IB· 
leject : ley V24E - Load deaired data 

PL VS4 N71 - Pleaae urk X or Y 
11 OOCDI - Detent/Star code 
12 zooox - x una 
13 zoooy - " aarb 

Select cleaired attitude coatrol IIOde : 

Haaauver ao taraet croaaea oear center of reticle (either 
lil1f or QlAS) • 

Hart l or Y ,  aa appropriate (at leas t Oll8 of each 
required) . 

To cbaoae Mrk reject option: 
l.e1 liD. 

. 
to cb.._. Detent/Star code : 
ley 932£, return to atep 6 
To teraiute : 
1.eJ 934E 
PL 937 11--
l.ef DE 
HA1U1JP1' IOU'l'INI (llS 7) 
Poaaible proar• alarae :  
PIOO lt - OM 
1.eJ V05 11091 - Call alara 

00111 - Mark lliaaina 
00112 - Hark or .. rk reject not being accepted 
00113 - No iDbita 
00115 - No urb to reject 
hy UY UL & ISET 

To have LGC calculate LOS to s tar after aarking sequence 
ia eo��plete: 
hy PliO 

If star code 00 ,  so to s tep 9 ;  otherwise , go to s tep 6 
to .. rk on aecond star. After aarking second s tar , go 
to step 10 or if aecoad target was planet (star code 00) , 
ao to step 9 .  

REMARKS 

Elevation is defined aa angle •aaured froa LOS to LM Y-Z 
plane ; +, for LOS above LH Y-Z plue . 

Haxi.u. value for X or Y ia 5 ;  additioaal aarka overwrite 
fifth urk. Z•l in 12/13 illdicataa which aark 1a eubled 
for rejecting. Hark reject 1a enllbled for only one .sia 
at a tille .  Noraally , Z•l for laat u:ia aarted; however, 
aark reject enable uy be switched back ad forth between 
X ad Y axes by keyiq ENTil. 
lef para 4 . 5 . 1 .  PGNCS llini.u. illpulae _,de (V761) ( 110  DAP 
lt - on) is rec�ded , but AGS pulse or direct ..y &lao �e uaed. PGNCS llin:blwa :blpulee 1a dia..,led by keying 
V77E. (NO DAP lt - off) 

o reduce poaaible error induced by ICDU tranaienta , 
three to five paira of urb (l & Y) ahould be aade OD 
each star . 

To reject X or Y aark as indicated in R2/RJ of N71 , 
REJECT pb - puah 
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LH 3231 �REW·I PNL MAN PROCEDURES 

4 . 9 o l o l  IHU Orientation Deterainatioa Progr .. (P51) (coot) 

9 .  Celeatial Body Definitioa Routine (ll58) 
n. V06 N88 - Coaponenta of planet unit poeitioo vector 

U X .DXDX 
u y olCCCaX 
13 z 0 XXXXXl[ 
Accept : Key PRO - Go to atep 6 to .. rlt on aecond atar or 

if thia vaa aecond targe t ,  go to atep 10 • 

Reject : ley V25E - Load desired coaponenta 

lO o S iptiq Data Diaplay Routine (ll54) : 
FL V06 1105 

11 XXX.xx• - Siptiq angle difference 
u --
1.3 -

Ac:cept : �ey no 
leject : ley V32E - Go to a tap 5 .  

11 .  n. Y37 11-
ley DB 

12 .  a-we power fr011 ltl1f ae duired : 
11 I CB/M; IUS A: lim UHP - open CB/11£ IUS B: NYt UHP - open 

I 14.9 . 1 . 2 DaJ lealip Proar• (P52) 

LGC Power-Up (required) 

IHD Power-Up (LGC Operatina) (required) 

IHU Orientation Deteraination Proar .. (P51) (required) 

DAP Data Load Routine (R03) (required) 

REMARKS 

to.ponenta defined at GET in reference coordinatea o 
to.ponente .. , be c011puted .. Dually ODboard or received 
fr011 HSFN • 

NOS ia defined ae difference between indicated an&le 
(fr011 aarlta) and actual anale (atored epb._ria data) o 

LCC rupoada to PRO by calculating IEFSMMAr aDd aettiq 
REFSMFLG. 

Select duired proar•. 

If clocbcl vi th CSM, CSM ahould reliDqldeh attitude con­
trol . Purpo.. of IMU lealip Proar.. (P52) ta to alip 
IMlJ fr011 known orientation to one of four orientatioae 
selected by crew : 

1 .  Preferred 
2 .  N011inal 
3 .  REFSHMAT 
4 .  Landing site 

Ref para 4 o 6 . l o l o  

le f  para 4 . 6 . l o 3 .  ISS ahould be on 1 5  ainutea before 
thrusting .aneuver.  

Ref para 4 .9 . l o l . 

Ref para 4 o6 o l .8 o  
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LK 3231 

lcREW-1 PNL MAN PIOCEDUIES 
4 .9 . 1 . 2  IMU Realip Proar•JP52) ·· CCO!iti 

11 1 1 .  

2 • 

1 I 
3 I 

4 
1 ,2 

1 , 2  3 .  

11 1 4 . 

NYr 

s .  

6 .  

AGS Power-Up (deaired) 
laadeavoua radar aoteana in N.JT poeitioo ( desired) 

Verify CB HTil: NYr - cloee 

Enab le PGHCS attitude control 
CUID COHT ev - PGHS 
S /C :  

PGHS ev - ArT HOLD 
IIOLL , PITCH , YAW ev - MODE mNT 

ACA/4 JET ev (2) - ENABLE 
ACA P.OP ev (2) - ENABLE 

Select total attitude diaplay : 
AtTITUDE HON ev - u deaired 

CB/ 1£ BUS A:  NYr LAMP - cloee 

Adjua t  reticle brigbtDess on CCRD. 
NTr iad - ooo.o• 
AaU..th coot - P 

Key V37E 52E 
Poes PBOG lt - on 
�1 VOS N09E - Call alara 

00210 - UIJ DOt Oil 
00220 - IHU orientation not knovn 

Key UY REL 6 RSET 
PL V37 N--
Key XXE 

PL V04 N06 - Option 
Ill 00001 - Specify IHU orientation 
Rl 00003 - REFSMHAT option 
R3 ----
Accept : Key PRO 
Reject : Key V22E - Load desired option : 

REMARKS 

Ref para 4 .6 . 2 . 1 .  
leadezvoua Radar Coarse Align (para 4 . 6 . 3 . 3) .  

AOT heaters should be turned on 25 to 30 .!nutes before 
selecting this procedure , to prevent fogging of ADT lena . 

lef para 4 . 5 . 1 .  

Allovs .onitorin& of IMU coarse aligD8&Dt or LM attitude 
on FOAl ' s .  

CB/AC BUS B :  NYr LAMP and CB/AC BUS A:  NJT LAMP are re­
dundant. If a-c bua A loading is large , CB/N.: IUS B :  NJT 
LAMP eao be closed. Never close both cb 'a at •- ti• . 

Select PSl after IHU Pover-Up (LGC Operating) (para 
4 . 6 . 1 . 3) .  
Reselect PS2 after performing IMU Orientation Deter.!na­
tion Program (PSl) . 

Select desired program. 

If preferred attitude has been computed, Rl will read 
00001 . 
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LM 3231 

CREW· PNL MAN PROCEDURES 

4 . 9 . 1 . 2  IMU Reali&n Prosram �P52) (cont) 

1 - Preferred 
2 - Nc:.inal 
3 - REFSMMAT 
4 - Landing site 

If preferred selected , go to s tep 9 • 

If REFSHMAT selected , go to step 1 1 .  

7 .  FL V06 N34 - T (Event) 
lU OOXXX hr 
R2 OOOXX ain 
R3 OXX .XX sec 

REMARKS 

I f  nominal orientation (00002) was selected in s tep 6 ,  
Time (GET) at which LM s tate vector is to be defined for 
nominal orientation.  T (Event) will initially be dis-
played as 00000 ,  00000 , 00000 , indicating , if accepted , 
that present time (GET) will be entered aa T (Event) . 
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LM 979A. LM 3231 
jcREW·I PNL MAN PROCEDURES 

4 .9 . 1 . 2 IMU lealip Proaram (P52) (coot) 

8 .  

9 .  

Accept : � PRO 
lleject : Key V25E - Load desired t111e 
If ooaioal selected , go to s tep 9 .  

n. Y06 N89 
u Latitude xx .xxx• 
R2 LoD&itude/2 xx. xxx• 
U Altitude ux.xx 1111 
Accept : � PIO 
leject : Key V251 - Load desired coordioat• 

n. '906 N22 - ICDU &illbal anales 
u OGA xxx. xr  
u IGA. xxx.u• 
u tGA xxx. u• 
Qaeck MGA <60• 
Accept : ley PJM) - DIJ coarse .Up 
leject: 
Select d .. ired attitude coatrol .ocle .  
�r LM to auitabla attitude. 
ley V321 
or 
ley Y341 - Tenioate P52 
n. Y37 11--

PL Y50 N25 - Perfon coarse align 6 optical sighting. 
u 00013 
12 -
u --

Accept : Key PliO - Go to step 10 
leject : Key EN'tll 

Vl6 N20 
U OGA 
R2 1GA 
U t«;A 

xxx . xx• 
xxx. xx• 
xxx . xx• 

Hooitor gimbal angl• during pulse torquing , to avoid 
gimbal lock until realignaent 1a completed. 

Go to step 36 • 

REMARKS 

If landing site orientation (00004) was selected io s tep 
6 ,  T (Event) is defined as T (Land) . 

Gillbal 8Dgles for present LM attitude 8DCl selected lMlJ 
oriatation. 

If HGA 160• , PROG lt - oo; alan coda 00401 stored. 

laf para 4 . 5 .1.  

Y32E recycl .. to update aillbal-.a&le diaplaJ . 
Select desired prosr ... 

Tt.e ( in seconds) to pulae torque for reject optioo: sua 
of aillbal .aale chaD&• tillea 2. 

Error ( in degre•) introduced by reject option: sua of 
gilllbal 8Dgle chang• tt.e& 0 .002. 

LH reorientation during pulse torquioa 1a penissib le . 
If S/C :  PGNS sw - AUTO , or ArT HOLD and V77 in effect , 
DAP vill aaneuver LM to follow IHU as it .ov• . 

Crew should aaneuver to avoid gimbal lock during pulse 
torquing , if gimbal lock appears likely . 
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LM ll6&A _ LM ncu. lcmv-1 PHI. MAN PROCEDUIES 

�.9 .1 .2 IKU lealilft Proar .. (P52) (coot) �0. Coarae Alip loutiae (llSO) 
Verify ca.pletioo of coarae alim-ent : 
Konitor PDAI ball �tioo. 

4 I NO ATT lt - OD 1  thea off 

Poaa PROG lt - oo 
ley VOS ll091 - Call alara 

00211 - Coarae alip error 
00217 - Bad return fr� atall routines 
lay ut UL & ISIT �1. ID-Plipt Pioa Alip IIDutioa (RSl) , steps 11 throup 36 

p..2 .  

n. vso ll25 
11 00015 Select s tar acquiai tioo .ode 
12 --
u --
Select deaired attitude control �de . 
MaDeuver LH to acquire s tars : 
a.  lay V341 to tel'llinate P52 , n V37 N-- , Key XXE 
b .  lay Yl2E to aelec:t curaor/spiral urldng & bypass 

atar-aelection routine . Go to step 20 . 
c. ley arra to bypaaa atar aelecUoo routine 
or 
d. Key PliO 

Poas n YOS N09 - Alana 
00405 - 1\ro a tara not available in cone of view 

PROG lt - on 
a. Key V32E & RSET - Recycle to beginning of s tep 11 
or 
b. Kaoeuver LH to acquire two stars in cone of view .  
Key PRO & RSET 

Autoaatic Optics Positioning Routine (R52) 
PL VOl N70 - Detent/star codes 

Rl OOCDE 
R2 ---­

RJ -----

REMARKS 

If all gillbal angle cbaoaea are <1• , llSO 1a not per­
foraed. �ce coarse alignaent 1a coaplete , LGC vill reaet pre­
ferred orientatioo flag . 

If , at end of Coarae Align routine , aialbala are aot jvithin 2• of deaired Yaluea . PIIDG lt vill ao on • 

Is tar pairs should be aeparated by at leu t so• . 

�f para 4 . 5 . 1 .  

�tar selection routine considers only those a tara within � forward detent field of view . 

� tar pairs should be separated by at leas t so• .  

� detent/LPD/COAS codes ( p ara 4 .4 . 12) 
� tar/planet lis t ( para 4 . 4 . 8) 
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PROCEDURES REMARKS 

4 . 9 . 1 . 2  IMU Realign Proar .. (P52) (cont) 

13.  

14. 

C • Detent code 
DE • Star/planet code 

If AOT detent & star code display are correct & 
a. If  aot LPD/COAS calibration 
or 
b .  I f  uaaatisfactory LPD/COAS calibration : 
ley no 

If display uaaatisfactory : 
ley V21E - Load desired values 

If this vas satisfactory LPD/COAS calibration: 
ley V34E - Terainate ll52 
PL V37 11-
ley xu 

If deteat code is 0 (LPD/COAS calibration) or 7 (backup 
optics) .  ID to step 13 ; if star code 00 . 10 to step 14 ; 
otherwise . 10 to step 15. 

n. V06 187 
U Adauth 
ll2 Elevation 
u 

xu.u• 
xu .u• 

Accept : hy no 
Reject : ley V24E - Load desired data 

All detent and LPD/COAS codes aay be used in conjunction 
with autoaatic optics (LM) positioning . 

Attitude required to position specified optics LOS , 
along LOS to celestial body, will be coaputed durinl 
R60 • 

Aziauth and elevation , with respect to LM, of specified 
LOS . Azi.uth is defined as an1le aeasured fro. LM +Z­
sxis to LOS projected to LK Y-Z plane . Polarity is + 
for negative rotation about LK +X-axis (yaw rilht) . 
Elevation is defined as an11e aeasured froa LOS to LH 
Y-Z plane . Polarity is + for LOS above LH Y-Z plane. 

If star code is 00, 10 to step 14 , otherwise 10 to step 15 � If LPD recalibration is required : 
ley V21 N03E, 3373E , AZBIAS , E 

V21 N03E, 1353E ,  ELBIAS , E 

PL V06 M88 - Coaponents of planet unit position vector 
Rl X . XXXXX 
R2 y .xxxxx 
Jl) z .xxxxx 
Accep t :  ley no 
Reject :  ley V25E - Load desired coaponents 

Coaponents of planet unit position vector defined at 
GET in reference coordinates . Coaponents .. Y be coa­
puted aanually onboard or received froa MSFM . 
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� PNl I PIOCIDURES 

M.A 
3 

ACA 

1 
3 

4 . 9 . 1 . 2  IHU laaliiQ Proaraa (P52) (coot) 

15 . Attitude Hueuver Routine (160) 

Pl. VSO 1118 - Perfora desired aata.aUc aaneuver to final 
PDAI analu 

u aou xxx.xx• 
u Pitch xxx. xx• 
13 t• ux.xx• 

To reject attitude aaneuver : 
If vi thin MP deadband lillita . 6 further adjua t  .. nt about 
duired wector is not duired. 
X., EHTR. ao to step 1 7 .  exit 160/852 

If M1T detent podtioa code vas 0 (LPD/COAS calibration) • 
exit 160 ODly 6 10 to s tep 12 , 

To perfora attitude ..neuver : 
a. To adjust 9ebicle attitude 6 hawe LGC reco.pute 

plllbal analu : 
Select deaired attitude control �e -
ACA - ..neuver as deaired 
S/C :  PGIIS ev - ATT HOLD 
ley ,., 
Return to beginning of atep 15 . 

b .  To perfora attitude aaneuver unually : 
Select duired attitude coatrol .ade -
ACA - ...auver to required attitude 
Key PRO 
Return to beginning of s tep 15 . 

c. To perfora attitude aaneuver auto-.tically : 
GUID CONT ev - PGNS 
S/C :  PGNS av - AUTO 
Key PRO 
Go to step 16 . 

REMARKS 

Aut�tic attitude aaneuvers are �re efficient ( i .e • •  
propellant-ti .. product 1a lower) than aanual attitude 
aaaeuvers . 
If final ca.puted FDAI anglea result in +90• 1• . trau­
foraation fro. IHll to FDAI angles in roll and pitch 1a 
iDdeterainate and Rl and R2 will be aero. 

Adjua�nt is not poesible in all cues , including roll 
attitude adjua tllent . 
Ref para 4 . 5 . 1 .  

I f  GUID CONT sw - PGNS and S/C : PGHS sw - AUTO • LGC 
�da auta.atic attitude .. neuver. 

Ref para 4 . 5 . 1 .  

Automatic trim maneuver is to b e  considered essential 
for asneuvering to thrusting attitudes . 
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LH 3158 

jcREW· PNL PROCEDURES MAN 

4 . 9 . 1. 2 IMU Realisn Prosram (P522 (cont2 
16 . If PGNCS automatic attitude maneuver selected:  

DSKY displays are blanked until completion of automatic 
maneuver .  Monitor FDAI belly band, with respect to color 
band on roll bezel,  to avoid gimbal lock. 

REMARKS 

If desired, Key extended verbs 
or 
Key Vl6 Nl8 - Final FDAI angles 
Rl Roll xxx. xx• 
R2 Pitch xxx. xx• 
R3 Yaw xxx .xx• 

Key KEY REL 
Belly band covers separation between heaiapherea of FDAI 
ball. Belly band, in color bands on each aide of FDAI 
roll bezel ,  would indicate IMU middle gt.bal angle � 75• .  

I 
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PROCEDURES REMARKS 

4 . 9 . 1 . 2  IMU Realign Program (P52) (cont) 

17. 

18. 

Monitor return of preceding display , indicating autoaati� !During this aaneuver, LGC will terainate autoaatic 
aaoeuver 1a co-plete . IUDeuver if S/C:  PGNS aw is switched out of AUTO. 
To atop LK .otioo if gimbal lock is approached : 
S /C :  PGNS aw - ATT HOLD 
Select desired attitude control aode - !Ref para 4 . 5 .1 • 

ACA - aaoeuver to required attitude 

Return to step 15 • 

In-Plight Sighting Mark ltoutine (R53) 
Poas PIOG lt - OD 
Key YOS M091 - Cell alar. 

31207 - Ho Yt.£ area for aarka 
31211 - Il1eaal interrupt of extended verb 
Key UY IEL & RSET 

rL VOl M7l - Detent/star codes 
U OOCDE 
R2 ---
13 -­
Accept : K., PRO 
Reject : � V211 - Load cleaired codes 

If detent code 7 (backup optics) is being uaed , go to step 
18; otherwise ,  go to atep 19 . 

PL Y06 H87 
u Azi.-th 
R2 llevatiOD 
13 

xxx.xx• 
xxx.xx• 

Accept :  ley PRO 
Reject : Key V24E - Load desired data 

Star pairs should be separated by at leas t so• . 

Am detent/LPD/COAS codes (para 4 . 4  . 12) . 
Star/planet list (para 4 . 4 . 8) . 

Azi ... th and elevation, with respect to LK, of apeeified 
LOS . AziJMJtb 1a defined as angle Masured f ro- LK +Z­
axis to LOS projected to LK Y-Z plane . Polarity ia + 
for negative rotation about LK +X-axis (y.w rigbt) . 
Elevation is defined as angle -asured fro- LOS to LK 
Y-Z plane . Polarity is + for LOS above LM Y-Z plane . 
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LM 979A, LH 3166A, LH 3207 , LH 3231 

=· PNl ·� PllOCEDUIES 

� . 9 . 1 . 2  DIJ balip Proar- (PS2) (coot) 

�. PL YS4 H71 - Pleue aark X or Y 
U OOD6S - Deteot/Star codu 
12 ZOOOX - l urb 
13 ZOOOY - 1' urb 

Select d .. ired attitude cootrol aode . 

"-""r for tarpt croaaina oear center of reticle (Aar 
or mAS) . Mark X or 1' • u appropriate (at leut one of 
each required) • 

To cbeop aark reject option: 
KeJ an 
To cluaap Detent/Star code: 
le, Y32E , ratura to atep 17 
To taraiuta : 
Key Y34E 
n. V37 B­
Key Dl 

IWIUDPT loutioe (&57) 
Poaa PIIOG lt - on 
To diaplay alara code :  
Key VOS ll09 E  - Call alara 

00111 - Mark ainiD& 
00112 - Hark or aark reject not beina accepted 
00113 - No iobita 
OOllS - No .. rb to reject 
Key UY IEL ' ISET 

To have LGC calculate LOS to star after aarkins sequence 
1e cc.plete : 
Key PliO 
If s tar code 00 ,  ao to atep 33 ; otherwise , ao to step 12  
if  thia was f i rst  star or  go to s tep 34 if  this was 
second a tar. 

REMARKS 

jHaxi- value for X or Y 1a S ;  additional .. rb overwrite 
fifth .. rk . Z•l in lll/13 iDdicatu which urk 1e en­
abled for rejectina. Hark reject 1a en.bled for only 
one axis at a tiae . Noraally , Z•l for lu t axia .. rlted ;  jh011ever, .. rlt reject enable .. Y be 8Witcbed baclt and 
forth between X and Y axes by keytna ENTR . 

lef para 4 . S .l.  PGNCS ainiaua illpulae aocle (Y76E) (NO jDAP lt - on) ia reczrnmtded , but N;S pulae or direct aay 
alao be uaed . PCNCS aiU.. iapulae 1a diaabled by 
lteyina Y77E. (NO DAP lt - off) To reduce pcMaible error 
iDduced by IC>U traoaienta , three to five pain of aarb 
(X and Y) should be .. de oo each a tar. 

f'ro reject X or Y .. rk u indicated in ll2/B.3 of N71 , 
REJECT pb - push 

�--�--�----------------------------------------------------------�-------------------------------------------------------� 
· -···· 
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LH 97�A, LH 3166A, LM 3207 , LM 3231 

IeREW· PNL PROCEDURES MAN 
4.9 . 1 . 2  IHU Realip Progr .. (P52) (cont) 

20 . Lunar Surface Sighting Mark Routine (R59) 
FL VOl N70 - ACYr detent/s tar code 

Rl OODSS 
R2 ----
R3 ----
C - NYf detent code 
DE - S tar/planet code 
Accept : by PliO 
leject : hy V21E - Load desired codes 

21. Celatla l  Body Definitioo lloutioe (R58) 
If aur/plmet code 1a 00 ( planet) ( can be used for 
DOD-LGC cataloaed stars) 
FL V06 H88 - Celestial body UDit poeitioo vector 
c�u at GET 

u .DID 

12 .DUX 

R3 .DXXX 

Accept : hy PliO 
leject : � V251 - Load correct positioo vector ca.-
ponents 

22 . Poaa FL V05 H09 - Alara 
00404 - Star LOS not within 30• of optical axis for 
any ADT detent position 
Accept without acquisition data:  Key PRO - Go to s tep 16 
leject : ley V32E - Recycle to step 12 

23. FL V06 H79 
u Cursor aoale JXX. xx• 
R2 Spiral angle XXX.xx• 
R3 lOr poaitioo OOOOX 
X • 1 ,  2 .  3 - Forward positions 

• 4 ,  5 ,  6 - lear positions 
Accept :  Key PIO 
Reject : ley V321 - Recycle to step 12 

I REMARKS I 
I 
I 

Ref para 4 . 4 . 12 .  
Ref para 4 . 4 . 8 .  
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LH 97U. LH 31664.. LK 3207. LK_l_Ul 
leaR 
MAN PNl PIOCIDUIES 

DIJ lulip Proar• (PS2) (coot} �.9 .1 .2 
�4 • stabttaa Hark ..... u. ... (153} 

Pau PIDG 1t - oa 
bJ 90.5 11)91 - Call alan 

31207 - ., YM: ••• for urb 
31211 - Illep1 hterrupc of ucaded ••rb 
181 Dl IlL • lift 

n. 901 171 
U OODIS - 1Dt det•t/.car code 
u --
13 -
c - Mit dec.c code 
DB - Scar/pl..ec code 
Accept : 181 no 
lajecc : bJ 'f21l - LcNid -.ired code& 

jls. c.u.ua1 1cN1J Deftaictoa Joutiae (1.58) 
lf atar/plaDet code 1a 00 (plaaet) and Curaor/Spira1 
optioo 1D atep 11 (9321) vu Mlected: (can be uaed 
for DOD-LCC cataloaed acara) 
n. 106 IU - CelM�ial body •it poeitioo Yector 
eo��poaeata at c:a 

U .DUX 
R2 .DUX 
aJ .DUX 
Accept : 1e7 no 
lejecc : leJ Y2.51 - Load correct poaitioo vector coa­
poaeata 

,26 . ft. 9.52 H71 - Pleue .. rlt cursor 
11 Mit clat•t/atar code OODSS 
U Curaor IIU'b ZOOOC 
13 Spiral -.arb zooos 

lef para 4 .4 . 12 .  
le f  para 4 .4 . 8 .  

REMARKS 

Kaxi•ua value of C or S t. S ;  additional urka overwrite 
fifth urk . Z.l or 0 ;  ooe ,  and ooly ooe , of the Z ' s  
equals 1 a t  any ooe tt.e . Z•l indicates vhic:b type of 
reticle .. rk or urk reject is enab led. Enable can be 
svitc:hed back and forth by keying ENTI. 

I � � :1 ,  � � 
I 



LK 9 79A. LM 3166A. LK 3207. LK 3231 

f lcREW·
I PNL ;:;· I MAN � 

• 

.... 0\ 
VI II , 
" 
• g. II ., 
... 
"' ..... 
... 

n r t 
f 

., 

I 
• . 
"' 
I ... .... 0 

NYr 

4 . 9 . 1 . 2  

PROCEDURES 

IHU Realign Prograa (PS2) (cont) 

Reticle cant - center target in cursor 
To reaelect detent/s tar code : 

ley V32E - return to step 24 
To switch aark reject enable & request spiral .. ru : 

ley EHTR - so to s tep 29 
To iodicate .. rks c�lete : 

ley PIO - go to step 32 
To .. rt : 

�..,. � X or MARK Y 
Poes PIOC lt - on 
To diapley alant code : 
Key VOS N091 - Call alana 

00111 - Mark .tasing 
00112 - Mark or .. rt reject DOt beins accepted 
00 113 - No !abita (in chanoel 17) 

27 . PL V21 N79 - Load cursor angle 
U Cursor --
12 --
1.3 --
�..,. IXX.JX•E - curaor anale 

28. PL V06 N79 - Verify curaor anale 
Rl Cursor xxx . xx• 
lU --
Ill --
To reload : JAy V21E XXX.xx•E 
To contiaue : ley PRO - return to step 26 

29 .  PL V53 N71 - Please aark spiral 
Rl AOT deteot/a tar code OODSS 
U Cursor -rb ZOOOC 
Ill Spiral -rks ZOOOS 

II 

REMARKS 

To reject cursor aaru , key REJECI . 
Cursor aaru aay be rejected as long aa any reaain. 

DES RATE sw aay be used as a backup aark device in 
event of a MARK X or MARK Y failure . 

To load aa.e CURSOR angle previously loaded lEY V33E or 
v ,  p� 

Kaxiata value of C or S is S ;  additional aarb overwrite 
f ifth aark . Z•l or 0 ;  one , and only one , of the Z ' s  
equals 1 at any one tilu . Z•l indicates which ty pe  of 
reticle aark or .. rk reject is enab led . Enable can be 
swi tched back and forth by keying ENTR • 

§ 
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MAN 
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PN. PIOCEDUIES 

4.9 . 1 . 2  DIJ a..lip Proar• (PS2) (coot) Nrr I letic:le CODt - cater taraet iD spiral 
To ruelect cleteat/stu code : 

'-Y V321 - retara to step 24 
To .-ritc:h •rk reject eaable • request cursor 
aarka : 

'-Y arra - retura to step 26 
To iDdic:ate .uu c:o.plete: 

'-Y no - ao to step 32 
To .. rk: 

'-Y MAR J: or K&B t 
P•s PIOG lt - aa 
To dtapby alan c:ode :  
l.ey VOS ., 1  - C&ll elara 

00111 - Mark ld.aalq 
00112 - Mark or .. rt reject aot beiaa accepted 
00113 - lo lDbits (in c:h...al 17) 

lO .  n. V22 179 - Loed spiral uala 
1.1 -
12 Spiral -
aJ -
'-Y 1D.u•1 - spiral anale 

31 . n. V06 179 - Verify spiral •ale 
1.1 -
12 Spiral DJ:.u• 
aJ -

To reload : Key V221 JXI.Il• a  
To coatiDue: ley PIO - retura to s tep 29 

32 . P•s n vso 12s 

133.  

11 00016 
12 OOOOJ: Ju.ber of aark data sets rejected during 

c:o.putatioa (if any) 
To take 110re aaru : ley ENTR - return to step 24 
To c:ontiaue : ley PIO 

FL V06 N88 - eo.poneata of planet uait pos ition vector 
If star coda oo .  ao to step 33 ; otherwise go to step 24 , 
if this w .. first star 1 or go to step J4 ,  if this was 
sec:ood star • 

REMARKS 

To reject spiral aaru . key IEJICT. Spiral aaru .., 
be rejected .. loaa .. �Y r.-ia. 

DES lATE .., aay be uaed u a backup aarlt device iD evut 
of a HAll X or HARK Y failure . 

To load s ... SPIRAL �ale .. previouely loaded lEI V33E. 
or V1 PRO 

Data would be rejected if : 
a .  Star is within 2 •  o f  AOT optical axis . 
b .  Star is beyond 2s . s• fro• AOT optical axis . 
c .  Hore than 28 iterations are required to converae 

to a solution . 
d .  Sign of iteration step changes .ore than once . 

Coaponents of planet uait  position vector defioed at GET 
in reference coordinates . Coaponents aay be coaputed 
aanually onboard or received froa KSFN • 

I � � s '  Z w  · &  
I 
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MAN I PNL 

4 .9 . 1 . 2  

PROCEDURES 

IHU Realign Prograa (P52) (cont) 

R.l X . XXXIX 
R2 y . XXXIX 
ll3 Z . XXXIX 
Accept : Key PRO 
Go to s tep 12 or s tep 24 if cursor/spiral 
if this was first s tar 
or 
Go to s tep 34 if this was second s tar 
Reject : Key V25E - Load desired coaponents 

4. S iahtina Data Display Routine (R54) 
FL V06 N05 
R.l Si&hting angle difference xxx .xx• 
1l2 --
RJ --
Accept : Key PRO 
Reject : Key V32E - Go to step 36 

5 .  Gyro Torquina Routine (R55) 
PL V06 M93 - Gyro torquing angles 

IU x xx .xxx• 
R2 Y xx .xxx• 
R3 z xx.xxx• 
Accept : Key V76E , PRO 
Reject : Key V32E - Go to step 36 

6 .  PL V50 N25 - Checklis t reference 
Rl 00014 - Perfora f ine allan 
12 --­

R3 ---
Accept:  Key PRO - Go to step 11 
Reject : Key ENTR 

7 .  PL V37 N-­
ICey XXE, V77E 

ll DB. Reaove power froa NYr as desired : 
CB/AC BUS A :  AOT LAMP - open 
CB/AC BUS B :  AOT LAMP - open 

- --···--- -

REMARKS 

05 is defined as dif ference between indicated angle 
(from aarks) and actual angle ( s tored epheaeris data) . 

If CUID CONT sv - PGNS and if either S/C : PGNS av - AU'IO 
or if V77 ( rate coa.and) is in effect and S/C: PGNS sv -

ATT HOLD , DAP will aaneuver LM to follow IHU as it aoves . 

PRO allows gyro torquing to be performed before s tep 36 . 

Select des ired program. 

,.. i 
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LH 3207 =I PNL PllOCEDUIE5 
j4. 9 .1.  3 ISS Coara• Alip 

1 .  

12· 

P· 

K-ey VU H201 
Paee OPR IIR lt - oa (if aay other extended verb is active 
or if uro torquiDa or .-. ewitchiq 1a in procua) 
bit V41 120, K-ey ISET 

n. V21 N22 - Load CDU aaalu 
u oc ux.u• 
12 IG ux.ue 
13 HG ux.u• 
To CODtbue :  Load dairad CDU aaalu 
To ter.iaata: K-ey V341 

V41 - eoara ... aliiD CDU'• 
lxit if ISS tu� or caain& ie iD procua (with or 
without m Aft lt - OD) • 

II) Aft lt - OD 
II) DAP lt - oa 
lxit , if PIOG lt - off 

Paee PIOG lt - oa 
K-ey YOS 11091 - Call alan 

00211 - Coaree aliiD error (DOt withiD z• of desired 
•••> 

If ISS -.lfuactloa 1a DOt iDdicated , ca.pare actual with 
dedred ail*al -alea : 
K-ey Vl6 N221 - Duirad ICIJU aaalu 

u oc ux.ue 
u IG ux.xr 
13 MC ux.u• 

K-ey 1201 
ll OG  
R2 IG 
R3 MC  

- ICDU aaalu 
ux.u• 
ux.u• 
ux.u• 

Reaelect coaree aliiD : 
K-ey UY IEL ' RSET 

REMARKS 

Purpose of ISS Coarse Align procedure 1a to align IHU to 
at-hal aaalea specified by aa trooaut . 

All reais ters initially b lank ;  therefore , V33E optioa iD 
rupoaae to display should Dot be •ed beca ... e it vill 
caue c:oarae align to aaalea that are probmly Dot ltDawD 
to Mtroaaut . 

!JIO ATT lt ruaiu OD after at.bala have been driven 
to apedfiad aalu. Li&ht aay be extiquiabed aDil 
coare ... aliiD aode teraiDated by V40 N20E (Zero CDU'e,  
!para 4 .6 . 1 . 21) or V42! (Torque Gyrae , para 4 .9 .1 .4) . 

i � �  i 9  z w  i i  i 
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LM 3231 
IeREW·! PNL MAN PROCEDURES 

4 . 9 . 1 . 4  Torque Gyros 

LGC Power-Up ( required) 

lHV Power-Up (LGC Operating) ( required) 

11. To load A 11ro anglea > +99 .999 • .  load three double pre­
cision LGC registers : 

ley V21 HOlE 02737! 
XXXXXE 

NlSE 
IDXXE , E 
YYYtYE ,  E 
YYYtYE ,  E 
ZZZZZE, E 
ZZZZZE 

Otherwise : Go to step 2.  

j;z.  � V42E 
Poas OPR ERR lt - on 
Exit V42 • J:ey ISET 

p.  n. V21 N93 - A gyro angles 

jt.. 

11 x n.xxx• 
1.2 Y xx.ux• 
R3 z xx.xu-
If step 1 not perfor-ed : Load desired A gyro angles 
If step 1 perfor.ed : Key V33E only if gyro torquing 
regis ters loaded before keying V42E . 

V42 - Fine align 

�- NO ATT l t  - off ( i f  on previously) 

REMARKS 

Purpose of Torque Gyros procedure is to fine-align s ta­
ble member by torquing gyros . Care should be taken to 
avoid middle gimbal angles >7o• (no programmed teat for 
middle gimbal angles before torquing) . 

Ref para 4 . 6 . 1 . 1 • 

Ref para 4 . 6 . 1 . 3 .  ISS should be on 15 ainutes before 
thrus ting aaneuver • 

Loading angles )90• is intended for ground use only . Bit 
14 of high-order word repreaents 180• ; bit 13 , 90• etc . 

�imua negative gyro torquing angle is 37777 ,  37743 ; 
1aaximua positive gyro torquing angle is 40000 , 40034 . 
Any angle > maximum will produce ca..aoded torquing 
angle of zero. �ddle gimbal angle should be < 7o• . 

iOPR ERR lt - oa if another extended verb fr011 ll76 1a 
active or if mode avitching or gyro torquing 1a ill 
process . �11 registers initially blank. 
If GUID CONT av - PGNS and if either S/C : PGNS av - AUTO 
or if V77 (rate ca..and) is in effect and S/C:  PGNS av -
!ATT HOLD , DAP will maneuver LM to follow IHU as i t  -.,vea . 
Middle gimbal angle should be <7o• . 

t � 
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CREW· PNL MAN PROCEDURES 

4 . 9 . 1 . 4  Torque Gyros (cont) 

6 ,  Key Vl6 N93E 
Monitor A gyro angles countdown to zero during torquing . 
Key KEY REL 
or 
Perfom step 7 

7 , Alternat ive aonitor procedure : 
ley Vl6 N20E - Monitor gimbal angles during torquing 

Rl OG xxx. xx• 
R2 IG xxx .xx• 
R3 t«; xxx. xx• 
ley KEY REL 

REMARKS 

As each axis is torqued ( in Y ,  Z ,  X sequence) ,  data 
displayed in N93 for that axis is divided by 64 and 
counted down . 

----··- - L- ·---- -----
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4. 9. 1.5 DocUd "-ual DIJ Coane Allp!!at 

LGC P-.r-Up (ft41alncl) 

11m PCRrer-Up (LGC Operatia&) ( ft41ulnd) 

1 .  ... • •  t CSM edect urrow de&Aaacl attitude hold ia atti-

2.  

l. 
4.  

5.  

6 .  

7.  

t ... CDD._ieat for _.1 tr .. fer coane aU...-at • 

.......t Meld .. iatadac:e rall callbratioa •ale (4 •> . 
......t ' neon preaaat cmt lCDU •alee . 

Calculate • aacord Ul lCDO •11•• : 
Ul CSM cY) oc • + 'i"J...oo-6o• 

(P) IC • - IC + 110• 
(a) ��: • -11:-

le7 V41 •201 - Coaree-alip ICDU 

••• ora aa lt - OD 
bit V41 •20 , by ISIT 
n. V21 •22 

n oc JD.xx• 
az IC ID.D• 
aJ ��: JD.xx• 
Load cleaired CDU •alee . 
V41 - Coaree-alip (CDU'a) 

10 ATT lt - aa 

Poaa PJI)G lt - oa 
lay 905 1091 - Call alan 

00211 - Gi..,ala did aot clrhe to cleaired •ales 
Key DT UL ' ISIT 
.... laet coarea alip , atap .5 

ley Vl6 •201 - MODitor ICDU coane alipant 
a1 oc JD.u• 
R2 IG ID.u• 
R3 MC JD.xx• 

IEM41KS 

.. f para 4.6 . 1 . 1 .  

.. f  para 4.6. 1 . 3 .  ISS abould b e  oa 15 lliautea before 
thr'U8tiaa -•er • 

OPR IU lt - oa i f  .other ezteaclecl wrb froa a76 h 
..:tift or i f  _,.. awitcbilll or 17 ro torquiaa h ia 
proeaaa . 

I 
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LM 3231 
lcREW·I PNL MAN 

1/2 

PROCEDURES 

4 . 9 . 1 . 5  Docked Manual IMU Coarse Align.ent (cont) 

8. 

9 . 

Record final LM I CDU angles 
l.ey KEY REI. 

Perfora ICDU Zero procedure 

Request 6 record 18 re ference stable melllber -trlx 
(REFSMMAT) values fro• CSM. 

10. Key V21 N01E 17llE 

l.ey fint co111ponent XXXXXE 
l:ey Nl5E , second COIIIpOnent XXXXXE , E 
l.ey third cOIIpODeDt XXXXXE , E 
l.ey fourth through 18th c0111ponent -----E , E 

11. Procedure for setting REFSKFLG: 
l.ey V25 N07E 

Rl 77! 
R2 lOOOOE 
R3 lE 

4.  9 . 1 .  6 Crescent Alia!l-.nt of PGNCS ( IMU) 

Appropriate CB activation (required) 

LGC Power-Up (required for steps 5 thru 10) 

1. 

IMU Power-Up (LCC Operat ing) ( required i f  LGC Powered up) 

Establish PGNCS total attitude display : 
ATTITUDE MlN sv - PGNS 
ORDEAL: 

FDU 1 av - INRTL 
FDAI 2 sv - INRTL 

II 

REMARKS 

Re f para 4 . 6 . 1 . 21 .  

Use LGC Update Prograa (P27) as alternative -.thod of 
loading REFSMMAT. 
Index •alue , 24 (octal) ; ECADR is 1731 .  

Setting REFSKFLG indicates to LGC that REFSHHAT i s  
•slid. REFSMMAT defines IKJ orientation in inertial 
space • 

Purpose of this procedure is to align PGMCS (IMU) in con­
tingency situation , using either AOT ,  LPD, or COAS , to  
earth ' s  crescent . 

Ass�tions : (1) LGC and IMU are capable of operation 
and (2) vehicle configuration may be LM/CSM or LH/CM. 

Ref para TBD . 

Ref para 4 . 6 . 1 . 1 .  

Re f para 4 . 6 . 1 . 3 . 

Ref para 4 . 5 . 3 . 1 .  

,. � 6 
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3. 

I'IIOCa � 

9 . 1 . 6  Cr.eceat AlJf!went of PCRCS (IMU) (caat) 

Select •etnd optical ayate•: 
a. COAS - iaetall ia CDI' • wiadGW 

Cl n.T DIIP: CDM - cloae 
COM ew - ND 

b .  Aat.utb coat - r 
Cl liT&: IIYf - cloee 
Cl/1£ an a: MJT 1M&' - eloee 

c. LPD nfen.ce ala 

.._.wer to -.atn eartb 1a aptieal ayateae 
field of Yin . 

.._.wer to alip refenace liM alooa • iotenectiDI 
poiata of cneceat . If LCC 1e aot aYaUIII.t. (i . e  • •  tu-rued 
off or failed) . 10 to atep 11 . 

lay V41 N201 - Coane-alip ICDU 
n. V21 N22 
Ke, required data 

IEMAIICS 

lither 1Jl or CSM .., ... u,.r 1 f  docked . 'lbia procedure 
requ.irea oo reatrictiOil OD •au of ._.weriq • 

Pll vill update dednd +1-uia directiOD to be either 
tGWard , or •a, fr011 , ••· See diaar- belov. which 
illply un of NYr .ad CDM . 

S/C + X  

TOWARD 
SUN 

.., be : 

REFERENCE 
LINE 

a, COAS : CDR viodov - o• , o• , o• 

S/C + X  

AWAY FROM 
SUN 

b ,  ADT (Aziauth coat - P) : o• , 315• , o• 

300lM8-2061 

Ve rb 41 oouo 20 uaea coene alip relay , which r-aina 
energized I.Rltil released by atep 7.  (IHU h fixed with 
respect to LH body . )  

I 
� �  i f a w E '  I 
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4 . 9 . 1 . 6  Crescent Alianaent of PGNCS (IHU) (cont) 

6 .  

7 .  

8 .  

9 .  

I f  further accuracy is required : 
ley V41 N20E . V33! 

ley V40 H20 
Verify reference line is properly aligned . 
ley !lrrll 
Wait 15 sec before keying V37 • 

Set REPSMKAT f las : 
ley V2S N07! 

77£ 
10000! 
lE 

Set DlliPT flas: 
ley V37E SlE 

no 
V37! 00! 

1 10 .  I f  AGS is operetional & AGS alisnaent is desired : 
ley D!DA C 400t-30000E 

l n. 
12 . 

If LGC is available . skip steps 11 & 12. 

CB PCNS : 
IMU STIY - close (verify) 
IHU OPll - cloee 

Wait 90 sec . 

S/C :  IMU CAGE aw - ON (.o.entarily) 

4 .9 . 1 . 7  LM IMU AliJ!!!ftt to CSM Gyro Display Coupler (GDC) 

Appropriate Cl activation (required) 

LGC Power-Up (required) 

IHU Power-Up (LGC Operating) (required) 

REMARKS 

HSPN .. y request that llEFSMMAT be uplioked and subsequent 
P52 (IHU Realign Prograa) option J be perfor.ed. 

Eaergizes IHU cage relay aod initiates 11ro spin-up . 
Allows 11ros to ca.e up to speed. 

Releases platfor. at present vehicle orientation. 

Purpose of this procedure is to provide steps to be 
taken in contingency situation .  for aligning LM IKU to 
CSH GDC . 

Asau.ptions : (1) LGC and IHU are capable of operation 
and (2) vehicle configuration aay be LM/CSH or LM/CH. 

llef para TBD. 

llef para 4 . 6 . 1 . 1 .  

Ref para 4 . 6 . 1 . 3  • 
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PIOCEDUIES REMARKS 

4 . 9 . 1 . 7  LM IMD A111P!!Dt to CSH Gyro D1ap1!f Coupler 
(CDC) (e•t) 

1. 

2.  

3 .  

4.  

s .  

6 .  

7 .  

8 .  

letablub PCKS total att1tade dupuy : 
A'I'TITUDI IIJI • - PAS 
OIDW.: 

I'DAI 1 • - ID1'L 
l'DAI 2 • - ID1'L 

.........t CSH ao to 111n- dudbaad attitude hold . Requeat 
6 copJ CSH CDC ATT SIT diala (1, P, t) • 

Caleta1ate LM ICDU aaal• : 

Ref para 4 . 5 . 3 . 1  • 

LM (OC) • 300• + A f - at (I) I A f • CSM roll 1adu doc:Jtiq aoale. 
Ul (IG) • 110• + CM (P) 
Ul (JIG) • 360. - Ql (!) 

ley 941 1201 J Coaree-aUpa LM DIJ to iDput aq1 .. .  
PL 921 122-Loed ea1eulated LM ... lea fraa atep 3 .  

Ke, 941 1201, 9331 J Ioera .... ac:curac:y of c:oarae alia-at . 

ley 940 120 
Verify CSM at pnper attitude 

l leleuea LM UIJ .  ley an. 

lotify CSK that lliat.u. deedbaod attitude hold ia DO 
loqer required. 

Set UPSIMA.T flq : 
ley 925 1071 

771 
100001 
11 

9 .  Set Dlin flq: 
ley 9371 Sll 
no 
9371 001 

1 10 . If dedred . re..-t NSPN upl1Dit UI'SMHAT. Allows P52 (IKU Realign Progr .. ) optioo 3 to be perfor.ed 
with autaaatic: optics . 
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ICREW·I PNL MAN PROCEDURES 

4 . 9 . 2  ACS 

4 . 9 . 2 . 1  PGNCS/ACS Allan 

AGS Power-Up (required) 

AGS Checkout (desired) 

LGC Power-Up (required) 

IHU Power-Up (LGC OperatiDI) (required) 

AGS Initialization Routine (R47) (required) 

1. lxerciae ICDO fiae-alian .. itches : 

REMARKS 

Ref para 4 . 6 . 2 . 1  • 

Ref para 4 .6 . 2 . 4 .  

Ref para 4 . 6 . 1 . 1 .  

Ref para 4 . 6 . 1 . 3 .  ISS should be OD 15 ainutes before 
thrustin1 .. neuver .  

. ..... 

Must be repeated vhen PCHS is alianed to oev inertial 
reference (ref para 4 .6 . 1 . 18) . 

This atep eliainates possibility that tranaieata re­
aultiDI froa actuatioa of ICDU f iae-alip .. i tchu rill 
de1rade perforaance of AGS a111aaeat to PGRCS IMU and 
preveats possibility of a coarae alip traaaieat 
jeopardizin& AGS ability to achieve clear pericyathioa 
in event of AGS abort froa lunar surface . 

� ! '  - �  
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LH 3207 r =I PN. I  .. PIOCEDUIES I n REMARKS 
i 
'6 I I 14. 9 .2 . 1  PGNCS/ACS Alip (c:oot) 

N 
Cl' 

Ill a. latabliah attitude c:oatrol .ade :  
• ( 1) AGS attitude hold/rate c:o .. aod - !Ref para 4 . 5 . 1 . 6 . "0 " 1 CDID OONT av - ACS • 1- 3 S/C: 
• ACS av - ATT BOLD .. 
... a>LL , PITCH, & YAW av - PI)DI OONT 
\0 DIAD lAID av - HAX ..... 
... 1 ENG TBil OONT : BAl. CPL av - ON 

(2)  PCNCS attitude hold/rete c:o..aod - Ref para 4 . 5 . 1 . 3 . 
,.. 

CDID 0011' av - PCIIS � 
3 I S/C : I= 

PCIIS av - ATT HOLD 0 
WJLL , PITCH , & YAW av - PI>DE alRT or PULSE 

i � n ( 3) Durina docked fli&ht,  reque8t that CSM aaintain at-I" titude hold. Eatabliah at titude c:ootrol .ode -t ACS pulae : Ref para 4 . 5 . 1 . 7 . 5 �  f 1 CDID CORT av - ACS o ;  3 S/C: ACS av - AUTO or ATT BOLD 
lOLL , PITCH, & TAW av - PULSE Z w  

1 ENG TBR OONT : IAL CPL av - ON "' &  
AGS direct : Ref para 4 . 5 . 1 . 8. i CUID OONT sv - ACS � 

3 I S/C :  AGS av - Auro o r  ATT BOLD • 
lOLL, PITQI , & YAW av - DIR I ENG TBR OONT : IAL CPL av - ON 

PGNCS llint.. illpulae : ! Ref para 4. 5 . 1 . 4 .  � I GUID OONT av - PGNS 
S/C : PGIIS av - ATT HOLD 

II>LL , PITQI , & YAW av - HODE OONT 
ley V76E 
No DAP lt - on 

(4)  On lunar surface , ao to step ld . 
""0 

b .  Hooitor ICDU anales :  I CDU angles correspond to followina LH rotations : Q G Key Vl6 N20E Rl OGA - Yaw • � Rl OGA xxx .xx• R2 IGA - Pitch 
R2 ICA xxx . xx• R3 K;A - Roll 
R3 HGA xxx . xx• 

If all three re&iaters read >11 . 25• , go to step ld . 
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jcREW·I PNL MAN PROCEDURES REMARKS 

4 . 9 . 2 . 1  PGNCS/AGS Align (cont) 

2. 

3. 

4 .  

c .  Obtain desired ICDU angles : 
If undocked , aaneuver LM via ACA until all three DSKY 
registers read >11. 2s• 

d. Perfora ICDU Zero . ! Ref para 4 . 6 . 1 . 2 1 .  

C�d PGNCS /AGS Align : 
Key DEDA C 400+30000! 

Verify aliga.ent ca.plete : J +OOOOO should appear within 2 seconds after s tep 2 .  
Key DEDA C 400R 

Verify alignaeat accuracy : 
a .  In fli&ht 

( 1) Establish AGS total attitude display on one FDAI- I Ref para 4 . 5 . 3 . 3 .  
ATTITUDE HON sw - AGS 
ORDEAL : 

FDAI 1 av - INRTL 
FDAI 2 av - INRTL 

(2) Establish PGNS total attitude display on other f Ref para 4 . 5 . 3 . 1 .  
FDAI 

( 3) Coapare total attitude display of PDAI ' s .  
FDAI ' s  should agree within 2• . 

b .  Lunar surface 
(1) Key DEDA C 132R 

+ ABCDE (octal) 
(2) Repeat ateps 2 ,  3 ,  & 4b (l) . 
( 3) If D of address 132 changea .ore than two octal 

digits , repeat PGNCS/AGS Align procedure . 

4 . 9 . 2 . 2  Backup AG S  Alisnment (Usina AGS Body-Axis Aliga.ent This procedure is to be used i f ,  for any reason , PGNCS 
alignment cannot be transferred to AGS via CDU . and PGNS IMU) 

DAP Data Load Routine (required) (ainiaum deadband) 

AGS Power-Up (required) 

AGS Checkout ( required) 

LGC Power-Up ( required) 

IMU Power-Up (LGC Operatin&) (required) 

Ref para 4 . 6 . 1 . 8 .  

Ref para 4 . 6 . 2 . 1  . 

Ref para 4 . 6 . 2 . 4 .  

Ref para 4 . 6 . 1 . 1  • 

Ref para 4 . 6 . 1 . 3  • 
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1 , 2  

� . 9 . 2 . 2  nt 

1. 

2 .  

IHU Orieatatioa Deter.ination Proar .. (PSl) ( required) 

Perfor. Crew-Defined Kaaeuver Routine (162) to aero 
outer , iaaer ,  and aiddle &t.bal analea of IHU (N22) • 

Caa.and body-azis alian-ent : 
Key DEDA C 400+50000! 

,3 . Terainate aliaa-nt : 
hy DIDA C �� 

4 .  Verify aliaa-ent accuracy : 
a.  Es tab lieb AGS total attitude display .ade on one FOAl­

ATTITUDE ti>N .., - .A.GS 
ORDEAL: 

FDAI 1 8V - INRTL 
PDAI 2 8V - INRTL 

b .  Eatabliab PGNCS total attitude display llode on other 
PDAI-
ATTITUDE ti>N sv - PGNS 

c. eo-pare total attitude display of FDAI ' s . FDAI ' s  
should aaree vitbin 2• . 

4 . 9 . 2 . 3  Backup AGS Alil!!!nt (Using AGS Body-Axis 
AU.-nt aDd AOT) 

AGS Power-Up (required) 
AGS Checkout (desired) 
AGS Total Attitude Display 
Ca..unications Basic ( required - near earth) 
or 
S-Baad Steerable Antenna Act ivation (High Power) 
(required - lunar distance) 
Rendezvous Radar antenna in AOT position ( desired) 

11 1 1 .  CB HTR : AOT - close 

CB/AC BUS A: AOT LAMP - close 

Ref para 4 .9 . 1 . 1 .  

Re f  para 4 . 6 . 1 . 9 .  

Ref para 4 . S . 3 . 1 .  

Ref para 4 . 6 . 2 . 1 .  
Ref para 4 . 6 . 2 . 4 .  
Ref para 4 . 5 . 3 . 3 .  
Ref para 4 . 13 . 2 . 1 .  

Ref para 4 , 2 . 20 .  

REMARKS 

Rendezvous Radar Coarse Align (para 4 . 6 . 3 . 3) .  

AOT heater should be turned on at leas t 25 ainutea before 
selecting this procedure , to prevent fogging of AOT lens . 

CB/AC BUS B :  AOT LAMP and CB/AC BUS A: AOT LAMP are 
redundant . If a-c bus A loading is large , CB/AC BUS B :  
AOT LAMP can be closed . Never close both cb 's at saae 
time • 
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4 .9 . 2 . 3  

PROCEDURES 

Backup AGS Alignment (Using AGS Body-Axis 
Aliga.ent and AOT) ( cont) 

AOT I RETICLE BRIGHTNESS cont - adjus t 
Azimuth cont - F 

2 .  Deteraine s tar pair <Jo• apart . Record • 

3 .  Center pri- star i n  AOT :  
3 I S /C :  

AGS 11W - ATT HOLD 
lOLL , PITCH , 6 YAW 11W - MODE CONT 
DEAD BAND ew - MIN 

1 I GUID CONT IIW - AGS 
ENG THR CONT : BAL CPL sw - ON 
ACA - aaneuver LM to bring pri- star to center of reticle 

4.  Rotate reticle to place !X-line or  !Y-line on second star . 

Record AOT ind - XXX.x• 6 line identification . 

5 .  Perfora body-axis align : 
Key DEDA C 400+50000E 
l ... diately key DEDA C 400+00000! 

6 .  Report recorded data t o  HSFN. 

7 .  P•s new PDAI attitude angles provided b y  HSFN : 
ACA - aaneuver as required 
Key DEDA C 400+50000E 
Key DEDA C 400+00000E 

8. Reinitialize LM 6 CSH s tate vectors . 

/' 

REMARKS 

Stars must be included in RTCC l is t  (data stored in RTCC 
memory) . Spread between chosen s tars should be as close 
to 30• as practicab le • 

Because of restrictions on AEA coaputations , LH Y-azis 
must be >lo• fro• LM orbit  plane . 

Body-axis align. 
Release align (attitude hold) . 

LM must be within LOS of HSFN at t i- of report . 

AGS Attitude Hold/Rate Ca.aand (para 4 . 5 . 1 . 6) .  

AGS aanual LM/CSH State Vector Update (para 4 . 6 . 2 . 7  and 
4 . 6 . 2 .9) . I f  LGC portion of PGNCS is usab le ,  uplink AGS 
s tate vectors to LGC via P27 (para 4 . 6 . 1 . 7) and perfora 
AGS Initialization Routine (R47) (para 4 .6 . 1 . 18) . 
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4.9 . 2 . 4  Creacent Alian.ent of AGS (ASA) . 
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Appropriate Cl activation (required) 

AGS Power-Up (required) 

AGS Checkout (cluired) 

1. latablish AGS total attitude diaplay : 
ATTI'l'UDI MDM av - AGS 
caDW. : 

P'Dll 1 av - IHllTL 
P'DAI 2 av - IHllTL 

2.  Select deeired optical syat .. : 
a. COI.S - inatall in CDll'a vinclcN 

11 CB ft.T DISP : COAS - cloae 
8 COAS av - PWD 
MYt b.  Azt.ath coot - F 
11 CB IITa: ADT - close 

CB/M:. IUS B :  AOT LAMP - cloae 
c. LPD reference azis 

3 . HaDeuver to acquire earth in optical syat ... field of view. 

4. Haaeuver to allan reference line alona & interaecting 
pointe of earth ' •  creacent . 

REMARKS 
Purpose of thia procedure 1a to allan -AGS (ASA) in con­
tingency situation , uain& either AOT , LPD , or COAS , to 
earth ' s  crescent . 

Aaau.,tiona : (1) AEA and ASA are capable of operation 
and (2) vehicle confiauration .. Y be lJl/CSH or lJl/CH • 

Ref para TID • 

Ref para 4 .6 . 2 . 1 .  
Ref para 4 .6 . 2 . 4 .  

Re f  para 4 . 5 . 3 . 3 .  

Either lJl or CSH .. Y IIAileuver i f  docked. Tbia procedure 
required oo reatriction on .. ana of aaneUYeriaa. 

HSFN will update desired +X-Axis direction to be either 
toward , or away fra. , sun. See diagr ... below , vbich 
illply use of AOT or COAS .  

SIC + X 

TOWARD 
SUN 

REFERENCE 
LINE 

SIC + X 

AWAY FROM 
SUN 

300i.M8-2061 
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CREW·I PNL 1 PROCEDURES MAN 
4. 9 . 2 . 4  Crescent Alignment of ACS (ASA) (cont ) 

5 .  Key DEDA C 400+50000E 
C 400+00000 (verify attitude) 
ENTR 

6. I f  AOT is used : 
Pitch up 45• on mAI . 
Key DEDA C 400+50000£ followed i..ediately by 

C 400+00000E 

4 . 9 . 2 . 5  AGS AliJQ .. nt to CSH Qyro Display Coupler 
or CSH Pri .. ry Systea 

Appropriate CB activation ( required) 

AGS Pawer-Up ( required) 

1.  Estab lish AGS total att itude display : 
1/2 I AlTITUDE HON sw - AGS 

ORDEAL : 
PDAI 1 aw - INRI'L 
mAl 2 sw - INRI'L 

3 1 2 .  S/C: 
ROLL , PTICH, YAW - - PULSE 
AGS sw - ATT HOLD 

3 .  Reques t  CSH ll&lleuver to : 
Roll (CSH) • 300• +6f 
Pit ch (CSH) • 180• 
y., (CSH) • o• 

4 .  Key DEDA C 400+50000E 

5 .  Key DEDA C 400+00000 
On CSH .. ric 
Key ENTR 

• 

REMARKS 

Releases ASA plat for.. 

Purpose of this procedure is to provide s teps to be taken 
in contingency situation , for aligning AGS (ASA) to ori­
entation de fined by either CSH IMU or GDC . 

Aasmaptions : ( 1) AEA and ASA are capab le of operation , 
(2)  vehicle configuration aay b e  LH/CSH or LH/CH, and ( 3) 
CSH will pe rfon any �UDeuvering . 

Re f  para TBD. 

Ref para 4 . 6 . 2 . 1 .  

Re f  para 4 . 5 . 3. 3. 

6f • CSH roll index docking angle .  

Body-axis alignment . 

CSH mark will  be given when CHP verifies vehicle con­
figuration at proper att itude • 

I f  use of AGS External 6V routine is desired,  HSFN will 
provide s tate vectors for loading into AEA . 

t 
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MAN PNL I PROCEDURES 

4 .  9 .  3 LUIIAJ. SUUACE ALIGMHUT 

4 . 9 . 3 . 1  PCIICS r..tar Surface Alip Proar• (PS7) 

LGC Ponr-Up (nquind) 

LGC Self-Teat (claaired) 

IMU Power-Up (LGC Oparatiaa) ( nquired) 

Readanoua radar aatanna in NJT poai tioa (cleaired) 

11 1 1. Verify Cl BTil: NYr - cloae 

11 1 2 .  CI/AC IUS A :  NYr LA11' - cloae 

NJT I DTia.E IRIGIITH!SS cODt - adjuat 
IIY'l ind - ooo. o• 
Aat..lth CODt - P 

3.  lay V37! S 7E 
Po.. PIOG lt - OD 
lay YOS R09E - Call alana 

00210 - D«< aot oa 

Perfona IMU Power-Up (LGC Operatina) p rocedure . 
lay liT IEL ' RS!T 
n. V37 N--
lay XXE - Exit PS7 

4 .  n. V04 N06 - Opt ioa code 
Rl 00001 - Specify IMU orientation 
R2 00003 - UPStltAT option 
13 -----

REMARKS 

Purpoae of PGNCS Lw.ar Surface Alip Proar- (PS7) 1a to 
aUp or nalip UIJ to oaa of thna oriaatatiODa 
aalacted by crew : 

1. Pnfe rnd 
2. REPS !fiAT 
3. Ladiaa •it• 

Proar• S7 c:aa be uaed to provicla IMIJ alia-at ia tiM­
critical ••raeaciaa b efon uceat • 

lef para 4 . 6 . 1 . 1 .  

le f para 4 . 6 . 1 . 13.  

le f  para 4 . 6 . 1 . 3.  ISS ahould be oa lS ld.autea before 
thr.-tiDI -.meu.e r .  
leaclenoua bclar Coene Alip (para 4. 6 . 3 . 3) .  

ltDT beatera should be tuned oa at laM t  2 S  ld.autaa ba­
fon aelectiaa thia procedure , to pnWDt fogiq of ll1r 
leu . 

CI/AC IUS A: Mit LAMP •d CI/AC IUS I :  NYr LAMP an 
reduad•t . I f  a-c b• A loadiq 1a lar .. , CI/AC IUS 1 :  
NJT Ull' c:aa be cloeed iutaad. lleftr cloaa b•h cit 'a at 
... u • .  

Re f  para 4 . 6 . 1 . 3. 

Naainal opt ion cannot be selected on lunar sur face . 
If pre ferred orientation is selected , but one has not 
b een de fined , ao alara will result , but aliaa-&Dt will 
be worthless • 
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4 . 9 . 3 . 1  PGNCS Lunar Surface Align Program (P57) (cont )  

R 2  1 • Preferred 
2 • Nominal 
3 • REFSHHAT 
4 • Landing site 

Accept : Key PRO - If R2 • 3 or 1 go to step 6 
Reject : Key V22E - Load desired option 

5 .  FL V06 N34 - T (Align) 
Rl OOXXX hr 
R2 OOOXX ain 
R3 OXX.XX sec 
Accept :  Key PRO 
Reject : Key V25E - Load desired T (Align) or all zeros . 

6 .  FL VOS N06 - Option code 
Rl 00010 - Assuaed alignaent mode 
R2 00000 - Option (any time) 
R3 OOCDO - Data code 
R2 0 - Any tiae (time critical) 

1 • REFSHHAT & Lunar-g determination 
2 • TWo bodies (star/planet)  
3 • One body & lunar-g determination 

RJ C • 0 - REFSHHAT not defined 
C • 1 - REFSHHAT defined 
D • 0 - S tored LH attitude not available 
D • 1 - S tored LH attitude available . 

Accept : Key PRO 
Reject : Key V22E - Load desired option 

7 .  I f  option code 00000 or 00001 was selected i n  step 6 :  
Poss FL VOS N09 - Alarm 

00701 - Neither present REFSHMAT nor stored LH 
attitude avai lable 
Alarm alternatives : 
a .  Key V32E - Recycle to step 6 and select another option 

or 
b .  Key V34E - Terminate P57 

FL V37 N--
Key XXE 

II 

REMARKS 

Display initialized to contents of N33.  If Pl2 was 
partially performed after landing , N33 was defined as 
TIG (AS) . 
I f  all zeros are accepted , T (Align) is present tiae . I 
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4.9 . 3 . 1  PGIICS Luaar Surface Alip Proar• (PS7) ( coat) 

8. If optioe code 00000 or 00002 vu .. lectecl iD atep 6, 10 to1 
atep 11. 

" 
• 1/2 ''· AtTITUDE IIJII • - PCIIS 
IJ. 
• 
'1 

.... "" ..... .... 

f 
r 

i 
• 
• 

f 
N 

10. 

DIJ fint poeitioo : Deeirecl aillbal aalu aet at 
OG • +42• ,  IG • -42• , MG • +3S 1/4• 

110 ATT lt - oe 
Pou PIOC lt - OD 
leJ 90S 81 - Call alan 

00211 - G:lllllale did DOt drive to vitbiD 2• of 
deaind •11• 
00217 - •• returo froe atall routiDM 

1eJ II! IlL ' ISIT 
110 ATT lt - off 

DIJ aeCODd poaitioa : Calculated , buecl oa Yebicle attitude 
after ladiDI 6 rotatiaa 110• arouad arntty vector. 
lepeat procedure of firat ,a.itioa. 

PL V06 11)4 - Grnity error •11e 
u JD.u-
&2 -
R3 -

Accept : Key PIO 
lajact : Key V32E, raturD to atep 9 or 

�ey V34E - Ter.iaate PS7 
PL V37 N-
Key UE 

11. Defiu tbia to be firat pua .  If , iD atep 6 ,  optioo code 
00002 or 00003 vu aalected ad data code vu all zeroa , 
perf ora a tepa 12 tbroup 24 . otherviae ao to a tap 26 ; if 
optiOD code 00000 or 00001 vu aalected, ao to a tap 26 . 

12.  Luur Surface Siahtiq Hark loutioa (159)  
PL VOl H70 - AOT deteDt/a tar code 

Rl OODSS 
R2 -
13 --

REMARKS 

PDAI • lf20 (pr .. eDt ICDU ualu) are a.ailele to 
wnaitor Dl1 chua .. .  

110 ATT lt - oo vbUe ItiJ 1e coaree-alipiaa to firet 
pa.itiOD. 

NO ATT lt - off iadicatea IKU ia iDertial . 
eo.,letioo of aeCODd pa.itiOD aU...-t c:c.pletu deter­
lliutiOD of ...., arnity vector G.  

UDtU thie atap (iD fint aacutioa of PS7) , LGC ... ._ 
luaar aravity vector to be parallel to LGC' a  curreatly 
atored value of radiua-l.adiaa aita (ILS) , the laadiq 
aite vector , if P68 vu previoaaly perfor.ed. If P68 
vu DOt previoudy perfor.ecl , diaplay 1a -•hal•• 
OD firat paaa .  

. �---._ ___ ._ __________________________________________________________________ _. __________________________________________________________ � 
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4 . 9 . 3 . 1  PGNCS Lunar Surface Align Program ( P 5 7 )  ( cont )  

1 3  • 

C - AOT detent code 
DE - Star/plane t  code 
Accept : Key PRO 
Rej ect : Key V21E - Load desired codes 

Celestial Body Definition Routine (R58) 
If star/planet code is 00 (plane t) ( can be used for 
non-LGC cataloged stars) 
PL V06 H88 - Celestial- body unit position vector 
cOIIJ)onents at GET 

Rl .xxxxx 
R2 . XXXXX 
R3 . XXXXX 
Accept : Key PRO 
Reject : Key V25E - Load correct position vector compo­
nents 

1 14.  Poes FL V05 H09 - Alar. 

I 
15 . 

00404 - Star LOS not within 30• of optical axis for 
any AOT detent position 
Accept without acquisition dat a :  Key PRO - Go to step 16 
Reject : Key V32E - Recycle to step 12 

FL V06 H79 
Rl Cursor anale XXX .xx• 
R2 Spiral anale xxx .xx• 
R3 ADT position OOOOX 
X • 1, 2 ,  3 - Forward positions 

• 4 ,  5 ,  6 - Rear positions 
Accept : Key PRO 
Reject : Key V32E - Recycle to step 12 

16 . Sighting Mark Routine (R53) 
Pass PROG lt - on 
Key V05 N09E - Call alarm 

31207 - No VAC area for marks 
31211 - Illegal interrupt of extended verb 

Ref para 4 . 4 . 12 .  
Ref para 4 . 4 . 8 .  

REMARKS 

' 

5 6 
� � � ._,.  - 3  0 ,  
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4 . 9 . 3. 1  PGNCS Luaar Surface A111ft Proaraa (P57) (coot) 

17. 

Key UY UL 6 RS!T 
PL VOl N71 

Rl OODSS - ADT deteot/atar code 
R2 ---
R3 ----
C - AOT detent code 
DE - Star/planet code 
Accept : Key PRO 
Reject : Key Y21E - Load deaired codea 

PL Y52 N71 - Pleue .. rlt curaor 
R1 OODSS - AOT deteot/atar code 
R2 cureor .. n. ZOOOC 
R3 apiral .. n. ZOOOS 
Reticle coot - center taraet in curaor 
To re-aelect cleteot/atar code :  
ley Y32E - return to previoua atep 
To witch .. rlt reject enable ad requeat apiral .. rita : 
Key EMTR - ao to atep 20 
To 1Ddicate .. rita ca.plete : 
Key PIO - ao to atep 23 
To HARK: 
Key HARK X or HAll. Y 

Poaa PROG lt - OD 
To display alara code : 
Key YOS 11091 - Call alara 

00111 - Kart .taaioa 
00112 - Nark or .. rt reject not being accepted 
00113 - Mo inbita ( 1D channel 16) 
00115 - No .. rita to reject 
ley KEY UL 6 US!T 

18. FL Y21 N79 Load curaor angle 
11 Curaor -----
12 -----
13 -----
ley xxx .xx•E curaor angle 

Ref para 4 . 4 . 1 2 .  
Ref para 4 . 4 . 8  • 

REMARKS 

Haxiaua value of C or S ia 5 ;  additional aarlta o.e�ite 
fifth aarlt. Z • 1 or 0, only oae of Z 'a equala 1 at any 
one ti.. . Z • 1 indicates which type of reticle aarlt 
reject is enabled . Enable can be avitched back and 
forth by keying ENTR . 

To reject cursor aarlta - key REJECT. Cursor aarlta aay be 
rejected aa long u any r ... io . 

DES RATE aw .. , be uaed as a backup for , or iD place of , 
HAll. devices . 

I � �  I ! & 
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4 . 9 . 3 . 1  PGNCS Lunar Surface Align Program (P57) (cont) 

19 . FL V06 N79 Verify cursor angle 
Rl Cursor XXX .XX 

20 . 

R2 -----
R3 -----
To reload : Key V21E XXX .XX•E 
To continue : Key PRO - return to step 17 

FL V53 N71 - Please aark spiral 
Rl OODSS AOT detent/atar code 
R2 curaor aarks ZOOOC 
R3 sprial aarks ZOOOS 
Reticel coat - center target in apiral 
To reselect detent /star code : 

Key V32E - return to atep 16 
To switch aark reject enable and reques t cursor .. rks : 

Key ENTR - return to step 17 
To indicate aarks coaplete : 

Key PRO - go to step 23  
To MARK :  

Key MARK X or HARK Y 
Poss PROG lt - on 
To display alar- code : 
Key V05 N09E cal l  alan 

00111 - Mark aisaing 
00112 - Mark or Hark reject not being accepted 
00113 - No inbits ( in channel 16) 
00115 - No aarks to rej ect 
Key KEY REL 6 RESET 

2 1 .  FL V22 N79 Load apiral angle 
Rl -----

2 2 .  

R2 Spiral -----
Rl -----
Key XXX .xx•E Spiral angle 

FL V06 N79 Verify apiral angle 
Rl -----
R2 Spiral XXX . xx• 
R3 -----
To reload : Key V22E XXX . XX  E 
To continue : Key PRO - return to atep 20 . 

REMARKS 

To reject apiral aarka - Key REJECT . Spiral aarka aay be 
rejected aa long as any remain. 
DES RATE av aay be uaed aa a backup for ,  or in p lace of , 
MARK devices . 

5 
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4.9 . 3 . 1  PGMCS Luoar Surface AliJD Prosr .. (PS7) (cont) 

23.  P01a PL YSO N2S 
11 00016 
12 OOOOX Nu.ber of .. rk data seta rejected 
To taka 110ra .. rka : 

Key DITR - retura to atep 16 
To continue : 

Key PRO 

24 . Ce1eatial lody DefiniUoa Routine (RS8) 
If star/planet code ia 00 (p1eaet) : 
PL V06 N88 - Celutial body unit poeitioa vector 
c:a.pODeGt • at GET 

11 X .DXXX 
R2 y .xuxx 
13 z .:axxx 
Accept : � PIO 
Rej ect : ley V2SE - Load correct poaition vector co.po­
•nta 

25. Repeat atepa 12 thru 24 for aecoad celeatial body (if 
option code 00002 vaa selected in step 6) . 

26. P01a PL Y06 N22 - Deaired ICMJ anglea 
Rl oc ux .xx• 
12 IG XXX . xx• 
13 �e ux.xx• 
Key PRO 
P01a NO ATT lt - oa 
No DAP 1t - oa 
Poaa PIOG lt - on 
Key YOS N09E - Call alara 

00211 - Gi.Oala did not drive to within 2• of 
deaired angles 
00217 - Bad return froa stall routines 
Key nY REL ' RSET 
NO ATT lt - off 
No DAP lt - off 

REMARKS 

Data would be rejected if : 
a .  Star i s  within 2 •  o f  AOT optical axia 
b .  S tar is beyond 2s.s• fro. AOT optical axis 
c .  More than 28 iterations are required to coaverae oa 

a aolution 
d .  Sign of iteration step chanaea 110re tban 

once . 

If gyro torquing angle exceeded s• and on first paaa . 

NO ATT lt - on while IHU is in coarse-align aode if 
gyro torquing angle exceeded s• on any pass . 

NO ATT l t  - off indicates IHU is inertia l .  

I � � j !  � 
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I PNL I PROCEDURES 
I l 4 , 9  . 3 . 1  PGNCS Lunar S urface Align Program (P57) (cont) 

2 7 .  I f  option code was 00000 i n  step 6 ,  go t o  s tep 32.  
I f  this was fi rs t  pass and opt ion code was 00002 or 
00003,  perform s teps 12 through 24 , and define this to 
be second pas s .  

28.  Sighting Data Display Routine (R54) 
FL V06 N05 

Rl Sighting angle difference XXX . xx• 
R2 
R3 
Accept : Key PRO 
Reject : Key V32E - Go to step 32 

2 9 .  FL W6 N9 3 - Gyro torquing angles 
Rl x xx. xxx• R2 t xx . xxx• 
a3 z xx .xxx• 
Accept : Key PRO 
Reject : Key V32E - Go to step 32 

30 . Pose NO ATT lt - on 

NO DAP lt - on 

31.  

32 . 

Pose PROG lt - on 
Key V05 N09E - Cal l alara 

00211 - Gi•bals did not drive to within 2• of 
desired 11ngles 
00217 - Bad return fro• stall routines 
Key Ut REL & RSET 
NO ATT lt - off 
NO DAP lt - off 

Deleted 

FL VSO N25 - Checklist reference 
Rl 00014 - Perfora fine align 
R2 ---
R3 ---
Accept fine align : Key PRO - Return to s tep 11 
Reject fine align : 

I f  option code was not 00002 : Key ENTR or V34E , exit 
P57 
FL V37 N-­
Key XXE 
I f  option code was 00002 : ltey ENTR 

I REMARKS 

Sighting angle difference (NOS) is defined as difference 
between indicated angle ( fro• .. rks) and actual angle 
( from ephemeris data) , 

PRO allows gyro torquing to be perfor.ed before s tep 30 .  
I f  any torquing angle >s• ,  LGC will coarse-align IMU . 

NO ATT lt - on while IMU is in coarse-align .,de i f  gyro 
torquing angle exceeded s •  on any pass.  

NO ATT lt - off indicates IHU is inertial . 
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4 . 9 . 3 . 1  PGNCS Luaar Surface Alii! Proaru {P57) (coat� 

PL V06 H89 - ea.puted laadiaa aite coordiaatea 
11 Latitude II.ID• 
12 Loqitude/2 u.ux• 
Rl Altltada XD.u .. 
lajact : Key V2SI ' load d .. ired coordiaatea 
Accept optloa : Key PRO - Update atorad ILS ,  exit P57 
Teraiaate optioa: � Vl41 - Teni-te, exit P.57 
PL Vl7 1-
ley Ill 

33 . a.o.. pcMtr froa ltl1t :  
CA/N:; IUS A:  1Df LNIP - opeD 
CA/11£ IUS 1 :  NYr LNIP - open 

-

REMARKS 

I 

I 

I I 
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jcREW-1 PNL MAN PROCEDURES 

4 .9 .3 .2  AGS Lunar Ali&D (400+40000) 

CAUTION 

AGS Lunar Aligo routine is constrained to a 
aasi.ua tilt anale of either X or Y body-axis 
to local horizontal plane of 30• .  At higher 
tilt anales , possible AGS overflow can occur , 
resultina in incorrect align.ent • 

AGS Power-Up (required) 

AEA Self-T .. t (desired) 
1.  Receive 6o enter azi.uth correction (A 6 )  (for corrections 

<s•) or cos 6L, sin 6L (vithA 6 • 0) (for corrections 
)s•) ,  for luaar rotation 6o CSH plane change fra. HSFN if 
available. 
hy DEDA 
C S47+XIXXXE (octal) A6 
ad/or 
C 053+XXDXE (octal) Cos 6L 
ad 
C 047+XXIXXE (octal) Sin 6L 

2 .  Start lunar aliao : 
Key DEDA C 400+40000! 

3. If desired, take star sighting on knovn star , using AOT ,  
c�icate reticle counter values 6o AOT detent to 
HSFN as follows : 
CB/AC BUS A: ADT LAMP - close 

Locate known star or planet (taovn to RTCC) visible through 
AOT (AOT detent as required) . Rotate reticle control to 
center target in cursor lines , observe reticle counter 
value , 6o transait value to HSFN verbally . Rotate reticle 
coot to center target in spiral lines , observe reticle 
control value , 6o verbally , tranaait value to KSFN .  Trans­
ait AOT detent position to HSFM verbally . 

... 

REMARKS 

Purpose of AGS Lunar Align (400+40000) procedure is to 
align AGS , using lunar gravity to find local vertical , 
and stored lunar azimuth angle . 

Ref para 4 . 6 . 2 . 1 .  

Ref para 4 . 6 . 2 . 3 .  

Hini.ua o f  3 ainutes is required to perfora lunar aligD. 
Final lunar align should not be terainated until 
vithin +4 ainutes of noainal lift-off tt.e (by keyiD& in 
C 400+000ooE or C 400+10000!) . Early exit froa lunar 
align results in align.ent error accu.ulation at rate of 
approxiaately 1 . 5. /hr (lunar rotation rate) . 

CB/AC BUS B :  AOT LAMP and CB/AC BUS A :  AOT LAMP are re­
dundant . If a-c bus A loading is large ,CB/AC BUS B :  AOT 
LAMP can be closed . Never close both cb ' s  at s.-e tiae. 
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1:1 PHI. PIOCEDURIES REMARKS 

14 .10 !!!!!!! 5o11011iDJ proc:eduru 1Dc1uda DPS , APS , aud RCS thrua t ,  aDd powered uc:.at proar- arr-..d ia tvo-co1- forut u 
parate PQICS or AGS proceduru . ropthu , PGHCS ia the left col- aad AGS ia the ri&h t ,  th� prcnriu au iatearated 

/N;S procedure ; vhn _. CGIIpUter is ia coatrol (PGHCS or AGS) , tbe other 1a at foll011Up atatue ready to ••-­ro1. PGIICS-eoatro1W, pcMered duuat proar- , vith the AGS prepared for orbit iaaertioa, are &lao iacluded ia 
tbis HCtioa • 

�.10.1 OUl'rAL !IIIDST 

� . 10 . 1 . 1  DPS !bn.t Proar• (P40) With AC'S Poll!!!UP/Ia Coatrol Do aot uee thia procedure for docked 
DPS barn. Por docked DPS bara , aae Docked DPS !bruat Proar• (P40) With 
AGS Pollovup (para 4 . 10 .1 . 7) . 

Purpoae of DPS !braat Proar• (P40) 
With AGS fo11owap/Ia Caatro1 proce­
dure is to ca.pate preferred IMD 
orintatioa ad LM attitude for DPS 
thraa t -•r ad to ...._.r Ul 
to thruat1q attitude . !his proc:.hrt 
coatrola PG»CS/AGS duriq coaatdalna, 
ipitioa, thraatiq, -.1 thraa t 
teniaatioa. 

!brut ftctor at npae atart MJ 
aot be directed tbrouab LN enter 
of aravity ; therefore , aoraal a tart 
profile for all daaceat aqiae 
atarta ia at 10% throttle for 26 
aecoada to per.it corrective ai.­
balioa . If deac:.at eaaioe is 
a tarted at hi&h tbrua t ,  RCS pro­
pellaut aaa t be uaed to atabilin 
vehicle ; extr._ , -.eotary 
unbalance .. , exceed RCS ca.peaaa­
tioa capability . 
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LH 3231 

CREW- PNL PROCEDURES MAN 
� . 10 . 1 . 1  DPS Thrust Proaram (P40) With 1£ Followu_p/ln Control (cont) 

I 
REMARKS I 

� 
Descent engine .ust not be operated 

I 
in throttling range of 60% to 
9 2 . S% ,  where operation of cavitating 
venturia in flow control valves 
becomes unpredictable and aay cause 
incorrect fuel-oxidizer aixture 
ratio. Operation in 60% to 9 2 . S% 
range will cause excessive engine 
erosion and early coabustion 
cha.ber bum-through . 

Following sequence of procedures aay 

,.. § 
cause probleas : 

1 .  PJX ,  followed by P47 ,  followed 
by P40 , P41 ,  or P42 ;  prethruat 
coaputatioaa aay be overwritten 
by P47 . 
To recover:  
Perfor- PlX, followed by P40 , 
P41 ,  or P42.  

2 .  Deleted 

� � i '  a w ! i I 
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� . 10 .1 . 1  DPS tbnaat Proar- (P40) Vitia AGS PollC!!Up/Ia Coatrol (coot) 

lin Bade (Uutapcl) (required) 

IC8 B•le (U..tapd) (nquired) 

IPS Preparatiaa for DPS lura 
(tf ft411dred) 

_.. Pnuviaatiaa ad Checkout 
( ftlplirM) 
c tcati- lute (nqured ­
.... eartla) 
._._. lteerale ut ... Actlntiaa 
(a1Jia .... 1') (ftflllind - J.aar 
diat--) 

LGC r ... l'-Vp (nflllincl) 
LGC lelf-T•t (._1ncl) 

LCC tt. Yalid (nquired) 

LGC atate Yeetor Yalid (reqalnd) 

1Im PGINr Up (LGC Operatiq) 
(nquired) 

IHU Orientatloa Deterlliaatloa Pro­
araa (P51) (required) 

DAP Data Load loutiae (103) 
(required) 

Appropriate pretbruat proaraa 
(requi red) 

MPS lade (Uutapd) (required) 

ICS luie (UM tapd) ( required) 

IPS Preparatlaa for DPS lura 
(if required) 

DPS rr .. auriaatiaa ad Oaacltout 
(nflllired) 

c-icat1_. Iaale (required -
..u urda) 
s-.... StMrable Aataaa Act1nt10D 
C81P p.,...) (re41uired - l..u 
dtat•ce) 

REMARKS 

Ref para 4 . 13 . 3 . 1 .  

la f  para 4 . 13 . 1 . 1  • 

Ref para 4 . 13 . 4 . 3  • 

laf para 4 . 2 . 29 .  

Ref para 4 . 13 . 2 . 1  • 

lef para 4 . 2 .20 • 

lef para 4.6.1.1.  

le f  para 4.6.1.13.  

LCC/CIIC Clock S78dnaiaatioa 
lout18e (Ill) (para 4 . 6 . 1 . 15) 

LCC Update Pl'OJI'• (P27) (para 
4 . 6 . 1 . 7) or LH ._....._ lartp­
tiaa Proaraa (P20) (para 4 . 1 . 2 . 1) 

Ref para 4 . 6 . 1 . 3 .  ISS abou1d be oa 
15 alaut .. before thruatlaa .. -
aeuver. 

Ref para 4 . 9 . 1 . 1 .  

Ref para 4 , 6 . 1 . 8 .  I f  docked vitb 
CSH, IALCHANU aaoeuver rate loaded 
1D R03 abould be o .s• or 0 . 2• / 
second 

Ref para 4 . 7 .  

I � � I ! i � I 
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CREW-
MAN PNL PROCEDURES 

� . 10 . 1 .1  DPS Thru.t Proar .. (P40) With AGS Po11owup/In Control (cout) 

AGS Power-Up (required) 

AEA Self-Teat (deaired) 

AGS tiM Yalid (required) 

AGS LM atate •ector Yalid (required) 

AGS CSK atate Yector Yalid (required) 

AGS a11sn-ent Yalid (required) 

AGS Wb Vector Update (required if 
aiaaiou varrauta) 

Appropriate prethru.t proeedure 
(required) 

• 

REMARKS 

Ref para 4 . 6 . 2 . 1 .  

Ref para 4 . 6 . 2 . 3 .  

AGS Manual Abaolute Ti- IDitialiaa-
tioo procedure (para 4 .6 . 2 .6) or AGS 
Initialization Routine (147) (para 
4 .6 . 1 . 18) 

AGS laitia1izatioa loutiae (147) 
(para 4 .6 .1 .18) or AGS Jluual LM 
State Vector Update/luitializatioa 
proeedure (para 4 .6 . 2 . 7) or AGS 
Mallua1 laadePoua bclar LM State 
Vector Update procedure {para 
4 .8 .2 . 2) 

AGS laitializatiaa Joatt.e (147) 
(para 4 .6 .1. 18) or AGS Kaaaal piK 
State Vector Update pr�• {para 
4 .6 .2 .9) 

PClfCS/AGS Alip {para 4 .9 .2 .1) ,  1-.:1 
up AGS Alt.-at (Ueiq AGS W,... 
Axle AlipiMilt aad PGMS Dl1) (para 
4 ,9 . 2 . 2) ,  or Backup AGS Ali,...at 
(Uain& AGS Body-Axia A11,a.eat aad 
AOT) (para 4 . 9 . 2 . 3) 

Ref para 4 . 6 . 2 . 15 .  

Ref para 4 . 7 .  I f  AGS TPI eearcb 
prethru.t procedure vu uaed, TPI 
ezecute .uat b&Ye beeo ae1ected aub-
aequent to that procedure. 
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CREW- PNL MAN PIOCEDUIU REMARKS 

� . 10 . 1. 1  DPS Tbruat Proar• (P40) With AGS Pollowup/Ia Control (coat) 

�- Prepare PQGS for thruat IIOilitoriaa: PVLliT QT! tllM .., - DIS 1 
If DIS QT! vara lt - on .  it 
cea be turned off after ullaae 
aettliaa h&l been .. tabliahed by 
cycliaa PIPUI't Q'rt lllR av - OFF . 
thea DIS 1.  

I If PGNCS in followup. ao to atep 6 . 1  
12. latab11ab attitude control : 

GUID COliT av - PGRS 
S/C : 

PGIIS .., - AIJ'l'O 
jGS - - All"rr 
lOLL. PITCH. 6 TAW .., - ti>DE COHT 

�- latab1iab PGICS total attitude & 
attitude rate/error diaplay : 
ATTITUDI 101 aw (1) - PQIS 
ATT:mJDB II* av (1) - AGS 
IATI/IU lllR .., (2) - LDG lDI/QIPU 

�- Baab1e ACA/TTCA: 
Ma/4 .1IT av (2) - ENABLE 
TTCA/TIAIISL av (2) - IIIABLE 
TBIOTTLI/JITS coat (1) - JETS 
TlllmTLE/JITS coat (1) - '1'111DTTLE 
EIIG TBI COliT: ATT /TRABSL av - 4 JETS 
Ala PlOP .., (2) - !liABLE 

15.  Prepare coatrola for DPS bum : 
IRG TBl CONT : 

TBI CONT av - .. required 
HAM THROT av - aa required 
ENG AitK av - OFF 

ABORT pb - reaet 

1. Prepare PQGS for thrust .,aitor- PQGS low-level detection circuit 
in&: PllPLMT QT! lQI .., - DES 1 vill latch up in 1ow-quaotity po-
If DIS QTt vam lt - on. it aitioa if aeaaor probe• are aot 
can be turned off after ullage 1-ned in propellat due to lack 
aettliaa b&l been .. tabliahed of ullaae aett11aa. PQGS abould be 
by eyeliD& PIPLHT QTt ti>N av to in operation 15 aiDut .. before 
OFF • tha DIS 1 .  atart of tbruat . but abould not be 

operated coatiDaOUl)' .,n tba 4S 
lliautu . 

Ref para 4 . 5 . 1 .  

le f  para 4 . 5 .3 . 1  aad 4 .5 . 3 . 2 .  

ENG THR CONT : MAN THROT av - CDR (SE) 
when CDR (LKP) THROTTLE/JETS coat -
THROTrLE . 

-- -- - -------- ---- --- - -- - - -- - - -- - -
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CREW- PNL MAN PROCEDURES 

lft . lO . l . l  DPS Thruet Proar .. (P40� With AGS Pollowu2/In Control (coot) 

AIOU STAGE pb - re .. t 
IDa STAaT pb/lt - off 
En& STOP pb /lt (2) - reset 
DIS EIG am OVU aw - OFF 
DG QIIL aw - EMABLI 
lNG TllR COIIT: BAL CPL aw - ON 
S/C :  DIAD BARD aw - MIN CB S/C: 

DECA PWR - cloee 
DES lliG OVID - cloee 

l tf AGS in follovup, ao to step 7 . 1  
2 • 

3.  

4.  

s. 

Est8blish attitude control : 
�ey DEDA C 400+00000E 

GUID CONT aw - AGS 
S/C : 

AGS aw - AUTO 
PGHS aw - AUTO 
ROLL , PITCH , ' YAV aw - K>DE CONT 

letabliah AGS attitude error ' 
total attitude display : 
ATTITUDI 11)11 ., (1) - AGS 
ATTITODI !01 n (1) - PGRS 
IATI/EU tmlf n (2) - LDG IDil/aiP'TK 

Eaable ACA/TTCA: 
ACA/4 JET n (2) - EMABLI 
TTCA/TIAIISL n {2) - !RAILE 
TIIIOTTLI/JZTS coot (1) - TIIIOTTLE 
TIIIOTTLI/JETS coot (1) - JETS 
EIIG TllR COlT :  ATT /TIAKSL aw -
4 JETS 
ACA PlOP n (2) - IMABLI 

Prepare controls for DPS burn: 
IMG TBil CONT :  

Till COHT aw - IWI 
IWI THBDT aw - aa required 
DG AIM aw - OFF 

ABORT pb - reeet 
ABORT STAGE pb - reeet 
En& START pb/lt - off 
Ena STOP pb/lt (2) - reset 
DES ERG CHD OVID aw - OFF 
ENG GHBL aw - ENABLI 
ENG THil CONT: BAL CPL aw - ON 
S/C :  DEAD BAND aw - MIN 
CB S/C :  

DBCA PWR - close 
DES ENG OVRD - close 

�----- �- �- -

REMARKS 

PreYenta possible attitude aaneu.er 
at s• and/or 10. /aecond . 

Jaf para 4 . 5.3.4  aad 4.5 .3 .3 .  

ENG T8l. CONT : IWI TlliOl' aw - CDR 
(SE) when COil (UiP) TBIDTTLE/JETS 
coot - THROTTLE. 

' 
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CREW- PNL MAN 
4 . 10 . 1 . 1  

PIOCEDUIU 

DPS Tbru.t Proar .. (P40) With AGS Pollawup/ID Coatrol (cODt) 

6 .  CODfir. allal8 thraahold : 
Key DIDl c 6161 
MOdify ullaa• threahold : 
Key DEDA C 616+000!T! 
Go to AGS atap 9 .  

7 .  Select d .. irad aatdaace ateerlaa : 
• •  Z-axta parallel to CSM 

orbit plea• -
by DIDA C 62l+OOOOOE 

c 400+10000! 
or 
b .  z-axia apacifiad by Wb vee-

tor 
by DIDl c 623+10000! 

c 400+10000! 

8 .  Delated 

To 8Vltch to AGS : To 8Vitch to PGRCS : 
ENG TBa C01ft: TBI COHT 11V - HAN GUID C0trr 11V - PGNS 
Cl S/C : AKA (pal 11) - c1oae Go to PGNCS atep 6 .  
Go t o  AGS atap 9 • 

REMARKS 

Ullaa• tt.e 1• 2TY aacODda dapeadlaa 
OD ullaaa volu.e. YY 1a dataraiud 
froa followiaa : 

a..ataty 2 Jata � !!!! --m 
100% to 25% 4 3 

20% 7 5 
15% 8 6 
lOZ 11 8 

6% 12 8 
JZ 13 9 

! 

I 
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ClEW- PNL MAN PROCEDURES 

•• 10. 1. 1  DPS thruat Pro.r- �p�� Witb AGS Pollowup/la CODtre1 �eoat2 

�- Select PleO: 
K.ey V37t: leOE 

P•• PL VOS R09 - Alana 
01706 - Loaotled LM eoafiparatioa 
iadicataa DPS at••• 
PIOC 1t - Oil 
'-7 V341 ' ISIT 
PL V37 11--
� XU - bit PleO 

P•a PIOG 1t - • Key V05 .,1 - Call alan 
00210 - IMD DOt operatiOD 

00220 - ISS odaatatioa DDt 
laaon 

'-7 at DL ' Uft 
PL Y37 � 
t., ID - lld.t PleO 

p. Atttt• M••·ner batlae (160) 
PL V50 Ill - Perfora aat�tic 
.... .,.r to ftaal PDAI -a1• 

u l.o11 J:D. D• 
U Pltc:h J:D . D• 

U Y• 111.xr 

IEMAIKS 

I 
Do aot aelect P40 if VG <45000/ I 
veiabt. to a'fOid IMia nit• bam of 1 
0.01 .. coad. which -., ca•e DPS 
hal1•/f .. 1 heat a:acb•pr fneu-up . 

Parfora lim Pwer-Up (LCC Operatiaa) 
procadar. (para 4. 6.1. 3) .  
Parfora IIIJ Orlaatatioa Detend. ... 
tioa Proar .. (P51) (para 4 . 9 . 1 . 1) . 
'fo ob taia optioul lliapl&J of 
VG (LV) : 
r.y V06 1161 

u J: un.x fpa 
U Y DD.J: fpa 
U Z DD.J: fpa 

LGC aeta attltada arron to .. ro at 
tbia tiM . 

Atlt.,..tic attltada _ ... ra an 
aon afficlaat (l .a. • propell•t-
tiM product 1a lower) thea .. aa1 
attltade ..aenen .  

If flDa1 CG���tated PDAI •ale• nnlt 
ia !90• 1• . tr.aeforaatiOD froa DID 
to PDAI -alea la roll -• pitc:h i.e 
iadatemiaate -• U -• 1.2 vill be 
Hro. 

--- ···-··--·- ·-
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PIOCEDURU 

4 . 10 . 1 . 1  DPS Tbru.t Proar .. (P40) With AGS Followup/In Control (coot) 

If desired , before coatinuioa 1.60 , 
crew .. Y altar Yaluea of par ... tara 
DVTBIDSH , DVCIITR. TDICAY+l u 
follow : 
lay Y21 1011 (0125011 035151, or 
0374111 r .. pactiYely) , (DeW data)! 

If PGRCS iD follCNUp : lay IMTI. ,  
aztt 160 , 10 to PGHCS step 9 .  

Accept aata.atic attitude -.Deuver :  
GUID COft • - PGI1S 
S/C: l'GIIS • - AIJ'fO 
ley no - Qo to atap a 

.. jact altaroatiYea (azit 1.60 via 
7c) : 
a. Parfora -.aual attitude ..... u-

Yel' : 
Select ... ired attitude control 
80Cia - A£A - MDAUYer MDually 
lay PIO - .. tarn to beliDDiDI of 
atap 7 

b.  To reca.puta aillbal aqlaa : 
S/C: l'GIIS ., - A1T BOLD 
ley PIO - .. turn to baaianina of 
atap 7 

c.  When pr-nt attitude t a  satia­
factory: 
Null AGS yaw attitude error . 
Monitor yaw attitude error on 
FDAI error needle . 
ACA - null yaw error (1-axis 
override) 
S/C : PGNS sv - AUTO 
Key INTI. - Exit R60 , go to 
step 8A 

REMARKS 

Decision to altar these yaluea and 
desired new Yaluea would be coordi­
nated vitb . aDCI racaiYad fr�. MSI'N. 
Sa.a or all Yaluea are octal aad 
co.pl .... tad Yaluea . 

Aut�tic trt. .......,.r 1a coaaid­
arad easntial for ..-Para to 
tbruatiaa attitude . 

.. f para 4 . 5 . 1 .  

With AGS guidance ataerina , AGS 
orienta LH Z-sxia in specified 
direction . PGNCS R60 does not drive 
LH Z-axis to aay specified orienta­
tiona ; therefore , PGNCS-to-AGS 
svitchover could result in lara• yaw 
excursion. Consider FDAI attitude 
error needles as fly-to needles . 
Needles can be nulled by flyina from 
them. However , this results in 
false null and awitchover to AGS 
will result in 180• yaw aaneuver. 

( 
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LH 3bo EI PNL N PROCEDURES 

4 . 10 . 1 . 1  DPS Th rust Program (P40) With AGS Follovup/In Cont rol (cant ) 
I 

8. I f  PGNCS auta.atic attitude maneuver 
selected : 
DS[Y displays are blanked unti l  
c�letion o f  autoaat ic aaneuver. 
Monitor FDAI belly band , with 
respect to color band on roll bezel . 
to avoid gimbal lock . 

Haaitor retum of precedina display . 
indicatins autoaatic aaneuver is 
co-plete . 
To atop LM .otion if ptlbal lock is 
approached :  
S/C : PGKS aw - ATT HOLD 

I f  ..aual a.e rride & c�letion o f  
attitude IUileuwr desired :  
Select desired attitude control 
IIOde 
ACA - IUDeuver IUDually 

Retum to a tep 7 .  

To avitch t o  AGS : 
GUID COMT av - AGS 
S /C :  AGS sw - AtrrO 
ENG THR CONT : THR CONT av - HAN 
CB (11)  S /C :  AEA - close 
Go to AGS step 10 . 

9 .  Perfor- ACS Orientation to 
Initial eo.puted Steering 
Attitude . 

REMARKS 

I f  desired . Key extended verbs 
or 
ley Vl6 N l8 - Final FDAI 
an ales 

Rl Roll 
R2 Pitch 
R3 Y-

ley UY REL 

xxx .xx• 
xxx .xx• 
xxx.xx• 

Belly band covers separation between 
heaispheres of �I ball . Belly 
band . in color banda on each aide of 
FDAI roll bezel . would indicate UIJ 
adddle &iabal angle l 75• .  

Durin& this ��aneuver • LGC will ter.­
inate auto.atic IUIIIeUVer i f  S/C :  
PGNS a w  1a switched ou t  of AIJTO. 

Ref para 4 . 5 . 1 .  

Re fer para 4 . 6 . 2 . 13 .  
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,CREW-I PNL I PROCEDURES MAN 

4. 10 . 1 . 1  DPS Thrust Prograa (P40 ) With AGS Fo llowup/In Control (cont) 

'••r • 

SA. Poea PL V50 N25 - Checklbt 
reference 

9 .  

Rl 00203 - Switch to PQfCS 
aut0118t1c aode 

ll2 ----
RJ ----

If PGNCS aut0118tic .ode deaired : 
CUID OONT av - PQfS 
S/C : PGlfS av - AUTO 
!IG 'l'BR C(ll'l' : 'l'BR CONT - AUTO 
ley PIIJ 
If PCMCS aut011etic .uda vaa 
aelected : 
ley ERn 

V06 N40 
Rl Tn 
R2 VG  
Rl AV. 

DIU llin-aec 
UXX .X fpa 
UU.X fpa 

CHPn ACTY lt - on 
Monitor PIIJC lt fr011 TFI • -00850 
to -00835 . If PROC lt - on :  
ley VOS N09E - Call alara 

10 . Monitor X-axia co�onent of 
ve locity to be gaine d :  
Key DEDA C SOOR (0 . 1/1 fpa) 

To avitch to PQfS : 
GUID OONT av - PQfS 
ENG 'l'BR CONT : TBR 
OORT av - • desired 
Go to PGNCS atep 9 .  

REMARKS 

Parenthetical quant ization notation : 
lunar aiaaion/earth aiaaion . 
Readout vill equal total velocity 
to be gained 1f LH 1a properly 
oriented for DPS burn .  

TFI i a  tiae fro. DPS iSDition in 
ainutea and aeconda to nearest 
second. SiiD ia - before noraal 
TIC ; + after. 

RJ diaplaya 00000 until TFI • 

-00830. V06 N40 diaplaya are 
b lanked fro. TP1 • -00135 to -00830. 
I f  alara 01703 occura , beaiaaiq aDd 
duration of blak.in& caaDOt be 
defined . 

CHPTR ACT! lt - on during State Vec­
tor Intearation Routine (R41 ) . 
To aonitor progreaa of atate vector 
integration, tiae (GET) to which 
state vector integration proceaa has 
presently calculated s tate vector ia 
available aa follova: 

� 
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CREW. PNL PROCEDURES MAN 

4 . 10 . 1 . 1 DPS Thrust Progr- (P40) With AGS Followup/ ln Control (cont ) 

01703 - TIG slipped 

ley UY REL & RSET 
CHPTR ACTY lt - off 

Update EVNT TMR ind if required. 

-

REMARKS 

Key V16 N38E - TET 
Rl OOXXX hr 
R2 OOOXX ldn 
R3 OXX . XX  sec 
To te�nate display: Key KEY REL 

TIG will be slipped, as required, to 
set state vector integration to new 
TIG -30 seconds. 

State vector integration ca.plete . 

If alara 01703 occurs : 
1.  PGNCS in control and AGS in 

follovup: 

! 

j 
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CREW- PNL PROCEDURES MAN 
�. 10 . 1 . 1  DPS Tbru.t P�r• �P40} With ACS FollOVUJ)/ln Cantrol �cont ) 

REMARKS 

AGS eolutiOD will not pro-
vide eapectad r .. ulte i f  AGS 
1e in orbit ineartian or az-
ternal AV pid•ca 110dae • 

If evitchowr to AGS ocean • 
affect an expected reeulte 
will not b e  larp if wl-
ocity to b e  aained 1e nulled • 

2 .  ACS in c:ontrol •d PGHCS in 
follovup : 
a. If evitchowr to PGHCS 

occura before bura , proper 
bum will occur X eec:onde I later. 

b .  I f  ewitch�r t o  PCIICS 
oc:cure duriq or after buna, 
PGICS will atta.,t to per-
fora bum X eec:oade later • 
Therefore , if AGS �- ia 
c:oatrol -. to ipitic.a ti• ,  
PCIICS 1tadtap c:apllbility ie 
loet. 

c.  If nn TMa i .. 1e neat per 
PGIICS procadane •d AGS n-
.U.u in c:ontrol, neulte 
etatad ia 1 ,  llbcrN, will 
foll.ov . 

If alara 01703 ocean , folloviaa are 
recoeneaded : 
1. I f  PCIICS ia CODt rol •d M;S in 

f ollowup , raaet IVliT TMI. iad 
•d proceed aornelly . 

2.  lf AGS ia c:oatrol •d PGICS ia 
followup : 
•• beet lVIII' UMR lad •d 

burn X eec:oade later •der 
AGS cantrol . 
or 

b .  Switch to PGHCS •d bum 
X eacODdll later. 

i 0 
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CREW-I PNL I PROCEDURES MAN 
4 . 10 . 1 . 1  DPS Thruat Progr .. (P40) With AGS Followup/In Control (cont) 

10. 

11 . 

12. 

13 . 

'lTCA - ainiiiUII thrust 

If docked w1 th CSH : by V65E 

When TFI • -00829 : 
V06 N40 

R1 TFI XXBXX ain-aec 
R2 VG XXXX. X  fpa 
R3 �V• xxxx .x fpa 
Verify �V. <O . S  fpa froa TFI • 

-QOBJO to �OBlS 
If �V. >0 . 5  fpa , perform one of 
following : 

a. Switch to AGS : 

or 

GUID CONT sw - AGS 
ENG THR CONT : THR CONT sw - HAN 
Go to AGS atep 11.  

b .  I f  PCHCS in followup or AGS 
capability not available : 
ley V31E XXE - Exit P40 

If PGNCS in followup , ao to 
PCHCS atep 15 . 

I f  Urat DPS burn , enable super­
critical Be preaaurizatioo : 
ED : MASTER ARM sw - ON 

14 . When TFI • -QOB07 aonitor atart of 
ullage . 

11 . TTCA - minimum thrust 
S/C :  DEAD BAND sw - MIN 

I f  ACS in followup , go to AGS step 15 . 

12 . If first DPS burn,  enab le super­
critical He pressurization : 
ED :  MASTER ARM aw - ON 

CAUTION 

DES ENG CMD OVRD sw - OFF 

ENG THR CONT : ENG ARM sw - DES I 

REMARKS 

Inhibiting X-axia RCS je te during 
DPS burna is reca.aended to mini­
aize theraal impingeaent probleaa 
with descent stage and CSH • 

�V• >O . S  fpa indicates exceaaive 
PIPA bias error. 

Do not Key V37E within approxiaately 
SO aicroaeconda before ullaae (if 
neceaaary to ley V31E , do it  before 
TIG-10 seconds or after ullaae coaea 
on) to avoid continuous ulla&e with 
averaae 1 off . 

I f  DES ENG CMD OVRD sw is set to ON , 
engine will start upon arming . 
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4 . 10 . 1 . 1  DPS Thrust Proaraa (P40) With AGS Followu�/In Control (cont) 

13 .  When EVNT THR ind • 00 : XX ,  in-
itiate ullage aaneuver : 

TTCA - .ove up until DPS start 

I ... diately upon initiation of 
ullage aaneuver ,  enable AGS eng 
control & ara descent eng : 
ABORT pb - push 
ENG TRR CONT : ENG ARM av - DES 

lS. When TFI • -ooaos : 
PL V99 840 - !Dgine-on enable 

Rl Trl UBIX Ilia-sec 
R2 VG  un.x fpa 
R3 AVa un.x fpa 

Accept : When AVa >DD. X  fps , 
Key PIO 

I If PGRS in followup, aelect accept' 
option, 10 to PGRCS etep 19 . 

Reject alternativee : 
a.  To perfora thrust vith RCS : 

�ey ENTR, ao to PGNCS atep 23 
ERG 'Dill COIIT : ERG AIM av - OFF 
ERG GHBL ev - ENABLE 

or 
b .  �., V34E - Terainate 

FL V37 M-
�ey XX! - Exit P40 
ERG TRR CONT :  ENG AIM ev - OFF 
DC GHBL ev - ENABLE 

REMARKS 

XX • 2YY ; YY is initially set to 
3, but aay be reset in step 6 .  

If redundant engine araing is 
desired. 

GDA is now fully enabled and vill I 
be driven by any ACA and/or AGS 
attitude error co..ands . 

leeponae to FL V99 M40 ehould be 
•de u eOOil u poeeible to de-

0 � � 
6 '  z w  

creaaa poaeibility of violatina de-
ecent etage therul coaetraint 
(approxiutely lS aecoade) . 

Durina PL V99 140 , brief PL V06 •Y 
appear interaittently ; thie should 
be die regarded . 

"' i  
I 
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4 . 10 . 1 . 1  DPS Thrust Proar .. (P40) With AGS Follovup/In Control (cont) 

16 . 

17. 

11. 

If TPI 1a 
V06 .40 

Rl TPI 
l2 VG  
U AV. 

aeaative • aonaero : 

DUX lliD-aec 
DU.X fpa 
DU . X  fpa 

When TPI • -GOIOO , -1tor thrust .  

If no DPS burn : 
IDa STAaT pb/lt - puah 

14 . 

CADTIOII 

Wben EVHT THI ind • 00 : 00 ,  
thrust • 

If ao DPS burn : 
Eq START pb/lt - push 

If DPS burn is .. oually initiated (eaa START pb/lt) , 
auto.atic eaa shutoff will not occur. When shutoff 
criteria are reached , eq STOP pb/lt - push . 

laaab ca.buation .. Y be expected at start of DPS burna 
due to aaa inaeation in propellants . IIDupDeaa .. Y 
last .. loaa .. 25 sec , depeadina on bow quickly 
eaa 1a throttled up, Tbere is DO conatraint Oil 
throttlina due to tbi&� roupaeaa .  

DPS/APS Thrust Pail lloutine (R40) 

If LGC detects thrust fail : 
PL Y97 KIX - Perfora eoaine fail 
procedurea (noun • reaiatera do not 
chana•> 

u 
12 
13 

xnxx 
IXXD 
XXDX 

Alternatives to fail procedure : 
a. Verify LGC interpretation of 

thrust failure . 
l.ey PRO 

b .  Atteapt coepletion of 
aaneuver :  
l.ey IITR, return to step 15 

-itor 

REMARKS 

If TFI is not negative and nonzero , 
DPS engine 1a c�ded on vba PRO 
is keyed in step 15 . 

R40 is called at i&Dition 
tt.e and r ... ina active until eaaia. 
cutoff . 140 .aoitors PIPA outputs 
and initiates engine failure pro­
cedures if thrust failure is 
detected . Engine thrust fails vhen 
PIPA detects AV of (0 . 394 fpa (12 ca 
sec) (docked) or < 1 . 18 fpa ( 36 ca/ 
sec) (undocked) for five consecutive 
aaaplina periods of 2 seconds each , 
after ignition time .  Engine 
thrust also fails if , during thrust­
ing period , AV is leas than this 
threshold for two consecutive asap­
ling periods of 2 seconds each . 
During FL V97 NXX , brief FL V06 aay 
appear interaittently ; this should 
be disregarded . 

i 
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CREW-I PNL I PROCEDURES MAN 
4 . 10 . 1 . 1  DPS Thrust Proaraa (P40) With AGS Follovup/ln Control (cont) 

c. Terainate : 
Key V34E - Exit P40 
n. V37 N-
�ey XXE 
ENG TBil CONT: ENG ARM sv - OFF 
ENG GHBL av - ENABLE 

19 . V06 N40 
Ill TJC 1DXX .tn-sec 
R2 VG IIXX .X fps 15 . Monitor 6Vax . 
R3 6V. lXXX .X fps 
TPC ' VG decreuina. AV. l u  AGS in followup . ao to .AGS step 21 . 1 
iDcreuina : 
KGn!tor PDAI .  

P�s P IOC  l t  - oo 
� VOS NOtE - call alara 

01407 - VG iDcreuina <•ale 
betveea actual thruat 
nctor and d .. ired 
tbru.t nctor >90•) 

ley DY IEL ' UET 

Tend.llate bum or p to bac:k.UJ» 
alteraatt•• b .  ' If PeRes iD f�llCMap . ao to -PGIIcsJ 
step 23. 

Backup alternati•es : 
a. ENG TBil COin': 'lBI. CONT av - MAN 

TTCA - .we UJt u duired 
or 
b. Switch to .AGS: 

GUID CORT av - .AGS 
ABORT pb - push 
ENG '1'llR CORT :  TRR CONT av - MAN 
TTCA - IIOVe up as desi red 
Go to AGS step 16 . 

REMARKS 

TPC is discontinuous and 6V• beca.es 
fairly constant for 4 to 5 seconds . 
6Vax will beain to couat-down at 
enaine ianitioo. 

If VG is fouud to be increuina by 
LGC .  eaaine-off ca..and will not be 
aenerated. 

5 6 l e s �  o ;  Z w  "' i  � 0 I 
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ClEW- PNL PROCEDURES REMARKS MAN 

4 . 10 . 1 . 1  DPS Thruat Proar .. (P40) With AGS Followup/ In Control ( coat) 

20. wt.n EVIIT 1'MR illd • 00 : 26 : 16 ; When !VMT tHll ind • 00 : 26 : If burn duration <95 aeconda , no- ' 
a. Haua1 thruat - TTCI. - .oye up (au1-) throttle flaa b aat to 11\hiblt 11 

T'l'CA - _.e up u required throttle co.aaDd froa aoina aulaua , 1 
praYentina inaccurate anaina-cutoff 

b. Aut-.Uc thruat - coaputatioaa when aoaiu tbruat 
If burn duration >95 aec : level Yariaa , and entire burn 1a per 
ENG TBIUST tad - approx 100% foraad at 10% tbruat level .  At tbia 
CHD !BlUST ind - approx 100% t i  .. , TFC vill atart countina dowa • 

20A. If propellant quaotlty >29% : 
DIS Ia JIG 1 av - OPEll ; tb - aray 

Manual throttle to approxi .. tely 40% 
after 15 aecoada at 10% .. Y be 
noainal for LH controlled DOl . 

21. If firat DPS burn : 17 .  I f  flrat DPS burn : Poaa MASTER ALARM - on when ED: 
ID: MASTD AIM av - OPP ED: MASTER AIM av - OFP MASTER ARM av - OFP' due to relay 

race raaovina CWIA illbibit . 

21A. WbeD propa11&Dt quaotity • 29% 
or 
At TJC-10 .. c (<86%) : 
DIS Be UG 1 av - CLOSI ; tb - bp 

22.  HDaitor tbruat cutoff : 18 . Monitor tbruat cutoff when AVgx • Early cutoff - cutoff baa occurred 
a. larly cutoff - 00000 fpa : early vltb reapect to co.putad tiae 

Ratura to atep 18 . a .  Late or .. aual cutoff - of cutoff.  Late cutoff - LGC or AlA 
b. Late or aanua1 cutoff- Ina STOP pb/lt - puah did not teralnate augioe burn at 

Ina STOP pb/1t - puab Walt 3 aec coaputed tiae of cutoff .  Moraal cut-
Wait 3 "c ENG THR CONT : ENG AIM av - OFF off - anglae abutdowu occurred at 
ENG TRR CORT :  ENG AIM av - OFF ABORT pb - reset coaputad u .. of cutoff . 
lteset eaa STOP pb/lt : Reaet eng STOP pb/lt : 
(1) Ralaue tab - puah (1)  Releaae tab - push ENG THR CONT : ENC ARM av -
(2) Eaa STOP pb/lt - on .  (2) Eng STOP pb /lt - on OFF reaoves aralng aianal to 

� 
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CREW- PNL MAN 

14. 10 . 1. 1  

PROCEDURES 

DPS Thru.t Prosra (P40) With NiS Follovup/In Control (cont) 

(3) If ena STOP pb/lt - off , ( 3) I f  ena STOP pb/lt-off , 
wrify that liahts are wri fy that lipta are 
fUDctionina by perfor.ina functionina by perforaina 
Caution & Warnina Array Caution & Warnina Arrey 
Checkout , a tepa 3 & 4 Checkout , atepa 3 & 4 
(para 4 . 2 . 10) . I f  liahta (pare 4. 2 . 10) . If liah ta 
are fUDctionina , inad'ftr- are functionina . inad'ftr-
tent reaet bu Uken place tent reset hu tlllr.en place 
& eDI ia eaabled. Steps & enaine is eneled. Steps 
(4) , (5) , & (6) ahould not (4) , (5) , & (6) ahould not 
be perfomed. be perforwed. 

-
REMARKS 

throttle actuator. ceueina throttle 
to .,,. to fully open poeition. To 
avoid poasible traaient thru.t 
aurp • pau.e 3 aecond8 after push-
ina IDa STOP pb/lt . 'Dlia enaurea 
that all eqiae vahea haft tblll to 
close • 

I 
I 
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8' .. ;;- CREW-I PNL I PROCEDURI:S MAN -¥ 4. 10 . 1 . 1  DPS 'lbru.t Proar• (P40) With AGS Pollowup/Ia Cootro1 (coat) 
N 
o-

Cil 
.. ..., 
� .. 8-
• "' 
.... 10 "-4 .... 

n f 
i 
¥ 

(4) Ill& STOP pb/lt - puah 
(5) JeleMe ub - puah 
(6) IDI STOP pb/lt - off 
DG QIIL .., - !NAILl 

c. Rotwal catoff -
IIG tlla eDIT : DG AIM av - OPP 
DG QIIL av - DAILI 

To .. ttcb to AGS :  
COlD aJn' .. - AGS 
Cl (11) S/C :  ltV. -
cl•• 
Co to AGI atep 19 . 

23. If  ft5 •• keyed befon : 
l8y V751 

24. n. Vl6 .40 
u TPC IXBD lliD-MC 
U 1C UD.X fpa 
Rl Ava IXXI .X fpa 

lacord fiaal thrust par-tere 
Key PRO 
lecord fiaal propellmt qomtity 
DOted ct.iq thrust 
PIPLift' QT! Jilll av - OP'F 

25. Pl. Vl6 115 - VG (LM) 
U X IXIX.l fpa 
U t IXXI. X  fpa 
Rl Z DXX. X  fpa 

'l 1 1 1 ' If PQIS ia foll•ap , p to PQICSl 
G _ atep 26. 
G �--------------------------� 

I� 
10 

I 

(4) IDI STOP pb/1t - push 
(S) lale•e Ub - puah 
(6) EDI STOP pb/lt - off 
I!RG QDL av - ENABLE 

b .  Early or aor.al cutoff -
AIOilT pb - reaet 
DG TBll miT : DG AIM av - OP'P 
De QDL av - IRABLI 

To avitch to PCIICS : 
OOID milT av - PGIIS 
Go to PGIICS step 24 . 

19. lecord fiaal propell•t qu•tity 
aoted dorlaa thrust 
PRPLift' Qrt IDf av - OFF 

..... 

REMARKS 

At this ti• , LGC •roea attit .... 
error •d aeta 0. 3• clea6•d ia ICS 
DAP .  

5 6 
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4. 10. 1 . 1  DPS 'lbrwt Proar- (P40) Vitb AGS Fol.lowuD/Ia COiltrol (cODt ) 

If auUilla of VG 1a duind :  
1/C: PQII av - ATt BOLD 
'l'IIIUIU.I/JITI cat (Cia) - Jlfl 
At:A/ftCA - aull 1GI .  9G!' • VGZ 

20 • Tria AV ruidual -

If aot ill <»nit luertioa (410+ 
00000) aelect Euenal AV : 
ley DDA C 410+500001 

Verify ABA attit ... bold nl».ade : 
lay IIIDA C 400& 
If +00000 DOt diaplayed : 
ley DIDA C �0+000001 
S /C: llbD lAID • - IIIII 

lead •• ncord: 
AVp 

�ey DID& c sooa (O . l/1 fpa) 

4911 
ley DOl C SOla (0 .1/1 fpa) 

AVa• �ey DIDA c so2a (O . l/1 tpa ) 

lead oat •• aall Ava naiduala 
ia order of .... it ... . lar .. at 
fin t .  

SIC:  DIAD I.AND av - MAX 

--�------ -

IEMAIKS 

I f  tbia tri• ... .,..r 1e perfor.d 
after •e of orbit iuertiOD 
routiae • it abould be pe rfor.d 
i-diately after -11• abutd.a. 
Orbit IaeertiOD routiae dri.u LM 
to apecific poiat OD deaind orbit 
acl nddual AV' • viU iaen•e 
uturally after -11• abatd-.. 

lhall Avp by •naa TTCA up or dc.a. 
Up TTCA aulla poaitiw AVp. 

lull AV11 by .anaa Tl'CA ript or 
le ft. at. ... t TTCA a•ll• podtiw 
AVI'f .  

Null AVa• b y  •naa TTCA ia o r  out. 
Ia TTCA nulla poaitiw AVa•· 

i 
I 
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CREW- PNL MAN PROCEDURES 

4 . 10 . 1 . 1 DPS Thrust Prosr- (P40) With ACS Follovu2/In Control (cont) 

21 .  Read out predicted perifocus alti-
tude : 
�ey DEDA C 403R (0 . 1  na) 
Co��pare with PGfCS Hp value • 

22.  Read out apofocua altitude : 
�y DEDA C 315R (0 . 1  nm) 
Cc.pare with PGfCS Ha value • 

26 . Terainate P40 or select Otbit Para-
•ter Dbplay Routioe (RJO) : 
a. Ter.tnate : 

ley PJO 
ft. V37 N-
ley DE - Exit P40 

or 
b .  Select 1. 30  : 

ley V761 • varify/aet 
RO DAP lt - oa 
S/C:  PGRS n - An BOLD to con-
aerw. I.CS propell.at by over-
ridina LCC-aelected deadband 
(o . 3•> 
ley V821 
n. Vl6 144 

u Ba DXX.X a. 
1.2 Bp  IUl.X a. 
R.3 Tn' XXIXX ain-uc 

ley PRO when finiabed with dia-
play to raeatabliah H85 display , 
bit ltJO 
ley PJO 
n. V37 R-
ley XXE - hit P40 

27. Turn off  ucent batteries : 23 . Tum off •cent batteries : 
EPS :  EPS : 

BAT 5 NORMAL LMP FEED sv - OFF/ BAT 5 NORMAL LMP PEED sw - OFF/ 
RESET ; tb - bp RESET ; tb - bp 
IAT 6 NORMAL CDR FEED sv - BAT 6 NORMAL CDR PEED sw -
OFF /RESET ; tb - bp OFF/RESET ; tb - bp 

28. Perfora EPS check , Poet DPS Bum . 24 . Perfora EPS check, Poet-DPS Bum . 

REMARKS 

While a .. raae 1 ia in proceaa, orbit 
par ... ters are auta.atieally reea.-
puted every 2 aeeoada . 

At thia tiae , LGC restores crew-
specified (ROJ) deadband Uaits in 
RCS IW'. 

Ref para 4 . 13 . 4 . 4  • 
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4. 10.1.2 APS 1h�t P!!t! .. (P42) With AGS Pollowup/In Caotrol (coot) 

lr.l BM1C (Stapd) (nquind) 

ICS •�•tlllial Qaedr. (nqa1nd) 

II'S BM1e (Stqad) (nqu1red) 

ICS Pnatqina Check ( required) 

REMARKS 

Purpose of APS lbruat (P42) vith AGS 
Pollovup/In Control procedure is to 
eo.pute preferred IMU orientation 
md LM attitude for APS thrwt -­
euver md to IUIDeWer LH to thrwt­
iDI attitude. This procedure cOD­
trols PGNCS/AGS durina couotdawo, 
ipitioa , thruatiq , &d thruat 
teraioatiOD • 

Followiq sequence of procedure• 1181 
cauae preble•: 
1. PlX,  followed by P47, followed 

by P40 , P41 , or P42 ; p�thruat 
c011putatioas lU)' be Oftrvrittea 
by P47. 
To ncowr: 
Parfora P3X, followed by P40, 
P41 , or P42 

2 .  Deleted 

lef para 4 . 13. 3 . 2 .  

lef para 4.12 . 7.  

IPS Baaie (Stapd) (nquind - if stqed) 

EPS Preat .. iDI Qaeek (nquired - 1f 
UIUitapd) 

IPS BMic (Sta .. d) (nquind - if stapd)l lef para 4 . 13 . 4 . 2 .  

U P�atqiDI Oaeek (clu1red) 

EPS Pnstqina Chadt (required - i f  
una tqed) 

ID Pnstapoa Check (desired) 

lef para 4 . 12 . 5 .  

Ref para 4 . 12 . 6  

I � � I ! e &  I 
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CREW-I  PNL 1 PROCEDUR�S 
MAN 

4 . 10 . 1 . 2  AP S  Th rus t Program (P42) W i th A�f Followup/In Con trol (cont) 
I 

�-

REMARKS 

APS Pressuri zation & Checkout ( required) APS Press uri zat ion & Checkout ( required) I Ref para 4 . 12 . 3 .  

LGC Power-Up ( required) 

LGC Self-Test (desired) 

LGC t ime valid ( requi red) 

LGC s tate vector valid ( required) 

IKU Power-Up ( LGC Operating) (required) 

IKU Orientation Determination P rogram 
(P51) ( required) 

DAP Data Load Routine (R03) ( required) 

Appropriate prethrust program ( required) 

II 

AGS Power-Up ( required) 

AEA Self-Tes t ( des i red) 

AGS time val i d  ( required) 

AGS LH state vector valid ( required) 

Re f para 4 . 6 . 1 . 1 .  

Re f para 4 . 6 . 1 . 1 3 .  

LGC/CHC Clock Synchronization 
Routine (R33) ( para 4 . 6 . 1 . 15) 

LGC Update Program (P27)  (para 
4 . 6 . 1 . 7) or Rendezvous Navigation 
P rogram (P20) 

Ref para 4 .6 . 1 . 3 .  ISS should be on 
15 minutes before thrus ting maneuve r 

Ref para 4 . 9 . 1 . 1 . 

Ref para 4 .6 . 1 . 8 .  N46 (Rl) • lBCOE 
recoa.ended 

Ref para 4 . 7 .  

Re f para 4 . 6 . 2 . 1 .  

Re f para 4 . 6 . 2 . 3 .  

AGS Manual Absolute Ti.e Initializa­
tion p rocedure (para 4 . 6 . 2 .6) or AGS 
Initialization Routine ( R47) (para 
4 . 6 . 1 . 18) 

AGS Initialization Routioe ( R4 7) 
( para 4 . 6 . 1 . 18) or AGS Manual LH 
S tate Vector Update /Initialization 
procedure (para 4 .6 . 2 . 7) or AGS Man­
ual Rendezvous Radar LH State Vector 
Update procedure (para 4 . 8 . 2 . 2) 

,. � 
I= 
0 
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CREW-I PNL 1 PIOCEDURIES MAN 

4 . 10 . 1 . 2  APS Thru.t Proar .. (P42) With AGS Followup/In Control (cont) 

1 .  

2 .  

3 .  

4 .  

j �f PGNCS in followup , go� �-t;s .j 

Es tablish attitude control : 
GUID CONT aw - PGNS 
S/C : 

PGNS av - AUTO 
AGS av - AUTO 
ROLL , PITCH, YAW sv - MODE CONT 

Establish PCNCS total attitude & 
attitude rate/error display : 
ATTITUDE MON av (1) - PGNS 
ATTITUDE MON av (1) - AGS 
RATE/ED MON av (2) - LOG RDR/CHPTR 

Enable ACA/TTCA: 
ACA./4 JET av (2) - ENABLE 
TTCA/TRANSL av ( 2) - ENABLE 
THROTTLE/JETS cont ( 2) - JETS 
ENG THR CONT : ATT /TRANSL aw - 4 JETS 
ACA PlOP av (2) - ENABLE 

Prepare controls for APS burn : 
ENG THR CONT : ENG ARK sv - OFF 
ABORT pb - reaet 
ABORT STAGE pb - reset 
Eng START pb/lt - off 
Eng STOP pb/lt (2) - reset 
ENG THR CONT : BAL CPL sw - ON 
S /C :  DEAD BAND aw - HIN 
CB ( 11)  S/C:  AELD - close 
CB (16) S/C : AELD - close 

AGS CSH state vector valid ( required) 

AGS align.ent valid (required) 

AGS Wb Vector Update { required if  
aission warrants) 
Appropriate prethrua t procedure 
( required) 

REMARKS 

A.GS Initialization Routine (R4 7 )  
(para 4 .6 . 1 . 18) o r  AGS Manual CSH 
State Vector Update (para 4 . 6 . 2 . 9 )  

PGNCS/A.GS Align (para 4 . 9 . 2 . 1) , Back 
up AGS Aliguaent (Using AGS Body­
Axis Alignaent and PGNS IHU) (para 
4 . 9 . 2 . 2) , Backup A.GS Aligaaent 
(Using AGS Body-Axis Alianaent and 
AOT) (para 4 . 9 . 2 . 3) ,  or AGS Lunar 
Align (para 4 . 9 . 3 . 2) 

Ref para 4 . 6 . 2 . 15 .  

Ref para 4 . 7 .  I f  AGS TPI search 
prethruat procedure waa used , TPI 
execute .uat have been selected 
subsequent to that procedure . 

Ref para 4 . 5 . 3 . 1  and 4 . 5 . 3 . 2 .  
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CREW- PNL MAN 
4 . 10 . 1 .  2 

PROCEDURES 

APS Thrus t Program (P42 )  W i th AGS Fol lowup/In Control ( cont) � AGS i
.
�
. 

-f�liowup , ��-t�-���. _!1 tii] 
1 .  Es tabl ish a t t i tude control : 

Key DEDA C 400+00000E 

GUID CONT sw - AGS 
S /C :  

AGS sw - AUTO 
PGNS sw - AUTO 
ROLL , PITCH , YAW sw - MODE CONT 

2 .  Es tab l ish AGS a t t i tude error & 
total a t t itude d isplay : 
ATTITUDE HON sw ( 1 )  - AGS 
ATTITUDE HON sw ( 1) - PGNS 
RATE/ERR HON sw (2)  - LDG RDR/CHPTll 

3 .  Enable ACA/TTCA : 
ACA/4 JET sw - ENABLE 
TTCA/TRANSL sw (2)  - ENABLE 
TIIROTTLE/JETS cont ( 2 )  - JETS 
EtlG THR CONT : ATT /TRANSL sw -
4 J ETS 
ACA PROP sw ( 2 )  - ENABLE 

4 . Prepare controls for APS burn : 
ENG THR CONT : ENG ARH sw - OFF 
ABORT pb - reset 
ABORT STAGE pb - rese t  
Eng START pb / l t  - of f 
Eng STOP pb / l t  ( 2) - reset 
ENG THR CONT : BAL CPL sw - ON 
S/C : DEAD BAND sw - MIN 
CB ( 11) S/C : AELD - close 
CB (16 )  S /C :  AELD - close 
Go to AGS s tep 7 .  

REMARKS 

Prevents possib le att i tude maneuver 
change of 5° and /or 10" / second . 

Re f para 4 . 5 . 3 . 4  and 4 . 5 . 3 . 3 .  
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CREW-I PNL 1 PROCEDUIIES MAN 
4. 10. 1 . 2  APS Thrust Prograa (P42) With AGS Followup/In Control (cont) 

s. 

To switch to AGS : 
CB (11) S/C :  AEA - close 
Go to AGS step 8,  

Key V37E 42E 

Poss FL VOS N09 - Alal'll 
01706 - Loaded LM configuration 
indicates DPS not atased 
PROG lt - on 

s .  Select desired guidance steering: 
a. Z-axis parallel to CSH orbit 

plane :  

or 

Key DEDA C 62J+OOOOOE 
Key DEDA C 400+10000E 

b .  Z-axis specified b y  Wb vector : 
Key DEDA C 623+10000E 
Key DEDA C 400+10000E 

6 .  Deleted 

r;;-AGS in followup , go to AGS step 9 .  I 
lro swi t ch to PGNCS,  go to PGNCS s tep S . ,  

7 .  Confira ullage threshold: 
Key DEDA C 616 R 
Modify ullage threshold: 
Key DEDA C +OOOOYE 

REMARKS 

Do not select P42 if VG <45000/ 
weight . 

-

Ullage tt.e is 2Y secoods dependiD& 
on ullage volu.e . Y is deteratned 
fro• followina: 

Reuinin& Total Burn .LJ.!!!. .!...:!!!!. 
!!!!.! n.. (sec) ill 
100% to 0 to 2 2 

SO% 228 
40% 274 4 3 
30% 319 s 4 
20% 365 6 4 
10% 410 7 s 
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CREW-I PNL 1 PROCEDURES 
MAN 

4 . 10 . 1 . 2  APS Thru s t  Program ( P 4 2 )  lH th AC� Fol l o\·1Up/ In Con t ro l  ( can t )  

6 .  

A l t e rn a t ives : 
a .  To cont inue : Key PRO & RESET 
or 
b .  To termina t e : Key V34E & RESET 

FL V37 N--
Key XXE - Exit P42 

Poss PROG lt - on 
Key V05 N09 E - Call a l a rm 

00210 - r:ru not on 
) 

00220 - ISS orientat ion not 
known 

Key KEY REL & RSET 
FL V37 N--
Key XXE - Exit P4 2 

Att itude Maneuver Rout ine ( R60) 
FL V50 Nl8 - Perform automatic ma­
neuver to f inal FDA! angles 

Rl Roll xxx . xx• 
R2 Pitch xxx . xx• 
R3 Yaw xxx . xx• 

REMARKS 

Although DPS has not been staged , 
s ta g ing w i l l  occur after T IG- 30 
seconds and bef ore ign i t ion (when 
ave rage-g i n tegrat ion is be ing per­
formed) . 

Perform uru Powe r-Up ( LGC Operating) 
procedure ( para 4 . 6 . 1 . 3 ) . 
Perf orm IHU Or ientation De termina­
t ion Program (P51)  ( para 4 . 9 . 1 . 1) . 

��nual s e lect ion of VG (LV) can be 
performed by following : 

Key V06 N86E 
Rl X XXXX . X  fps 
R2 Y XXXX.X  f ps 
R3 Z XXXX. X  f ps 

At this t ime , LGC zeroes a t t i tude 
error and sets 1• deadband in RCS 
DM . 

Automat i c  a t t i t ude maneuvers are 
more e f f i cient ( i . e . , propellant­
time product is lower) than manual 
a t t i tude maneuvers . 
I f  f inal computed FDAI angles result 
in +90° yaw , t ransformation f rom IMU 
to FDA! angles in roll and pitch is 
indeterminate and Rl and R2 will be 
zero . 
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CREW-I PNL I PROCEDURES MAN 
4 . 10 . 1 . 2  APS Thrust Program (P42) With AGS Followup/In Control ( cont) 

I 

I f  desi red , before continuing R60 , 
crew aay alter values of para .. t e rs 
DVTHRUSH , DYCNTR , TDECAY+l as 
follows : 
Key V21 NOlE (012SOE , 03SlSE , or 
03741E , respectively) , (nev data) E �GNCS in followup , key ENTR, 

R60 ,  go to PGNCS step 8 .  ------- --- --- -

Accept automatic attitude 
aaneuver : 
GUID CONT - - PGNS 
S/C :  PGNS Sv - AUTO 
Key PRO - Go to step 7 

Rej ect alternat ives (exi t R60 
via 6c) : 

a. Perfora aanual att itude 
aaneuve r :  
Select desired at t itude cont rol 
110de 
ACA - aaneuver aanually 
Key PRO - Return to beginning of 
step 6 

b .  To recoapute gimbal angles : 
S/C : PGNS 11V - ATT HOLD 
Key PRO - Return to beginning of 
step 6 

c .  When present attitude is sat i s ­
factory : 
Nul l AGS yav attitude error . 
Monitor yav att itude error on 
FDAI error needle . 
ACA - nu l l  yav error (X-axis 
override) 

To avitch to PGNCS : 
GUID CONT av - PGNS 
Go to PGNCS s tep 6 & select 
automatic atti tude aaneuver .  

REMARKS 

Decision to alter these values and 
desired nev values vould be coordi­
nated vith , and received f ro., HSFN • 

So-. or all values are octal and 
complemented values . 

Automatic trim maneuver is cons id­
ered essential for aaneuvers to 
thrus ting at titud e .  

Ref para 4 . S . l .  

With AGS guidance steering , AGS 
orients L� Z-axis in specif ied 
direct ion . PGNCS R60 does not drive 
LM Z-axis to any spec i f ied orien­
tation ; therefore PGNCS- to-AGS 
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CREW-I PNL t PROCEDURES MAN 
� . 10 . 1 . 2  APS Thrust Program (P42) With AG S  Fol lowup/ln Con t rol  (cont)  

S / C :  PGNS sw - AUTO 

tl . 

7A. 

Key ENTR - Exit R60 . 
Go to step 7A 

If PGNCS automatic at titude maneuver 
selected : 
DSKY displays are b l anked unt il 
completion of automatic maneuver .  
Monitor FDAI be lly band , with 
respect to color band on roll beze l ,  
t o  avoid gimbal lock . 

Monitor return of preceding display , 
indicating autoaatic .. neuver c� 
plete . 
To atop LH .otion i f  giabal lock is 
approached : 
S/C: PGNS aw - ATT HOLD 

I f  Mftual override 6r c01q1letion of 
attitude Mlleuver desired: 
Select desired attitude control 
110de 
ACA - Mlleuver .anually 
Return to step 6 .  

Poss FL VSO N2S - Checklist ref­
erence 

Rl 00203 - Swi tch to PGNCS 
automatic mode 

R2 -----
R3 -----

II 

8.  Perfo� AGS Orientation to 
Initial Computed Steering 
Attitude . 

REMARKS 

switchover could result in large yaw 
excursion . Consider FOAl attitude 
error needles as f ly-to needles . 
Needles can be nulled by f lying f rom 
them. However , this results in 
false null and switchover to AGS 
wi ll  result in 180• yaw maneuver • 

If desired , Key extended verbs 
or 
Key Vl6 Nl8 - Final FDAI 
angles 

Rl Roll XXX. xx• 
R2 Pitch xxx. xx• 
R3 Yaw xxx .xx• 

Key KEY REL 
Belly band covers separation between 
hemispheres of FDAI ball . Belly 
band , in color banda on each side of 
FDAI roll beze l ,  would indicate IHU 
aiddle gi.bal angle l 1s• . 

During this UDeuver,  LGC will tena­
inate autoaatic aaaeuver if S/C : 
PGNS 11W is switched out o f  AUTO . 

Ref para 4 . 5 . 1 .  

Ref para 4 . 6 . 2 . 13 .  
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CREW.I PNL 1 PROCEDUReS MAN 
4 . 10 . 1 . 2  APS Thruat Proaraa (P4 2 )  With AGS Followup/In Control (cont) 

8. 

If PGNCS autaaatic .ade 
desired : 
GUID CONT av - PCNS 
S/C: PGNS av - AUTO 
ENG Tlllt CONT: THI CONT SW -
AutO 

ley PIO 
If PGHCS autaaatic .ode W&l 
selected : 
ley IMTR 

V06 N40 
Rl TFI 
R2 VG 
R3 AV. 

XXBXX ain-sec 
XXXX.X fpa 
:XXXX.X fpa 

CHPTR ACTY lt - on 
Monitor PROG lt from TFI • -00850 
to -00835 . If PROG lt - o n :  
Key V05 N09E - Call alar. 

01703 - TIG slipped 

Key KEY REL & RS ET 
QQtTR ACTY lt - off 

Update EVNT TKR ind if required. 

To switch to PGNCS : 
GUID CONT sw - PGNS 
ENG THR CONT : THR 
CONT sw - as desired 
Go to PGNCS step 8 .  

REMARKS 

R3 displa)'8 00000 unti l  TFI • -QOI30 
V06 N40 displays are blanked froa 
TFI • -00835 to -00830. If alara 
01703 occurs . beaiaaina and duration 
of blaakina canaot be defined. 
To 800itor proaresa of state vector 
integration . tt.e (GET) to which 
state vector integration process baa 
presently calculated state vector ie 
available .. followa : 
Key Vl6 N38E - !IT 

Rl OOXXX hr 
R2 OOOXX aiD 
R3 OXX.XX sec 
To terainate display : Key lEY IEL 

CMPTR ACTY lt - on durin& State 
Vector IntearatioD Routine (R41) . 

TIG will be slipped . as required , to 
get state vector intearation to new 
TIC -30 seconds . 

State vector integration coaplete . 

If alara 01703 occurs : 
1 .  PGNCS in control and AGS in 

followup : 
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CREw-
MAN PNL PROCEDURES 

4 . 10 . 1 . 2  APS Thrus t Program ( P 4 2 )  W i th AGS Followup /In Control ( cont) 

To swi tch to AGS : 
GU ID CONT sw - AGS 
S /C :  AGS sw - AUTO 
CB S /C :  AEA (pnl 1 1 )  -
close 
Go to AGS s tep 9 • 

- ---- - - - ---

II 

. .  

REMARKS 

AGS solution will not pro-
vide expected results if AGS 
is  in orb i t  insertion or ex-
ternal �V guidance modes . 
I f  EVNT TMR ind is reset 
and velocity to be gained 
is nulled , deviation from 
expected results wi ll not 
be large . 

2 .  AGS in control and PGNCS i n  fol-
lowup : 
a .  I f  swi tchover t o  PGNCS oc-

curs before burn, proper 
burn will occur X seconds 
later ( under PGNCS control) . 

b .  I f  switchover to PGNCS oc-
curs during or af ter burn , 
PGNCS will ca.aand engine 
o f f  and atteapt to perfora 
burn X seconds later . Thus , 
if AGS reaains in control 
up to igni tion t iM and EVNT 
TMR ind is not reset ,  PGNCS 
b ackup capability is los t .  

c .  I f  EVNT TMR ind i s  rese t  per 
PGNCS procedure and AGS 
reaains in control , results 
s tated in 1, above, will 
follow . 

I f  alara 01703 occurs , following are 
rec01mended : 
l .  I f  PGNCS in control and AGS 

in followup , reset EVNT TMR 
ind and proceed no�lly . 
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CREW-I PNL 1 PROCEDURES MAN 
� . 10 . 1 . 2  APS Thrus t Program (P42 ) With AG� Followup/In Control (con t )  

9 .  Monitor X-axis component of 
velocity to be gained 
Key DEDA C 500R ( 0 . 1/1 fps) 
S/C : DEAD BAND sw - MIN 

REMARKS 

2 .  I f  AGS in control and PGNCS 
in followup , reset EVNT TMR 
ind and burn X seconds later 
under AGS cont rol ,  or swit ch 
to PGNCS and burn X seconds 
later • 

Readout wi ll equal total velocity to 
be gained if LH is properly o riented 
for burn . 

� ·  When TFI • -00829 : 
V06 N40 

Rl TFI XXBXX min-sec 

Parenthetical quanti zation J i f  AG S  i n  followup , g o  to AGS step 12 .] ! notat ion : lunar mission/earth 
mission . 

0 .  

R2 VG XXXX . X  fps 
R3 AVm XXXX .X fps 
Verify AVm <0 . 5  fps from TFI • 

-008 30 to -00815 
Perform RCS s taging if not pre­
viously pe rformed 
If AVm >o . 5  fps : 
a .  Swit ch to AGS -

GUID CONT sw - AGS 
S /C :  AGS aw - AIJTO 
Go to AGS s tep 10 . 

b .  if PGNCS in followup or AGS 
capab il ity not avai lab le : 
Key V37E XXE - Exi t P42 

When TFI • -00806 , moni tor ul lage 
AV . 
FL V99 N40 - Engine-on enab le 

Rl TFI XXBXX min-sec 
R2 VG XXXX . X  fps 
R3 AVm XXXX . X  fps 
ENG THR CONT : ENG ARM sw - ASC 
Accept : when AVm >XXXX . X  fps , 
Key PRO 

10 . Wh en EVNT TMR ind • OO : XX ,  ini t i ­
ate ul lage maneuve r : 
TTCA - move up un t i l  APS start 
Immedi ate ly on ul lage initiat ion : 
ABORT STAGE pb - push 

AVm >0 . 5  fps indicates excessive 
PIPA b ias e rror 

Ref para 4 . 12 . 8  (steps 1 3-15) 

Do not Key V37E within approximately 
50 microseconds before ullage ( i f  
necessary to Key V37E , do i t  before 
TIG-10 seconds or after ullage 
comes on) to avoid cont inuous ullage 
with average g of f .  

Dur ing FL V99 N40 , brief FL V06 may 
appear intermittent ly ; th is should 
be dis regarded . 

XX • 2Y ; Y is initially se t to 3 but 
may be reset in s tep 7 .  
U l lage t ime and AV depends on real­
time ul lage vo lume . 
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CREW-I PNL 1 PROCEDURES MAN 
4 . 10 . 1 . 2 APS Thrust Program (P42)  W i th AGS Follow/up I n  control ( cont) 

fit PGNCS in follow�p. ;elect --;�c-;;ptl J option and go to PGNCS step 1 3 .  J 
Reject alternatives : 
a .  To perform thrust with RCS : 

Key ENTR - Go to PGNCS s tep 18 
ENG THR CONT : ENG ARM sw - OFF 

b .  To terainate : 
Key V34E 
FL V37 N--
Key XXE - Exit P42 
ENG THR CONT : ENG ARM sw - OFF 

11 .  I f  TFI is negative and nonzero : 
V06 N40 

R1 TFI XXBXX min-sec 
R2 VG XXXX .X fps 
Rl 6Vm XXXX.X fps 

12 . When TFI • -OOBOO : I 11 • 

Monitor APS thrust . I f  no APS burn, 
Eng START pb/lt - push 

CAUTION 

ENG THR CONT : ENG ARM sw - ASC 

When EVNT THR ind • 00 : 00 
Monitor APS thrust .  
If no APS burn , 
Eng START pb /lt - push 

If APS burn is manually initiated ,  automatic engine 
shutof f will not occur . When shutof f  criteria are 
reached , eng STOP pb / l t  must be pushed. 

I 

REMARKS 

Complete protection against ef fects 
of single-point failures , which 
would cause engine to s tart as soon 
as it is armed , is not achieved un­
less ullage maneuver is coapleted 
before arming engine • 

Provides redundant engine power.  
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CREW-I PNL 1 PROCEDURES MAN 
J4 . 10 . 1 . 2  APS Thrust hogru3!!2) With AG1 Followup/ln Control (cont) 
.13 .  

1 4 .  

DPS/APS Thrust Fail Routine (R40) 

If LGC detects thrust fai l :  
FL V9 7 NXX - Perfora engine fai l 
procedure (noun and registers do 
not change) 

Rl XXXXX 
R2 XXXXX 
R3 xxxxx 

Alternat ives to fail procedure : 
a. Verify LGC interpretation of 

thrust fai lure : 
Key PRO 

b .  Atteapt completion of .. n­
euver : 
Key ENTR , return to step 10 

c. Terainate : 
Key V34E - Exit P42 
FL V37 N--
Key XXE 
ENG THR CONT : ENG ARM aw - OFF 

V06 N40 
Rl TFC XXBXX min-sec 
R2 VG XXXX . X  fps 
RJ �Vm XXXX . X  fps 
TFC & VG decreas ing , �Vm in­
creas ing 
Monitor FDAI . 

Poss PROG lt - on 
Key V05 N09E - ca l l  alarm 

0 1407 - VG increas ing ( angle 
be tween ac t ual th rus t 
ve ctor and des i red 
th rus t vector >90• ) 

Key KEY REL & RSET 
Terminate burn or swi tch to AGS 
( see switchover b ox) 

To sw i tch to AGS : 
GUID CONT sw - AGS 
ABORT STAGE ph - push 
CB ( 1 1 ) S / C :  AEA - close 
Go to AGS step 1 3 .  

1 2 .  Monitor �Vg x : 
ENG THR CONT : BAL CPL sw - OFF 

I f  AGS in followup , go to AGS 
s tep 18 . 

To swi tch to PGNCS : 
GUID CONT sw - PGNS 
Go to PGNCS s te p  1 5 . 

REMARKS 

R40 is called at nominal ignit ion 
t iae and reaains active until engine 
cutof f .  R40 .onitors PIPA outputs 
and ini tiates engine fail procedures 
if thrus t fail is detected . Engine 
thrust fails when PIPA detects �V 
of < 10 . 1  fps (308 oa/sec) for f ive 
consecutive saapling periods of 2 
seconds each , af ter nominal ignition 
t ime . Engine thrus t also f ails if , 
during thrus ting period , �V is less 
than this threshold for �o consec­
utive sampling periods of 2 seconds 
each . 

During n V9 7 NXX , b rief FL V06 may 
appear intermittently ; this should 
be disregarded . 

TFC is dis continuous and �Vm becomes 
f ai rly cons tant for 4 to 5 seconds . 

�Vgx begins to count-down at engine 
ign i t ion . 

I f  VG is f ound to be incre as ing by 
LGC , engine-off command will not be 
gene rated . 
ENG TIIR CONT : BAL CPL sw - OFF 
reduces propellant consumpt ion , 
howeve r ,  in the event of s ingle 
point failures of downward f i ring 
RCS jets ENG THR CONT :  BAL CPL sw -
ON is requi red to mai ntain atti t ude 
control . 
ENG THR CONT : BAL CPL sw - ON is 
des irab le for the en t i rety of short 
APS burns ( of a few seconds dura­
t i on ) or unt i l  veh icle a t t i t ude is 
s t ab i l i zed a f te r  APS s t a r t up .  
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CREW-I PNL I PROCEDURES MAN 

4 . 10 . 1 . 2  APS Thrus t  P rosram ( P 42) With AGS Followup / In Control ( cont )  
I 

I f  PGNS in followup , so t o  PGNCS 
s tep 18 . 

REMARKS 

1 5 .  Perfor. APS/RCS P ropellant Intercon-1 13.  
nect , s teps 1 through 3. 

Per f orm APS /RCS Propellant Inter- I Ref para 4 . 1 3. 3 . 3 .  
connect , s teps 1 th rough 3 .  

1 6 .  

17.  

When TFC • TBD , perform APS /RCS I 14 . 
P ropellant Interconnect , s teps 
4 6o 5 .  

Monitor thrus t cutoff : I 15 . 
a. Ear ly cutoff : 

Return to s tep 1 3 . 

b .  Late or .. nual cutoff : 
Ena STOP pb /lt - push 
ENG TBil CONT :  ENG ARM sw - OFF 

Reset ena STOP pb /lt : 
( 1) Release tab - push 
( 2 )  Ena STOP pb /lt - on 
( 3) I f  ena STOP pb /lt - off , verify 

that Ughts are functionina by 
perforaina Caution & Warnina 
Array Oteckout , steps 3 & 4 
(para 4 . 2 . 10) . I f  liahts are 
functionina , inadvertent reset 
has taken place , eng is enabled,  
6o steps (4) . (5) , & ( 6 )  should 
not be perfor.ed. 

( 4 )  Ena STOP pb /lt - push 
(5) Release tab - push 
(6) Ena STOP pb /lt - off 

When AVgx i TBD , perform APS /RCS 
Propellant Interconnect , s teps 
4 & 5 .  

When AVp • 00000 , IIIOtli tor thrus t 
cut off . 

I f  thrus t  cutoff does not occur : 
Eng STOP pb /lt - push 

c. Nor.al cutoff : 
ENG THR OONT : ENG ARM sw - OFF 

16 . Dbar. APS engine & dis ab le AGS 
engine cont rol :  
a. Early or nor.sl cutoff : 

ABORT STAGE pb - reset 
ENG THR OONT : ENG ARM sw - OFF 

b .  Late cutoff : 
ABORT STAGE pb - reset 
ENG THR CONT : ENG ARM sw - OFF 

Ref para 4 . 1 3 . 3. 3 • 

Poss FL V97 NXX i f  LGC did not 
recognize fulfi lt.ent of cutoff 
criteria • 
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ICREW.I PNL MAN PROCEDU16 

� . 10 . 1 . 2  APS Th ru. t  Proar .. (P42) With AGS Followup/lo Control (coat) 

18.  

To switch to AGS : 

Re .. t ens STOP pb /lt : 
( 1) Re lease te - puah 
(2) Ens STOP pb/lt - on 
( 3) If ens STOP pb /lt - off . verify 

that lights are functionins by 
perfor.tns Caution & Warning 
Array Checkout , steps 3 & 4 
(para 4 . 2 . 10) . I f  lishts are 
functionins , inadvertent reset 
has taken place , eng is en­
ab led , & s teps (4) , (5) , & (6) 
should not be perfor.ed . 

(4)  Eng STOP pb /lt - push 
(5)  Release tab - push 
(6) Eng STOP pb /lt - off 

To swi tch to PGNCS : 
GU ID OONT sw - AGS 
CB (11) S / C :  AEA -
Go to AJ;S a tep 17 .  

close 
CUID CONT sw - PGNS 
Go to PGNCS s tep 18. 

Fl. Vl6 N40 
Rl TFC XXBXX .tn-sec 
R2 VG XXXX . X  fps 
RJ AVm XXXX . X  fps 

CAtTl'ION 

Avoid touching ascent eng cover 
top or side with bare hand or 
glove from 5 min to 7 . 5  hr after 
�S burn. Maximua tellperature of 
220• F wi l l  be reached 1 . 5 hr 
after APS burn . 

Record thrus t par ... te rs at thei r 
final value : 
Key Pll) 

REMARKS 

At this time , LGC zeroes at titude 
error and sets O . J• deadband in RCS 
D� . 
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CREW-I PNL 1 PROCEDURES MAN 
[4 . 10 . 1 . 2  APS Thrust Program (P42) With AGS Fol lowup/In Control ( cont) 

,19 . FL Vl6 N85 - VG( LH) 
Rl X XXXX . X  fps 
R2 Y XXXX . X  fps 
R) Z XXXX . X  fps 

If PGNS in followup , go to PGNCS 
step 20. 

I f  nulling of VG is desired : 
S/C : PGNS sv - ATT HOLD 
ACA/TTCA - null VGX , VGY , VGZ 

1 7 .  Trim �V residual : 

I f  not in Orbit Insertion 
(410+00000) , select External �V : 
Key DEDA C 410+50000E 

Verify AEA attitude hold submode : 
Key DEDA C 400R 
If +00000 not displayed : 
Key DEDA C 400+00000E 
S/C :  DEAD BAND sv - MIN 
ENG TIIR CONT : BAL CPL sw - ON 

Read and record : 
4Vgx 

Key DEDA C 500R (0 . 1/1  fps) 
�Vgy 

Key DEDA C 501R (0 . 1/ 1  fps) 
4Vgz 

Key DEDA C 502R (0 . 1/ 1  fps) 

Read out and null AVg residuals 
in order of magnitude , larges t  
f i rs t .  

REMARKS 

If trim maneuver is performed after 
use of orbit insertion routine , it 
should be  performed immediately af­
ter engine shutdown . Orbit  inser­
tion routine drives LM to specific 
point on desired orb i t ,  and re­
sidual �Vgx will increase naturally 
after engine shutdown . 

Null 4Vgx by •oving TTCA up or down . 
Up TTCA nulls positive �Vgx. 

Null 4Vgy by moving TTCA right or 
lef t .  Right TTCA nulla posi tive 4Vgy • 

Null 4Vgz by aoving TTCA in or out . 
In TTCA nulls posi tive 4Vgz . 

t 
0 6 
! � ,. ..,. 
-t oo  
- o  o . 
Z w  V' I :z: i  ,. 
z 
� • � 



8' ... 
;:;· 

� .. 
N 
a-

en 
,. ., " 
,. 8-ft "' 
... IQ ..., ... 

() 
=r 
Q 
:J 'i 
� .. 

., 
Q 

Cl 
.. 

I� OD 

LH 3 207 

ClfW.I PNL MAN PROCEDURES 

4 . 10. 1 . 2  APS Thrust Prosr .. (P42) With AGS Po1lowup/In Control (cont )  

20. Terminate P42 or sel ec t  Orb i t  Para­
meter Display Rout ine (R30) : 
a .  Tenlinate : 

Key PRO 
P'L VJ7 N-
Key XXE - Exit P42 

or 
b .  Selec t R30 : 

Key V76E and ver i fy/set 
No DAP lt  - on 
S/C:  PGNS sw - ATT HOLn to 
conserve RCS pro�ellant by 
overriding Lr£ s e l ec ted 
deadhand (n. 3 • ) . 
Kev V82E 
P'L Vl6 N44 

Rl Ha XXXX . X  nm 
R2 Hp XXXX .X nm 
RJ TYF XXBXX m in-sec 

Kev PRO , when fin i shed with d is­
play to reestab l ish N85 d i splav 
Exit R3n 
P'L VJ7 M-
Kev XXE - Exi t  P42 

1 8 .  Read out pred ic ted perifocus a l t i­
tude : 
Ke� DEDA C 403R (0 . 1  nrn) 
Ca.pare wi th PGNCS H p  value . 

1 9 .  Readout apofocus altitude : 
Key DEDA C 315R (0. 1 nm) 
Co.pare with PGNCS H a  value . 

r- . 10 . 1 .  3 RCS Thrust Program (P41 ) IH th Ar.s Fol lowup/In Control 

REMARKS 

At this t ime , LGC restores crew­
spec i f ied (R03 ) deadband l imi ts in 
RCS DAP . 

Orb i t  paraaeters are autoaa t ically 
recomputed every 2 seconds while 
average g is in process . 

Maximum TFF reading is 59859 . 

Purpose of RCS Thrust Program (P4l) 
With AGS Followup/In Control proce­
dure is to compute preferred IMU 
orien t a tion and LH atti tude for RCS 
thrust maneuver and to maneuve r LM 
to thrus t ing a t t itude . Thi s  proce­
dure provides suitable d isplays for 
manual execut ion of thrus t maneuver.  
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CREW-I PNL 1 PROCEDURES MAN REMARKS 

4. 10. 1 . 3  RCS Thrust Program (P41 ) With Ar.S Followup/In Control ( cont ) 
Following s equence of procedures may 
cause problema : 
1 .  P3X ,  followed by P47 , f ollowed 

by P40 , P41 , or P42 ; prethurst 
ca.putations may be overwrit ten 
by P47.  
To recove r :  
Perform P 3X ,  followed b y  P40 , 
P41 , or P42 

2. De le te d  

ECS B aa i c  (Staged or Unstaged) (required) I ECS Basi c (Staged or Unstaged) ( requiredJ Re f  para 4 . 13 . 1 . 1 .  

LGC Power-Up (required) I I Ref para 4 . 6 . 1 . 1. 

LGC Sel f-Test (desired) I I Re f  para 4. 6 . 1 . 13 .  

LGC time valid ( required) I I LGC/CMC Cloclt Synchronization Rou-
tine (R33) (para 4 . 6 . 1 . 15) 

LGC state vector valid ( requi red) I I LGC Update Progra (P27) (para 
4 . 6 . 1 .  7 )  

IHU Power-Up (LGC Operating) ( required) I I Re f  para 4 . 6. 1 . 3. ISS should b e  on 
15 minutes before thrusting 
maneuver. 
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CREW-I PNL I PIOCEDUIFiS 
MAN 

4 . 10 . 1 . 3  RCS Thru.t Proar .. (P41) With AGS Followup/ID Control (coot) 

lHU OrieDtatioa Deter.!Dation Proar .. 
(PSl) ( required) 

1DAI' Data Load loutiae (103) ( required) 

Appropriate prethru.t proar .. ( required) 

AGS Power-Up (required) 

AEA Self-Teat ( desired) 

AGS ti .. valid ( required) 

ACS LH s tate vec tor valid (required) 

ACS CSH s tate vector valid ( required) 

ACS align.eDt valid ( required) 

ACS Wb Vector Update ( required if 
�sa lon varranta) 

REMARKS 

Ref para 4 . 9 . 1 . 1 .  

Re f  para 4 . 6 .1.8 • 

Ref para 4 . 7 .  

Ref para 4 . 6 . 2 . 1  • 

Ref para 4 . 6 . 2 . 3 .  

AGS Manual Absolute Ti .. lDitializa­
tioD procedure (para 4 . 6 . 2 . 6) or AGS 
Initialization Routine (147) (para 
4 . 6 . 1 . 18) 

AGS lDitializatioo Routine (147) 
(para 4 . 6 . 1 . 18) or AGS Kaaual LH 
State Vector Update/lDitializatioo 
procedure (para 4 . 6 . 2 . 7) or AGS Man­
ual ReDdezvoua ladar LH State Vector 
Update (para 4 . 8. 2 . 2) 

AGS lDitialization Routine (147) 
(para 4 . 6 . 1 . 18) or AGS HaDual CSH 
State Vector Update procedure (para 
4 . 6 . 2 . 9) 

PCNCS/AGS AligD (para 4 . 9 . 2 . 1) .  
Backup AGS Align.eDt (Usin& AGS 
Body-Axis AligDMnt ud PCNS IHU) 
(para 4 . 9 . 2 . 2) . Backup AGS Ali&D8ent 
(UsiDg AGS Body-Axis Aliaa.ent ud AOT) (para 4 . 9 . 2 . 3) . or AGS LuDar 
Align (para 4 .9 . 3 . 2) . 

Ref para 4 . 6. 2 . 15 .  
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CREW-I PNL MAN PROCEDURES REMARKS 

4 . 10 . 1 . 3 RCS Thrust Progr .. (P41) With AGS Follovup/In Control (con t )  

1 .  

2.  

3 .  

I f  PGNCS in followup . go t o  PGNCS 
atep 4 . 

!stabliah attitude control : 
GUID CONT IN - PGNS 
S/C: 

PGNS IN - AUTO or ATT HOLD 
ACS IN - AlJ'l'O or ATT HOLD 
IIOU.. PITCH. TAW IN - K>DE CONT 
I f  Mo DAP lt - on: 
Key V77E . Ro DAP lt - o f f  

!stabliah llr.NCS total attitude & 
attitude rate/error display : 
AftiTUD! J«>N IN (1) - llr.NS 
ATI'ITUDE MJN IN (1)  - Ar.<; 
RATE/!RJl MJN IN (2)  - LDG RDR/CHPTR 

Elulble ACA/TTCA: 
lt£A/4 JET IN (2)  - ENABLE 
TI'CA/TRANSL IN (2) - !NAIL! 
'I'RROTI'LE/JETS cont (2)  - JETS ENG TRR. OONT: 

ATT /TRANSL IN - 4 JETS MI. CPL IN - ON 
S/C:  DEAD lARD IN - MIN 
lti:.A PROP IN ( 2)  - ENABLE 

Appropriate prethrust procedure 
(required) 

1 .  

I f  AGS in followup . go to ACS 
step 4 .  

Establish attitude cont ro l :  
Key DEDA C 400+00000! 
GUm CONT IN - ACS 
S/C: 

Ref para 4 . 7 .  If AGS TPI aearch 
prethrust procedure vaa previously 
selected . TPI execute must have been 
aelected subsequent to that p ro­
cedure. 

Ref para 4 . 5 . 1 .  

Attitude hold i s  uaed for PCI .  

Ref para 4 . 5 . 3 . 1  and 4 . 5 . 3 . 2 . 

AGS IN - AIJTO or ATT JI)LD ! Attitude hold Ia uaed for PCI .  
PGNS sv - AUTO 
ROLL . PITCH . TAW !IV - J«>DE CONT 
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PROCEDURe$ 

4 . 10 . 1 . 3  RCS Thruat Prosra• (P41) With AGS Follovup/In Control (cont) 

2 .  Eatabliah AGS attitude error & 
total attitude display : 
ATTITUDE !I>H sv ( 1) - AGS 
ATTITUDE fiOH sv ( 1) - PGHS 
ltATE/UJl !I>H sv ( 2) - LDC RDR/CHPTII 

3 • Enable IICA/TTCA : 
IICA/4 JET 11V (2) - ENABLE 
TTCA/TitAHSL aw (2) - ENABLE 
ltCA PROP sv (2) - ENABLE 
THROTTLE/JETS cont (2) - JETS 
ENG TRR COHT : 

ATT/TitAHSL sv - 4 JETS 
BAL CPL aw - ON 

S/C :  DEAD lAND sv - MIN 
Go to atep 6 .  

4 .  Select desired guidance steering : 
• • z-aKia parallel to CSM orbit 

plane : 
ley DEDA C 623+00000E 

C 400+10000E 
or 
b.  Z-&Kia specified by Wb vector : 

ley DEDA C 623+100001 
C 400+ lOOOOE 

5 .  Deleted 

I To IIVitch to AGS , 10 to AGS atep 6 . 1  
IIf AGS in followup , go to AGS atep 7 . j  

4 .  ley V37E 41E To switch to PGNCS : 
GUID CONT aw - PGNS 
Go to PGNCS atep 4 .  

REMARKS 

I 

Ref para 4 . 5 . 3 . 3  and 4 . 5 . 3 . 4 .  
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CREW.! PNL 1 PROCEDURf:S MAN 
4 . 10 .1 .3  RCS Thruat Progr .. (P41) With AGS Followup/In Control ( cant) 

Poea PR0C lt - oo 
� V05 R09E - Call alar. 

00210 - IMU not operating 

00220 - ISS orientation not 
knovn 

�_, UY UL • RSET 
n. V37 H-
hy DE - Exit P41 

II 

REMARKS 

Perfor. IHU Power-Up (LGC Operating) 
procedure (para 4 . 6 . 1 .3) . 
Perfor. IMU Orientation DeteiWina­
tion Progr .. (P51) (para 4. 9 . 1 . 1) . 
To obtain optional display of TFI , 
VG , AV accu.ulated (before TIG-35 
sec) : 

ley Vl6 N40E 
Rl TFI XIIII ain-sec 
R2 VG IXXX .X fps 
R3 AV accu.ulated IXXX.X fps 
(0000 .0 uatil TIG-30 sec) 

If Vl6 H40E is used to 80Ditor Trl 

and displaces N85 , key Vl6 N85E if 
VG display is desired again. 

To obtain optional display of TFE 
(before TIG-35 sec) : 

� Vl6 H35E - Ti .. fra. e�t 
Rl OODX hr 
R2 00011 ain 
R3 OXX.U uec 

To obtain optional display of VG(LV) 
�ey V06 N86E , N81E 

Ill X IXU.X fps 
12 Y DU . l  fps 
R3 Z XIXI.l fps 

H81 display will nov differ fra. N81 
display in prethruat proar ... Pll 
beeau.e of rotation of VC Yeetor (to 
�ate for noni-,ulaiYe burn 
duration) . 

LGC seta attitude errors to .ero at 
this u .. .  
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4 . 10. 1 . 3. RCS Thru.t Proaraa (P41) With AGS Followup/In Control ( cont)  

s.  Attitude Haaeuver Routine (R60) 
FL VSO Nl8 - Perfor. auto.atic .. n­
euver to f iaal PDAI anales 

Rl Roll xxx.xx• 
12 Pitch xxx. xx• 
Rl Y• xxx. xx• 

I f  PGNCS in followup or for PCI : 
Key EN'l'R, exit R60 , 
Go to PGHCS step 7 .  

Accept auta.atic attitude .. n­
euver : 
GUID CONT sw - PGNS 
S /C :  PGNS aw - AUTO 
Key PRO - Go to step 6 

Reject alternatives (exit R60 
via Sc) : 
a. Perfor. .. nual attitude .. -

neuver : 
Select desired attitude control 
IIOcle -
lt£1. - .aaeuver aanually 
Key PRO - Return to beginnins of 
step S 

b .  To reco.pute gt.bal aaglea : 

c .  

S/C: PGNS n - ATI' HOLD 
Key PIO - Return to beginning of 
step S 

When present attitude satis-
factory : 
Null AGS y• attitude error . 
Hoaitor yaw attitude error on 
PDAI error needle . 
ACA - null yaw error (X-axis 
override) 

To switch to PGNCS : 
GUID CONT aw - PGNS 
Go to PGNCS step S & select auto­
.. tic attitude .aneuver.  

REMARKS 

I f  final ca.puted FDAI angles result 
in +90• yaw , transfor.ation fro• lHU 
to FDAI angles in roll and pitch is 
indeterainate and Rl and R2 will be 
zero . 

Automatic tria maneuver is conaid­
ered essential for maneuvers to 
thrusting attitude.  

Ref para 4 . 5 . 1  

With AGS guidance steering , AGS 
orients LM Z-axis in specified direc 
tion. PGNCS-to-AGS awitchover could 
result in large yaw excursion. Con­
sider FDAI attitude error needles as 
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CREW-I PNL I PROCEDURES MAN 
REMARKS 

4 . 10 . 1 . 3  RCS Thrust Program (P41) with AGS Follow/up In Control (cont)  

6. 

S /C PGNS sw - AUTO 
Key !NTR - Ext t R60 , go to 
step 7 

If PCNCS auto.atic attitude maneuver 
selected : 
DSKT diaolays are blanked until 
co.pletion of auta.atic maneuver. 
Monitor FDAI belly band , with 
respect to color band on roll 
bezel , to avoid gimbal lock . 

Monitor return of preceding 
display , indicating autoaat ic 
.aneuver is co.plete. 
To atop LK .ot1on if gillbal lock 
is approached : 
S/C :  PGNS av - ATf HOLD 
If ..aual �erride & completion 
of attitude .. neuver desired : 
Select desired attitude control 
.ode -
ACA - aaneuver ��am�ally 
Return to att!J) 5 

To 8Witch to Ar.S : 
aJID CONT av - AGS 
S/C: Ar.S av - AUTO 
l".o to AGS step 7 .  

6.  

f ly-to-needles . Needles can be nul­
led by f lying fra. thea. However , 
this results in false null and 
switchover to AGS will result in 
1so• yaw .. neuver . 

If des ired , Key extended verbs 
or 
Key Vl6 Nl8 - Final 
FDAI angles 

Rl Roll xxx. xx• 
R2 Pitch xxx. xx• 
R3 Yaw xxx. xx• 

Key KEY REL 
Belly band covers separation be­
tween heaiapherea of FDAI ball. 
Belly band ,  1n color baada on each 
aide of PDAI roll bezel,  would iD­
eate IHU aiddle giahal aagle �75• . 
During this aaneuver , LGC will 
terainate autoaatic aaneuver if 
S/C: PGNS sw is avi tcbed out of 
AUTO . 

Re f  para 4 . 5 . 1 

Perfora AGS Orientation to Initial J Ref para 4 . 6 . 2 . 13 
Computed Steering Attitude proce-
dure or maintain attitude for PCI .  
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4 . 10 . 1 . 3 RCS Thrust Program (P4 1) with AGS Follow/up In control (cont ) 

7 .  Vl6 N85 - VG (IJ1) 
Rl X XXXX.X fps 
R2 Y XXXX.X fps 
R3 Z XXXX.X fps 

7 .  Honitor velocity to be gained VG : 
Key DEDA C 370R (0. 1/1 fps) 
Determine whether value of VG is � 15 fps for step 9 procedure .  

REMARKS 

Parenthetical quantization notation : 
lunar mission/earth aission. 

Displays are blanked from TFI • 
-00835 to -00830. Beginning and 
duration of blanking cannot be de­
fined if alarm 01703 occurs • 

Use of extended verb will blank Vl6 
NBS display. Display will return at 
approxiaately TIG-29 or at TIG. If � 
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4 . 10 . 1 . 3  RCS Thrust Proaraa (P41) With Atf Fo11owup/In Control ( cont) 

-

OCPTR AerY 1t - on 

MDDitor PIOG 1t fra. TP1 • -00150 
to -00135. I f  PROG lt - on :  
ley V0 5  1109! - Call alan 

01703 - TIG d ipped 

ley lET 1EL md RSET 
CJFfl N:ff 1t - off 

At TIG-30 aec : 
V16 H85 - VG (LK) 

lU X IIXX .l fpa 
R2 Y llD.l fpa 
R3 Z llD.l fpa 

8 .  Diaplay velocity t o  be gained in 
deaired direction : 
a. X-axis 

ley DEDA C 500R (0 . 1/1 fps) 
b .  Y-axis 

ley DEDA C 501R (0 . 1/ 1  fps) 
c. z-axis 

ley DEDA C 502R (0 . 1/1 fps) l If AGS in followup , JaODitor 6Vp 1 
8Dd go to ACS atep 14. 

REMARKS 

display is desired before TIG-35 or 
between TIG-29 aod TIG: 
Key V16 N85E 
Key KEY REL at or before KEY REL 1t 
flashea at TIG 

CHPTR ACTY lt - on durina State 
Vector Intearation Routine (141) . 

To 80Ditor progress of a tate vector 
intearation, ti .. (GET) to which 
state vector intearation proceas haa 
preaently calculated s tate vector ia 
available aa follows : 
Key V16 N38E - TET 

lU OOXXX hr 
1.2 OOOXX ain 
R3 OXX .XX aec 
To terainate display: ley lEY 
REI. 

TIG vill be slipped, aa required, 
to aet s tate vector intearation to 
n- TIG-30 aeconda . 

State vector intearatioa co.plete . 
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4 . 10. 1 . 3 RCS Thrust Progr .. (P41) With AGS Followup/In Control  (cont) 

8. 

To IVitch to AGS : 
CUID CONT sv - AGS 
Go to AGS step 9 ,  

When EVNT 'fHR ind • 00 : 00 :  
P'L Vl6 N85 - VC(LH) 

U X XDX.X fps 
12 t xxn:.x fps 
R3 Z XXXX.X fpa 

9 .  When EVNT n!R ind • 00: 10 :  
a .  If VG vas >15 fps in step 7 :  

S/C: DEAD BAND SV - MIN 
Eng STOP pb / lt - push 
ABORT pb - push 
Go to step 10. 

b .  If VG v .. < 15 fps ,  or for Y 
trsna lations : 
S/C : DEAD BAND sv - MIN 
S/C:  AGS sv - A'tt HOLD 

To avitch to PGNCS : 
GUID CONT sv - PGNs 
Go to PGNCS step 9 .  

REMARKS 

When X-axis VG reaches 15 fps , auto­
aatic selection of AEA attituda hole 
s�ode is produced , thus preventina 
gross attitude aaneuvers as VG 
approaches zero fps and equatioaa 
bee� unstable. 
There is no AEA attitude hold pro­
vision for VG <15 fps ; tharefore , 
-.nual attitude hold is requirad . 
Por PCI aaoeuvar ,  aaoual Y-tr&DS la­
tioa is required ; therefore, ATT 
HOLD is selected . 
LGC seta attitude errors to zero at 
this ti .. .  

Wh• LH coafipratioa incluclu a 
heavy duc•t s�qe, PGliS in con­
trol, 4 j et -t and -z trau lationa , 
vhea ca..aaded, should be perfo�d 
aequeatially to .. old loss of 
vehicle attitude control. Tbe 
vord "heavy" is referenced to both 
uc•t .ad deaceat propellent load­
ina coDditions • 
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LH 3231 

1CUWI PNL 1 PROCEDURES MAN 
4 . 10 . 1 . 3  RCS Thruat Prosr- (P41) With AC:S Pollowup/In Control (cODt) I I If PQICS in follovup , go to PQICS I atep 9 • 

S/C: PGNS .., - ATT HOLD 
ACA/TTCA - ._.uver to null YG 
c:.,..,_.nu 

10. 

11. 

12 . 

13 .  

When EVNT 'IMR ind • 00 : 00 :  
a .  x-axia selected -

TTCA - ltOVe up or down 

b .  Y-axis selected -
TTCA - 110ve left or right 

c .  z-axis selected -
TTCA - 110ve in or out 

When 4Vgz • l5 fps : 
S/C : AGS av - ATT HOLD 

When AVp, 4Vay or 4Vgz • +00000 : 
TTCA - rele•e 

Null Vg residuals : 
Repeat .AGS step 8a ,  b ,  & c ,  & 
record quantities . 
Repeat AGS step lOa , b ,  & c ,  
nulling AVg residuals in order 
of .. gaitude ( larges t first) . 

14. I f  step 9 a vas selected: 

15 . 

ABORT pb - reset 
Eng STOP pb/lt - reset 

Read out predicted perifocua alti­
tude : 
Key DEDA C 403R (0. 1 n•) 
Co-pare with PGNCS lip value . 

16 . Read out apofocus altitude : 
Key DEDA C 315R (0 , 1  n•) 
Ca.pare with PGNCS Ba value . 

REMARKS 

This .aneuver 18 IUIIlual . Since both 
PGNCS and AGS calculate 4V values , 
either DAP or CES can be ueed for 
stabilization and tranalatiOD, uaiq 
either ca.puter readout of 4V. 

For positive tranalatiOD , 'nCA 1a 
aoved up .  

For positive translatiOD0 TTCA 1a 
ltOVed right .  

Por positi'ft traa.lation, TT CA  1a 
8Dftd 1D. 
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CREW-I PNL 1 PROCEDURES MAN REMARKS 

4 . 10 . 1 . 3  RCS Thrust Program (P41) With ACS Followup/In Control (cont) 

9 .  Terainate P41 or select Orbit Para­
.. ter Display Routine (R30) : 
a. Terainate : 

Key PRO 
FL V37 N--
Key XXE - Exit P41 

or 
b .  Select RJO :  

Key V82E 

Poss OPR ERR lt - on 
Key RSET , edt R30 
FL Vl6 N44 

Rl Ha XXXX.X 1111 
ll2 Hp XXXX.X 011 
R3 TFF XXBXX llio-sec 

ley PRO when finished with 
display to rees tablish N85 
display : 
Edt RJO :  
Key PRO 
FL V 37 N--
Key XXE - Exit P41 

4 . 10 .1 . 4  Thrust Monitor Progr .. (P47) 

LGC Power-Up ( required) 

LGC Self-Test (desired) 

LGC ti .. valid (required) 

LGC state vector valid (required) 

IHU Power-Up (LGC Operating) (required) 

At this time ,  LGC restores crew­
specified (R03) deadband li•its in 
RCS DAP . 

Orbit para.eters are autoaatically 
recoaputed every 2 seconds while 
average g is in p rocess . 
OPR ERR lt - on if another extended 
verb from R76 is active . 

Purpose of Thruat Monitor Progru (P47) b to 110nitor LM 
acceleration during AGS-controlled burns or aaaual RCS 
translations and to display 6V ' s  resulting froa thrust­
ing aaneuvers . 

Ref para 4 . 6 . 1 . 1 . 

Ref para 4 . 6 .1 . 13 .  

LGC/CMC Clock Synchronization Routine (R33) (para 
4 . 6  . 1 . 15) 

LGC Update Progr .. (para 4 . 6 . 1 . 7) and , when appropriate, 
Rendezvous Navigation Progr .. (P20) (para 4 . 8 . 2 . 1) 
Ref para 4 . 6 . 1 . 3 .  ISS should be on 15 •inutes before 
thrus ting aaneuver • 
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LK 3231 lciiW·I PNL J PIOCEDUIES MAN 
4.10. 1. 4 Thruat H01lltor Prosr• (P47)(cont 

1 . 

2. 

3. 

IHU Ori.atatioa Deter.ination Proar .. (PSl) (required) 

DAP Data Load loutioe (R03) (required) 

Select total attitude display : 
ATTITUDE )IJN 8V - PCNS 
OltDW. : 

PDAI 1 .., - u dedred 
PDAI 2 .., - u cledred 

Key V37E 47! 
Poea PIOG lt - on 
Key VOS R09! - Call ala� 

00210 - DIJ not on 

00220 - IHU orientation not known 
ley at UL '  ISIT 
PL V37R-
ley XXZ..Ixit P47 

Oft"B ACl"f lt - OD 

CMPTR ACT! lt - off 

PL Vl6 N83 - AV (LK) 
Jtl X XXXX. X fpa 
a2 t XDX.X fpa 
Jtl Z XDX.X fpa 

REMARKS 

Ref para 4. 9 . 1. 1 .  

Ref para 4 .6 . 1.8.  

Ref para 4. 5 . 3. 1 .  

P47 should be selected t..ediately before plaaaed tbru.t­
ing -neuYer and ter.inated u aooa u posdble after 
�euver to keep errors uaociated vith aYeraae-a inte­
gration at ainiawa . 
Perfor. IHU Power-Up (LGC Operatina) procedure (para 
4 . 6 . 1 . 3) 
Perfo� IHU Orientation Progr .. (PSl) (para 4 . 9 . 1 . 1) 

CHPTR ACTY lt - on during State Vector Integration 
Routine (Jt41) . 
To .onitor proareaa of state vector intearation, tiae 
(GET) to which state vector intearaUon procua baa 
presently calculated s tate Yector ia -aYailable u 
follows : 
J(ey V16 N38E - TEl' 

ttl XXIXX hr 
R2 OOOXX ain 
R3 OXX. XX  sec 
To terainate display : Key KEY REL 

State vector integration ca.plete. (20 aecoada aint.ua) 

Registers display 0000.0 ,  except for PIPA biu accuaula­
tioo , until thruatina aaneu.er ia started. N83 ia up­
dated eyery 2 seconds . 

��----L-----L---------------------------------------------------------------------------------�------------------------------------------------------------------------� 
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�REW·I PNL MAN PROCEDURES 

4 . 10 . 1 . 4  Thrust Honitor-Prograa (P4 7) ( cont) 

4. Perfor. desired thrus ting ameuve r ,  wmitoring PDAI to 
avoid gi�al lock . 

5 ,  To zero disp lays for -itoring 
ley Vl2E 
To terainate aGDitorina : 
l.ey PliO or V34! 

6 .  PL V37 R--
ley lOtE - !:dt P47 

4. 10 . 1 . 5  ACS RCS AJda-br-Axia Thrus t 

AGS P011er-Up ( required) 

AEA Sel f-Teat (desired) 

AGS tiae valid (required) 

another burn : 

ACS LM state vector valid ( required) 

AGS CSH s tate wctor valid ( required) 

REMARKS 

Rendezvous Para.eter Display Routine (R31) .. y be called 
during this prograa to display range , range rate , and 9 .  

I f  e lectrOBagne tic inte rference in sys tea is identified 
as caused by tracking light (regular pulses on audio 
channel or indicated on SIGNAL STRENGTH ind at appro:d­
..te frequency of 1 pps) , tracking light -.y be turned 
off unti l transaission or reception is coap lete • 

When the LH configuration includes a "hea-.y" descent 
s tage , PGNS in control , 4 jet -Y & -Z translations vhan 
comaanded should be perfor.ed sequentially to avoid loss 
of vehicle attitude control . The word "heavy" is refer­
enced to both ascent and descent p ropellant loading con­
ditions. 

RCS fuel is used aore efficiently when burn ia done along 
wlocity-to-be-gained 'VeCtor. H011ewr ,  this procedure 
can be used to perfor. burna of saall 4V .. gnitucle where 
orientation atti tude -.aeuver is larae . 

Ref para 4. 6 . 2 . 1 .  

Re f  para 4.6. 2 . 3 . 

AGS Initialization Routine (lt47) (para 4 . 6 . 1 . 18) or AGS 
K.Dual Absolute Tiae Initialization procedure (para 
4.6. 2 .6) 

AGS Ini tialization Routiae (R47) (para 4 . 6 . 1 . 18) or AGS 
Manual LH State Vector Up date/Initialization procedure 
(para 4 . 6 . 2 . 7)  or AGS Manual Rendezvous Radar LM S tate 
Vector Update procedure (para 4 . 8 . 2 . 2 )  

AGS Ini tialization Routine (R47) (para 4 . 6 . 1 . 18) or AGS 
Manual CSH State Vector Update/Initializat ion procedure 
(para 4 . 6 . 2 . 9) 
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ICUW· PNL MAN 
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PROCEDURES 

4. 10 .1 . 5  AGS ICS Azia-bi-Asi• 'lbrwt {coa.::� 

1 • 

2 .  

3 .  

AGS alip._t nlid (required) 

Apprapriate prethruat procedure perforwed (required) 

!Dab le ACA/TfCA: 
10./4 JIT .., (2) - llfABLE 
T'l'CA/TUNSL w (2) - ENABLE 
TBIOI'TLE/JITS c•t (2) - JETS 
DIG 'DIR (J)HT :  ATt/TUIIS L w - 2 JETS 
ACA PalP w (2) - DIABLE 

Prepare thrwt c-.trole for RCS burn : 
DIG 18R 0>1IT : INC AIM w - OFP 
ABORT pb - reaet 
AB«m' STAtZ pb - reaet 
IDa STAir pb/lt - off 
ID& STOP pb/lt (2) - neat 

Select cluind attitude coatrol Mile :  
a. CJJID anrr .., - AGS 

S /C :  
N;S w - ATT BCLD 
lOLL • PITCII . YAW av - MODE CONT 
DUD UliD .., - MIN 

DIG 1BR (X)IIf : IAL CPL w - ON 
or 
b .  Select AlA attitude hold aub.ode : 

ley DEDA C 400+00000! 
Batabliah AGS auto.atic � :  
GUID (X)NT w - AGS 
S/C : 

AGS w - AllTO 
ROLL , PITCH. YAW av - �DE CONT 
DEAD BARD av - MIN 

ENG TBR mH'I' :  IAL CPL .., - ON 

----- - ---- - -

REMARKS 

PGNCS/AGS A1i&D (para 4 . 9 . 2 . 1) . Backup AGS A1iaa-ent 
(UaiDI AGS Body-Azia aad PGNS IHU) (para 4. 9 . 2 . 2 ) , 
Backup AGS AUp•nt (Using AGS Body-Axia .Uig..ent and 
AOT) ( para 4 .9 , 2 . 3) , or AGS Lunar Align (para 4 . 9 . 3.2) 

Ref para 4 .  7 • 

Ref para 4 . 5 . 1 .  

--- -----· � --- ------ -- - - - - - -- -- --- --
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4 . 10. 1 . 5  AGS RCS Axis-by-Axis Thrust (cont }  

4 , If trt.ain� on orbit-insertion burn : 

5 .  

1 6 · 
r· 

8 .  

a .  I f  .ade has been chanRed: 
Ke� DEDA C 410+00000E - Orbit Insertion Hode 

b .  I f  tria ignition ti.a not vet tarReted : 
Read out J)naent AGS tiM & record 
Key C 377R (0. 1 ain) 
Load present tt.e aa tigD 
� C 371+XXXXXE (0 . 1  mn) 

c. Select External AV : 
Key DEDA C410+0000E 

d. Go to step 7 .  

If triaaing an in-orbit burn: 
Go to step 7 .  

If tarzeted specifically for axis-by-axis thrus t :  
Go to ate, 8.  

Read ad record : 
AVp 
ley DEDA C 500 R (0. 1/1 fps) 
AVr 
Key DEDA C 501 R (0. 1/1 fps ) 
AVgz 
ley DEDA C 502 R (0. 1/1 fps ) 

Read out and null AVg residuals , in order of 
aa1ft1tude , laqest firs t .  

4 . 10 . 1 , 6  RCS Buro for Lunar Iapact (Unaanned Ascent Stage) 

REMARKS 

Null AVp by .av1Dg TrCA up or down, Up TTCA nulla 
positive AVgx , 

Null AVzy by .avinz TrCA rizht or left, Right TTCA 
nulls positive AVgy .  

Null AVga by aovinz rrCA i n  or out. I n  TTCA nulla 
positive AVgz. 

LH RCS jets will be uaed to cause aacent atase to iapact 
aoon , near seis.a-ter . An eraaable �l'Y RCS tbruat 
progr .. aay be loaded via P27 and utilized to perfora 
deorbit aaneuver. 
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LH 3231 lc=l PNL I PIOCEDUIES 

I I 

4. 10 .1 .6  ICS Burn for Lunar I!paet (Ua.aaoed Aaeant Stase)(eont) 

LGC Powr-Up (required) 

P· 

LGC Salf-T .. t (daaired) 

LGC tt.a valid (deaired) 

LGC atate vector valid (deaired) 

IHU Power-Up (LGC Operatina) (required) 

IHU Orieatatioa Deteraioation (PSl) (required) 

DAP Data Load lloutioe (llOl) (d .. ired) 

JlJA loable (required) 

AGS Powr-Up (deaired) 

AlA Self-T .. t (daaired) 

AGS Ti.. Valid (daaired) 

AGS LM State Vector Valid (desired) 

PGNCS/AGS AliSO (deaired) 

Taraet LGC (with AEA follow-up ) ,  using data provided bv 
HSPN. Deorbit aaneuver is initiated and terainated , using 
an uplinked- or DSKY-loaded erasable �ry prograa (auch 
as Guided RCS Thrust Erasable H..ory Progr .. , P99) • 

REMARKS 

llef para 4 .6 .1 .1 .  

llef para 4 .6 . 1 . 13 .  

LGC/CHC Clock Synchronization Routine (ll33) (para 
4 . 6 . 1 . 15) . 

LGC Update Prosr .. (P27)  (para 4.6. 1 . 7) and, vben appro­
priate, LH llende&Youa N.viaation Proar.. (P20) (para 
4 . 8. 2. 1) . 

Ref para 4 . 6. 1. 3 .  ISS should be on 15 ainutee before 
thruetins aaneuver. 

llef para 4 . 9 . 1 . 1 .  

llef para 4 .6 . 1.8.  

llef para 4 . 13 .2 . 11.  

llef para 4 .6 .2 .1 .  

Ref para 4 . 6. 2 . 3.  

AGS Manual Absolute Tiae Initialization (para 4 .6 . 2 .6) 
or AGS Initialization Routina (ll47) (para 4.6. 1. 18) . 

AGS Initialization Routine (ll47) (para 4.6. 1, 18) or AGS 
Manual LH State Vector Update/Initialization (para 
4 . 6. 2 . 7) or AGS Manual Rendezvoua lladar LH State Vector 
Update (para 4 .8 . 2 . 2) . 

Ref para 4 . 9 . 2 . 1 .  
PCNS prerequisites identified as beina deaired can be 
perforaed by KSPN after start of this procedure , but must 
be acca.plished at soae tiae.  AGS prerequisites support 
aonitoring via AGS. 

HSPN can provide external AV and tiae of ignition for use 
vith LGC Progr .. 30 and AEA 410+50000 (ref para 4 . 7 . 1. 1) 
(if onboard data must be updated) , or can target LGC , 
load erasable program, and initiate it via uplink. 
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CREW· PNL PROCEDURES MAN 

4 . 10. 1 . 6  RCS Burn for Lunar �8pact (Unaanned Ascent Stage) (cont ) 

2 .  I f  desired , perfora Crew De fined Maneuver Routine (R62) . 

2A.  Stop integration & go to POO 
ltey V96E 
Load erum le -.ory progr- & associated routines (such 
as P99) via LGC Update Progr .. (P2 7) • 

REMARKS 

Re f para 4 . 6 . 1 . 9 .  

P99 uplink - Progra• nu.ber is specified by the contents 
of location 3421 (underlined below) . Addresses are valid 
for Lw.inary lE . 

Load 1 � Load 4 ---
V71E V71E V71E 

FL V21 NOl n V21 NOl n V21 NOl 
24E 12E 6E 

3404E 3734E 3426E 
1450E 26E 10636E 

12 324E 30605E S6246E 
S520E 151! 776SOE 

161E S214E 75202E 
1400E OE FL V21 N02 

12150E OE V33E 
S656E 15400E 
3667! OE 

74066E n V21 N02 � 
12404E V33E 
12433! V72E 

1406E n V21 NOl 
S 313E � lSE 
!ill 34SSE 

36 266! V71E 1404E 
54333E n. V21 NOl 12SOE 

6060E 3400E OE 
77634! SS20E JSlSE 

n v21 11>2 312E 4E 
V33E 5263! 2371E 

n. V21 N02 13001! 
V33E 2372E 

1420E 
2 373E 

12067E 
n. V21 N02 

V33E 

--

I 

I 
I I 
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LH 3196 . LH 3231 . ClEW· PNL PIOCEDUIES MAN 

4 . 10. 1 . 6  RCS lurn for LUDar Iapact (Uaa.nned Ascent State) (cont ) 

21 . Select .ode II attitude error display & disara engine . 
ley V62E 
IRG TD oowr : oc AJtH sv - orr 

2C. Select er•able •.ory progr .. : 
ley VJO! - Veri fy progr- nUIIbe r  

Poes OPR ERR lt - on 
!:rlt VJO. ley llSET 
.. peat step 2A 
1'1. VSO Nl8 

Rl Roll ux.xx• 
R2 Pitch xxx .xx• 
Rl ,_ xxx. xx• 

If CSM orientation -.neuver-to-burn atti tude is coapleted :  
t.y INTR 
V06 N40 

Ill tn DID ain-sec 
ll2 vc DD.l fps 
Ill AVM DD.l fps 

REMARKS 

Ref para 4. 5 . 3 . 2 .  

HSPN can pe rfora all o f  e ruab le ••ory progr .. or con-
tinue orientation aaneuver by keying VJJE after LM 
jettil oo .  
OPR ERR l t  - on i f  Rl of N26 • 0 
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�R 1 

CD I. 1 

LMP 2 

CD I. 3 

CDI. 4 

1 . 2  

5.6  

PROCEDURES 

4 . 10 . 1.6  ICS Burn for Luoar Ia2act {Uaaanned A8cent 
Staae) (cont) 

3 .  COlD OON'l' 11V - PGHS 

4. ASC Be UG 1 & 2 tb - aray 

5 .  ICS : 
stS A & B ASC FUEL & ASC OXID tb(4) - bp 
SYS A & I QUAD 102 03 & 4 tb(8) - sray 
CISFD tb - bp 
SYS A & I MAIN SOV tb(2) - gray 

6 .  GLYCOL ••1 - PUMP 1 

7 .  S/C: 
lOLL. PITCH & YAW w - MODE CORT 
PCRS w - AIJ'rO 

8. LTG: 
PJ.O(I) .., - ALL 
UTDIOI LTG n - TUCit 

9 .  I£A/4 Ja w (2) - DISABLE 
TTCA/TUIISL .., {2) - DISABLE 
II:.A PlOP .., (2) - DISABLE 

10. IDs STOP pb /1t (2) - reaet 

REMARKS 

Po•itiona of .witche• Dot CODBtraiDed by requireaent• of 
this task and poBition• of aoaentary-cootact BVitc:bu 
are Dot 1hted. 

LTG : PLOOD n - OFP before lenbs LM or wileD flood-
lightiq 18 Do 1oopr required . Overbead/fo:rward flood-
liaht• r.-1D on wbile OYerbeacl hatch 18 open; the, 10 

off at cloebs of hatch . 
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4 . 10 . 1 . 6  RCS lura for LuDar !!!J!act �U..umed Aacent 
Staae) (coat) 

11. OOtll : 
UP DATA Lllll .., - DATA 
S IWID tmDULATE .., - PM 
S IWID IMn/aCVI .., - PlliM 
S Ulm PUR AMPL .., - PRIM 
S UIID VOICE .., - Ol'P 
S IWID POl .., - Pal 
S 1W1D UIIGI .., - UIIGE 
VBr A IMfR .., - OFF 
WP A RCft .., - OFF 
WP I IMfR .., - OFF 
VBP I RCft .., - OPP 
TLM IIQtED .., - OFF 
TLM Pat .., - HI 
UCOIDD .., - OFF 

cotM ltlfT :  
TitAn MODI .., - SLEW 
PITCH coot - __ (car) 
Yltltl cont - __ (car) 
S BAND Hl - SLEW 

12 . EPS :  
POIID/TDIP ll>lf eel - 'I!D/OPP 
Dl'flllTD .., - 2 

13. All cb '• - opea , except : 
Cl l.t: IUS I :  

s ID Mlf - cloee 
N;S - cloee 
BUS fil IIIV 2 & 1 - cloee 

CB l.t: IUS A :  
IUS fil IIIV 2 & 1 - cloee 
l.t: IUS VOLT - cloee 

CB RCS SYS A: QUAD 4, 3 ,  2. & 1 TCA - close 
CB IHST : SIC COHDR 1 - cloee 
CB S/C :  

AEA - cloae 
ATCA (PGNS) - cloee 

CB HTR ICS SYS A/1 1: QUAD 4 ,  3 ,  2. & 1 - cloee 

REMARKS 

' 

C•puted angles fr• MSPN approached in ccv directioo. 
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LMP I 16 

4 . 10. 1 . 6  RCS Burn for Lunar 
Staae) (coot) 

CB ECS : 
SUIT PAR 1 - cloae 
GLYCOL PUMP 2 - cloee 
GLYCOL PUMP 1 - cloae 
GLYCOL PUMP Atrro TRNPR - close 

CB a»>H :  
UP DATA LIB - close 

CB PCMS : 
LGC/DSU - cloae 
DBJ STBY - cloee 
DBJ OPR - close 

CB IPS : 
BAT RED TIE (2) - close 
CROSS Til IAL LOADS - cloee 
CROSS Til BUS - cloee 
ASC ICA CONT - cloee 
XLDIIAJl IUS Til - cloee 
ASC ICA - cloee 
IMY 1 - cloee 
DC IUS VOLT - cloee 
Verify cb etatue per RCS lara for Lunar I8pact 

14. All cb ' •  - open • ezcept : 
Cll RCS SYS II :  

QUAD 1 .  2 .  3 0  6 4 TCA - cloee 
PQGS/DISP - cloee 

CJI LTG : 
TUCit - cloee 
PLO(I) - cloee 

Cll S/C : 
AU - cloee 
ASA - cloee 
ATCA - cloee 
ATCA (AGS) - cloee 

CB INST : 
CVIA - cloee 
SIC SDSOR - cloee 
PCM/TE - cloee 
SIC CORDI. 2 - cloee 

REMARKS 

s. fi& 4-22.  

I.C S  and MPS dieplay circuit brealtere wue t  aot be opeDed 
until etatua of RCS aDd ucent eolenoid ••l•ee hu been 
Yerified . Cll RCS SYS II :  PQGS/DISP .uat be left cloeed 
to sable tel-try tr ..... iaaion to MSFN. 
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4 . 10 . 1 . 6  RCS Burn for Lunar Iapact (Uaaanned Aacent 
Stase) (cont) 

us. 
I 

1 16 . 17. 

CB COHH: 
DISP - cloae 
VHF A IKTR. - cloae 
VHF B RCVR - cloae 
PRIM S BD PWR AHPL - cloae 
PRIM S BD IKTR./RCVR - cloee 
S BD ART - cloee 
PHP - cloae 

CB ECS : 
CABIN REPRESS - cloae 
SUIT PAN 6P - cloae 
C02 SENSOR 

CB RTR ICS SIS A/B 2 :  QUAD 1 ,  2 ,  3 ,  ' 4 - cloae 
CB BTR :  S BD ART - cloae 
CB IPS: 

DISP - cloae 
DC BUS VOLT - cloae 
INV 2 - cloee 
ASC ECA - cloae 
ILUNAR BUS TIE - cl08e 
BAT RED TIE ( 2) - cloae 

Verify cb atatae per ICS llurn for Luaar I..,act .  

IPS :  
IAT S BAa UP COlt FEED IN - ON ;  tb - aray 
BAT 6 � UP LHP FEED IN - OR ; tb - aray 

CB EPS :  DISP - opn 
DIG TD (X)Jrl' : DIG AIM .., - OFP 

CB ICS : SUIT PAll 1 - opeD 
Perfor. latr .. ehlcalar Traaafer to CSH .  

REMARKS 

see fls 4-23. 

Thla atep places aacent batterlea oa alteraatlYe feed 
�tM . 

ltef �ra 4 . 14 .4 .  

Preparation for jettlaoa, aad jettlaon , are controlled 
fr011 CSH. 

Poatjettlaon coast caa be .aaltored Ylaually fro. CSH. 

LH is controlled by HSPH Yia uplink c�Dd• to DUA • 
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CREW-I PNL MAN PROCEDURES 

4 , 10 . 1 .  7 Docked DPS Thrust Progru (P40) \lith AGS Followup 

CAUTION 

Do not select this procedure unless VG 
is greater than AV. �esulting fro. ullage 
..neuver • 

jt&os Basic (Uutapd) (required) 
ECS Basic (Uutqed) (required) 
IPS Preparation for DPS Burn (required) 
IDPS Pre .. ariaation •d Otecltout (required) 

E Pover-Up ( nquind) 
Self-Teat (desired) 
tt.e valid (required) 

state .actor valid ( required) 
IHU Power-Up (LGC Operating) (required) �HU Orientation Deteraination (P51) 

required) 
AP Data Load Routine (R03) ( required) 

HPS laic (Uutaged) (required) 
ECS laic (Unataged) (required) 
EPS Preparation for DPS Burn (required) 
DPS Pressurization and Checkout 
(required) 

REMARKS 

Purpose of Docked DPS Thrust (P40) 
With AGS Pollovup procedure is to 
co.pute preferred IHU orientation 
and LM attitude for DPS thrust 
.aneuver.  This procedure controls 
PGNCS during countdown, igaition, 
thrusting, and thrust teraination • 

Docked DPS thrust is to be perfor.ed 
under PGNCS control only , becauae 
CES cannot stabilize ca.biaed vehi­
cles durin& thrusting. Therefore , 
svitchiDg to AGS autoaatic control 
durin& this procedure is prohibited; 
AGS ia uaed only to .aoitor 
perfor.ance . 

Descent n&ille ... t not be operated 
in throttllna range of 65% to 92 .5% ,  
vhere operation of crrltatina 
venturia in flow control valvea 
beco.ea aapredictable ad aay ca.e 
iacorrect fuel-oxidizer aixtaru 
ratio,  Operation ia 60% to 92 .5% 
raaae will cauae excessive naiae 
erosion aad early co.buation 
cha.ber burn-throaah. 

Ref para 4 . 13.3,1,  
Ref para 4 . 13 .1 ,1 .  
Ref para 4 . 13,4,3,  
Ref para 4 . 2 ,29. 

.. f para 4 .6 .1 .1 ,  
Ref para 4,6, 1 . 13. 
LGC/QIC Clock Syocbroaiaation (all) 
(para 4 .6 . 1 . 15) 
LGC Update (P27) (para 4 .6 .1 . 7) 
Ref para 4 .6 .1 ,3 .  ISS should be on 
15 ainutea before thruatin& aaaeuver 
Ref para 4.9 . 1, 1 .  

Re f  para 4 .6 . 1 . 8, If  docked vith 
CSH, ICALCHAHU aaneuver rate loaded 
in ROJ should be 0.5•/second or 

I 
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CREW- PNL PROCEDUIIES MAN 

4 . 10.1 . 7 Docked DPS Thrust Prosr- �P40� IJith AGS Pollawu2 �cont� 

�roprtate pretbruat proaraa (required) 

AGS Power-Up (required) 
A!A Self-Teat (desired) 
AGS tt.e valid ( desired) 

AGS LH state vector valid (desired) 

AGS CSM state vector valid (deaired) 

AGS Aliaa.ent valid (required) 

AGS Wb Vector Update (required if 
aission warrants)  
Appropriate prethrust procedure (re-
qui red) 

REMARKS 

0 . 2•/aecoo.d . DuriDa docked DPS 
burna , two-jet ayat .. B ullaae 
ahould be aelected . 

Rate c�DCI ratea ill docked coo-
figuratioo. are oae-teotb tboae of 
undoeked cODfiauration for .... 
DAP load bit • 

Docked deadband ia 1 . 4• • 

Ref para 4 . 7 .  

Ref para 4 . 6 . 2 . 1 .  
Ref para 4 . 6 . 2 . 3 .  
AGS Manual Absolute Ti.. Initial-
ization (para 4 . 6 . 2 . 6) or AGS In-
itializatioo. Kouttne (R47) (para 
4 . 6 . 1 . 18) 
AGS Initialization Routine (R47) 
(para 4 . 6 . 1 . 18) , or AGS Manual LM 
State Vector Update/Initializattoa 
(para 4 .6 .  2 .  7) , or AGS Manual Ran-
dezvoua Radar LH State Vector Update 
(para 4 .8 . 2 . 2) 
AGS Initialization Routine (R47) 
(para 4 . 6 . 1 . 18) or AGS Manual CSM 
State Vector Update/Initializatioa 
(para 4 . 6 . 2 . 7) 
PGNCS/AGS Ali&n (para 4 . 9 . 2 . 1) , 
Backup AGS Ali&a.eot (uaiq AGS 
Body-Axia AUa-.at and PGIIS DGJ) 
para (4 . 9 . 2 . 2) , Backup AGS Aliaa.eat 
(using AGS Body Axia Alia....at and 
AOT) (para 4 .9 . 2 . 3) , or AGS Luaar 
Allan (para 4 . 9 . 3 . 2) 
Ref para 4 . 6 . 2 .15.  

Ref para 4 .  7 .  I f  AGS TPI aearch 
prethruat procedure vae uaed , TPI 
execute .ust have been aelected 
subsequent to that procedure . 
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CREW-I PNL MAN PROCEDURES 

4 . 10 . 1 . 7  Docked DPS Thrust Program (P40) With AGS Pollowup (con t )  

CAUTION 

PQGS should be in operation lS 
•in before start of thrust but 
should not be operated eont inu­
ouslv for 1110re than 4S llin , to 
prevent equipaent d..age due 
to electronics overheating . 

1 .  Prepare PQGS for thrust aonitoring : 
PRPLMT QTT PI>M sw - DES 1 
If DES QTY warn lt - on, it can be 
extinguished after ullage settling has 
been established by cycling PRPLMT 
QTY JlllN IN to Ol'P , then DES 1 .  

2 .  Establish attitude control:  
GUin OONT sw - Pr.NS 
S/C: 

PGNS sv - ATT HOLD 
AGS IN - ATT HOLD 

ltey V76E 
No DAP lt - on 
S/C: ROLL, PITCH, TAW IN - lt)DE OOMT 

3. Establish PGMCS total attitude & 
attitude rate/error display : 
ATTrroDE PON IN {1) - PGMS 
RATE/PJUt lt)N IN {2) - LDG RDtt/CKPTR �. Enable IICA/TTCA: 
THROTTLE/JETS cont (1) - JETS 
THROTTLE/JETS cont (1) - TH1tOTTLE 
ENG THR <DNT: ATT /TRANSL sw - 2 JETS 
ACA PROP sw {2) - ENABLE 

�·  Prepare controls for DPS bum: 
!Mr. TH1t CONT : 
TRR. COMT sw - MAN 
MAN TRROT sw - as required 
ENG AJlH sw - OFF 

REMARKS 

Ref para 4 . 5 . 1 .  Do not use attitude 
hold/rate command .ode when docked 
with CSH . 

PQGS low-level detection circuit vil 
latch up in low-quantity position if 
sensor probes are not i..eraed in 
propellant because of lack of 
ullaae settling . 

Ref para 4 . 5 . 3 . 1  and 4 . 5 . 3 . 2  
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CREW-I PNL 1 PROCEDURIES MAN 
4 . 10 . 1 . 7  Docked DPS Thrust Prograa (P40) With AGS Follawup (cont) 

ABORT pb - reset 
ABORT STAGE pb - reset 
Eq START pb/lt - off 
Eag STOP pb/lt (2) - reset 
DES ENG atD OVU av - OFF 
ENG QmL av - ENABLE 
ENG THR COtfi :  ML CPL aw - ON 
S/C:  DEAD lAND av - MIN 

6. Select P40 : 
Key V37E 40E 
Poss FL V05 N09 - Alarm 

CAUTION 

PQGS should be in operation 15 min 
be fore start of thrus t but should 
not be operated cont inuously for 
more than 45 min , to prevent equip­
ment daaage due to electronics 
ove rheating . 

1 .  Prepare PQGS for thrust .anitoring : 
PRPLNT QTY HON aw - DES 1 
If DES QTY warn lt - on ,  i t  
can b e  extinguished after 
ullage settling has been estab­
l ished by cycling PRPLNT QTY 
HDN sv to OFF , then DES 1 .  

2 .  Select des ired guidance steering : 
a .  Z-axis parallel t o  CSM orb i t  

plane -

or 

Key DEDA C 62 3+00000£ 
�ey DEDA C 400+100000E 

b .  Z-axis specified by Wb vector -
Key DEDA C 623+10000£ 
Key DEDA C 400+10000£ 

J .  Deleted 

REMARKS 

PGNS low-level detection circuit 
will latch up in low-quanti ty 
pos it ion i f  sensor probes are not 
t..ersed in propellant because of 
lack of ullage settlina . 
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CREW-I PNL 1 PROCEDURES MAN 

4 . 10 . 1 . 7 Docked DPS Thrust Program (P40) With AGS Followup (cont) 

01706 - Loaded configuration 
indicates DPS staged 
PROG lt - on 
lt.ey V34E & RSET 
P'L V37 N-
IC.eT XXE , exit P40 & re load DAP 

Posa PROG lt - on 
IC.eT V05 !f09E - Call alat'll 

00210 - IHU not operating 

00220 - ISS orientation not 
known 

IC.ey ltET !tEL & RSET 
P'L V37 N-
Key XXE ,  exit P40 

To obtain optional diaplav of VG (LV ) : 
ltey V06 H86E 

Rl X JCCO[ . X  fJ)a 
R2 T lOCO[ .  X fJ)a 
R3 Z JCCO[ . X  fJ)a 

To tet'llinate disJ)lay : 
Key 1tET REI. �. Attitude Maneuver Routine (R60) 

P'L V50 Ml8 - Perfora automatic 
aaneuver to final PDAI angles 

Rl Roll xxx.xx• 
R2 Pitch xxx. xx• 
R3 Taw xxx.xx• 

If desired, before continutna R60, 
crew .. , alter values of par ... tera 
IJVTRRIJSH , DYCHTR , 'mECAT+l aa follOWI!I : 
IC.ey V21 HOlE (Ol250E, 03515!,  or 
03741E, reaJ)ectivelv) , (new data)E 

REMARKS 

Perfom IMU Power-UP (LGC Operatin&) 
(para 4 . 6 . 1 . 3) . 
Perform IHU Orientation Deterain­
ation (P51) (para 4 . 9 . 1 . 1) . 

If f inal co.puted FDAI analea result 
in +90• yaw, tranafor.atioo frc. IHIJ 
to PDAI analea in roll and pitch ia 
indeterainate and Rl and R2 vill be 
zero . 
DecisiOD to alter these values and 
desired new values vould be coordi­
nated vith, and received frc. MSPN. 
Soae or all values are octal and 
coapl..ented valuea . 
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�.10.1. 7 Docbd DPS Thruat Prosr• (P40) With AGS P'ollowup (cont) 

After CSH naneuver to thrust 
attitude -
a. Accept autaaatic attitude maneuver : 

r;um CONT sv - PGNS 
S/C: PG!tS 11V - AIJTO 
Key PRO - 10 to atep 8 

b .  When present attitude aatiafactory : 
Null AGS yaw attitude error • 

�itor yaw attitude error on PDAI 
error needle. 
ACA - null yaw enor (X-axis 
override) 
Key !NTR - Exit R60, go to step 9 

� ·  If PGNCS auta.atic attitude maneuver 
selected : 
DSKT diaplaya are blanked until 
co.pletion of autaaatic .. neuver. 
�itor PDAI belly band, with re­
spect to color band on roll bezel,  
to avoid gimbal lock. 

Return to step 7 .  

REMARKS 

For docked DPS burna , CSH initially 
maneuvers to thruat attitude and 
LH perforaa auto .. tic tria .. neuver 
in step 8. 

If desired , Key extended verba 
or 
Key Vl6 Nl8 - Final 
FDAI aqlea 

Rl Roll xxx.xx• 
R2 Pitch xxx.xx• 
Rl Yaw XXX.xx• 

Key lt.EY REI. 
Belly band covers aeparation be­
tween h .. iapherea of FDAI ball . 
Belly band , in color banda on each 
side of FDAI roll bezel , would in­
dicate IHU aiddle gimbal angle > 75• .  
During this maneuver , LGC wi ll ­
ter.inate automatic maneuver if 
S/C : PGNS sv is switched out of 
AUTO. 
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CREW- PNL MAN PROCEDURES 

4 . 10. 1 . 7  Docked DPS Thrust Prosram (P40) IHth AC-: S  Fol lm1ur (con t )  

4 .  Honitor X-axis component of velocitv 
t o  he ga ined : 
Kev DF.DA C 500R ( 0 . 1 / 1  fps ) 

q .  Pos s  FL V 50 N2 5 - Checkl i s t  reference 
R l  00203 - S1Ji tch to PGNCS auto-

matic mode 
R 2 --
R3 --

REMARKS 

Paren the t ical quantization notation: 
lunar miss ion/earth mission . 
Readout will equal total veloc ity to 
be ga ined if LM is properly o riented 
for DPS burn. 

Inhibit ing X-axis RCS jets during 
DPS burn is r ecommended , to minimize 
thermal impingemen t prob lems with 
descent stage and CSM. 
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4 . 10 . 1 . 7  Docked DPS Thrust Program (P40) With AGS Fol lowup (cont) 

10 .  

I f  PGNCS autoaatic 80de desired : 
GUID CONT sv - PGNS 
S/C : PGNS sv - AUTO 
ENG THR CONT : THR CONT sw - AUTO 
ley PRO 

If PGNCS autoaatic mode vas selected 
or not desired : Key ENTR 
Key V65E - Dlaable U & V jets 

V06 N40 -
Rl TFI 
R2 VG 
RJ 4Va 

XXIXX ain-sec 
:XXXX . X  fps 
XXXX .X fps 

CMPTR ACTY lt - on 
Monitor PROG lt froa TFI • -00850 
to -00835 . If PROC lt - on :  
Key V05 N09E - Call alarm 
01703 - TIG alipped 

ley 1tEY UL & RSET 
CHPTR ACT! lt - off 

Update EVNT TMR ind if required. 

11. Verify TTCA - ainiau. thrust 
CB S/C : DECA PVR - close (if  open) 

12 . When TFI • -00129 : 
V06 N40 

Rl TFI IXIXX ain-aec 
R2 VG XXXX .X fpa 
R3 AVa XXXX. X  fpa 

Verify 4Va < 0 . 5  fpa fro. 
TFI • -OOIJO to -00815 

�3 .  I f  first DPS burn , enable 
aupercritical He preasurization : 
ED :  MASTER ARM sw - ON 

R3 displays 00000 until TFI • 

-00830 . V06 N40 displays are blanked 
fro. TFI • -00135 to -00830. If 
alara 01703 occurs , begiDDing and 
duration of blanking cannot be de­
fined . 
CMPTR ACTY lt - on during State 
Vector Integration Routine (R41) . 

TIG vill be slipped , aa required , 
to gat atata vector integration to 
oev TIG-30 aeconda . 

State vector integration co.plata. 

AVa >0 . 5  fpa indicates axcaaaiva 
PIPA biaa error . 
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4 . 10 . 1 . 7  Docked DPS Thrust Proara• (P40) With AGS Followup (cont) 
I 

14 . When TFI • -00810 : 
Initiate ullage .aneuver: 
TTCA - .ave up uatil TPI • -QOB05 

CAUTION 

DES ENG CHD OVRD sw - OFF 

ENG THR OONT : ENG ARM aw - DES 

15. When TFI • -ooB05 
FL V99 N40 - Engine-on enable 

Rl TFI XXBXX .tn-sec 
R2 VC XXXX.X fps 
RJ AV. XXXX . X  fpa 
Accept : When AVa>XXXX . X  fps 
Key PRO 
Reject : 
Key V34E 
FL V37 N-
Key XXE • exit P40 
ENG TBR OONT : ENG ARM sw - OFF 

CAUTION 

Do not select rate ca..and attitude 
hold .ode during docked DPS burna . 
This can reault in loaa of  attitude 
control. 

jl6. If TFI is 
V06 N40 

Rl TFI 
R2 VC 
RJ AV• 

negative & nonzero : 

lCXBXX ain-aec 
XXXX . X  fps 
XXXX .X fps 

�7 .  When TFI • -oosoo , aonitor thrust . 
If no DPS burn : 
Eng START pb/lt - puah 

REMARKS 

If DES ENG CHD OVRD sw - ON , engine 
will start upon ar.tng • 

During FL V99 N40 . brief FL V06 aay 
appear inter.ittently ; tbis should 
be disregarded . lesponae to FL V99 
N40 should be aade aa soon as possi­
ble , to decrease possibility of 
violating descent stage tber.al 
constraint (appro.taately 15 
aeconda) . 

If TFI is not negative and nonzero, 
DPS engine is co...aded on vben PRO 
is keyed in step 15. 
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4 . 10. 1 . 7 Docked DPS Thrus t Proar .. (P40) With AGS Follovup (cont) 

18. Poaa DES QTT varn lt 
MASTER ALARM pb/lt - reset 
PRPLNT QTY MON av-cycle OFF, tben 
DES QTT varn lt - off 

DES 1 
CAUTION 

If DPS burn is aanually initiated 
(eaa START pb/lt ) ,  autoaatic eng 
ahutoff vill not oc�ur. When shut­
off criteria are reached, eng STOP 
pb /lt .uat be pushed. 

Roush co.buation .. Y be expected at 
atart of DPS burna due to gaa inses­
tioa in propellants . Roughneaa aay 
lut aa loos as 25 sec , depending 
on hov quickly eng is throttled up .  
There ia no cooatraint on throttlins 
due to this roughness . 

19. V06 N40 1 5 .  Monitor AVsx 
Rl TFC XXBXX aln-eec 
R2 VG XXXX.X fpa 
RJ Ava xxxx. x  fpa 
Wh• !VNT ind - 00 : 0 5 :  
TTCA - illcraaae t o  40% 
TFC • VG decreaaina. AV. increuing 
Monitor FDAI 
Poea PIOC lt - on 

ley VOS N09E - Call ala:m 
01407 - VG increaaina 
lay lET UL ' RS!T 
Tenainate burn. 

19A. If propellant quantity >29%: 
DES Be REG 1 av - OPEN ; tb - aray 

20. If firat DPS burn: 
ED :  KAST!"R AJIH av - OFF 
MASTER ALARM - on 
MASTER ALARM pb/lt - reaet 

REMARKS 

AVgx vill beain to coUDt-down at 
enaine ianition. 
TFC 1e diacootinuoua .ad Ava beca.el 
fairly coaataDt for 4 to 5 aecoada . 

If VG 1a fouDCI to be increMina by 
LGC , enaine-off c� vill not be 
aenerated. 

MASTER ALAJIH - on vhaD ED: MASTEl 
ARM sv - OFF , due to relay race 
reaoving CWEA inhibit. 

� 
! i E � 0 '  Z w  "' i  
I 



8' .. ;;-
� 
• 

N 
o-

Il) 
• 

"CC .. 
• 

IJ. 
.. ., 
.... ..::. .... .... 

n l 
t ! 

� 
cc 
Cl 

I� 
0 

CREW-I PNL I PROCEDURIES MAN 

........ . ,, 

4. 10. 1.  7 Docked DPS Thruat Proar• (P40) With AGS Followp (cont) 

21, DPS/�S Thrust Pail Routine (R40) 

If LGC detects thruat fai l :  
FL V9 7 N40 - Perfora eosine fail 
proceduru 

Ill TPC XDXX ain-aec 
R2 VG XDX . X  fps 
Rl AVa XXIX . X  fpa 
AlterDatiY .. to fail procedure : 
a. Verify LGC interpretation of 

thrust failure : 
Key PRO 

b .  Atte.pt coapletion of aaneu.e r :  
Key ENTR, return t o  atep 1 5  

c .  Terainate : 
Key VJ4E - Exit P40 
P'L V37 N-
Jeey XXI 

21A. When propelleot qU&Dtity • 29% 
or 
At TFC-10 aec (<86%) : 
DES He REG 1 .., - CLOSE ; tb - bp 

22.  Wheo !VNT THR ind • 00: 26 : 
ENG THRUST ind - approx 100% 
CHD THRUST ind - approx 70% 
Unleas TG <95 sec 

23.  Monitor thrust cutoff when TFC • 

OOBOO. 
Ens STOP pb/lt - push after autoaatic 
cutoff or if  cutoff does not occur 
ENG THR CONT : ENG ARM sw - OFF 
I f  cutoff is early , return to s tep 21 . 

REMARKS 

R40 1a called at no.inal ianition 
tiae and reaaiu acti•e until eqiDS 
cutoff .  R40 .onitors PIPA outputa 
and initiate• eosine fail proceduru 
i f  thruat fail ia detected. Enaina 
thruat faUa when PIPA detects AV 
of (0. 394 fpa ( 12 c./sec) (docked 
confiauration) for fiye conaecutiYe 
••PliD& perioda of 2 second• each , 
after noainal ipitioa tiM . Enaiu 
thruat also fail• i f ,  duriq 
thruatiq period , AV 1a lus thu 
thia thr .. hold for � coaaecutiYe 
aa.plina periods of 2 secoada each. 

Durina FL V97 N40 , brief FL V06 aay 
appear iateraittently ; thia should 
be diareaarded. 

When EVNT THR ind • 00: 26 • TIG+26 
second& , throttle ia ca.aaaded to 
aaxiaua. I f  TB <95 seconds , no­
throttle flea is set to inhibit 
throttle co .. and fro. goina 
aaxiau., to prevent inaccurate 
engine-cutoff co-,utatiou when 
engine thrust level varies . 
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4 . 10 . 1 .  7 Docked DPS Thrust Prograa (P40) With AGS Followu� (cont) 

24,  S/C : PGNS aw - ATT HOLD 
2 5 .  Key V75E - Reenable U & V jets 

26 . FL Vl6 N40 
Rl TFC XXBXX ain-sec 
R2 VG XXXX . X  fps 
Rl 6Va XXXX . X  fps 
Record thruat par-eters at 
their final value : 
Key PRO 
Record final propellant quantity 
noted durina thrus t .  
PRPLNT QTY I'I>N aw - OFF 

27.  FL Vl6 NSS - VG (LM) 
Rl X XXXX.X fps 
R2 Y XXXX. X  fps 
Rl Z XXX:X. X  fps 

If nullina of VG is desired : 
Key V77E 
NO DAP lt - off 

THIIOTTLE/JETS cont (CDR) - JETS 
IICA/TTCA - null VGX , VGY , VGZ 

6 .  Read out predicted perifocus 
28. ley V76E when aaneuver is coapleted . altitude : 

NO DAP lt - on Key DEDA C 403R (0 . 1  n.) 
Coapare vith PGNCS Hp value. 

7 .  Read out apofocus altitude : 
Key DEliA C llSR (0 . 1  n.) 
Ca.pare vith PGNCS Ha value. 

29. TeraiDate P40 or select Orbit 
Par.-ter Diaplay Routine (R30) : 
a. Terainate : 

Key PRO 
FL V37 N-
Key XX! ,  exit P40 

or 
b .  Select RJO: 

Key V82E 
FL Vl6 N44 

Ill Ha xxxx. x  .. 
R2 Hp xxxx . x  Dll 
Rl TFF XXBXX ain-sec 

REMARKS 

While .,erqe 1 1a ill procua , orbit 
paraaetera are autoaatically 
recogputed every 2 aecoDds . 
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4 . 10. 1 . 7  Docked DPS Thrutt Proar .. (P40) With AGS Followup (cont) 

�y Pm when finiahed with dhplay 
to neatellah NBS diaplay , exit 
130 

ley ,.., 
n. V37 N--

�y lXI , exit P40 

JO. ley V661 
Turn off •cent batteriea : 
IPS : 

BAT S NORMAL LMP FlED n - OFF ; 
tb - bp 
BAl' 6 NORMAL CDR FIID n - 0 FF ;  
tb - bp 

31. Perfom IPS check , Poat-DPS Burn . 

REMARKS 

For docked DPS bum , CSH s tate 
vector should be updated via V66 
before separation , b ecause LGC 
au�d that CSH wu in coating 
orbit durin& bum . 

Re f  para 4. 13. 4 . 4 .  
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4 . 10. 2 POWERED DESCENT 

4 . 10. 2 . 1  Braking Phase Prosr .. (P63) With AGS Preparation for 
Orbit Insertion (410+00000) 

REMARKS 

Purpose of Braking Phase Program (P63) is to calculate 
required ti•e of DPS ignition. 
This procedure controls PGNCS during countdown, isnition, 
and thrus ting of powered landing .. neuver ,  to obtain 
desired aia conditions for braking phase . Successful 
accomplishment of braking phase aia conditioas (high 
gate) is indicated to crew by autoaatic selection 
of Approach Phase Progr .. (P64) . P63 .uat be aelected 
at least 20 ainutes before noainal TIC for powered 
landing. 

This procedure prepares AGS to s teer LH by changing DPS 
thrust vector from retrograde (PGNCS braking phase) to 
posigrade to achieve orbit insertion. 

Landing Analog Display• Routine (RlO) ia enabled near 
start of average g in P63 and is terainated vbaa aYer­
age g is terainated. 

U-jets and V-jets .. y be disabled (V6SE) or eaabled 
(V7SE) . This capability is intended to be uaed 
during Docked DPS Thrust Progr.. (P40) vitb AGS Pollawup 
only. However , thia capability ia available duriDa P63. 

Following DSU display ia available duriDa panred 
landing , to support aanual throttle operationa . (Auto 
ca.aand is not available for diaplay on THRUST iad 
during aanual throttle. ) 

Vl6 N92E 
Rl Desired auto throttle 

R2 H rate 
R3 8 

lXXXI% (aay be >100% of 
PTP thr.t) 

XXXX. X  fpa 
XXXXX fps 

ENG mR CONT : mR COHT av - HAN is perai tted at aay U.• 
during powered descent. aa..ver, (in P63 ,  P64) vbaDaYer 
GUID CONT sv - PGNS ad S/C:PGNS av - AUTO, care should 
be exercised that ..aual co.aand does not esceed LGC 
desired thrust 110re tho briefly ; otberviae , LGC aay 
invert LH in atteapting to achieve targeted trajectory. 
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PROCEDURES 

4 . 10 . 2 . 1  Brakina Phase Prosraa (P63) With AGS Preparation for 
Orbit Inaertion (410+00000) (cont) 

HPS B .. ic (UDetaged) (required) 

ECS B .. ic (Unstased) (required) 

EPS Preparation for DPS Burn ( required) 

DPS P reaauriution & Checkout ( required) 

S-Band Steerable Antenna Activation (Hish Power) 
( required) 

LGC Power-Up (required) 

LGC Self-Tea t ( required) 

LGC ti- valid ( required) 

LH & CSH a tate vector• valid 

REMARKS 

Ref para 4 . 13 . 3 . 1 . 

Ref para 4 . 13 . 1 . 1  • 

Re f  para 4 . 13 . 4 . 3  . 

llef para 4 . 2 . 29 .  

Ref para 4 . 2 . 20.  

Ref para 4 . 6 . 1 . 1 . 

Ref para 4.6 . 1 . 1 3 .  

LGC/atC Clock Synchronization Routine ( R33) (para 
4 . 6 . 1 . 15) 

LGC Update Prosraa (P2 7) (para 4 .6 . 1 . 7) 

Landing aite position & na.dnal landing time at designated I LGC Update Prograa (P2 7 )  (para 4 . 6 . 1 . 7) 
landing aite valid ( requi red) 

IMU Power-Up (LGC Operating) (required) 

IMU aligned to landing aite orientation for designated 
landing aite & na.inal ti- of landing ( required) 

DAP Data Load Routine ( R03) ( required) 

AGS Power-Up ( required) 

AEA Self-Teat ( required) 

ACS ti- valid ( required) 

AGS LM & CSH s tate vectors valid ( required) 

Ref para 4 . 6 . 1 . 3 .  ISS should be on 15 ainutea before 
thrusting. 

IHU Realign Program (P5 2 )  (para 4 .9 . 1 .2) 

Ref para 4 . 6 . 1 . 8 .  

Ref para 4 .6 . 2 . 1 .  

Ref para 4 . 6 .2 . 3 . 

AGS Initialization Routine (R47) (para 4 . 6 . 1 . 18) 

AGS Initialization Routine (R47) (para 4 .6 . 1 . 18) �� I I I PCNCS/AI'S AU.., ( requhed) 1 ,.£ po<a 4 . 9 . 2 . 1 .  
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4 . 10. 2 . 1  Brakina Phaee Prograa (P63) With AGS Preparation for 
Otbit Ineertioo (410+00000) (eontl 

1. 

2. 

AGS Wb Vector Update (required if aisslon warrants)  

AGS Otbit Iaaertion (required) 

AGS Gyro 6 Accelero.eter Calibration (desired) 

t.DdiQI War Power-Up (required) 

LaadiDI War Checkout (required) 

-..clea.oua Iader Power-Up (de.ired) 

...._zyoua ladar Checkout (desired) 

IMft 'IMa ialll set to count-up to zero at TIG, b .. ed oo 
HSPII-p�ided data (required) 

CSH ill preferred tnckiDa attitude (required) 

.U. caediUou required for brakiQI pbae stored io LGC 
before lauDch (required) 

Prepare PQGS for tbruat 8DilitoriDa: 

CAUTION 

PQGS aboald be iD operation lS aio before start 
of tbr1.t bat eboald aot be operated contiououaly 
for Mre tba 45 aio, to preYeot equi.-mt d-se 
due to electronic. a.erheatioa. 

PIPLMT Qn !«)If .v - DES 1 
If DES QTT varo lt - oo: 
PIPLNT Qn !W)H • - Ol'P . then DES 1 (after ullaae settling) 

Eatabliab attitude control : 
GUID CONT 11V - PGNS 
S/C: 

PGRS 11V - AUTO 
ROLL. PITCH. YAW sv - !«JDI CORT 

REMARKS 

Ref para 4. 6 . 2 . 15.  (Required for orbit ineertloo froa 
far westerly lunar landing sites . )  

Ref para 4. 7 . 3. 2  • 

Ref para 4 . 6 . 2 . 5 .  

Ref para 4 . 6. 3. 7. 

Ref para 4 . 6 . 3. 8. Asau.ptioo: Procedure lea•ea antenna 
in pOIIition No. 1.  

Ref para 4 . 6 . 3. 1. 

Ref para 4. 6 . 3 . 2. 

Ref para 4. 13 . 6 .  

PQGS low-te.el detection circuitry will latch up iD low­
quantity poeitiOD if ae�����or probu are aot �raecl io 
propellat due to lack of ullaae aettliDa . 

Ref para 4. 5 . 1 .  
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� - 10 . 2 . 1 Brakina Phase Proaram (P63� With AGS Pre2arat ion for 
Orbit Inaertion �410+000001 �contl 

) . Select displays : 
�DE SEL sw - AGS 
ATTinJDE HON sw (1) - AGS 
ATTinJDE HON sw (1) - PGNS 
RATE/ ERR HDN sw (2) - LDG PDR/CHPTR 

4 .  Enable ACA /  TTCA : 
ltC.A/4 JET sw (2)  - ENABLE 
TTCA/TRANSL sw (2) - ENABLE 
THIOTTLE/JETS cont (2) - THROTTLE 
TTCA (CDR) - ainiaua position 
TTCA (LHP) - sof t stop 
ENG THR CONT : ATT /TRANSL sw - 4 JETS 
ltC.A PROP sw (2)  - ENABLE 

5 .  CB LTG : UTIL - close 
CDR UTILITY LIGHT sw - BRIGHT 
LHP UTILITY LICHT sw - BRIGHT 

6 .  Prepare controls for DPS burn : 
ENG THR CONT : 

TIIR CONT sw - Alri'O 
HAN THIOT sw - CDR 
ENG ARM sw - OFF 

ABORT pb - reset 
ABORT STAGE pb - reset 
RNDZ RADAR sel - AUTO TRACK 
Eng START pb /lt - off 
Eng STOP pb/lt (2) - reset 
DES ENG am OVIUl sw - OFF 
ENG GHBL sw - ENABLE 
ENG THR CONT : BAL CPL sw - ON 
S/C :  DEAD BAND sw - MIN 
CB S/C : AELD - close 
CB S/C : AELD - close 

7 .  Deleted 

REMARKS 

i I 
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PROCEDURES 

4 . 10 . 2 . 1  Braking Phase Progra• (P6J) With AGS Preparation for 
Orbit Insertion (410+00000) (cont) 

8. 

9 .  

Prepare AGS for followup : 
a.  Select auidance steering froa following 

(1) 1-axis pidance steering , Z-axis parallel to CSH 
orbital plane -

or 

hy DEDA C 400+10000! 
ltey DEDA C 623+00000! 

(2) taw orientation specif ied by Wb vector -
hy D!DA C 400+ 100001 
l:.ey DEDA C 623+10000! 

b .  S/C: AGS .., - ATT HOLD or AUTO 
c. CB 5/C : AEA - close 

CB S/C : AEA - open 

l:.ey V37E 631 
Poaa PIOC lt - on 
l:.ey VOS H9E - Call alara 

REMARKS 

Wb Yector 1s provided for S-band LOS angle for orbit 
insertion froa far westerly lunar landing s itea . 

AEA backup d-e power circuit breaker should be open , 
except when PGNCS fails . 

If P68 1s iuadvertently selected instead of P63 : 
a .  Reset APSFLAG and SURFFLAG­

I:.ey V37E OOE 
V25 H07E,  104! , 2001, E 
V25 N07E,  106! , lOOOOE, E 

b .  Perfora P27 update of RLS (valuea TBD) via DSn or 
upl1Dk 

hy V711 (confira P27 established) 
FL V21 HOl l:.ey lZE , 02020! , 

XXXXXE (aoe t sigoificant part of ILSx) 
XXXXXE ( least sipificant part of ILSx) 
XXXIX! (aost significant part of ILSy) 
XXXXXE ( least significant part of ILSy) 
XXXXXE (aost sigoificant part of RLSz) 
XXXXXE (least dpificant part of RLS z) 
XXXXXE (aos t significant part of TI.AHD) 
XXXXXE ( least s ignificant part of TUND) 

FL V21 HOZ 
ley V PIO 

c .  Reselect P63 - l:.ey V37E 63E 

If it 1s desired to change altitude at which LR updates 
are inhibited , froa s tored Yalue of SO feet (scaled in 
aeters at B-10) , new octal value aay be loaded at this 
tt.e as follows : V21 NOlE 3451E XXXXXE 

5 6 
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4 . 10. 2 . 1 B raking Phase P rogram (P63)  With AI.S Preparation for 
Orb i t  Insert ion (410+00000) ( cont ) 

10 . 

00210 - I� not on 

00220 - IMU orientat ion not known 

Key KEY REL & RSET 
FL V37 N--
Key XXE - Exit P63 

P os s  PROG lt - on 
Key VOS N09E - Call alarm 

01412 - De scent i gnit ion al go ri thm not conve rging 
Key KEY REL & RSET 
Key V96E or V37E XXE - Ex it P63 

FL V06 N61 - �wneuve r p arame t e rs 
Rl TG -XXBXX min-sec 

R2 TFI XXBXX min-sec 
R3 Cross range +XXXX. X  nm 

Reset EVNT THR ind to TFI 
Key PRO 

REMARKS 

Pe rform I� Power-Up (LGC Opera t ing) p rocedure (p a ra 
4 . 6 . 1 . 3) • 

Pe rform � �� Orient at ion De t e rminat ion P rogram (P5 1 )  
(para 4 . 9 . 1 . 1 ) . 

TG - I n i t i al value - Es t imated t ime of full thrust f l i ght 
to accomp l ish aim condit ion of h i gh gate . TG wil l  count­
down (based on actual thrus t )  after full thrus t  is 
commande d .  
TFI - Time f rom i gn i t ion 
C ross range - Out-o f-plane distance b etween init ial LM 
o rbital p l ane and p resent ly des i gnated landing s i te .  
P l us  i nd i cates plane is s outh ; minus indicates p lane i s  
n orth of landing s i te . 

Visual con fi dence check , using e s t imate o f  sur face range 
from known landmark close to planned time of ign i t ion and 
p resent L� pos it ion , can be performed at this time . 
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PROCEDURES 

4 . 10 . 2 . 1  Braking Phase Program (P63) With AGS Preparat ion for 
Orbit Insertion (4 10+00000) (cont ) 

1 1 .  Deleted 

1 2 . Attitude Maneuver Routine (R60) 
FL VSO Nl8 - Perform auto.atic .aneuver to f inal FDAI 
angles : 

Rl Roll xxx . xx• 
R2 Pitch XXX.xx• 
R3 taw xxx . xx• 

If desired , before cont inuing R60 , crew .. Y alte r values 
of par ... ten DYTHRUSH or DVCNTR aa follows : 
Key V21 HOlE (012SOE or OJS lSE respectively) , 
(..., data) E 
Accept autoaatic attitude .aneuver: 

1 I GUID COMT - - PGNS 
3 S/C: PCNS aw - .AlJTO 

Key PRO - Go to step 13 
Reject alternatives : 
a.  Perfon aanual attitude ... uver : 

Select duired attitude control .ode -
lt£A - .. neuver aanually 
Key PRO - Return to beaiaains of step 12 

b .  To reca.pute gillbal ansles : 
3 I S/C: PGNS av - ATT HOLD 

1 3. 

ley PRO - Return to begiDDing of step 12 
c. WheD present attitude satisfactory : 

I£A - adjust yaw u required for S-bead track 
(1-axis a.erride) 
ley ENTR - Exit 160 , so to step 14 

If PGNCS .utoaatic attitude ..aeUYer selecte d :  
Pre-R60 displays return until ca.pletion o f  autoaatic 
aaneuver .  Monitor PDAI belly band , with respect to color 
band on roll bezel , to avoid &i.bal lock . 

REMARKS 

LGC automatically sets 1• deadband in RCS DAP . If f inal 
computed FDAI ang les result in +9o• yav ,  transfonaation 
from IMU to FDAI angles in roll

-
and pitch is indeterai­

nate and Rl and R2 vi ll be zero • 

Decision to alter these values and desired nev values 
would be coordinated with , and received froa ,  HSFN . Sa.e 
or all values are octal �d ca.plemented values . 

Autoaat i c  trim aaneuver ia considered essential for 
aaneuvers to thrusting attitude . 

Ref para 4 . S . l . 

PDI yaw attitude , to aaintain S-band track , is landing 
s ite dependent . 

I f  desi red , Key extended verbs 
or 
Key Vl6 Nl8 - Final FDAI angles 

Rl Roll xxx. xx• 
R2 Pitch xxx .xx• 
R3 Yaw xxx. xx• 

Key KEY REL 
Belly band covers separation between h .. ispheres of FDAI 
ball . Be lly band , in color bands on each s ide of FDAI 
roll beze l ,  would indicate IMU •iddle gimbal angle �75• . • 
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4 . 10 . 2 . 1 .  Braking Phase Prograa (P63) With ACS Preparation for 
Orbit Insertion (410+00000) ( cont )  

14 . 

15 . 

If -.nual override & coap letion of attitude mane uver 
desi red : 
Select desi red attitude cont rol .ade -
ACA - maneuver .-nually 
Return to atep 12 

Poaa FL VSO N25 - Perform checklist 
Rl 00500 - Switch LR antenna to descent (pos ition No . 1)  
R2 -----
Rl -----

I f  La baa not been manually co.aanded to des cent position :  
RADAR: LDG Aln av - DES , hold for 10 sec ,  then AUTO 
Key PRO 

I f  LR baa been manually co.aanded to descent pos i tion :  
Key EMTR 

Poas FL VSO N25 - Perfora checklist 
Rl 00203 - Switch to PGNCS autoaati c  .ade 
R2 -----
Rl ----

I f  PCHCS aata.at ic .ode was not aelected:  
GUID CONT av - PGNS 
SIC :  PGNS av - AUTO 
ENG THR CONT : 111R CONT av - AUTO 
Key PRO 

I f  PGNCS auot .. tic .ade was se lected : Key ENTR 

Update & align AGS : 
Perform AGS Initializat ion Rout ine (R47) . 
Perfora AGS Gyro & Accelero.ete r Calibrat ion . 
Display LH velocity magni tude on DEDA : 
ley DEDA C 4l3R (0. 1/1 fpa ) 
Ca.pare DEDA velocity aagnitude with MSFN velocity 
.. gnit\llle .  
Monitor 4Vgx : 
Key DEDA C SOOR (0 . 1 /1 fps) 

REMARKS 

During th is maneuver ,  LGC will terainate autoaatic 
maneuver i f  S/C :  PGNS sw is switched out o f  AUTO .  

Ref para 4 . 5 . 1 .  

S-band track verification should be made afte r  yaw down 
.. neuver .  

Gross attitude check can b e  made by coaparing orientatioa 
of horizon in overhead window and PDAI gt.bal anglea with 
HSFN nominal values . 

Discrete to LGC may be e rroneoua . 

Ref para 4 . 6 . 1 . 18 .  
Ref para 4 . 6 . 2 . 5 .  

Parenthetical quant izat ion notation : lunar mission/earth 
miss ion . 
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4 . 10 . 2 . 1  Braking Phase Prograa (P63) With AGS Preparation for 
Orbit Insertion (410+00000) ( cont) 

16 . V06 N62 
Rl VI 
R2 TF1 
R3 6V• 

XXXX .X fps 
XXBXX ain-sec 
0000 .0 fps 

OU'TR ltCT'f lt - on 
Monitor PROG lt froa TFI • 00150 to -00835 . 
If PROG lt - on :  
Key VO S  N09E - Ca l l  alara 

01703 - TIG slipped 

Key 1CEY REL ' RSET 
QIPTil ACTY lt - off 
lTCA (CDR ' IMP) - aini- (hardatop) 
At TFI • -00129 :  
Poas ALT lt - on (R20) 

Poes VEL lt - on (R20) 

V06 N62 
Rl VI :UXX . X fps 
R2 TFI XXIXX ain-aec 
R3 6Ya XXIX.X fps 
Verify 6Ya (0. S fps froa TFI • -00130 to -00815 . 
I f  6Ya >0 . 5-fpa : TBD 
Verify VI in R1 is within +5 fpa of HSFN value of LH 
inertial velocity . -
Poaa FL VEL lt 

. .  � .... 

REMARKS 

Displays are blanked fro. TFI • -00835 to -008 30 .  Begin­
ning and duration of blanking cannot be defined if alara 
01703 occurs . 

CMPTR ACTY lt - on during State Vector Integration Rou­
tine ( R41) • 

TIG will be slipped,  as requi red , to get state vector 
integration to new TIG-30 sec onds . 

State Vector Integration coaplete. 

ALT lt - on steady if  LR range data-sood discrete not 
present . 
VEL lt - on steady if LR velocity data-sood discrete not 
present .  

6V. >0 . 5  fpa indicates excessive PIPA bias error. 

VEL lt - flashing if two or aore of last four consecu­
tive values of 6V exceed data teat liaita ( reasonability 
teat) . 

Do not Key V37E within approxt.ately 50 aicro seconds 
before ullage (If  necessary to Key V37E , do it before 
TIG-10 seconds or after ullage coaes on) to avoid con­
tinuous ullage with average g off .  

I 
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4. 10 . 2 . 1  lrakioa Phaae Prosr .. (P63) With AGS Preparation for 
Orbit Ioaertioa (410+00000) ( cODt ) 

17. When TFI • -00107 : 

18. 

MODitor atart of aut011atic ullaae 

CAITI'I� 

DES ENG 01> OY1lD av - OFP 
DIG THR mNT :  ENG ARM - - DES 
am THRUST lad • 10% 
I f  >10% , do not cootinue P63.  

Wbea m • -ooaos : 
n. V99 1162 - Ellgioe-OD enele 

11 VI IXIX.X fpa 
12 1TI DID llin-aec 
13 6'111 uxx. x  fpa 
To perllit ngiu 1ao1tioo : 
When 6'111 > XIJX.X fpa , 
ley PIO

-

To reject 11Q1t1 oo :  
ENG TH I  CORT :  DIG AIIM av - OFF 
ley V34E - Terllinate P63 
n. V37 N--
lay xu 

CAITI'ION 
llouah colllln•tioa -.y be expected at start of DPS burna due 
to gaa iopatiOD in propellants . Roughness uy las t as 
loog aa 25 aec ,  depending on how quickly eng is thrott led 
up. '!here 1a DO coutraiDt OD th rott ling due to this 
routb-•• · 

19 . I f  TFI ia ugative and nonzero : 
V06 N62 

Ill VI lXXX. X fps 
R2 TFI XXBXX llio-aec 
R3 6'111 JXXX. X  fps 
When TFI • 00100 : 
Haaitor ENG THRUST ind - 10% 
I f  DO thrua t :  TID 

REMARKS 

During n. V99 N62 . brief n. V06 aay appear 1ntarlli ttent1y 
this should be disregarded. 

I f  TFI is not negative and noozero , DPS engine is co.­
.anded on when PliO is keyed in a tep 18. 

� �--_.----�-------------------------------------------------------L------------------------------------------------� 
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4 . 10 . 2 . 1  Braking Phase Program (P63) With AGS Preparat ion for 
Orbit Insertion (410+00000) (cont) 

20 . 

2 1 .  

2 2 .  

DPS/APS Thrust Fail Routine (R40) i s  called a t  noainal 
ignition ti .. & reaains active until engine cutoff . 

LGC detects thrust fail:  
FL V97 MXX - Perfora engine fail procedure 

Rl xxxxx 
ll2 xxxxx 
R3 XXXXX 
Alternatives to fail procedure : 
a. Verify LGC interpretation of thrust failure 

�ey PRO 
b .  Terainate : 

� V34E - Exit R40 & P63 
FL V37 N-
XXE 

Zero AGS ullase counter threshold : 
Key DEDA C 616+00000£ 

FL V06 M63 
Rl MI  
ll2 H rate 
R3 H 

xxxxx ft 
XXXX .X fps 
xxxxx ft 

Observe at TIC + X sec -
CMD THRUST ind - approx 100% 
ENG THRUST ind - approx 100% 

REMARKS 

Purpose of R40 is to monitor PIPA outputs and initiate 
engine fail procedures if thrust fail is detected . 
Engine thrust fails when PIPA detects 4V of <1 . 18 fps 
( 36 em/sec) for five consecutive sampling periods of 2 
seconds each , after noainal ignition time . Engine thrust 
also fails if , during thrusting period , 4V is less than 
thi s  threshold for two consecutive sampling periods of 2 
seconds each . 

During FL V97 NXX , brief FL V06 aay appear interait­
tent ly ; this should be disregarded. 

AR - LR altitude ainua LGC altitude above terrain .odel 
or landing site radius . +99999 is displayed prior to 
LR data good . Verb-ooun f lash occurs only in P63 .  A 
PRO , V32E , or V34E response to M63 will be ignored . 
H rate - Altitude rate:  - ,  descent ; +,  ascent 
H - Altitude ; +, above landing site radius 

X is approxiaately 26 seconds . Ezact ti .. is loaded be­
fore launch or by LGC Update Progr .. (P27) . 

� 
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Braking Phase Progr .. (P63) With AGS Preparation for 
Orbit Insertion (410+00000) (cont) 

3 1 2 3 .  DES ENG CMD OVRD sw - ON 

24 . When H • 45 ,000 ft or at PDI+2 min (whichever occurs 
first) if LH in window down orientation : 

ACA - aanually yaw LH right at 2• /sec to window-up 
orientation. 
or 
When H • 30 ,000 ft , X-axis override is removed & LGC 
caa.ands LH to specified at titude . 
or 
At PDI +3 min if LH in yaw angle for 5-band 
track 
ACA - aanually null yaw angle (yaw override) 

REMARKS 

Landing Auto Hodes Monitor Rout ine ( Rll)  is called by 
P63 at DPS throttle up and selects P66 if 5/C: PGNS 
sw - ArT HOLD and LH crew ca.aands net change in rate of 
descent . If S/C : PGNS sw - ATT HOLD but DES RATE aw has 
not been operated since change to att i tude hold .ode , 
preseot PGNCS progr .. , P63 ,  or P64 is aaintained and 
crew haa aanual control of LH attitude . PGNCS continues 
to co.aand DPS throttle and display LGC-co.puted attitude 
errors on FDAI error oeedlea . 

If PROG lt comes on due to 01406 alar. (bad return fro. 
ROOTPSRS) or 01410 alar• (unintentional overflow in 
guidance) , all LM a t titude rates will stop but program 
will cont inue . Large attitude errors , which aay have 
developed during aanual attitude aaneuvers , will no 
longer lead to loss of landing progr ... . 

DPS performance can be �nitored at tbia tt.e by veri­
fying CHD THRUST ind >SO% , T/W ind >1 . 0  g .  

Following checks should be perforaed a t  90-second inter­
vals . 

a .  Alternate an d  c011pare PGNCS and AGS attitude 
error inputs betweeo FDAI ' s .  

b .  Compare PGNCS altitude , altitude rate , and lat­
e ral velocity with AGS-derived parameters on ALT/ 
ALT RATE ind and X pointer ind . 

S-band track verification should be made af ter yaw up 
maneuver .  

Time o f  nulling o f  yaw angle i s  landing site dependent .  

• 
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4 , 10 . 2 . 1  Brakina Phase Proar .. (P63) With AGS Preparat ion for 
Orbit Insertion (410+00000) (cont ) 

2 5 .  Descent State Vector Update Routine (Rl2) 

To enable use of LR data (and disable N63 flash in P63) : 
�ey V57E 

Poas PROG lt - on 
� V05 N09E - Call alara 

00511 - Neither or both Ll aateaD& position diacretes 
preseat for .ore than 10 sec . 

� U'l UL ' ISET 

To perfora ..aual altitude update of AEA: 
hy D!Dl C 22l+XXDD ( 100 ft)  

U/RR Read Routine (R20) 

Poss PROG lt - on 

�ey V05 N09! - Call alara 
00520 - RADAIUPT not expected at this ti.. or no radar 
sa8pliDI requeated at this ti.e 
�ey U'l REI. ' RSET 

-#!1�. 

REMARKS 

Routine 112 is called every 2 seconds once averaae 1 is 
turned on and terainates when avera1e 1 terainates . Lunar 
terrain aodel c08putations ( for LR update adjust .. nts) 
in Rl2 are bypassed when V68 is executed or Landin& Pbaae 
Pro1ram (P66) is entered • 

Two verbs are available for aaaual control of Ll data 
for state vector updat in1 : 

V57 - Enable uae of LR data (and diaable N63 verb-noua 
flash in P63) 

V58 - Inhibit use of LR data (and re-enable 163 
verb-noun flaah in P63) 

If  desired : 
�ey Vl6 N681 

Rl Horizontal raDBe ( to landiDI site) 
R2 TC 
R3 VI ( Inert ial velocity) 

:DIX.J: .. 
DID aia-sec 
:DIX.J: fps 

lXXXI .vat be nonzero. Addraaa coatents are reaat 
to zero by AEA within 2 aecoad. , thua allovina later 
updates . 

Purpose of U/RR Read Routine (R20) ia to read Ll/1& 
para.eters requeated by calliDI routine (112) , to parfora 
various checka to eaaure that ayatea ia operatina cor­
rectly , and to enaure an alar. if errore occur in I& 
readin1 . 

RADAIUPT : LGC interrupt . 

� 
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4 . 10 . 2 . 2  Approach Phase Proaraa (P64) 

WARNING 

DES QTY warn lt will not be acca.panied 
by MASTER ALARM ;  therefore . crewman must 
�nitor HPS : FUEL 6 OXID QUANTITY ind • 

REMARKS 

Purpose of Approach Phase Program (P64) is to control 
PGNCS during thrusting . froa completion of high gate aim 
conditions until completion of low-gate aia conditions ; 
to control IJot thrust and attitude in manner to provide 
visibility of presently designated landing site;  and to 
provide landing site redesignation capability .  Success­
ful accoaplishaent of low-gate aia conditions is indi­
cated by automatic selection of Landing Phase (ROD) 
Program (P66) . 

If desired : 
Key Vl6 N68E 

Rl Horizontal range ( to landing site) 
R2 TG 

xxxx . x ­
XXBXX ain-sec 
XXXX . X  fps R3 VI (Inertial velocity) 

Following DSKY display is available during powered 
landing . to support manual throttle operations . (Auto 
coaaand is not available for display on THRUST ind during 
aanual throttle . )  

Vl6 N92E 
Rl Desired auto throttle 

R2 H rate 
R3 H 

XXXXX% (aay be >100% of 
FTP thrust )  

XXXX.X fps 
XXXXX feet 

ENG THR CONT : 'niR CONT sw - HAN is peraitted at any ti­
during powered descent . However . ( in P63 .  P64) whenever 
GUID CONT av - PGNS and S/C : PGNS av - AUTO . care should 
be exercised 
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4. 10. 2 . 2  Approach Phase Program (P64) (cont) 

1. 

2. 

l. 

PROG lad - 64 

Poaa PL ALT lt 

1'L V06 N64 
U TR/LPD 
R2 R rate 
1.3 R 

XXBXX sec-des 
DXX. X  fpa 
xxxxx ft 

Deaceat State Vector Update Routiae (Rl2) 

Poaa PIOG lt - oa 
ley VOS M09! - Call alar1l 

00511 - Neither or both LR aateana poaitioa discrete• 
preeeat for 110re thaa 10 aecaacla . 

IADAI.: LDG Aft ., - IIOVER 
ley at UL & Ulr 

Moaitor PDAI • obaene LGC-caatrolled pitchOYer through 
fo�rd viadow. 

IEMAIKS 

that aaaua1 coma&Dd does aot exceed LGC desired thrus t 
.ore than briefly ; otherwise , LGC .. y !avert LH iD 
atta.ptiag to achieve targeted trajectory • 

Attitude deadbaad ia auta.atically set to 0 . 3• at this 
tt.e. 

.... 

ALT lt - fluhiq if tvo or 110re of lut four caaaecatbe 
Yaluu of AH exceed data tut lt.ita (reuoamility teat) 

• 

TR ia defiaed aa eatt.ated tt.e r ... iDtaa uatil ead of 
redeaigaation capability. 

LPD 1a defiaed u aqle below LM +Z-u:ia to LOS of pre­
aeatly deaianated laadiD& site. 
Rl2 caatinuee to rua throuabout powered duceat uatil P68 

Wh81l LR ant...a baa bean c=nncled to poa itiOD llo. 2, 10 
aecoacla elapee before LGC starts -..itor for p•itioa llo. 
2. Alana code 00511 vill be aanerated after 10 addi­
tioaal aeeoada elapse peadiaa absence or preaance of 
both poaitiaa diecretea . 

lloaiaally, pitchoYer occurs approxiaately 8 aiautea after 
atart of powered deacant at approxt.ate altitude 8,635 ft 

LGC ca •• .,.. rotatiaa to bdq claipated laadiq dte I Ma.iaal look aqle after pitchOYer b 39• to "• . 
ia liM rith laDdiDc poiat duipator acale oa Q)R' • for-

4. 

-rd wtDclow. Approzblate look 8Dil• is iD Rl. 

To perfora ... ua1 altitude update o f  AlA: 
ley D!DA C 22l+IUIXI (100 ft) 

Select aae of follawiaa: 
a .  I f  preeantly deaipated laadilll site 1a acceptable , 

coatilme �toriq M64 • ducent toward preaeatly 

• 
cledpated landiq Bite. 

• b. If preaantly duipated lnclilll site 1a aot acceptable: 

i 
s ley PJO 

� V06 R64 

XXXXX ... t be aonzero. Addreaa eoatanta are reaet to aero 
by AlA vi thin 2 aecoacla , tbua allowilac later updatu . 

Por site redeeianatioa: 
a .  Plus pitch reclucu Yiaibility o f  aaaiaal laadiaa 

site. 
b .  Lara• redeaipatiou ebould be ..... early 1a ap­

proach pbaae to cODBer.e propellaat and aiat.ize 
attitude traaa ieata . 

� � � 8 '  . .. ' 



f. 
� 

N 
o-

(1) .. "CC ... .. g. 
II 
., 

.... 
\D 
.... .... 

f 
r 

l i 

RC 1594 

!clEW­
MAN PHI. 

-

4 . 10 . 2 . 2  

PIOCEDUIES 

Approach Phase Program (P64) (cont) 

ACA - .. nually align new landing site on CDR ' s  window 
LPD scale 

ACA deflections in pitch (!) will result in 1• 
change in elevat ion from present Ul landing site 
LOS . 
ACA deflections in roll (+) will result in 1• change 
in azi.uth fro. present LH landing site LOS • 

4 . 10 . 2 . 3  Landing Phase (ROD) Program (P66) 

REMARKS 

c. No LPD redesignations when TR (P64) equals zero 
seconds • 

d .  Refer t o  onboard data f or noainal altitude rate 
vs altitude . 

Purpose of Landing Phase ( ROD) Program (P66) is to modify 
LH rate of descent in response to manual inputs ,  via DES 
RATE sw ,  to LGC , and to modify inertial attitude in 
response to manual inputs via ACA. In absence of aanual 
control inputs , constant rate of descent and inertial 
attitude are maintained. P66 updates LM s tate vector 
with acceleration and landing radar data but inhibits 
landing radar updates below approximately SO fee t .  S/C : 
PGNS sw - AUTO causes LGC to null horizontal velocity 
by tilting thrus t vector of vehicle up to 20• . 

With S/C : PGNS sw - ArT hold , the desired attitude to 
arrest the horizontal velocities is displayed on the FDAI 
attitude error needles (modulo 20• ) .  
I f  desired : 
Key V06 N68E 

Rl Horizontal range (to landing site) 
R2 TG 

xxxx.x 11111 
XXBXX aiD-sec 
xnx. x  fps R3 VI ( Inertial velocity) 

Following DSKY display is availab le during powered 
landing , to support manual throttle operations . (Auto 
ca.aand is not avai lable for display on THRUST ind during 
manual throttle . )  1 

Vl6 N92 E  
R l  Desi red auto throttle 

R2 H rate 
R3 H  

XXXXX% (may be >100% of 
FTP thrus t) 
XXXX. X  fps 
XXXXX feet 

This allows backup ROD me thod , whereby LGC-calculated 
thrust required to achieve descent rate commanded by DES 
RT aw can be displayed on DSKY f or manual implementation 
(by either crewman) if required.  
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4 . 10 . 2 . 3  Landing Phaae (ROD) Program (P66) (cont )  

1. 

2. 

3. 

Obaerve PROG ind - 66 

'P'L V06 H60 
1U V (Forward) 
1t2 H rate 
Ill 8 

:axx.x fpa 
IXXX . X  fps xxxxxx ft 

Pa.a PIOG lt - on 
ley llSIT 
ley V05 R09E (if f ... ible) 

01466 - < TOOFEW eacine throttle co--ends co.puted 
aiDce laat aaitted throttle ca.putation 

ley D'f UL 

To perfora ..aual altitude update of AEA: 
ley DEDA C 223tXXIXXE (100 ft) 

Monitor cleacent : 
DIS lATE av - effect deaired rate of cleacent 

ACA - rotate to cleaired attitude end/or laadiDa site 

VAlH1HG 

DES QTT warn lt will not be acco.penied 
by KASTEl. ALAIM; therefore, cr...eo •at 
_,..itor MPS : PUEL & OXID QUANTITY incl. 

REMARKS 

P66 is autoaatieally called during any phase of powered 
descent if S/C : PGNS av - ATT BOLD and DES RATE av -

+1 FPS or -1 FPS , or fraa P64 when tae TTF>TEHDAPPit. 
Altitude rate at entry to P66 is aaintained until .edi­
fied by DES RATE av inputa • 

TOOFEW is padloacled erasable quantity . 

DXXX -..t be noaaero. Addr ... contenta are reaet to oro 
by AlA within 2 aeCOIUI. , thua alloviq later upclatea . 

DES lATE .., eaubliahM rate of deacent 1D fiserl iDcre­
-ta ; clown (-) illcreuea rate, up (+) decreaa .. rate. 
Each actuation re.ulta in LGC cbaace of 1 fpa in rate of 
descent. 

Tiltiq cleacnt eqiDe tbrwlt ftctor Yia A£A acceleratea 
Ul hori&ontally to rate that 1a aailltained when thr•t 
Yector ia returned to Yertical. 
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4 . 10 . 2 . 3  Landin& Phase (ROD) Program (P66) (cont) 

1 14 .  

s .  

Monitor CHD THRUST ind - ensure LGC throttle command 
is not >U% 

I f  aanual throttle control is desired : 
TTCA - �ve up until CHD THRUST ind - 10% 
ENG THR OONT : ntR CONT n - HAN 

6 .  If LGC nulling of horizontal velocity is desired : 
S /C :  PGNS n - AUTO 

7 .  To return t o  manual control in pitch & roll : 
S/C: PGNS n - ATT HOLD 

8.  When forward & lateral veloci t ies <XX fps : 
VEL lt - on 
ALT lt - on 

9 .  Monitor touchdown : 
1 ,3 I LUNAR CONTACT lt - on 

Eng STOP pb/lt - push 

- · 

S tand by to abort stage if : 
LH tilt angle >xx• or 
LH tilt angle changing at >x• tsec 

10 . After LH is s tabilized : 
ENG l1lll CONT : ENG ARM sw - OFF 

3 I S /C :  PGNS IIIW - ATT HOLD 
ACA - out of detent aomentarily ( to deactivate RCS 
thrusters if required) 
Record LH attitude . 
�ey DEDA C 413+10000E ( store AGS azimuth & set lunar 
surface flag) 
Perform Lunar Align : 
�ey DEDA C 400+40000E 

Update AGS LH s tate vector to nominal landing site : 
�ey DEDA C 414+20000E 

REMARKS 

Only in extreme cases of negative rates and/or LM at ti­
tude with respect to local vertical will throttle setting 
be >XX% . 

To reestablish LGC - controlled rate of descent : 
ENG THR CONT : THR CONT sw - AUTO 

X-axis override is available . 

VEL and ALT l ts - on as result of zero Doppler ( tracking 
loss) when velocities are <XX fps .  cauaina loss of 
velocity and range data-good . 

LUNAR CONTACT 1t - on when LM is 5 . 6  feet above lunar 
surface . 

At this time , f irs t lunar-s tay/no-stay decis ion is made . 

For immediate emergency aborts on AGS , following landing 
shock that causes loss of AGS inertial reference , lunar 
alignment must be maintained for minimum of 30 se conds . 
(Azimuth would not be corrected. Safe pericynthion 
would be achieved . )  
Update assumes LM s tate vector and epoch t ime for 
nominal landing +X minutes have been previous ly loade d ,  
Ref para 4 . 6 . 2 . 8 . 
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jcREW­
MAN PNL I PROCEDURES 

4 . 10 . 2 . 3  Landing Phase (ROD) Program (P66) (coot) 

If not f inished with FL V06 N60 display (to zero attitude 
errors) : 
Key PRO 

REMARKS 

When Lunar-stay decision is made : 
Key V37E 68E ! Landing Confir.ation Progr .. (P68) (para 4 . 10 . 2 . 4) 

4 . 10 . 2 . 4  Laadina Coafir-ation Proar .. (P68) 

laqui�ta & switch poeitioos for P68 are established in 
Brakiaa Phase Progr .. (P63) & subsequent powered-descent 
proar ... 

1.  lay V37E 68E 

2.  FL V06 R43 - LK ladiaa position 

1 1 3 .  

11 Latitude ux. u• 
u Looaitude ux.u• 
Ill Altitude UU.X -
Record LM landina position data. 
tey no 
n. V37 R--
ley ID 

DES ENG am OVID av - OFF 
leaet mg STOP pb/lt 
a. Release tab - push 
b .  En& STOP pb/lt - on 

Purpose of Landing Confir.ation Progr .. (P68) ia to 
terainate landing prograas and initialize LGC for lunar 
surface operation. LGC zeroes attitude error , selects 
5• deadband , caaputes and displays LK landiaa position , 
and c�nds DPS off .  

P68 1a selected only after LH baa landed on lunar sur­
face in P66 . 

This progr .. places � in lliDiaua iapulae c�d .,de . 
If S/C : PGNS .., is kept in A'tT HOLD , ICS jet firinas 
will not occur even if platfora is being gyro-torqued. 
NO DAP lt - on 

Display of IJl LOS azbnlth aud elevation aualea (para 
4 . 5 . 3. 14) is available throuahout progr ...  

+ is  north. 
+ is east.  
Altitude above lauding site ; should • 0000 .0 • 
At this tt.e , second lunar-stay/no-stay decision is 
-de . 
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c. 

d. 
• •  
f .  

If eDI STOP pb/lt - off . verify that li&hts are 
functioaiD& by perfora1D& Caution & Warnin& 
Array Cbackouc . scepa 3 & 4 (para 4 . 2 . 10) . If 
Upca are fuactionin& . inadvertent reaet has 
cakea place 1 ena 1a eaabled . & atepa d1 e. & f 
ahould aoc be perforaed . 
En& STOP pb/ lt - pu8h 
laleue tab - push 
Baa STOP pb/lc - off 

4 . 10 . 3 POWERED ASCBRT 

4 . 10. 3. 1  Powered Aaceac Prosr .. (Pl2) With AGS Followup/In 
Coatrol 

CAUTION 

V90 (used to requeat rendezvoua 
out-of-plaDe diaplay . R36) ahould 
not be called durin& Pl2 . 

REMARKS 

Purpoae of Powered Aacent Proar .. (Pl2) with AGS Follow­
up/In Control ia to display to crew . before ascent eo­
line i&nitioa : (a) certain LGC-a tored par ... tara asao­
ciated with powered ascent. for poaaible .adificatioo 
aad (b) certain FDAI readin&• associated with early 
pbaaea of powered ascent . Pl2 controls PGNCS durin& 
countdown. i&nition . thrust , and thrust terainatioa of 
powered ascent aaneuver fro. lunar aurface . 

Pl2 ia to be aelected at least 5 •inutea before lift-off.  

Landin& Analoa Display Routine (RlO) is enabled ahortly 
after .verage 1 ca.putatioaa a tart . RlO ia terainated 
on teraination of .verase I ·  

R36 , called b y  V90 , ia a coasting flight routine . If 
called durins average g, it will cause OPR ERR lt - on. 

� 
i � i J  � �  
� · 
I I 



g' .. 
;;· 

0 
0 

ii 
N 0' 
II'> tt '"0 " tt iJ. ID '1 
.... >D ...... .... 

n 

i' 
:1 
a 
• ! 

., 
D 

a 
• 

li ..., 

LM JLJl 

CREW.I PNL J PROCEDURES MAN REMARKS 

j4 . 10 .  3 . 1  Powered Ascent Progr- (Pl2) With AGS FoflowlijiTlr\ ConfrOI (cont) 

Basic (Staged) (required) 

Basic (Staged) (required) 

Periodic Monitoring (staged) 
(required) 

S Preataging Check (required) 

CAUTION 

HPS Basic (Staged) (required) 

ECS Basic (Staged) (required) 

ECS Periodic Monitoring (staged) 
(required) 

EPS Prestaging Check ( required) 

EPS Preataging Oleck .ust be 
init iated 30 .tn before APS 
burn. 

Ref para 4 . 13 . 3 . 2 .  

Ref para 4 . 13 . 1 . 1 . 

Ref para 4 . 13 . 1 . 3 .  

Ref para 4 . 12 . 5  • 

EPS Preataging Check .uat be initi­
ated 30 •inutea before APS burn to 
prOYide CODditioaing of asc:eDt bat­
teriea. This .tnt.i&ea possibility 
of transient• due to re�al of 
descent batteriea frOil line . 

�S Pressurization & Checkout ( required) APS Pressurization & Checkout (required) J Ref para 4 . 12 . 3 .  

/RCS Propellant Interconnect (desired) APS/RCS Propellant Interconnect (desired) Ref para 4 . 13 . 3 . 3  or RCS Hot Firing 
Check procedure {para 4 . 2 . 31) 

c Power-Up (required) Ref para 4 .6 . 1 . 1 .  

Self-Teat {required) I IRef para 4 .6 . 1 . 13 .  

t i  .. valid (required) LGC/CMC Clock Synchronization 
Routine {R33) (para 4 . 6 . 1 . 15) 

.CC state -etor valid (required) 

� Power--Up (LGC Operating) ( required) 

�GRCS LUIUir Surface Align Progr- (P57) 
(required) 

�AP Data Load Routine (R03) (required) 

LCC Update Progr .. (P27) (para 
4 , 6 , 1 , 7) or Lunar Surface N&Yigation 
Progr .. (P22) (para 4 . 8 . 3 . 1) 

Ref para 4 .6 . 1 . 3 .  ISS should be on 
15 minutes before thruatins 
MDeUYer • 

Ref para 4 .9 . 3 . 1  • 

Ref para 4 . 6 . 1 . 8  • 
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PROCIDUIS REMARKS 

4 . 10 . 3. 1  Powered Ascent Praar .. (Pl2) With AGS Followup/In Control (cont) , I 

LGC taraeted for orbital ia.ertion before 
earth launch (required) 

! . : �j ' ; f_, ' 

' . .  � �' • ' ; l 

; j 

AGS Power-Up (required) 

AEA Self-Teat (required) 

AGS ti .. valid (required) 

AGS LH state vector valid (required) 

AGS CSH state vector valid (required) 

AGS align.ent valid (required) 

AGS Wb Vector Update ( required if 
adssion warrants) 

Ref para 4 . 6 . 2 . 1  • 

Ref para 4 . 6 . 2 . 3  • 

AGS Manual Absolute Ti .. Initializa­
tion procedure (para 4 .6 . 2 . 6) or AGS 
Initialization Routine (R47) (para 
4 .6 . 1 . 18) 

AGS Initialization Routiae (R4 7) 
(para 4 .6 . 1 . 18) or AGS Manual LH 
State Vector Update/Initialization 
procedure (para 4 . 6 . 2 . 7) 

AGS Initialization Routine (R47) 
(para 4 .6 . 1 . 18) or AGS Manual CSH 
State Vector Update/Initialization 
procedure (para 4 . 6 . 2 .9) 

AGS Luaar Align procedure (para 4 . 9 .  
3 . 2) PGNCS/AGS Align (para 4 .9 . 2 . 1) 

Ref para 4 .6 . 2 . 15 .  ( required for 
ascent fr011 far westerly lunar 
landing s1 tes . )  

AGS Lunar Surface Gyro Calibration (de- I Ref para 4 .6 . 2 . 16 
aired) 

During this program, crew .. y .ani­
tor following: 
Key Vl6 N76E 

Rl VHF +XXXX. X  fps 
R2 H rate P +XXXX . X  fps 
R3 &\R ±XXIX .X na 
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CREw-1 PNL 1 PROCEDURES MAN 
4 . 10 . 3 . 1  Powered Ascent Program (Pl2) With AGS Followup/In Control (cont ) 

1 • 

2.  

3. 

Establish attitude control : 
GUID CONT av - PGNS 
S/C: 

PGNS av - AUTO 
AGS av - AUTO 
ROLL. PITCH. YAW sv - MODE CONT 

Establish PGNCS total attitude & 
attitude error display : 
ATTI'lVDE MON sv (l) - PGNS 
ATTITUDE MON sv (l) - AGS 
RATE/!Ril MON IV (2) - LDG RDR/QfPTR 
�ay V61E for aode I attitude error 
display 
or 
�Y V62E for aode II  attitude error 
display 

Establish velocity & altitude dis­
playa: 
RNG/ALT t«JN sv - ALT/ALT RT 
!I>DE SEL IV - PGNS or AGS 

4, !Gable ACA/TTCA: 
N:.A/ 4 JET IV ( 2) - ENABLE 
TTCA/TIANSL IV (2) - ENABLE 
TRROTI'LE/JETS cont (2 )  - JETS 
ACA PROP av (2) - ENABLE 
ENG THR CONT : ATT/TRANSL IV - 4 JET! 

REMARKS 

VHF • Downrange velocity at 
injection 
H rate F • Radial velocity at 
injection 
AR • Croesrange distance to be 
removed to injection 

Ref para 4 . 5 . 1 .  

Ref para 4 . 5 . 3 . 1 and 4 . 5 . 3 . 2 .  

Mode I - DAP following errore . 

Mode II - Total attitude errore vith 
respect to N22 angles (at.bal 
angles ; display is scale liaited) .  

Ref para 4. 5 . 3. 8  aud 4 , 5 , 3 ,9 .  

,.. 
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CREW-I PNL 1 PROCEDURES MAN 
REMARKS 

4 . 10. 3. 1 Powered Ascent Progr .. (Pl2) With AGS Followup/In Control (cont ) 

5 .  Prepare cont rols for AP S  burn : 
ENG THR CONT : ENG ARM aw - OFF 
Hove awitch guard to cover 
DES poa i tion 
Eng START pb / lt - o f f  
En g  STOP pb/ lt (2) - rese t 
ENG THR CONT : BAL CPL sw - ON 
S /C:  DEAD BAND aw - MIN 

1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

Prepare AEA backup d-e power: 
a.  I f  PGNCS is in control : 

CB (16) S/C : AEA - close 
CB (11) S/C :  AEA - open 

b .  If  AGS i s  in control : 
CB (16) S/C :  AEA - close 
CB (11) S /C :  AEA - close 

If AGS in followup . 
go to AGS step 7.  

Establish AGS attitude error & 
total attitude display : 
A'M'I'l'UDE !I)N aw (1)  - AGS 
RATE/ERR. HON aw ( 2 )  - LDG RDR/ 
QIPTR 

Enable ACA/TTCA: 
ACA/4 JET aw (2) - ENABLE 
TTCA/TRANSL aw (2 )  - ENABLE 
THROTTLE/JETS cont (2) - JETS 
ACA PROP aw - ENABLE 
ENG TIIR CONT : A'M'/TRANSL aw - 2 
JETS 

AEA backup d-e power c ircuit breaker 
should be open unless PGNCS baa 
failed • 

AEA backup d-e power circuit breaker 
should be closed if PGNCS has 
failed. 

Ref para 4 . 5 . 3 . 3  and 4 . 5 . 3. 4 .  

Establish velocity & altitude dis- I Ref para 4 . 5 . 3 . 8  and 4 . 5 . 3. 9 .  
playa : 
RNG/ALT !I)N aw - ALT/ALT RT 
HODE SEL aw - PGNS or AGS 

Establish attitude control:  
GUID CONT aw - AGS 
S/C : 

AGS aw - AUTO 
ROLL. PITCH . YAW aw - foi>DE CONT 

Prepare controls for APS burn : 
ENG THR CONT : ENG ARM aw - OFF 
Eng START pb/lt  - off 

� i �  
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ClEW-I PNL I PIOCEDUIES MAN 
4 . 10 . 3 . 1  Powered Ascent Prosr .. (Pl2) With AGS 

6 .  �ey V37E 12E 
Poas PROG lt - on 
� VOS N09E - Call alar. 

00210 - 00J DOt OD 

00220 - ISS orientation not 
knowa 
�ey DY REL i RSET 
FL V37 N--
IC.ey XXE - Exit Pl2 

If daired crew -y alter values of 
par ... ters DVTHRUSH i DVCNTR 
• follows : 
�ey V21 HOlE (012SOE or 03SlSE 
respectively) , (naw data)E 

I 

7 .  

8 .  

9 .  

10 . 

11 . 

12 . 

Eng STOP pb/lt (2) - reset 
ENG THR CONT : BAL CPL sw - ON 
S/C :  DEAD BAND sw - MIN 

Select desired y.w s teering : 
a. Z-axis parallel to CSH orbit 

plane -
Key DEDA C 62l+OOOOOE 

or 
b .  Z-axis specified by Wb vector -

Key DEDA C 623+10000E 

Deleted 

Verify orbit insertion mode : 
�ey DEDA C 410+00000£ 

If AGS DOt in followup: 
Perfor. ACS Lunar Align 4 ainutes 
before lift-off .  

Select guidance steering within 4 
ainutes of noainal lift-off time : 
Key DEDA C 400+lOOOOE 
Diaplay 4Vsx : 
Key DEDA C SOOR (0 . 1/1 fps) 

If AGS in followup, 
10 to AGS step 16 . 

IEMAIKS 

Ref para 4 . 9 . 3 . 2 .  

I f  AGS Lunar Allan procedure (para 
4 . 9 . 3 . 2) vas selected , it 18 terain­
ated by this atep . 

Parenthetical �uantization notation : 
lunar aiasioa/earth aission. 

Perfor. IHU Power-Up (LGC Operatin&) 
procedure (para 4 . 6 . 1 . 3) 
Perfora PGNCS Lunar Surface Allan 
Prograa (PS7) (para 4 .9 . 3. 1) 

Decision to alter these values and 
desired new values would be coordi­
nated with , and received froa, 
HSPN. Soae or all values are octal 
and coapleaented values • 

i 
I I i i I 
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CREW.I PNL 1 PROCEDURES MAN 
14 . 10 . 3 . 1  Powered Ascent Program (Pl2) With AGS Followup/ln Con trol (cont) 

I 

7 • 

8 .  

9 .  

FL V06 N33 - TIG (AS) 
Rl OOXXX hr 
R2 OOOXX min 
Rl OXX .XX sec 
Accept : Record value • 

Key PRO 
Rejec t :  Key V25E - Load des ired 
TIG (AS) 

n. V06 N76 
Rl VHF +XXXX. X  fp& 
R2 H rate F +XX.XX. X  fp& 
R3 �R +XXXX . X  nm 

Accept : Coordinate with MSFN , key 
PRO 
Reject : Key V23E or V24E -
Load desired values (coordinate 
with MSFN) 

Poss FL V50 N25 - Checklis t 
Rl 00203 - Swi tch to PGNCS auto-

-tic .ode 
R2 -----
R3 -----
Redundant reques t or to rej ect : 

REMARKS 

VHF • Downrange velocity at injec­
t ion . 
H rate F • Radial velocity at injec­
tion . 
AR • Crossrange dis tance to be re­
.oved to injection .  
Initial value of VHF i s  +5509 . 5  fps ; 
initial value of H rate F is 
+19 . 5  fps . 

19 . 5  fps is (mission value for 
non-nominal lift··off t ime ;+ 32 fps 
is mission value loaded for noainal 
lif t-off t ime) . 

LGC zeroes att i tude errors and sets 
1• deadband in DAP at this t ime .  

Discrete in or to LGC may have fail­
ed . 
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CREW-I PNl 1 PROCEDUIES MAN 

4 . 10 . 3. 1  Powered Ascent Program (Pl2) With AGS Followup/In Control (cont) I 

10. 

Key ENTR 
Proper requeat and to accept : 
GUID CONT sv - PGNS 
S/C : PGNS sv - AUTO 
Key PRO 

V06 N74 
R1 TFI 
R2 Yaw 
R3 Pitch 

XXBXX •in-sec 
xxx . xx• 
xxx .xx• 

OfPTR /£TY lt - on 

Monitor PROG lt fro• TFI • 

-QOB3S. If PROG lt - on :  

Key VOS N09E - Call alarm 
01703 - TIG alipped 

Key lCEt REL ' RSET 
CHPTR I£TY lt - off 

Record ysv ' pitch 

-OOBSO to 

Update EVNT THR ind if desired or 
if TFI waa slipped . 

Check CWEA statua . 

REMARKS 

Yaw and pitch anal•• are predicted 
FDAI anal•• at COIIPletioo of yaw ud 
pitch .aa.uvera durioa aacent. Yaw 
1a anal• at coapletion of yaw 
..aeuver , which brinaa +Z-u:ie dowo­
ranae , duriDa vertical riae pbaae. 
Pitch ia anal• at ca.pletioo of 
pitch .aoeuver durina pitchover 
phaae. 

Diaplaya are blanked froa Tll • 

-oOB3S to -GOB30. JeaiDDiDI and 
duration of blaakina cannot be de­
fined if alara 01703 occura . 

QfP'Dl ACTY lt - on duriDa State Vec­
tor Iotearation Routine {R41) . 

TIG will be alippad aa required , 
to a•t atate vector iotearatioo to 
nev TIG-30 aecooda . 

State vector lntearatioo co.plete. 

I 
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CREW-I PNL I PIOCEDUIS MAN 

4 . 10 . 3 . 1  Powered Aacent Progr .. (P12 ) Wit� AGS Followup/ In Control (con t )  

m :  MASTER. ARM s w  - ON 
CB (11) S/C : AELD - close 
Cl (16)  S/C : AELD - close 

I'� 
11.  At )TFI • -QOB35 : 

VERB ind , NOUN ind , Ill , R2 , & R3 
b lak for 5 .. c 

12 . At TPI • -00829 
V06 N74 
Rl TPI OOBXX •in-sec 
ll2 Yaw xxx.xx• 
R3 Pitch xxx .xx• 

13.  At TFI • -00805 

14 . 

FL V99 N74 - Perform eng-on enable 
Rl TFI OOBXX •in-sec 
R2 Yaw xxx.xx• 
R3 Pitch xxx .xx• 
To tenainate : Key V34E 

To enable ena on : 
ENG THR CONT : ENG AR.'f SW - ASC 
Key PRO 

I f  thrust has failed after partial 
orbit insertion, co.plete aaneuver 
with RCS . 
Key ENTR - Go to s tep 25 .  

If  TPI is 
V06 N74 

R1 TFI 
R2 Yaw 
R3 Pitch 

negative and nonzero : 

OOBXX min-sec 
xxx . xx •  
xxx .xx• 

15.  ABORT STAGE pb - push 

16 . When TFI • 00800 : 
Monitor APS thrust 

13.  m :  MASTER ARM sw - ON 
CB (11)  S/C : AELD - close 
CB ( 16) S/C: AELD - close 

1 4 .  ENG THR CONT : ENG ARM sw - ASC 

REMARKS 

Averaae-a iDtearation baa started. 

Durin& FL V99 N74 , brief FL V06 .. 1 
appear iDter.ittently; tbia should 
be disreaarded . 

Provides redundant araing signal 
and establishes conditions for auto­
matic shutdown with eng START pb lt 
presse d .  

• X 6 
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CREW.I PNL 1 PROCEDURES MAN 
4 . 10 . 3 . 1  Powered Ascent Program (Pl2) With AGS Fol lowup/In Control (cont ) 

17 . 

18.  

When thrust  is detected : 
Eng START pb / l t  - push 

DPS/APS Thrust Fail Routine (R40) 

If LGC detects thrust fai l :  
FL V97 NXX - Perform engine fail  
procedure 

Rl XXXXX 
R2 XXXXX 
RJ XXXXX 
Alternatives to fail procedure : 
a .  Verify LGC interpretation of 

thrust failure . 
ley PRO 

b .  Attempt c011plet1on of man­
euver : 
ley ENTR, return to step 13 

c. Terainate : 
Key V34E - Exit Pl2 
FL V37 N--
Key XXE 

To awitch to AGS : 
GUID CONT av - AGS 
Go to AGS step 16 . 

V06 N94 
Rl vex (LM) 
R2 H rate 
RJ H 

XXXX .X fps 
xxxx . x  fps 
xxxxx ft 

Monitor FDAI & N94 displays . 

Observe LH X-axis co.es to local 
vertical. 

Observe LH yaw aaneuver to re­
corded yaw angle . 

1 5 .  

16 . 

Initiate AGS-control led lift-of f 
at nominal l i f t-off time : 
ABORT STAGE pb - push 
When thrust is detected : 
Eng START pb / l t - push 

Monitor FDAI . ALT/ALT RT ind , & 
AVgx . 

Observe LH X-axis comes to local 
vertical . 

Observe LH yaw aaneuver to 
recorded yaw angle . 

REMARKS 

Protects against single-point engine 
shutdown failure . 

R40 is called at nominal ignition 
time and remains active unti l  engine 
cutoff .  R40 aonitors PIPA outputs 
and initiates engine fail procedures 
if thrust fail is detected . Engine 
thrust fails when PIPA detects AV 
of < 10 . 1  fps ( 308 ca/sec) for five 
consecutive sampling periods of 2 
seconds each , after nominal ignition 
ti.e .  Engine thrust also fails if ,  
during thrusting period , AV is  leas 
than this threshold for two consec­
utive sampling periods of 2 seconds 
each • 

During FL V97 NXX , brief FL V06 uy 
appear interaittently .  This should 
be disregarded . 

VGX (LH) - Velocity to be aained 
in X-body coordinate. 

X-axis override is inhibited , 

Yaw maneuver brings +Z-axis down­
range. 
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CREW-I PNL 1 PROCEDURES MAN 
4 . 10 . 3 . 1  Powered Ascent Program (Pl2) With AGS Foliowup/In-contro1 (cont) 

I 

19 . 

When H rate > +40 : 

Observe LH pitch maneuver to 
recorded pitch angle . 

At lift-off + 1 min , yaw right as 
required for S-band track.  

Continue monitoring N94 displays & 
FDAI : 

V I  should be increas ing. 
H rate should increase to approxi­
mately 200 fps & then decrease to 
32/19 . 5  fps . 

Attitude errors should be <xx• . 

Attitude rates should be �· /sec . 

When ALT RATE ind - ) 50 fps : 
Observe Ul pitchover maneuver .  

A t  lift-off + 1 min , 
Key DEDA C623+10000E 

1 7 .  Continue monitoring �Vgx , ALT/ALT 
RATE ind , & FDAI : 

�Vgx should be decreas ing .  

ALT RATE ind should increase t o  
approximately 200 fps & then 
decrease to 32/19 . 5  fps . 

ALT ind should be increasing 

Attitude errors should be iXX• . 

Atti tude rates should be iXX0 /sec . 

I f  AGS in followup , 
go to AGS s tep 2 5 .  

REMARKS 

H rate of +40 fps is achieved 
approximately 12 seconds after li f t­
off • 

Twelve seconds after pitchover 
maneuver begins , X-axis override is 
enab led, 
LM yaw angle , to maintain S-band 
track , is landing site dependent 

I f desired , additional LGC param­
eters may be d isplaye d :  

Key Vl6 N 7 7 E  
R l  TG 
R2 VGY (LH) 
R3 VI 

XXBXX min-sec 
XXXX. X  fps 

+XXXX. X  fps 

TG • Estimated time of flight 
from present time to ac­
complishment of as cent in­
jection conditions . 

VGY (LM) • Velocity to be gained 
in Y-body coordinate , 

VI • Inertial velocity , 
When finished vi th display : 

Key KEY REI. 
Key N76E 

Rl VHF 
R2 H rate F 
R3 �R 

+XXXX . X  fps 
+XXXX. X  fps 
+X:XXX. X  nm 

VHF • Downrange velocity at 
injection 
H rate F • Radial velocity at 
injection 
�R • Crossrange distance to be 
removed to injection 

Key KEY REL 

20 . When TG <OOB25 min-sec ,  perform 
APS/RCS Propellan t  Interconnect , 
s teps 4 & 5 .  

18.  When �Vgx i500 fps , perform APS/ I Ref para 4 . 13 . 3 . 3 .  
RCS Propellant Interconnect , s teps 
4 & 5 .  
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4 . 10 . 3 . 1  Powered Ascent Prograft (Pl2 ) With AGS Follovup/In Control (cont ) 

2 1 .  

2 2 .  

23 . 

24 . 

ENG THR CONT : ENG AllM sw - OFF 

Monitor N94 or N77 for auta.atic 
shutdown . 
Shutdown should occur when 
TG (1 sec 
If shutdown does not occur : 
ABORT STAGE pb - reset 

After autoaatic ahutdown : 
Eng STOP pb/lt - push 

Disara eng & reaove ED power : 
ABORT STAGE pb - reset 
Reset eng STOP pb/lt : 
a .  Release tab - push 
b .  Verify eng STOP pb/lt - on 
c .  If  eng STOP pb/lt - off ,  .erify 

that lights are functioning by 
perforaing Caution & Warning 
Array Checkout , Steps 3 & 4 
(para 4 . 2 . 10) . If  lights are 
funct ioning , inadvertent re­
set has taken place , engine is 
enabled , & steps d ,  e ,  & f 
should not be perforaed .  

d .  Eng STOP pb/lt - push 
e .  Release tab - push 

19 . 

20 . 

21 . 

22 .  

2 3 .  

ENG TH R  CONT : ENG ARM sw - OFF 

Monitor Vgx for automatic shut­
down . 
Shutdown should occur when Vgx 
<10 fps 
lf shutdown does not occur : 
ABORT STAGE pb - reset 

Reestablish ullage counter thres­
hold : 
Key DEDA C 616+0000YE 

After autoaatic shutdown : 
Eng STOP pb/lt  - push 

Disarm eng & reaove ED power :  
ABORT STAGE pb - reset 
Reset eng STOP pb/lt : 
a .  Release tab - push 
b .  Eng STOP pb/lt - on 
c .  I f  eng STOP pb/lt - off ,  

verify that lights are func­
tioning by perforaing Caution 
& Warning Array Checkout , 
steps 3 & 4 (para 4 . 2 . 10 ) . If 
lights are functioning , inad­
vertent reset has taken place , 
& engine is enabled , & steps 
d ,  e ,  & f should not be per­
formed . 

d .  Eng STOP pb/ lt - push 
e .  Release tab - push 

REMARKS 

Removes manual engine-on signal and 
thus enables automatic shutdown . 

Y is deterained fro. following : 

Re.aining Total Burn 
Fuel Tiae (sec) 

100% to 0 to 
50% 228 
40% 274 
30% 319 
20% 365 

1,10% >410 

2 Jets 4 Jets (B) --2 2 

4 3 
5 4 
6 4 
7 5 

Required to reset .anual angina 
start relays . 
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4 . 10 . 3 . 1  Powe red Ascent Program ( P ! 2 )  Wi th ftGS Fol l �up/ ln Cont rol ( :on t )  

2 5 .  

26 . 

f .  Ve r i fy en� STOP pb / l t  - o f f  
CB ED : LOGIC PWR A - open 
CB ED :  LOGIC PWR B - open 

C.At!TIO� 

f .  f:n� STOP pb / l t  - o f f  
C B  E D :  LOGI C PWR A - ope n  
C B  E D :  LOGIC PWR B - ope n 

Avoi d  t ouch i n �  a� cent en�ine cove r top 
or s ide wi th b a re h an d  or �love f rom 
5 min to 7 . 5  h r  afte r APS b u rn .  "tax i ­
mum telllt)erature of 2 2 0° F w i l l  b e  reached 
l. 5 hr a f t e r  APS b u rn . 

FL V l6 N94 
R l  VGX (L'I )  XXX X . X  fp s 
R 2  H rate XXX X . X  fps 
R) H +XXXXX f t  
Re c ord value s . 
ICi!y PRO 

FL V l 6  NBS - VG ( L'I) 
R l  X XXXX . X  fp!ll 
R 2  Y XXXX . X  fp !ll 
R J  Z XXXX . X  fps 

I f  n u l l ing of VG is des i re d :  
5 /C :  PGNS sw - ATT HOLD 
ACA & TTCA - n u l l  VGX , VGY , VGZ 

2 4 . T r i m  �V re s i dual : 
Ve r i fv AEA at t i t ude h o l d  submode : 
Kev DE DA C 400R 
I f  +00000 not d i s pl ave d : 
Kev Df:DA C 400+00000E 
S / C : DF.A D  BA�D sw - �� � 
ENG THR ('ONT : BAL CPL sw - 0� 

Re a d  an d record : 
6\' gx Kev DEDA C 500R (O . l / 1 fn s )  
�\'gv 

Kev DEDA C S O l R  (0 . 1 / 1  fp s )  
�'Lr,.z 

REMARKS 

CB E D :  LOGIC PWR A and B a re opene d  
t o  remove powe r f rom EDS s i nce ED : 
MASTF.R ARM sw i s  le f t  on t o  inhib i t  
s pur ious CWEA i ndicat ions . 

VGX ( L'I )  - Veloc i t y  to b e  gained i n  
X-body c oo rdinate . 

LGC ze roes at t i t ude errors and se t s  
0 . 3 • deadband i n  DAP at th i s  t ime .  

Two-j e t  t ransl at ion i s  recommended 
to be s e le c ted through ROJ . I f  not 
s e le c ted t h rough RO J .  t ran s l at i on 
w i l l  be f ou r-j e t . 
I f  t r i m  maneuve r i s  p e r formed a f te r  
use o f  o rb i t  ins e r t ion rout i ne , i t  
should b e  p e r formed i mmedi a t e l y  af­
te r engi ne s hu t down . Orb i t  i ns e r­
t i on rout i ne dr ive s L'l to spe c i f i c  po i nt on de s ired o rb i t , and res i d ual 

�Vgx wil l i ncrease n at ural l v  a f t e r  
engine shutdown .  
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CREW-I PNL 1 PROCEDURES MAN 
4 . 10 . 3 . 1  Powered Ascent Program (P12)  Wi th AGS Follcowup/ln Control (cont )  

27 .  Terainate Pl2 or select Orbit Para­
.eters Display Routine (RJO) : 
a. Tenainate : 

Key PRO 
FL Vl7 N--
Key XXE - Exit Pl2 

or 

b .  Select RJO: 
Key V82E 
Poss OPR ERR lt - on 
Exit RJO - ltey RSET -
FL Vl6 N44 

Ill Ha XXXX . X 011 
1t2 Hp XXXX . X  a 
Rl TFF XXBXX ain-sec 
When finished with display : 
Key PRO , exit RJO 
Reestablish N85 display 
Key PRO 
FL Vl7 N-
lCei_ XXE - Exit Pl2 

25 . 

26 . 

Key DEDA C 502R (0 . 1/ 1  fps ) 

Read out and null �Vg residuals 
in order of magni tude , larges t 
first . 

Read out predicted perifocus alti­
tude : 
Key DEDA C 403R (0 . 1  nm) 
Compare vith PGNCS Hp value . 

Read out apofocus altitude : 
Key DEDA C 315R (0 . 1  nm) 
Compare vith PGNCS Ha value • 

REMARKS 

Null �Vgx by moving TTCA up or down. 
Up TTCA nulls positive �Vgx. 

Null �Vgy by IBOVing TTCA right or 
left . Right TTCA nulla positive 
�Vgy . 

Null 6Vgz by moving TTCA in or out . 
In TTCA nulls pos i tive 6Vgz .  

At thia tiM, LGC restores crew­
specified (ROl) deadband liaita in 
RCS DAP . 

Orbit par..eters are auta.atically 
reca.puted every 2 seconds while 
average g is in process . 

OPR ERR lt - oa if  another extended 
verb fro. &76 is active . 

Kaxi.u. TFF reading is 59B59 . 

After final PRO . deadband selected 
by ROl is restored . 
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CREW.! PNL MAN PROCEDURES 

4 . 10. 3 . 1  Powered Fo l lowu > / I n Control  ( cont )  

2 8 .  De le ted 2 7 .  Ueleted 

4 . 10 . 3 . 2  UPS Abort (LGC P 70 ,  AEA 4 10+0000p) 

Pre requis ites are same as for Brak ing Phase P rogram (P6 3) \H th AGS P repa rati on 
for Orb i t  Ins ertion ( 4 10+00000) . I 
Switching configu rat ion is s ame as that es_tab l ished during powere d  des cent , from 
which this procedure is ent e red . 

1 .  

l r f  AGS i n  followup , go to AGS I lstep  5 . 

To ini tiate DPS abort on AGS : 
GUID CO!IT sw - AGS 
CB ( 1 1 )  S /C :  AEA - close 

REMARKS 

Purpose of this procedure is to 
contro l  LH during DPS abort/orb i t  
insertion from powered descent.  
P 70 and 4 10+00000 provide PG�CS- /  
AGS-con t ro l led DPS abort from pow­
e red descent ( P6 3 ,  P64 , or P66) • 

Ref para 4 . 10 . 2 . 1 .  

During th is program , crew may moni­
tor fol lowing : 
Key Vl6 N 76E 

Rl VH F  +XXXX. X  fps 
R2 H rate F +XXXX . X  fps 
R3 AR +XXXX.X nm 
VHF • Downrange veloc i ty at 
injection 

• 

H rate F • Radial velocity at 
i njection 
AR • Cross range dis tance to be  
removed to injection ,  Maximum 
allowab le cross range value is con­
s t rained to 0 . 5 ·  (approximately 
8 nm) . 

\�hen aborti ng on AGS , AEA backup d-e 
cb should b e  closed to guard against 
AEA restart.  
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CREW- PNL MAN 
4 . 10 . 3 . 2  

PROCEDURES 

DPS Abort �LGC P702 AEA 4 lO+OOOflO� (cont )  

I If  S/C : AGS sw - AUTO , go to I AGS step 3 .  

2 .  I f  S/C : AGS sw - ATT HOLD : 

a. ACA - �UJ�euver +X-axis above 
horizontal 

b .  TTCA - aove up t o  FrP 
KJDE SEL sw - AGS 
ATTITUDE KJN sw - AGS 

c .  ACA - -euver +X-axis to 
local vertical 

I If desired to continue in AGS I automatic ,  so to AGS step 3 .  

d. When altitude >25 ,000 ft or 
altitude rate >So fps , 
ACA - pitchover to local 
horizontal (posigrade) 

e .  S/C : AGS sw - AUTO 
go to AGS step 4. 

II 

REMARKS 

Following conditions were establish-
ed in powered descent and should be 
res tab lished if  modi fied for any 
reason : 
a .  4 10+00000 (Orbit Insertion) 
b .  400+10000 (Guidance S teering) 
c • S/C :  

DEADBAND sw - MIN 
ROLL , PITCH , YAW sw - �DE 
CONT 

d .  DES ENG CHD OVRD sw - ON 
This condition (d) aay not have 
been established i f  abort oc-
curred early in powered descent.  
Estab lishing this condi tion 
would eliminate a possible AGS-
commanded engine-off in step 4 .  
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CREW.I PNL 1 PROCEDURES MAN 

-� 

4 . 10 . 3 . 2  DPS Abort ( LGC P 70 ,  AEA 4 10+00000) ( cant ) 

1. To init iate DPS ab ort on PGNS : 

2 .  

P rogram 70 may b e  called in two ways : 

CAtrriON 

I f  channel 30 backup code (R2 of 
R46 ) has been set (000 X 1) t o  
ignore ABORT (& ABORT STAGE) 
discrete ( s )  do both a & b below : 

a.  ABORT pb - push 
or 
b .  Key V37E 70E 

Poss OPR ERR lt - on ,  exit P 70 
TICA - •ove up to FTP 
ENG THR CONT : THR CONT sw - At.rrO 
S / C :  PGN S sw - At.rrO 
Obse rve  fu ll DPS thrust 

3. If  5 /C :  AGS sw - AUTO 

4 .  

a .  Moni t or +X-axis above hori zontal 
b • TICA - move up to FTP 

!iODE S EL sw - AGS 
ATTITUDE K>N sw - ACS 

c .  Moni tor +X-axis t o  local vert i­
cal 

d. When alti tude >2 5 , 000 ft or 
alt i t ude rate >so fps : 
Moni tor pit chover to local 
horizont al (posi grade ) 

ABORT pb - push 
Poss DPS shut down ( i f  very early in 
powe red descent and DES ENG CHD OVRD 
sw - OFF) 

a. Perform AC� Orientat ion to 
Ini t ial Computed Stee ring 
Atti tude 

b .  Pe rform s tep 9 . b .  

REMARKS 

I f  total thrust fai l ure has 
occurre d ,  manual t ranslat ion mus t 
be appl ied befo re select ing P 70 and 
must remain app l ied un t i l  P 70 
autoaat ically commands engine on .  

Detected by Abort Discre tes Moni t or 
Rout ine (Rl l ) . Rll then calls P 70 .  

P rogram incorre ct ly selecte d .  

Attitude deadband i s  automatica lly 
set to 1 . 0• at th is t ime .  

Conside red poss ible , but unlikely 
because of choice of parameters in 
variable horizontal velocity 
target ing . 

Re f  para 4. 6 . 2 . 1 3 .  
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CREW-I PNL 1 PROCEDURES MAN 
4 . 10 . 3 . 2  DPS Abort (LGC P70 ,  AEA 410+00007) ( cont ) 

3 .  DPS/APS Th rust Fail Rout ine (R40)  
If  LGC detects thrust fail : 
FL V97 NXX - Perform engine f ail  
procedures 

Rl XXXXX 
R2 XXXXX 
R3 XXXXX 

Alternatives to fail  procedure : 
a. Verify LGC interpretat ion of 

thrust failure : 
Key PRO 

b .  Attempt co�letion of maneuver 
Key ENTR 
FL V99 - Perfora engine-on 
enable 

Rl XXXXX 
R2 XXXXX 
RJ XXXXX 

To enable aain engine burn : 
Key PRO , exit R40 
TTCA - adjust as des i red  after 
ignition 
To atte�t completion of manuever 
by RCS : 
Key ENTR go to step 13 . 

II 

REMARKS 

In case of premature engine shut­
down or 6V of <11 . 68 fps ( 356 em/ 
sec) for one 2 second cycle , when 
configured : GUID CONT sw - PGNS and 
S/C:  PGNS sw - AUTO , LH will enter 
mode of f ree drift  rather than 
maintaining its last attitude . 
S/C:  PGNS sw - ATT HOLD will not 
eliminate free dri ft condition . 
This is due to LGC repeatedly 
sett ing CDU desired equal to CDU 
actual. This mode of operation is  
continued until  thrust-fail proce­
dure of Jb or Jc is followed,  i f  
due to premature shutdown; or until 
thrust is  increased to bring 
acce lerat ion above the threshold ,  
if  due to low manual throt tle 
setting . 

R40 is called a nominal ignition 
time and reaaains active until engine 
cutoff.  R40 monitors PIPA outputs 
and initiates engine fail procedures 
if thrust failure is detected. En­
gine thrust fails when PIPA detects 
6V to be <1 . 18 fpa ( 36  em/sec) for 
five cooaecutive sa�ling periods of 
2 seconds each after nollinal igni­
t ion u- . Engine thrust also fails 
i f ,  during thrusting period , 6V is  
less than this threshold for two 
consecutive sa�ling periods of 2 
seconds each . 

During FL V97 N6 3 ,  a brief FL V06 
or V99 aay appear intermittently . 
This should be disregarded .  

DPS automatic throttle is now set to 
minimum . Any further DPS throt tle 
cont rol must be performed manually . 
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CREW.I PNL 1 PROCEDURES MAN 
4 . 10 . 3 . 2  DPS Abort (LGC P 70 , AEA 410+00000) (cont ) 

4 .  

5 .  

.6 . 

c .  Terminate : 
Key V34E - Tenainate 
FL V37 N--
or 
ABORT STAGE pb - push 
Exit P70 and R40 , go to APS Abort 
(LCC P 7 1 ,  AEA 410+00000) 

DES ENG CHD OVRD sw - ON 

Poss fl. V50 N25 

a .  

b . 

Rl 00203 - Swit ch  guidance cont rol 
to PGNS/autoaatic mode 

R2 -----
R3 -----

GUID OONT sw - PGNS 
S/C : PGNS sw - AUTO 
ENG THR O>NT : THR CDNT sw - AtrrO 
Key PRO 
I f  mode already selected :  
Key ENTR 

V06 N94 
Rl VGX (LH) XXXX . X  fps 

R2 H rate XXXX . X  fps 

R) H xxxxx ft  

7 .  Monitor thrus t ing : 
VI should be increasing. 
H rate should remain positive and 
incre ase to • XXX fps , then dec reas e 
to 19 . 5  fps . 
H should be increasing . 
CHD THRUST ind - 10% 
ENG THRUST ind - FTP 
FDAI - Attitude e rrors should b e  

< XX" 
- Attitude rates should be 

�XX" /sec 

REMARKS 

Re f para 4 . 10 . 3 . 3  • 

P rovides redundant engine-on 
s i gnal .  

VGX (LH) - Velocity t o  b e  gained in 
X-body coordinate . 
H rate - Altitude rat e ; - indicates 

descent , + indicates as cent 
H - Alt itude with respect to land­

ing s i te radius ; +  indicates 
alt itude greater than radi us .  

If  H >25 ,000 fee t , LGC w i l l  maneu­
ver LH to orb it insertion at ti ­
tude . I f  H <25 , 000 feet , LGC will 
inh ibit X-axis ove rride and maneuve r 
LH to local vertical with +Z-axis 
downrange until  H >25 , 000 feet or 
unt i l  H rate >40 fps , then pitch to 
orbit insertion att itude and restore 
X-axis override . 
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CREW-I PNL 1 PROCEDURES MAN 
4 . 10. 3 . 2 DPS Abort (LGC P 70 ,  AEA 410+00000) (cont ) 

B.  

9 .  

Check propel lant remaining against 
propellant require d & make s taging 
decision . Rote quantity (%) remain­
ing :  
MP S :  FUEL QUANTITY in d  % 
MPS : OXID QUANTITY in d  - % 
At 5 . 6% remain ing :  

--

DES QTY warn lt - on 

I f  desired : 
Key Vl6 N 7 7E 

Rl TG XXBXX aio-sec 
R2 VGY (LM) XXXX . X fps 
R3 VI +XXXX . X fps 

To terminate display : Key KEY REL 
V06 N94 

Rl VGX (LM) XXXX . X  fps 
R2 H rate XXXX . X  fps 
R3 H XXX1X ft 

Key Vl6 N B5E VG (LH) 
Rl X XXXX . X  fps 
R2 Y XXXX .X fps 
R3 Z XXXX .X fps 

To terminate display : Key KEY REL 

s .  

6 .  

Key DEDA C SOOR (0 . 1  fps)  6 cont inue 
moni t oring AVgx , ALT 6 ALT RATE ind , 
6 FDA! : 
AVgx should b e  de cre as ing.  
ALT RATE ind should increase to  
approx ZOO fp s ,  then decrease to 
19 . 5  fps . 
ALT ind should be increasing . 
Atti tude errors should <xx• . 
Atti tude rates should <xx• / se c . 
Check propellant remaining against 
p rope llant required 6 make s ta ging 
de cis ion .  Note quant i ty (%)  remain­
ing : 
HPS : roEL QUANTITY ind % 
HPS : OXID QUANTITY ind - % 
At 5 . 6% remaining : 

---

DES QTY warn lt - on 

REMARKS 

Prope llant flow rate at FTP is 5 . 5 
seconds per 1% change (or 11 sec­
onds per 2% change) . 

S tage i f : 
1 .  Malfunction i s  detected i n  DPS .  
2 .  Propellant depletion occurs . 
3. Engine cutoff occurs with 6Vg 

larger than that which can b e  
tri-ed by itCS . 

TG - Es t imated t iae of f light froa 
present time to accoaplis�ent of 
ascent inj ect ion conditions, polar­
ity is alnus (- ) .  
VGY (IJQ - Velocity to be gained in 

Y-body coordinate . 
VI - Inert ial velocity. 
VGX(LM) - Velocity to be gained in 

X-body coordinate . 
VG (LM) - Velocity to be gained . 
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CREW.I PNL 1 PROCEDURES MAN 
4 . 10 . 3 . 2  DPS Abort (LGC P70, AEA 410+00000) (cont) 

10 . Before TG < 1  sec : 
DES ENG CHD OVRD aw - OFF 

7 .  If  DPS propellant is sufficient to  
achieve orb i t  insertion : 
Monitor for normal automatic DPS 
shutdown . 

Read out desi red parameters : 
Horizontal veloci ty -
Key DEDA C 427R (0 . 1  fps) 

Alti tude rat e  -
Key DEDA C 367R (0 . 1  fps) 

Alti tude 
Key DEDA C 3 37R (0 . 1  nm) 

Monitor 6Vgx 
Key DEDA C 500R (0 . 1  fps) 

8 .  When horizontal velocity approaches 
shutoff criterion : 

REMARKS 

At automatic shutdown : 
Horizontal velocity is vari ab le .  
Alti tude rate i s  19 . 5  fps . 
6Vgx ( 500) • 0 fps . 

DES ENG CHD OVRD sw - OFF I Enables automatic engine shutdown, 

11 . If engine autoaatic  shutdown does 
not occur when TG < 1  sec : 
Eng STOP pb/lt - push 

12 . After shutdown , d isar. DPS : 
ABORT pb - reset 
ENG THR CONT : ENG ARM aw - OFF 
Reset eng STOP pb/lt : 
a .  Release tab - push 
b .  Eng STOP pb/ l t  - on 
c .  I f  Eng STOP pb/lt - off ,  verify 

ligh t  is functioning by per­
for.ing Cau tion & Warning 
Array Checkout , s teps 3 & 4 .  
I f  ligh t  is functioning , 
inadvertent reset has taken 
place , eng is enabled & 
s teps d , e ,  & f should not 
be perfor11ed • 

Ref para 4 . 2 . 10 .  
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CREW( PNL 1 PROCEDURES MAN 
4 . 10 . 3 . 2  DPS Abort (LGC P70 ,  AEA 410+00000)_Jcon t )  

d .  Eng STOP pb/lt - push 
e .  Release tab - push 
f .  Eng STOP pb/lt - off 

1 3 .  n Vl6 N94 
Rl VGX (LH) 
R2 H rate 
RJ H 
Key PRO 

14 . n Vl6 N85 VG (LH) 
Rl X XXXX. X  fps 
R2 Y XXXX.X  fps 
R3 Z XXXX.X  fps 

XXXX . X  fps 
XXXX . X  fps 
xx.xxx ft 

If nulling of VG is desired : 
S/C :  PGNS sw - ATT HOLD 
THROTTLE/JETS cant (CDR & LHP) - JETS 
ACA/TTCA - null VGX , VGY . VGZ 

9 .  Cutoff possibilities : 
a .  If cutoff does not occur at 

appropriate point ( late cutoff) : 
Eng STOP pb/lt - push 
ABORT pb - reset 
ENG Thr CONT : ENG ARM aw - OFF 
Reset eng STOP pb/lt : 
a .  Release tab - push 
b .  Eng STOP pb/lt - on 

e . If eng STOP pb/lt - off ,  
verify light is funct ioning 

REMARKS 

VGX (LH) - Velocity to be gained in 
X-body coordinate • 

LGC zeroes attitude errors and sets 
0 , 3• deadband in DAP at this time . 

Two-jet translation is reea.mended 
to be selected through R0 3 .  If not 
selected via R03 , translation will 
be four-jet . 

by perforaing Caution & ! Ref .  para. 4 . 2 . 10 .  
Warning Array Checkout , steps 
3 & 4 .  If light is function-
ing , an inadvertent reset 
has taken place , eng is en-
abled , & steps d ,  e ,  & f 
should not to be performed . 

d .  Eng STOP pb/lt - push 
e .  Release tab - push 
f .  Eng STOP pb/lt - off 
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CREWI PNL 1 PROCEDURES MAN 

4 , 10 . 3 , 2  DPS Abort (Lr£ P70, AEA 410+00000) (cont ) 

b .  

c .  

I f  cutoff is early : 

1) To perform DPS burn : 
Key DEDA 616+000YY E 
TTCA - aove up for 2YY+l sec 
Eng START pb/lt - push 

2) If DPS start does not occur 
or to perform APS burn : 
Go to APS Abort (LGC P71, 
AEA 410+00000) with AGS in 
control 

3) To perfora RCS burn : 
Go to Ac.S step 10 

If cutoff occurs at normal point : 
ENG THJl CONT : I!'NG ARM sv - OFF 
ABORT pb - reset 

10 . Trtm �V residual .  
Verify AEA attitude hold submode. 
Kev DEDA C 400Jl 
If +00000 not displayed : 
Key DEDA C 400+00000E 
S/C : DEAD BAND sv - MIN 

REMARKS 

Ullage tiae is 2Y secoDds dependioa 
on ullage voluae. 
Y is deterained fro• the following 

chart :  

Jl-inin& fuel 2 Jets �B) 4 Jets 
100% to 25% 4 -3-

20% 7 5 
15% 8 6 
10% 11 8 
6% 12 8 
3% 13 9 

Do not restart HPS if �Vg is <30 
fps . 

Ensine aust be stopped with ENG STOP 
pb/lt if it is started with ENG 
STAltT pb/lt .  

If this tria aaneuver i s  performed 
after use of orbit insertion 
routine , it should be perforaed 
t.aediately after engine shutdown. 
Orbit insertion routine drives LH 
to specific point on desired orbit 
and residual �Vgx will increase 
naturally after engine shutdown. 
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CREW PNL PROCEDURES MAN 
4 . 10 . 3 . 2 DPS Abort (Lr.C P70 , AEA 410+0000�) (cont) 

Read and record : 
�Vgx 

Key DEDA C 500R ( 0 . 1/1 fps ) 
�Vgv 

Kev DEDA C 501R (0 . 1/1  fps )  
�Vgz 

Key DEDA C 502R (0 . 1/1  fps ) 

Read out and null �Vg residuals 
in order of magnitude, largest 
first . 

S/C :  DEAD BAND sv - MAX 

lS. Te�inate P70 or select Orbit 
Parameter Display Routine (R30) : 
a. Terminate : 

Key PRO 
FL V37 N-

Key XXE , exit P70 
or 
b .  Select R30 : 

To adniaize RCS propellant usage 
in tr� selected narrow deadband , 
select aint.um i�ulae 
Key V76E 
No DAP lt - on 
S/C : PGNS sv - ATT HOIJl 

Key V82E 
FL Vl6 N44 

Rl Ra JCXXX .X IIIII 
R2 Hp xxxx.x ""' 
R3 TF'F XXBXX ain-sec: 

-

II 

' ...... �. 

REMARKS 

.Null �Vgx by moving TTCA up or down. 
Up TTCA nulls positive �Vgx. 

Null �Vgy by .aving TTCA right or 
lef t .  Right TTCA nulla positive 
4Vgy. 

Null �Vgz by aoving TTCA in or out .  
In TTCA nulla poeitive 4Vgz .  

Ha - apolune altitude 
Hp - perilune altitude 
TFF - Time of free fall to 35,000 
feet .  I f  Hp >35 ,000 f t ,  TFF • 

-59B59 . 
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CREW! PNL I PROCEDUReS MAN 
4 . 10 . 3 . 2  DPS Abort (LCC P70, AEA 410+00000) (cont) 

If display of time Hp is 
desired : 
�ey N32E 
Rl OOXXX hr 
12 OOOIX •in 
13 OIX .XX sec 

When finished with display : 
Key KEY REL 
Key PRO to reestablish N85 
display , exit 130 

Key PRO 
Fl V37 N--
Key XXE , exit P 70 

j4 . 10 . 3 . 3  APS Abort (LGC P71,  AEA 41().+00001) 

11 . Read out perilune altitude : 
Key DEDA C 403R (0. 1  nm) 
Ca.pare with PGNS Hp value . 

12 . Readout apolune altitude : 
Key DEDA C 3151 {0 . 1  nm) 
Ca.pare with PGNCS Ha value . 

�erequisites are same as for Braking Phase Program ( P63) with AGS Preparat ion 
or Orbit Insertion (410+00000) . j 
wit ching conf iguration is same as that established during powered descent , from 

ich this procedure was entered • 

REMARKS 

Orbit para .. ters are autoaatically 
recomputed every 2 seconds while 
averaae 1 is in process . 

Purpose of this procedure is to 
control LH during APS abort/orbit 
insertion from powered landing des­
cent or continuation of abort begun 
on DPS . P71/410+00000 provides 
PGNCS/AGS controlled abort from pow­
ered descent (P6 3 ,  P64 , P66 , or P70) 

Ref para 4 . 10 . 2 . 1 .  
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CREw-! PNL 1 PROCEDURES MAN 

I I I 

4 . 10 . 3 . 3  APS Abort (LGC P 7 1 ,  A EA  410+00000 ) (con t )  

I 

I I f  AGS in fol lowup , ;; t�- A� 
step 3 .  __j 

or I If continuing AGS abort star ted I on DPS , go to step lc . 

1 .  To initiate APS abort on AGS : 

• • GUID CONT sw - AGS 
CB (11) S/C: AEA - close 

b .  S/C : AGS sw - AUTO 

c .  ABORT STAGE pb - push 
To achieve ulla�e : 
TTCA (LMP) - I'IOVe up 

d .  Monitor +X-axis above horizontal 

--

REMARKS 

During this program, crew may moni­
tor fo llowing : 
Key V l6 N76E 

Rl VHF XXXX . X  fps 
R2 H rate F XXXX . X  fps 
R3 AR XXXX . X  nm 
VHF • Downrange velocity at 
injection . 
H rate F • Radial velocity at 
injection 
�R • Crossrange distance to be 
removed to injection .  Maximum 
allowable crossrange value is 
constrained to o. s• (approximately 
8 nm) . 

Following conditions were estab­
lished in powered descent and should 
be reestablished if modified for any 
reason : 

a. 410+00000 (Orbit Insertion) 

b. 400+10000 (Guidance Steering) 

c .  S/C : 
DEAD BAND sw - MIN 
ROLL , PITCH , YAW .v - HODE 
CONT 

When aborting on AGS ,  AEA backup 
d-e cb should be closed to guard 
against AEA restart. 
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RC 1606 

CREW.I PNL 1 PROCEDURES MAN 
4 . 10 . 3 . 3  APS Abort (LGC P 7 1 ,  AEA 4 10+00000) ( cont )  

1 .  P 71 ma y  be cal led i n  three ways : 
I f  channel 30 b ackup code ( R2 o f  ll46) 
has been set (000 X 1) to ignore 
( ABORT &) ABORT STAGE discre te ( s )  do 
a. below ( o therwise do b or c) . 

a, ABORT STAGE ph - push 
Key V J 7E 71E 

or 

b .  ABORT S TAGE ph - push 

or 

c, B a ckup to ABORT STAGE ph & i t s  
func t i ons : 
1 )  Eng STOP pb / l t  - push 

E D :  
MASTER ARl1 sw - ON 

AS C lie SEL sw - l!OTII 
ASC lie P RESS s1� - FIRE 

EHG TIIR CO:lT : E:-IG AR:I  sw -
ASC 

2) Rese t  eng STOP pb / l t : 
a .  Re lease tab - push 
b • Eng STOP ph I 1 t - on 

e .  : tO DE SEL sw - AGS 
ATT ITUDE : to:l sw - AGS 

f .  

g . 

I f  i ni t i a ting ab ort on APS : 
mon i t o r  +X-axis to local ve rti­
cal 

\.fhen al t i t ude > 2 5 , 000 ft or 
al ti t ude rate ) 50 fps . moni tor 
p i t chover to !;;cal horizontal 
( Pos igrade) 

REMARKS 

De tected by Abort Discre t es Moni tor 
Routine (Rll) which then calls P71,  

S te ps lb , l  and 1b . 2  mus t b e  per­
f o rmed befo re key ing in P 7 1 . 

Eng STOP pb / l t  i s  pushed to shut­
down UPS . 
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RC 1b 

CREW- PNL MAN 
4 . 10 .  3 .  3 

PROCEDURES 

APS Abort (LGC P 7 1 1  AEA 410+00000) ( con t)  

c.  If  e ng STOP pb /lt - off . 
inadvertent ·reset has 
taken p l ace . eng is en-
ab 1e d 1  & s teps d. e .  & f 
should not b e  performed • 

d • Eng STOP pb /1t - push 
e • Release tab - push 
f • Eng STOP pb /lt - off  

REMARKS 

' 
I 
I 
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CREw-1 PNL 1 PROCEDURES MAN 
4 . 10 . 3 .  1 APS Abort (Lr.C P 7 1 .  AF� 4 10+00000} (con t )  

3 )  THROTTLE/JETS con t (CDR ) -J ETS 
TTCA (CDR) - move up & hold 
whi le kevtng DSKY V37E 7 1E 
Pos s OPR ERR lt - on , exit P 7 1  

2 .  S / C :  PGNS sw - AUTO 

3 .  DPS/APS Thrus t Fail Rou tine (R40) 
If tr.C detec ts thrust f ai l :  

FL V97 NXX - Perform engine f a i l  
f)rocedures 

Rl �X 
R2 lC<XXX 
R3 lC<XXX 

Alternative to fail procedure : 
a .  Verifv Ir.C inte roretat ion of 

thrust fai lure : 
Kev PRO 

h .  Attempt complet ion of maneuver : 
Kev ENTR. 
FL V99 NXX - Perform engine-on 
enab le 

Rl XXXXX 
R2 XXXXX 
Tt) xxxxx 

• 

REMARKS 

Program incorrectly selec ted . 
( Either p revious program not P63 ,  
P64 , P66,  or P70 ; or LGC failure -
I f  lat t er : go to AGS step 1 . )  

Attitude deadband is automat ically 
set to 1 . 0 • at this t ime . 

In case of premature engine shut­
down , when conf igured : GUID CONT 
sw - PGNS and S/C :  PGNS sw - AUTO, 
U! wil l  enter mode of free d r i f t  
rather than maintaining its las t 
attitude . S/C : PGNS sw - ATT HOLD 
wi ll not e liminate f ree drift  con­
dition . This is due to LGC 
repeatedly sett ing CDU desired equal 
to CDU ac tua l .  This .ode of opera­
tion is cont inued until thrus t- fail 
procedure of  4b or 4c is followe d .  

During FL V 9 7  N63 , a brief FL V06 
or V99 may appear intermit tently . 
This should be disregarded . 

R40 is called at nominal ignit ion 
time and remains active unt i l  en­
g ine cutoff .  R40 monitors P IPA 
outpu t s  and initiates engine fail 
procedures if  thrust failure is 
detec ted . Engine thrust fails when 
PIPA detects AV to be < 10 . 1 fps 
( 308 em/sec ) for f ive consecutive 
sampling periods of  2 seconds each 
af ter nominal ignition t ime . En­
gine thrust also fails if , during 
thrust ing per iod , AV is less than 
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RC 1606 

CREW.I PNL 1 PROCEDURES MAN 
4 . 10 . 3 . 3  APS Abort (LGC P 7 1 ,  AEA 4 10+00000 )  (con t )  

T o  enab le main engine burn : 
Key P RO .  exi t  R40 
To at t empt complet ion of ma­
neuve r by RCS : 
Key ENTR ,  go to s tep 15 

c. Te rminate : 
Key V34E - Te rminate 
FL V37 N--
Key XXE 0 exit P 7 1  and R40 
ENG TIIR ro:JT : ENG AR:I sw - OFF 

4 ,  EHG TII R CONT :  EN<. ARH sw - ASC 
Eng START pb / l t  - p ush 

s .  

6 .  

CAUT ION 

I f  P 7 1  ini t i a ted by s te p  l . c .  
automa t i c  shuto f f  w i l l  no t 
oc cur . b ut w i l l  have to be 
te rminated manually ( s te p 1 2 ) . 

Poss FL V50 N2S  
Rl  0020 3 - S w i t ch guidance con t rol 

to PGNS Automatic mode 
R2 ----
R 3  -----

a. GU l l>  CONT sw - PG;;s 
S /C :  PGNS sw - AliTO 
Key PRO 

h .  I f  mode al ready s e l ec t e d : 
Key ENTR 

V06 :J94 
Rl VGX ( l11) XX.XX .  X fps 

R2 I I  rate XXXX . X  fps 
R J  I I  xxxxx ft 

2 .  ElJG TIIR co:JT : ENG AR: I sw - AS C 
Eng START pb /1 t - push 

REMARKS 

this threshold for two consecutive 
samp l i ng periods of 2 seconds each . 

P rovides redundan t  arming engine­
on s i gnals , 

ABORT S TAGE pb funct i ons are 
inope rat i ve .  No redundant arming 
s i gnal is avai lab le .  

VGX ( L'I) - Veloc i ty t o  b e  gained i n  
X-body coo rd i nate , 

ll rate - ,\1 t i  tude rate ; - i ndic ates 
descent and + i nd i cates 
as cent 
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CREW. PNL MAN PROCEDURES 

4 . 10 . 3 . 3  APS Abort (LGC P71 1  AEA 410+00000) (cont) 

6 .  Monitor thrusting : 
VI should be increasing 
H rate should remain positive and 
increase to approximately 200 fps & 
then decrease to 19 . 5  fps . 
H should be increas ing . 
FDAI - Att itude errors should be 

<xx• 
- Attitude rates should be 

�xx· /sec 

8 .  Per form APS /RCS Propellant Inter-
connect , steps 1 through 3 .  

3 .  Key DEDA C SOOR (0 . 1) fps) & 
continue aonitoring 6Vgx, ALT 
& ALT RATE ind , & FDAI : 
6Vgx should be decreasing . 
ALT RATE ind should increase to 
approx 200 fps and then decrease to 
19 . 5  fps . 
ALT ind should be increasing . 
Attitude errors should be <xx• 
Attitude rates should be <xx• /sec . 

4 .  Perform APS/RCS Propellant 
Interconnect , steps 1 through 3 .  

9. If deaired : 
Key Vl6 N77E 

Rl TG XXBXX min-sec 
R2 VGY(LM) XXXX. X  fps 
R3 VI +XXXX.X fps 

To ter.inate display : 
Key KEY REL 

II 

REMARKS 

H - Altitude with respect to landing 
site radius ; + indicates alti-
tude greater than radius 

If H >25 ,000 feet , LGC will maneu-
ver LM to orbit insertion attitude . 

If H <25 ,000 feet , LGC will inhibit 
X-axis override and maneuver LH 
to local vertical with +Z-axis 
downrange until H >25 ,000 feet or 
until H rate >40 fps ,  then pitch 
to orbit insertion attitude and 
restore X-axis override . 

Ref para 4 . 13 . 3 . 3 . 

Ref para 4 . 13 . 3 . 3 .  

TG - Estiaated t i  .. of f light fro. 
present ti .. to acca.plisn..nt of 
ascent injection conditions ; po-
larity is minus (-) . 

VGY(LM) - Velocity to be gained in 
Y-body coordinate . 

VI - Inertial velocity . 
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CREW.! PNL 1 PROCEDURIES MAN 

4 . 10 . 3 . 3  APS Abort (LGC P 7 1 ,  AEA 410+00000) ( cont ) 

10.  

1 1 . 

V06 N94 
Rl VGX(LM) 
R2 H rate 
R3 H 

XXXX . X  fps 
XXXX . X  fps 
xxxxx ft 

Key Vl6 N85E - VG (LM) 
Rl X XXXX . X  fps 
R2 Y XXXX . X  fp s 
R3 Z XXXX . X  fps 

To te r.inate disp lay : 
Key KEY REL 

When TG is app rox 10 se c : 
Perfor. APS /RCS P ropellant I nter­
connect steps 4 & 5 

CAtrriON 

Do not perform step 11 if 
program not ini t i ated by 
ABORT STAGE pb - pus h 

Be fore TG < 1  Sec : 
ENG THR COm' : ENG ARM sw - O FF 

5 .  When �Vgx is approx 2 00 fps 
Perform APS /RCS Prope l l ant Inter­
connect , s teps 4 & 5 .  

6 .  Readout paramete rs as des i re d :  
Hori z on t a l  ve loci ty-
Key DEDA C 42 7 R  (0 . 1 fps ) 

A l t i t ude rate -
Kev D EDA C 36 7 R  ( 0 . 1  f p s )  

A l t i t ude-
Key DEDA C 337R (0 . 1  nm) 
Mon i t o r  �Vgx-
Key DEDA C 500R ( 0 . 1  fp s )  

7 .  \olhen hori zont a l  ve l o c i ty app roaches 
shuto f f  c ri te r i on : 
ENG THR CONT : ENG ARM sw - OFF 

REMARKS 

VGX (LM) - Ve locity to be gained in 
X-body coordinate . 

Re f para 4 . 1 3 . 3 . 3 . 

At automat ic shutdown: 
Horizontal velocity is variab le . 
Alti tude rate is 1 9 . 5  fps . 
�Vgx ( 500) • 0 fps . 

Remove s  normal engine-on s i gnal and 
thus enab le s automat i c  shut d o\111 . 

,.. CJ 
� 
0 
o ,.  = �  ,.. _.,. -t -o  - o  o .  
Z w  ; i ,.. 
z 
0 • 
0 
0 
:IIIli 



Ill> 
� ;;;· 
0 
0 

;; 
..., a-
V> � "0 ,.. � 
8-� "1 .... "' .... .... 

() 
::r 
a 
::J 

Cl 
.. 

� 
'G 

� 
a 
Cl 
.. 

I� ..., ..., 

I 

RC 16,, 

CREw-1 PNL 1 PROCEDURES MAN 
4 . 10 . 3 , 3 APS Abort (LGC P 7 1 ,  AEA 410+0000f) (cont)  

12 . I f  automatic engine shutdown does 
not occur when TG < 1  sec ; 

13 .  

14 . 

ABORT STAGE pb - reset 
Poss MASTER ALARM - on 
MASTER ALARM pb /1t - reset 

Eng STOP pb/lt - push 

If prograa initiated by alternative 
method ( s tep l . c) 
ENG THR CONT : ENG ARM !1W - OFF 

ED : MASTER ARM sw - (Jf 
CB ED :  LOGIC PWR A - open 
CB ED: LOGIC PWR B - open 

After autoaatic shut down , disarm 
APS and reset manual start relays : 
ABORT STAGE pb - reset 
Poss MASTER ALARM - on 
MASTER ALARM pb/lt - reset 
Eng STOP pb/lt  - push 
Reset eng STOP pb/lt : 

a .  Release tab - push 
b .  Eng STOP pb/ lt - on 
c .  I f  eng STOP pb/ lt - off ,  

verify light is functioning 
by perfor.ing Caution & 
Warning Array Checkout , 
steps 3 & 4 .  If light is 
functioning , an inadvertent 
reset has taken place , eng 
is enabled , & steps d ,  e ,  & 
f should not be performed 

d ,  Eng STOP pb/ lt - push 
e .  Release tab - push 
f .  Eng STOP pb /lt - off 

REMARKS 

Reset shuts engine off . 
MASTER ALARM - on when ABORT STAGE 
pb - reset , due to relay race 
removing CWEA inhibit . 
Required to reset manual start 
relays • 

Leaving ED :  MASTER ARM sw - ON 
places inhibit on ED CWEA preventing 
spurious master alarm indications 
(all pyros have been fired at this 
time) , Opening cb ' s  conserves power . 

Ref para 4 . 2 . 10. 
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CREW.I PNL 1 PROCEDURES MAN 

4 . 10 . 3 . 3  APS Abort ( LGC  P 7 1 ,  AEA 410+00000) ( cont )  

1 5 .  

16 . 

Fl. Vl6 N94 

Rl - VGX (L!i) 
R2 - H rate 
R 3 - H 
Key PRO 

XXXX . X  fps 
XXXX . X  fps 
xxxxx f t  

FL V l 6  N85 - VG (LH) 
R l X XXXX .X fps 
R2 Y XXXX . X  fps 
R 3 Z XXXX .X fps 
I f  null ing of VG is des i re d :  
S /C :  PGNS s w  - ATT HOLD 
THROTTLE/JETS cont (CDR & L�) -
JETS 

ACA/TTCA - null VGX , VGY , VGZ 

8 .  Cut off poss i b i l i t i es :  
a .  I f  cutoff does not occur at 

app ropri ate poi nt ( late cutoff ) :  
ABORT STAC.E pb - reset 
'1ASTER ALARM - on 
MASTER ALARM pb - reset 
go to 8c . 2 .  

b .  I f  cutoff i s  b e fore approp riate 
point : 
1 )  T o  perform APS burn : 

Rees t ab lish  ull a�P c oun t e r  
t h reshold : 
Kev DEllA C 6 16.f{)000Yf 
To p e r form ull a�e & manual 
s t ar t :  
TTCA { CDR ) - move up 
for 2Y + 1 se conds 
Eng START ph / l t  - push . 
I f  APS s t art does not occur , 
go t o  s tep 9 .  

2 )  To perform RCS burn , go to 
s t ep 9 

REMARKS 

VGX (LM) - Ve l ocity to be gaine d  i n  
X-body coordinate . 

LGC zeroes at t itude errors and sets  
0 . 3• deadband in DAP at th i s t ime • 

Two-je t trans lation i s  recommended 
to be selected through RO ) .  I f  not 
selected via R0 3 ,  t rans lat ion w i l l  
b e  four-jet . 

Ullage t ime i s  J.Y s econds depending 
on ullage volume . 

Y i s  determined f rom the fol lowing 
chart : 

Remain ing Tot a l  Burn 2 Je ts 4 Jets  
Fue l Time i n  Sec _ill __ 
100! to 0 to  228 2 2 
50! 
40% 2 7 4  4 3 
30% 3 1 9  5 4 
20! 16 5 6 4 
10:1:  4 1 0  7 5 
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CREW-I PNL 1 PROCEDURES MAN REMARKS 

4 . 10 . 3 . 3  APS Abort (LGC P7 1 , AEA 410+00001') (con t )  

9 .  

c .  I f  cutoff occurs a t  normal poin t :l Do not restart MPS i f  �Vg is <30 
1 )  ABORT STAGE pb - reset fps • 

.MASTER ALARM - on 
KASTER ALARM pb - reset 

2)  Reset manual start relavs : 
Eng STOP pb /lt  - push 

3) Reset Eng STOP pb / lt : 
a) Release tab - push 
b) Eng STOP pb/ l t  - on 
c) I f  eng STOP pb/ l t  - off ,  

verify that l ights are 
functioning bv perform­
ing Caution and Warning 
Array Checkout steps 3 & 
4 .  If lights are func­
tioning , an inadvertent 
reset haR taken place , 
engine is enabled , and 
steps d ,  e ,  & f should 
not be performed 

d) Eng STOP pb/ l t  - push 
e) Release tab - push 
f)  Eng STOP pb/ l t  - off 

Trim �V residual . 
Verifv AEA attitude hold submode . 
Key DEDA C 400R 
If +00000 not displaved : 
Key DEDA C 400+00000E 
S /C :  DEAD BANT> sw - MIN 

Read and record : 
�Vgx 

Key DEDA C SOUR ( 0 . 1/1  fps) 
�Vgy 

Key DEDA C SOlR (0 . 1/1  fps ) 
6Vgz 

Key DEDA C 502R (0 . 1/ 1  f ps )  

Ref para 4 . 2 . 10 .  

If  thia tria maneuver is perfor.ed 
after use of orb it insertion rou­
tine , it  ahould be performed i .. e­
idately after engine shutdown. 
Orbit insertion routine drives LH 
to specific point on desired orbit 
and residual 6Vgx will increase 
nautrally after engine shutdown. 
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LH3207 , LH3231  

CREW.I PNL 1 PROCEDURES MAN 
4 . 10 . 3 . 3 APS Abo r t  ( LGC P 71 , AGS 4 10+00000) (cont) 

1 7 .  Terminate P 7 1  o r  select Orb i t  Para­
me ter Display Rout ine ( RJO) : 
a .  Terminat e :  

Key PRO 
FL V37 N--
Key XXE , exit P 7 1  

or 
b .  Select R30 : 

To minimize RCS propellan t  us age 
in LGC selected narrow deadband , 
select minimum impulse • 

ve r i fy / s e t : 
S/C : PGNS sw - ATT HOLD 
Key V76E 
NO DAP l t  - on 
Key V82E 
FL Vl6 :l44 

RI II a XXXX . X nm 
R2 lip XXXX . X  nm 
R3 TFF XXBXX min-sec 

If d is p lay of t ime to lip is 
desired : 
Key N32E 

Rl OOXXX h r  
R 2  OOOXX min 
R3 OXX . XX  sec 

When f i n ished with display : 
Key KEY REL 
Key PRO to reestab lish NBS 
display , exit R30 
Key PRO 
FL V37 N--
Key XXE , ex i t  P 7 1  

Read out and nu ll �Vg res i duals 
in order of magni tude , largest 
f i rs t .  

S /C :  DEAD BAND sw - MAX 

REMARKS 

:lull �Vgx by moving TTCA up or down . 
Up TTCA nulls pos i t ive �Vg x .  

Null �Vgy by moving TTCA r ight or 
lef t .  Righ t TTCA nulls pos i t ive 
�Vgy • 

Hull �Vgz by moving TTCA i n  or out .  
In TTCA nulls pos i t ive AVg z .  

I f  H p  >35 ,000 f t , TFF • - 59859 
Orb i t  parame te rs are aut oma t i cally 
recomputed every 2 seconds whi le 
ave rage g is in process . 

lla • apolune a l t i tude 
Hp • peri lune altitude 
TFF • T ime of f ree f all to 35 , 000 
feet . If Hp>3S , OOO f t ,  TFF • - 59 B59 . 
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CREW. 
MAN PNL 

4 . 10 . 3 . 3  

PROCEDURES 

APS Abort (LGC P 7 1 1  AGS 410+00000) (cont ) 

10 . 

1 1 .  

II 

Read out peri lune alt i tude : 
Key DEDA C 40JR (0 . 1  nm) 
Compare with PGNCS Hp value . 

Read out apolune alt i tude : 
Key DEDA C 315R (0 . 1  nm) 
Compare with PGNCS Ha value . 

- - --------
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LH 32 31 

jcREW·I PNL MAN PROCEDURES REMARKS 

4 . 11 UNDOCKING & DOCKING 

Undocking and docking procedures are arranged in a two-column format as separate PGNCS or AGS procedures , one guidance 
co.puter in control and the other in a followup condition ready to assuae control ; together , PGNCS in the le ft column 
and AGS in the right ,  they provide an i ntegrated procedure , 

4 . 11 . 1 LH UNDOCKING FROH CSH 

LGC Power-Up ( required) 

LGC Sel f-Tes t ( des ired) 

LGC time valid ( required) 

LGC s tate vector valid ( required) 

IMU Power-Up (LGC Operating) 
(required) 

IHU Orientation Determination 
Program (PSl)  (required) 

DAP Data Load Rout ine (R03)  
( required ) 

AGS Power-Up ( required) 

AEA Sel f-Test  (de s i red ) 

AGS time valid ( requ i red)  

Th is procedure describes LH act ive 
undocking . It should not be confused 
�ith maneuver commonly cal led sepa­
rat ion, which is preceded by period 
of s tat ion-keeping following un­
docking . This procedure is incomplete 
unt il properly integrated w ith cor­
responding CSH procedure . 

Re f para 4 .6 . 1 . 1 . 

�e f  para 4 . 6 . 1 . 13 .  

ILGC/CHC Clock Synchronization 
�outine (R33) ( para 4 .6 .1 . 15)  

LGC Update Program (para 4 . 6 . 1 . 7 ) 
and , when appropriate , Rendezvous �avigation P rogram ( P20) (para 
4 . 8 . 2 . 1 ) 

Re f para 4 . 6 . 1 . 3 .  ISS should be on 
15 minutes before thrusting maneuve r .  

Re f para 4 . 9 . 1 . 1 . 

Ref para 4 . 6 . 1 . 8 . (Rl)  N46 • 2 1002 

Re f para 4 . 6 . 2 . 1 .  

Ref para 4 . 6 . 2 . 3 .  

AGS Manual Absolute Time Initial­
i zat ion procedure (para 4 . 6 . 2 . 6 )  or 
AGS Initializat ion Routine ( R4 7 )  
(para 4 . 6 . 1 . 18) 
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LM 32 31 ,  LM 32 35 

CREWI PNL 1 PROCEDURES MAN REMARKS 

4 . 11 . 1 LM UNOOCKING FROM CSM (cont ) 

EPS Basic (Unstaged) ( required) 
1. S elect attitude control : 

GUID OONT sw - PGNS 
S /C : 

ROLL , PITCH , YAW sw - KJDE OONT 
PGNS sw - OFF 
AGS sw - OFF 
DEAD BAND sw - MIN 

2 .  Enab le ACA/TTCA : 
TTCA/TRANSL sw (2)  - ENABLE 
ACA/4 JET sw ( 2 )  - ENABLE 
THROTTLE/JETS cont - JETS 
ENG THR OONT : 

BAL CPL sw - ON 
ATT/TRANSL sw - 2 JETS 

ACA PROP sw (2 )  - ENABLE 

3. Select total attitude & at t itude 
rate/error displays : 
FDAI 1 sw - as desired 
FDAI 2 sw - as desired 
ATTITUDE !tJN sw (1) - PGNS 
ATnTUDE I()N sw (1)  - AGS 
RATE/ERR I()N sw ( 2 )  - LDG RDR/CHPTR 
Key V60E for at titude rate display 
or 

I 

I 

I 

Ar.S LM/CSM s t ate ve ctor val i d  (required) I AGS Init ializat ion Rout ine (R47) 
(para 4 . 6 . 1 . 1 8) or AGS Manual LM 
S tate Vector Update/Initialization 
p rocedure (para 4, 6 , 2 . 7 )  and AGS 
Manual CSH State Vector Update/ 
Initialization procedure 

AGS at titude data valid ( required) 

1 .  

2 .  

3 .  

EPS Basic (Unstaged) ( required) 
Select att itude cont rol : 
S/C :  

AGS sw - OFF 
PGNS sw - OFF 
ROLL , PITCH , YAW sw - K>DE OONT 
DEAD BAND sw - MIN 

GUID OONT sw - AGS 
Enab le ACA/TTCA : 
TTCA/TRANSL sw (2)  - ENABLE 
ACA/4 JETS sw - ENABLE 
THROTTLE/JETS cont (2)  - JETS 
ENG THR OONT : 

BAL CPL sw - ON 
ATT/TRANSL sw - 2 JETS 

ACA PROP sw ( 2 )  - ENABLE 

Select total at titude & at ti tude 
rate /e rror displays : 
FDAI 1 sw - as desired 
FDAI 2 sw - as desi red 
ATTITUDE MON sw (1) - AGS 
ATTITUDE MON sw (1)  - PGNS 
RATE/ERR MON sw - LOG RDR/CHPTR 

(para 4 . 6 . 2 . 9) 

AGS Alignment to PGNCS IHU (para 
4 . 9 . 2 . 1) or Backup AGS Alignment 
p rocedures (para 4 . 9 . 2 . 2 and 
4 . 9 . 2 . 3) .  Valid attitude data are 
required when guidance s teering is  
desired ; e . g . , for thrusting 
maneuvers.  

Ref para 4 . 1 3. 4 . 1 .  

Re f  para 4 . 5 . 1 . 3 . 

Switch guard aay b e  moved to side 
position for duration of time S/C: 
PGNS sw - OFF. 

Re f para 4. 5 . 1 . 6  and 4 . 5 . 2 . 5 .  

Re f para 4. 5 . 3 . 1 an d  4 . 5 . 3 . 2 .  

Ref para 4 . 5 . 3 . 4 ,  
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CREW! PNL 1 PROCEDUR.:S MAN 
4 . 1 1 . 1  LH UNDOCKING FROH CSH (cont) 

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

10. 

Key V61E for .ode I attitude error 
display 
or 
Key V62E for aode II atti tude error 
display 

Select attitude rate displays : 
RATE SCALE av - aa deaired 

I 4 .  

Request CSH verify CSH/LH electrical ! 5 .  
umbilical power av set to off .  

Disconnect & stow CSH/LH electrical I 6 .  
umbilical . 

Install drogue (LH aide ) . I 7 .  

Close overhead hatch (LH aide) . I 8 .  

Perfor. ECS Basic . I 9 .  

Perfora Heaters Status Check . I 10 . 

CAUTION 

Select attitude rate displays : 
RATE SCALE aw - as desired 

Request CSH verify CSH/LH elec­
trical umbilical power aw set to 
off .  

Disconnect & s tow CSH/LH electrical 
lallb ilica l .  

REMARKS 

Hode I - DAP following errors . 

Hode II - total attitude errors with 
respect to N22 angles (gi.Oal angles 
display is scale limited) (preferred) 

Ins tall drogue (LH aide ) . ! Ref para 4 . 14 . 13 .  

Close overhead hatch ( LH  aide) . ! Ref para 4 . 14 . 11 • 

Perform ECS Bas i c .  I Ref para 4 . 13 . 1 . 1 .  SUIT GAS DIVER-
TER vlv ia set to PULL EGRESS 
during HPS burDG . 

Perform Heaters Status Check . I Ref para 4 . 13 . 5 .  

RCS quad temperature nua t be >120•F for 
25 minutes before f iring RCS thrus ters . 

1 1 .  

1 2 .  

1 3 .  

14 . 

Perform Cabin Leak Check . 

Set EVNT THR ind to count down to 
separation time . 

1 1 .  

1 2 .  

Verify CHP installed preloaded I 1 3 .  
docking probe . 

Verify CHP released docking latches . ! 14 . 

Perform Cab in Leak Check . I Ref para 4 . 13 . 1 . 9 .  

Set EVNT nm ind to count dOioffi to I Ref para 4 . 13 . 6 . 
separation time . 

Veri fy CHP ins talled pre loaded 
docking probe . 

Verifv CHP re leased dock in� 
latches . 

Assumpt ion : Spring force of pre­
loaded docking probe 1& suffi cient 
to undock LH from CSH if des i red . 
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Ul 320 7 
CREw-1 PNL 1 PROCEDURES MAN 

4 . 11 . 1 LM UNDOCKING FROM CSM (cant ) 

15 . 

�6 .  

1 7 .  

Its. 

9 .  

20 . 

�1 . 

LTG : EXTERIOR LTG sw - DOCK 15 . 

Verify COAS installed in overhead I 16 . 
window . 

Select Thrust Monitor Program (P47 ) :  I 1 7 .  
Key V37E 47E 
Poss PROG lt - on 
Key V05 N09E - Call ala nn 

00210 - IHU not on 
00220 - IHU orientation not 

known 
Key KEY REL & RSET 
FL V37 N--
Key XXE . exit P47 

FL Vl6 N83 - �V (LM) 
Rl X XXXX.X  fps 
R2 Y XXXX. X  fps 
Rl Z XXXX .X  fps 

Secure self & cabin . I 1 8 .  
Key V76E (min impulse) 
NO DAP lt - on 
S /C :  PGNS sw - ATT HOLD 
Key V77  (do not key enter) 

Coordinate undocking countdown I 19 . 
with CHP .  

Monitor undocking when EVNT TMR I 20 . 
ind - 00 : 00 .  
RCS : 

TEMP /PRESS K>N sel - FUEL HANF 
A & B PRESS ind - 178 to 188 psia 
TEMP /PRESS HON sel - OXID MANF 
A & B PRESS ind - 175 to 188 psia 
TEMP /PRESS K>N sel - He 

LTG : EXTERIOR LTG sw - DOCK 

Verify COAS installed in overhead 
window . 

Prepare AGS to display thrust : 
Key DEDA 

C 404 + OOOOOE 
C 40 5 + OOOOOE 
C 406 + OOOOOE 
C 4 70R 

Secure self & cabin .  

Coordinate undocking countdown 
with CMP . 

Moni tor undocking when EVNT TMR 
ind - 00 :00 .  

REMARKS 

P47 should be selected immediately 
before planned thrus ting maneuver 
and terminated as soon as poss ible 
after maneuver.  to keep errors as­
sociated with average g integration 
at a minimum. 

Registers display all zeros . except 
for PIPA bias accumulation . until 
thrust maneuver i s  started.  

P robe extension occurs at  this time. 

RCS : Ve rificat ion of normal RCS propel-
TEMP /PRESS MON sel - FUEL MANF lant manifold pressures after 
A & B PRESS ind - 178 to 188 psia undocking insures that RCS : SYS 
TEMP/PRESS MON sel - OXID MANF A & B SOV ' s  are open.  
A & B PRESS ind - 175 to 188 psia 
TEMP /PRESS HON sel - He 
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LH 320 7  

CREW-I PNL I PROCEDURES MAN 

·--

4 . 11 . 1  LH UNDOCKING FROM CSH (cont ) 

2 2 .  When separated desired number o f  
feet : 
Key ENTR 

2 3 .  Terminate P47 : 
Key PRO 
I"L V37 N--
Key XXE , exit P47  

4. 1 1 . 2 L� DOCKING 

LGC Power-Up (req uired) 

LGC Self-Test (desired) 

LCC tiae valid ( required) 

LGC state vector valid ( required) 

IHU Power-Up (LGC Operating} 
( required} 

IMU Orientat ion De t e rminat ion (P51 ) 
( required} 

DAP Dat a  Load Routine (ROJ)  
( requ i red)  

LGC monitoring thrust ( required) 

COAS prepared for docking ( requ i re d )  

2 1 .  When separated desi red number of 
feet : 
S/C :  AGS sw - ATT HOLD 

AGS Powe r-Up ( re q u i re d )  

REMARKS 

Undocking s tat ion-keeping distance 
is  mission-dependent • 

(NO DAP lt - off)  

This is a mutually cooperat ive LH/ 
CSH docking procedure , which is in­

complete until properly integrated 
with corresponding CSH procedure . 

Re f para 4 . 6 . 1 . 1 . 

Re f  para 4 . 6 . 1 . 1 3 .  

LGC/CMC Clock Synchronization 
Rout ine ( R33) (para 4 . 6 . 1 . 15 )  

LGC Update Program (P27 )  (para 
4 . 6 . 1 . 7) and , wh�n appropriate , 
Rendezvous Navigation P rogram 
(P20) (para 4 . 8 . 2 , 1} 

Re f para 4 . 6 . 1 . 3 .  ISS should b e  on 
15 minutes before thrusting maneuver 

Re f para 4 . 9 . 1 . 1 .  

Re f para 4 . 6 . 1 . 8 . 

Th rust Hon i tor P rogram ( P 4 7 )  ( p a ra 
4 . 10 . 1 . 4 ) 

COAS l ight ing check ( para 4 . 2 . 9 ) , 
s te p s  1 th rough 9 • 

Re f p a ra 4 . 6 . 2 . 1 .  

5 . ,. 0 
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CREW-I PNL MAN PROCEDURES 

4 . 11 . 2  LH DOCKING (c:ont ) 

1 .  

2 .  

Select RJt dleplays : 
SHPT /TRUN J sv - as desired 
RATE/EJUt tOI sv (1) - RNDZ RADAR 
X POINTER SCALE sv - HI KJLT 
RNC/ALT KlN sv - RNC/RNC Rl' 
Select attitude control : 
Key V77E 
NO DAP lt - off 
CUID OONT sv - PCNS 
S/C: 

or 

ROLL • PITCI. YAW sv - MODE OONT 
PCNS sv - ATT HOLD 
ACS sv - ATT II>LD 

Same switch settings . except : 
Key V76E 
NO DAP lt - on 

AEA Self-Test (desired) 
AGS time valid (required) 

AGS LM/CSM state vector valid ( required) 

AGS attitude data valid (required) 

OOAS prepared for docking (required) 

1 .  Select RR displays : 
SHPT/TRUN J sv - as desired 
RATE/ERR PDf sv ( 1) - RNDZ RADAR 
X POINTER SCALE sv - HI MULT 
RNG/ ALT M)N sw - RNG/RNG RT 

REMARKS 

Ref para 4 . 6 . 2. 3 • 

AGS Manual Absolute Time Initial­
ization procedure (para 4 . 6 . 2 . 6) 
or AGS Initialization Routine (R47) 
(para 4. 6 . 1 . 18) 

AGS Initialization Routine (R47) 
(para 4 . 6 . 1 . 1 8) or AGS Manual LM 
State Vector Update/Initialization 
procedure (para 4. 8. 2 . 7) and AGS 
Manual CSM State Vector Update/ 
Initialization procedure (para 
4 . 6 . 2 .9) 
AGS Align��ent to PGNCS UIJ (para 
4 . 9 . 2 . 1) or Backup AGS Ali�ent 
procedures (para 4 .9 . 2 . 2/4 . 9 .2 . 3) .  
or AGS Ltmar align (400 + 40000) 
(para 4 . 9 . 3 . 2 )  • 

Valid attitude data are required 
when auidance steering is desired ; 
e . g  • •  for thrusting maneuvers . 
COAS lighting check (para 4 . 2 . 9 ,  
s teps 1 through 9 ) .  
Ref  para 4. 5 . 3. 6 .  

Ref  para 4. 5 . 3 . 7 . 
Ref para 4 . 5 . 3 . 10 .  

Ref para 4. 5 . 1 . 3 .  

Ref para 4. 5 . 1 . 4 .  
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CREW-I PNL MAN PROCEDURIES 

4 . 1 1 . 2  LH DO<XING (cont) 

3 .  

4 .  

�: 
7 .  

En e  le ACA & TTCA: 
TTCA/TIANSL sw (2)  - ENABLE 
ACA/4 JET sw (2)  - ENABLE 
THIOTTLE/JETS COilt (2) - JETS 
ENG tHR O>trr : 

BAL CPL sw - ON 
ATT/TIANSL - - 2 JETS 

1tCA PlOt - (2)  - ENABLE 

Select total attitude display : 
ORDEAL : 

FDAI 1 - - as desired 
FOAl 2 sw - as desired 

ATTITUDE KlH sw (1)  - PCNS 
ATTITUDE KlH sw (1) - ACS 

Select attitude rate displays : 
lATE SCALE sw - as des ired 

COAS sw - PWD 
LTC:  EXTERIOR LTC sw - DOCK 
Verify CHP h .. installed docking 
target .  

Radar technique : 
ACA - yaw 6. pitch ,  as requi red , to 
null shaft & trunnion angles on 
PDAI • 

TTCA - trans late along X & Y 
body-axes to null LOS rates on 
X poill�l!!_i_��- (X pointe r ind is 

2 .  

3. 

4. 

I s .  

I 6 .  

I 7 .  

En e  le ACA 6. TTCA : 
TTCA/TRANSL sw ( 2 )  - ENABLE 
ACA/4 JET sw (2)  - ENABLE 
THROTTLE/JETS cant (2) - JETS 
ENG THR CONT : 

BAL CPL sw - ON 
ATT /TRANS L sw - 2 JETS 

ACA PROP ev (2 ) - ENABLE 

Select att itude cont rol : 
S /C :  

ACS sw - ATT HOLD 
PGNS sw - ATT HOLD 
ROU . PITCI . YAW sw - MODE CONT 
DEAD BAND sw - MIN 

Select total attitude display : 
ORDEAL : 

PDAI 1 sw - as desired 
FDAI 2 sw - as desired 

ATI'ITUDE K>N sw ( 1) - ACS 
ATTITUDE K>N sw ( 1) - PGNS 

Select att itude rate di splays : 
RATE SCALE sw - as des i red 

COAS sw - PWD 
LTG : EXTERIOR LTG sw - DOCK 
Veri fy CMP has ins talled docking 
target . 

Radar technique : 
ACA - y- & p i t ch ,  as requi red , 
to null shaft & t runnion angles 
on PDAI . 
TTCA - trans late along X & Y 
body-axes t o  null LOS rates 
on X pointer (X pointer ind 

REMARKS 

Re f  para 4 . S . 2 . S .  

Re f  para 4 . S . 3. 1 .  

Re f  para 4 . S . l . 6 .  AGS pulse and 
di rect .odes of attitude control 
are not reco...aded for docking . 

Re f  para 4 . S . 3 . 3. 

Re f  para 4. S . 3 . S .  

Select display scaling ranges as 
des i red for coarse and fine null­
i � .  
RNG/ALT ind pwr/sig fai l lt may 
flash randomly for range rates be low 
10 fps when disp laying RR data. This 
is inherent in detection �ic of 

� 
l i 
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PROCEDURES 

4 . 11 . 2  LM DOCKING (cont ) 

8. 

I 

19 . 

10.  

1 1 .  

12 . 

fly-to display . )  

Tr.ns late along Z-body-axis to 
bring range rate to -5 fps . 

Monitor : 
Between range of 500 & 110 f t ,  
•intain null of shaft & trunnion 
.ngles & LOS rates . Maintain range 
rate at -5 fps . 

TTCA - at 110 ft , translate to 
null range rate ao that , at range 
of  80 ft , range rate is zero 

Select PGNCS attitude rate display : 
RATE/ERR Mm aw - LOG RDR/otPTR 
ley V60E 

ACA & TTCA - rotate & tr.nslate 
to acquire face-to-face orientation 
(LH Z-axis aligned with CSM X-axis 
and OOAS aligned wf th docking tar­
get) & null LOS & range rates 

Prepare for docking : 
RNDZ RADAR sel - SLEW 
SHFT/TRUN J sw - +so• 
RNDZ RADAR : SLEW n - LEFT or 
RIGHT to null trunnion 

I 8.  

I 9 . 

10 . 

ll . 

is fly-to display . )  

Translate along Z-body-axis to 
b ring range rate to -5 fps . 

Monitor : 
Between range of 500 & llO f t ,  
.. intain null o f  shaft & trunnion 
angles & LOS rates . Maintain range 
rate at -5 fps . 

TTCA - at 110 ft , trans late to 
null ranse rate so that , at range 
of 80 ft , range rate is zero 

ACA & TTCA - rotate & trans late 
to acquire face- to-face orientation 
(LH Z-axis aligned with CSM X-axis 
and COAS aligned with docking tar­
get) & null LOS & range rates 

Prepare for docking : 
RNDZ RADAR sel - SLEW 
SHFT/TRUN J sw - +so• 
RNDZ RADAR: SLEW sw - LEFT or 
RIGHT to null trunnion 

REMARKS 

indicator and does not indicate 
systea aalfunction. Data are good 
and r.adoaly flashing light should 
be dis regarded • 

Steps 7 and 8 outline approach fro• 
500 to 110 feet us ing radar or 
visual (out-of-window) displays , 
respective ly .  

I f  range track is broken and reac­
quisition occurs at true range of 
less than 500 feet , readout of ap­
proxtaately 405 ma can occur. 'nl u  
anoaaly does not affect accuracy of 
range rate or angle data. 

When range and altitude input is 
equal to zero feet or range and at­
titude rate is equal to zero fps . 
RNG/ALT ind pwr/sig fail lt goes oo.  
'nlis does not repreaen t aalfunctioo ; 
condi tion is inherent in detectioo 
circuitry.  

!s tlb lish PGNCS atti tude rate /error 
display , ref para 4.5 . 3 . 2 .  

Re f para 4 . 6 . 3. 6  for alternate 
procedure for stowing RR antenna. 

� 
� i  s � o l  
z •  .,. ,  

� i 

I 



B' .. n· 

¥ 
N 
Cl\ 

Cl' 
• 

"" " 

i 
• 
... 

.... \G ..... .... 

n l 
' 
f 

-o t 
I �  b 

LM 3207 

CREW-I PNL MAN 

-· 

PROCEDURES REMARKS 

4 , 11 . 2  LM DOCllNG (cant) 

INDZ RADAJl: SLEW sv - DOWN 
uatil abaft •&le • so• 
CI/AC IUS A: RMDZ RDR - open 
Iutall mAS 1D O"Nrhead window . 
COAS av - OWD 

13 , ACA - pitch d0110 go• & vi- CSM 
throuab O"Nrbead window 

14 . 

lS. 

16. 

17. 

18. 

ACA - y• left 120• uatil COAS 
ret icle ia aliaoed with CSM stand­
off tarpt. 

For CSM active dockina, ao to 
step 16 . 

TTCA - lllllte final approach alona 
+X-axls at closing rate of 0 .25 t o  
O . S fpa 

At cootact , apply +X-thruat . 

Tenainate +X-thruat on receipt of 
capture verificat ion. 

1g . I f  in llint.. t.pulae : 
ley V77E 
NO DAP lt - of f 

RNDZ RADAR: SLEW sv - DOWN 
until abaft  angle • so• 
CB/ AC BUS A: RNDZ RDR - open 
Iutall OOAS in overhead window . 
OOAS sv - OVBD 

12 . ACA - pitch d0110 go• & view CSM 
throulb overhead window 

13.  

14 . 

lS . 

16 . 

17.  

ACA - yaw left 120• unti l  OOAS 
reticle is aligned with CSM s tand­
off taraet . 

For CSM active docking , go to 
step lS .  

Y aw  instructions are for head-to­
head initial conditions (such as 
both vehicles heads d0110 or heads 
up )  before go• pitch ,  after CSM roll 
{if any) . For one vehi cle heads up 
and other heada d0110, y• right 60• . 

TTCA - lllllte final approach along I Actual IDS to CSM will be approxi­
+X-axis at closina rate to 0 . 25 to aately 3• b elow +X-axis . 
O . S  fps 

At contact , apply +X-thn• t .  I Contact 1a indicated b y  audible or 
tactile cues , voice link fro. CMP , 
and/or COAS observation. 

Termnate +X-thrus t on receipt of I CMP provides voice veri fication . 
capture verification. 

LH .uat be in attitude hold after 
capture to perwdt CSM realiga.ent 
and retraction.  

20 . Re ceive 1Ddication of docking-latch I 18.  
operation fro. CSM and/or by audi-

Receive indication of docking­
latch operat ion fro• CSM and/or 
by audible & tactile cues . 

Ret raction is autoaatically initi­
ated when capture latches engage 
drogue . Ten-inch retraction stroke 
should take approxiaately S seconds . 

21 .  

b le & tactile cues . 

Maintain attitude control during 
retraction. 

19 . Maintain attitude control during 
retraction.  

i 0 
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4 . 11 .  2 

22 . 

2 3 .  

24.  

2 5 .  

PROCEDURES 

LH DOCKING (cant ) 

S/C :  PGNS sv - OFF 20 . 

LTG : FLOOD sv - OVHD /FWD 21 . 

Pressurize LH/CSH interlock 22 • 

LTG :  EXTERIOR LTG av - OFF 23 • 

S/C :  AGS sv - OFF 

LTG :  FLOOD sw - OVHD/F 

Pressuri ze LH/CSH interlock 

LTG :  EXTERIOR LTG sv - OFF 

-- ---

REMARKS 

Swit ch guard may be moved to side 
pos ition for duration of time S/C :  
PGNS sv - OFF. 
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4 . 12 STAGING 

4 . 12 . 1  DPS PROPELLANT TANK VENTING 

1. Caatrols - HPS laeic (Unetaged) 

2 .  DES He REG 1 sv - CLOSE; tb - bp 
DES He REG 2 tb - bp 

3.  Vent propellant tanka . 
DES PROPUL : 

ED :  

HPS : 

OXID VENT - tb - gray 
FUEL VENT - tb - gray 

KASTER ARM sv - ON 
DES VENT sv - FIRE 
KASTER ARH sv - OFF 

OXID 6 FUEL PRESS ind - verify fuel & 
oxidizer pressures decreasing 
DES REG warn 1t - on 
KASTER ALAIH lt - on 
KASTER ALAIK pb/lt - reset 

4 .  For lunar-surface venting only -
When HPS : OXID PRESS ind - 20 to 40  psia: 
DES PROPUL: OXID VENT sv - CLOSE ;  tb-bp 
When HPS : FUEL PRESS ind - <8 psia : 
DES PROPUL : FUEL VENT sv - CLOSE ;  tb-bp 

5 .  For zero-g venting only -

If vent stops on ita own or if pressure decrease 
<1 paia/10 sec : 
CB S/C : ATT DIR CONT - close 

+X TRANSL pb - push and hold 
Wait 2 sec , then : 

REMARKS 

This task will be performed prior to staging or after 
last DPS burn , depending on specific aission profile • 

Ref para 4 . 13 . 3 . 1  

OXID VENT latching valve is open when tb - gray . 
FUEL VENT latching valve is open when tb - gray . 

Possible MASTER ALARM pb/lt - when ED :  MASTER ARM sw -
OFF due to relay race r-.oving CWEA inhibit.  

HASTER ALARM lt and DES REG warn lt go on when pressure 
drops below 220 paia. DES REG warn lt r...U.O. on until 
staging or until CB INST : CWEA is cycled. 

OXID VENT latching valve is closed when tb-bp.  

FUEL VENT latching valve is closed when tb - bp . 

After long DPS abort or contingency burn ,  venting aay be 
required if descent stage is to be retained , to avoid 
excessive pressure buildup in propellant tanka due to 
heat soakback. DPS relief valves cannot protect tanka 
fro. hot spots , which can exceed f racture-.. chanics 
lt.ita defined in SODB . 

Propellants reaching vent valves •ay close the• or valves 
.. y vent propellants instead of heliu.. (Ref para 
4 . 2 . 30 . )  

5 6 
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PROCEDURES 

4 . 12 . 1  DPS PROPELLANT TANK VENTING ( cont ) 

DES PROPUL : 
OXID VENT IN - OPEN ; tb - gray 
FUEL VENT IN - OPEN ; tb - gray 

Terainate t rans lation after 10 sec : 
+X TRANSL pb - release 
When MPS : OXID PRESS ind - (TBD by MSFN) : 

DES PROPUL: OXID VENT sv - CLOSE : tb - bp 
When MPS : FUEL PRESS ind - (TBD by HSFN) : 
DES PROPUL: FUEL VENT IN - CLOSE ; tb - bp 

4 , 12 . 2  DPS SUPERCRITICAL He VENTING (LUNAR SURFACE ONLY) 

1.  Vent supercritical heliua : 
HELIUM fo«>N sel - SUPCRIT PRESS 
PRPLNT TEMP/PRESS H<Jl IN - DES 1 
DES PROPUL : 

FUEL VENT IN - OPEN : tb - gray 
OXID VENT sw - OPEN : tb - gray 

DES He REG 1 aw - OPEN ; tb - gray 
DES He REG 2 IN - OPEN ; tb - gray 
CB PROPUL : DES He REG/VENT - open 

2 .  Verify aupe rcritical helium pressure decreas ing . 

REMARKS 

Vent-termination pressure is a function of many vari­
ables ; MSFN mus t provide this data to crew , 

DPS Propel lant Tank Venting (para 4 . 12 . 1) is 
prerequisite to this procedure . 

FUEL VENT latdning valw is open when tb - gray 
OXID VENT latdning valw is open when tb - gray . 
REG 1 & 2 SOV ' s  and went valws will b e  left  open to 
insure that descent supercritical heliua,  fuel and 
oxidizer tanks will be at ainiaua pressure when ascent 
engine FITH occurs . 
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PNL PROCEDURES 

4 . 12 .  3 APS PRESSURIZATION 6 CHECKOUT (cont) 

1 1 5 .  PRPLHT TlttP /PRESS !I>N - - ASC 
liPS :  

PU EL  TlttP ind - so •  to go• P 
OXID TlttP iad - so• to go•p 
PUEL PRESS ind - 172 to 203 paia 
OXID PRESS ind - 172 to 203 paia 

6 .  HELIUM !I>N ael - PRESS 2 
HPS : HELIUM ind - 2700 to 3450 paia 
HELIUM !I>N ael - PRESS 1 
liPS :  HELIUM iad - 2700 to 3450 paia 

4 . 12 .  4 APS PRESSUI.IZATION 6 CHECICOUT (ALTERNATE) 

1 .  Controls - HPS laaic (S taged) 

2 .  HELIUM !I>N ael - PRESS 1 
HPS : HELIUM ind - 2800 to 3500 paia 

3 .  HELIUM !I>N ael - PRESS 2 
HPS : HELIUM ind - 2800 to 3500 paia 

4 .  PRPLHT TEHP /PilESS !I>N - - ASC 

1 5 .  

HPS : 
ruEL TEHP ind - so• to go• F 
OXID TEHP ind - so• to go• F 
ruEL PRESS ind - 108 to 172 psia 
OXID PRESS ind - 71 to 143 paia 

ASC He REG 1 - - CLOSE ; tb - bp 

REMARKS 

Below 40•p ,  engine operation ia rough . Above 100•r ,  oxi­
dizer deco.poaea , driving oxidizer- fuel ratio out of 
tolerance . Engine will not operate with a.ooth and effi­
cient ca.bua tion with AT F/0 >1o•r.  

Thia optional procedure providea checks for heliu. 
regulators independently , before preaaurization. Ascent 
heliu. tank preaaure valuea , aa function of tt.e will 
r ... in approxt.ately the .... aa for initial taak load­
ing conditiona .  See figure 4-8 . Ascent Heliu. Loading , 
for expected tank preaaure aa function of taak t-.per­
ature and initial loading conditione . ASC PRESS warn lt 
goea on when heliua tank preaaure decreaaea to 2773 paia • 

ASC He REG pri .. ry solenoid latching valve 1a cloaed 
when tb - bp . 

Ref para 4 . 13 . 3 . 2 .  

ASC He REG priaarv latching valve ia closed when tb - bp . 
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PROCEDURES 

APS PRESSURIZATION & CHECKOUT 

Cont rols - HPS Basic (Stage d) 

HELIUM MON sel - PRESS 1 
MPS : HELIUM ind - 2800 to 3500 ps i a  

HELIUM MON s e l  - PRESS 2 
HPS : HELIUM ind - 2800 to 3500 ps ia 

ED : 
ASC He S EL sv - BIJl'H 
MASTER ARM sv - ON 

ASC He PRESS sv - n RE  

MASTER ARM sv - OFF 

ASC PRESS vam it - on ( i f  he lium pressure <2 773  
ps ia afte r pressurizat ion) 

REMARKS 

Ascent helium tank pressure values , as funct i on  of t ime 
wi ll remain approximately the same as for ini t i al tank 
loading condi t i ons .  See figure 4-8 .  As cent Hel ium 
Loading , for expected t ank pressure as funct i on  of tank 
temperature and ini tial loading condi tions . ASC PRESS 
warn lt goes on when helium t ank pressure de c reases to 
2773 psia . 

Re f  para 4 . 13 . 3 . 2 .  

Select TANK 1 or TANK 2 i f  pressure readings in s tep 2 
or 3 are below TBD , or a leak is s us pe cted, APS h eli�a 
tank des ign limi t is 3500 psia, whi ch  corresponds to 
+16o• F tank temperature . If this limit is approached , 
pressurize APS from affected tank (s ) . 
APS .us t not remain activated , i . e .  co.pati b i li ty squib 
valves fired , more than 24 hours b efore termination of 
use. 

Possib le MASTER ALARM - on when ED : MASTER ARM sv - OFF 
due to relay race removing CWEA inhib i t .  
Light goes off when s taging occurs 

Following values app ly t o  pressure re li e f  valve 
asse.., ly : 

Burs t-d isk rupture pressure - 226 to 250 ps ia 
Reseat pressure - 225 psia 
Relief valve cracking pressure - 245 ps i a  

P ressure f luctuat i ons .us t  set t le out before pro­
ceeding to s tep 5 • 
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CDR 

4 , 1 2 . 4  APS PRESSURIZATION & CHECKOUT (ALTERNATE) (cont)  

8 1 6 ,  ED :  

1 1 7 . 

1 l B. 

9 .  

ASC He SEL 11V - BOTH 
MASTER ARM 11V - ON 

ASC He PRESS sv - FIRE 

MASTER ARM IIV - OFF 

PRPLNT TEMP /PRESS !I>N 11V - ASC 
HPS 

ruEL TEHP iDd - so• to 90• F 
OXID TEHP ind - so• to 90• F 

FUEL PRESS ind - 172 to 203 paia 
OXID PRESS ind - 172 to 203 pais 

ASC He REG 1 11V - OPEN ; tb - gray 

PRPLNT TEHP /PRESS !I>N sv - ASC 
HPS :  

FUEL TEHP ind - so• to 90• F 
OXID TEHP ind - so• to 90• F 
FUEL PRESS ind - 180 to 203 psia 
OXID PRESS ind - 180 to 203 paia 

REMARKS 

Select TANK 1 or TANK 2 if pressures indicated in step 
2 or 3 are below TBD or if there is possibility of leak, 
APS helium tank design limit is 3SOO psia , which corre­
s�onda to +16o•r tank temperature . If  this liait is ap­
proached ,  pressurize APS from affected tank(s) , 
APS must not remain activated , i . e .  coapatibility squib 
valves fired , more than 24 hours before ter.tnation of 
uae . 

Posaible MASTER ALARM - on when ED :  MASTER ARM sw - OFF 
due to relay race reaoving CWEA inhibit . 

Following values apply to pressure relief valve aaae.Oly : 
Burst-disk rupture pressure - 226 to 2SO psia 
Reaeat pressure - 22S psia 
Relief valve cracking pressure - 24S psia 

Pressure fluctuations should settle out before proceediDI 
to step 9 .  

Below 4o•r ,  engine operation is rou1h . Above loo•r, 
oxidizer deca.poses , driving oxidizer-fuel ratio out of 
tolerance . Engine will not operate with smooth and 
efficient combustion with AT F/0 >lo•r. 

Regulated pressure range in secondary le1 is as 
follows : 172 to 180 psia (primary) and 178 to 186 psia 
(secondary) .  Kaxi.ua lockup pressure is 203 psia, 
Generally , lockup pressure ia about 10 to 12 psia hi1her 
than nominal regulated pressure for each regulator. 

ASC He REG primary latching valve ia open when tb - gray . 

Regulated pressure range in primary leg is as 
follows : 180 to 188 psia (primary) and 186 to 194 psia 
(secondary) , Haximua lockup pressure ia 203 paia • 

Generallv , lockup pressure is about 10 to 12 psia higher 
than nominal regulated pressure for each regulator . 
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PIOCEDUIES 

4 . 12 . 4  APS PRESSURIZATION ' CHECKOUT �ALTERNATE) (cont) 

10 . HELIUM ..,N se1 - PRESS 2 
MPS :  HELIUM ind - 2 700 to 3450 psia 
HELIUM MDN se1 - PRESS 1 
MPS : HELIUM ind - 2 700 to 3450 psia 

4 . 12 . 5  EPS PRESTAGING CHECK 

CAUTION 

Fifteen ainutes before staging , ascent 
batteries wust be placed on line in parallel 
with descent batteries . Descent bat teries 
No. 1 ' 3 wust be re.oved from line at this 
time . 

1 .  Deleted 

2 .  EPS : 
POWER/TEMP ..,N se1 - BAT 5 
VOLTS ind - 31 .5  to 37 . 2  vdc 
BAT 5 NORMAL LHP FEED sw - ON ; tb - gray 
VOLTS ind - 28.0 to 32 . 5  vdc 
AMPS ind - TBD 
POWER/TEMP ..,N se 1 - BAT 6 
VOLTS ind - 31 . 5  to 37 . 2  vdc 
BAT 6 NORMAL CDR FEED sw - ON ;  tb - gray 
VOLTS ind - 28.0 to 32 . 5  vdc 
AMPS ind - TBD 
LMP BAT 1 HI V sw - TBD ; tb - TBD 
CDR BAT 3 sv - TBD ; tb - TBD 

3. CB/AC BUS A: DECA GMBL - open 
CB PROPUL : DES He REG/VENT - open 
CB S/C: DECA PWR - open 
CB ED :  LDG GEAR FLAG - open 
CB HTR: LDG RDR - open 
CB FLT DISP : THRUST - open 
CB PGNS : LDG RDR - open 
CB EPS : INV 1 - close 

REMARKS 

i 
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LMP 14 

CDR 11 
LMP 16 

LMP 14 

PROCEDURES 

4 . 12 . 5  EPS PRESTAGING CHECK (cont) 

CAUTION 

Five ainutea before staging , descent 
batteries No. 2 & 4 .uat be removed f rom 
line ' CB EPS : CROSS TIE BAL LOADS (2 )  
aust be  opened • 

4 .  EPS : 
LMP BAT 2 n - OFF /RESET ; tb - bp 
CDR BAT 4 HI V n - OFF /RESET ; tb - bp 

s .  CB EPS : CROSS TIE BAL LOADS - close 
CB EPS : CllOSS TIE BAL LOADS - open 

6. EPS : 
INVERTER n - 1 
POWER/TEHP MON ael - AC BUS 
VOLTS ind - green band 
INVERTER n - 2 
VOLTS ind - sreen band 
POVER/TEHP MON ad - LMP BUS 
VOLTS ind - 26 . 5  to 32 . 5  vdc 
POWEll/TEMP MON ad - CDR BUS 
VOLTS ind - 26 . 5  to 32 . 5  vdc 

7.  EPS : 
LMP BAT 1 HI V n - ON ; tb - grn 
CDR BAT 4 HI V n - ON ; tb - gray 
LHP BAT 2 n - ON ; tb - aray 
CDR BAT 3 n - ON ; tb - gray 

8. EPS : DES BATS n - DEADFACE ; tb - bp 

REMARKS 

Green band represents 112 to 118 vac . 

I f  ataging ia to occur aoon after thia taat, o.it atep 
1 ;  otherwise o.it step 8 . 

I 
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CDR 
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4 . 12 . 6  ED PRESTAGING CHECK 

11 1 1 .  Verify CB ED: LOGIC PWR A - clae 

16 1 2 .  Verify CB ED: LOGIC PWR B - close 

14 1 3 .  EPS : 

11 
16 

POWER/TDO' I«)N eel - ED /OFF 
ED VOLTS - - BAT A 
VOLTS iad - 35 . 0  to 37 . 8  vdc 
ED VOLTS - - BAT B 
YOLTS iad - 35 . 0  to 37 . 8  vdc 
ED VOLTS - - OFF 
POWER/TEMP I«)N eel - CDR BUS 

4 . 12 . 7  ECS PRESTAGINC CHECK 

1.  Perfora ECS l .. ic (Staaed) .  

2 .  Perfora ECS Periodic Monitoring (Staaed) . 

4 . 1 2 . 8  EPS POSTSTAGINC CHECK 

1.  Perfora EPS B .. ic (Staged) . except : 
CB ED: LOGIC PWR A - open 
Cl S/C : ABORT STAGE - open 
C8 ED: LOGIC PWR B - open 

14 1 2 .  EPS : 
POWER/TEMP I«)N eel - BAT 5 
VOLTS ind - 28 .0  to 32 . 5  vdc 
.AMPS ind - TID 

3 .  EPS : 

4 .  

POWER/TEMP I«)N eel - BAT 6 
VOLTS ind - 28.0 to 32 . 5  vdc 
.AMPS ind - TID 

EPS : 
POWER/Tm(P I«)N sel - AC BUS 
VOLTS ind - green band 

REMARKS 

Purpose of ED Prestaging Check procedure is to check open 
circui t voltage of ED batteries A and B before vehicle 
staging . 

No.inal open-circuit voltage for each ED battery ie 37. 1 
vdc . 

Ref para 4 . 13 . 1 . 1 .  

Ref para 4 . 13 . 1 . 3 .  

Ref para 4 . 13 . 4 . 2 .  
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CREW-I PNL MAN PROCEDURES REMARKS 
4 . 12 . 9  RCS STAGING 

LCC Power-Up (required) 

LCC Sel f-Test (desired) 

LCC tiae valid (required) 

LCC state vector valid ( required) 

IHU Power-Up (LGC Operating) 
( required) 

IHU Orientation Deteradnation (P5 1) 
( required) 

DAP Data Load Routine (R03)  
( required) 

EPS Prestaging Check (required) 

ECS Preataging Check (required) 

ED Prestaging Check (desired) 

AGS Power-Up (required) 

AEA Se lf-Test (desired) 

AGS tillll! val id (required) 

Purpose of RCS S taging procedure is 
to perform manual s taging of ascent 
and descent stage s ,  using RCS trans­
lat ion maneuver • 

Re f para 4 . 6 . 1 . 1  • 

Ref para 4 . 6 . 1 . 1 3 • 

LGC/CHC Clock Synchronization 
Rout ine (R33) (para 4 . 6 . 1 . 15) 

LCC Update Program (P27) (para 
4 . 6 . 1 . 7) and , when appropriate , 
Rendezvous Navigation Program (P20) 
(para 4 . 8 . 2 . 1 )  

Re f  para 4 . 6 , 1 , 3 . ISS should be on 
15 ainutes b efore thrusting maneuver 

Re f  para 4 . 9 . 1 . 1 .  

Ref para 4 . 6 . 1 . 8 . 

Re f  para 4 . 1 2 . 5 .  

Re f  para 4 . 12 . 7 . 

Ref para 4 . 12 . 6 . 

Re f  para 4 . 6 . 2 . 1 .  

Re f  para 4 . 6 . 2 . 3 .  

AGS Manual Absolute Tiae Initializa­
tion procedure (para 4 . 6 . 2 . 6) or AGS 
Initial ization Routine (R47) (para 
4 . 6 . 1 . 18) 

ACS LH/CSH state vector valid ( requi red) I ACS Initialization Rout ine (R47) 
(para 4 . 6 . 1 . 18) or ACS �anual LH 
State Vector Update /Initiali zation 
procedure (para 4 . 6 . 2 . 7) and AGS 
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CREW-I PNL MAN PROCEDURES 

4 . 12 . 9  RCS STAGING (coat) 

1. 

2 .  

3 .  

Select at titude control : 
GUID CONT sv - PGNS 
S /C :  

ROLL , PITQI , YAW s w  - �I> DE CONT 
PGNS sw - ATT HOLD 
ACS sw - ATT HOLD 
DEAD BAND aw - KIN 
Key V77E 
No DAP lt - off 

Enab le ACA/TTCA: 
TTCA/TRANSL sv ( 2) - ENABLE 
ACA/4 JET sw ( 2 )  - ENABLE 
THROTTLE/ JETS cont ( 2 )  - JETS 
ENG THR CONT : 

BAL CPL sw - on 
ATT/TRANSL sw - 4 JETS 

ACA PROP sw ( 2 )  - ENABLE 

Select total at titude & at ti tude 
rate/error displays : 
ORDEAL: 

tl>Al 1 sw - as desired 
FDA! 2 sw - as desi red 

ATTITUDE M(lf sw ( 1) - P�S 
ATTITUDE I'I)N sw ( 1) - AGS 
RATE/ERR HON sw (2 )  - LDG RDR/CHPTR 
Key V60E for LGC attitude rate 
display 
or 
Key V61E for mode I at titude e rror 
display 
or 

PGNCS/AGS Align (requi red)  

EPS Prestaging Check (requi red) 

ECS P res taging Check (requi red) 

ED Prestaging Check (requi red) 

1 .  Select at titude control : 
GUI D CONT sw - AC.S 
S /C :  

ROLL , PITCH , YAW sw - MODE CONT 
AGS sw - ATT HOLD 
PGNS sw - ATT HOLD 
DEAD BAND sw - KIN 

2 .  Enab le ACA/TTCA : 
TTCA/TRANSL sw (2 )  - ENABLE 
ACA/4 JET sw (2 )  - ENABLE 
THROTTLE/JETS cont (2)  - JETS 
ENG THR CONT : 

BAL CPL sw - ON 
ATT /TRANSL sw - 4 JETS 

ACA PROP sw (2 )  - ENABLE 

REMARKS 

Manual CSH S tate Vector Update/ 
Initializat ion procedure (para 
4 . 6 . 2 . 9) 

Re f  para 4 . 9 . 2 . 1 . 

Re f  para 4 . 12 . 5  • 

Re f  para 4 . 12 . 7 • 

Re f  para 4 . 12 . 6 .  

Re f  para 4. 5 . 1 . 6  and 4 . 5 . 2 . 5 .  

Re f  para 4 . 5 . 3 . 1 . 

Re f  para 4 . 5 . 3 . 2  

Mode I - DAP following errors 
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CREW.1 PNL MAN PROCEDURES 

4 . 1 2 . 9  RCS STAGING (con t )  

8 .  

Key V62E for mode I I  at titude error 
display 

FL VOl N46 - DAP_ con figuration/ 
response data code 

Rl ABCDE 
R2 oooxx 
R3 -----
A • 1 - Ascent stage only 
A • 2 - Ascent and descent stages 
A • 3 - Ascent and descent stagesl 

docked with CSM 
B • 0 - Two-jet translation (RCS 

system A alone) 

J .  

4 .  

5 .  

6 .  

Select total at titude & at titude 
error display : 
ORDEAL : 

FDAI 1 sw - as des i red 
FDAI 2 sw - as desi re d  

ATTITUDE HON sw - AGS 
ATTITUDE HON sw - PGNS 
RATE /ERR MON sw (2) - LOG 
RDR/CHPTR 

Select at titude rate display : 
RATE SCALE sw - as desired  

Secure sel f  & cabin . 

Set EVNT TMR ind to stage time . 

REMARKS 

Mode I I  - total att itude e rrors 
with respect to N22 angles (gimbal  
angles ; display is  scale limited) 

Re f para 4 . 5 . 3 . 3 .  

Re f  para 4 . 5 . 3 . 4 .  

Re f  para 4 . 5 . 3 . 5 .  

Purpose of  Digital Autopilot Data 
Load Routine (R03) at this ti-e i s  
t o  preload DAP with ascent configur­
at ion inforaati�n before staging , 
to assure stab le-vehicle condition 
immediately following staging . 

R03 should not be entered while 
average g integration process is on. 

lBCOE is recommended .  
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4 . 12 . 9  RCS STAGING (coot) 

9 .  

10 . 

B • 1 - TUG-jet trana lation ( RCS 
8yatn I alone) 

B • 2 - Pour-jet trana lation (RCS 
ayateM A & B) 

C • 0 - FiDe acalina ACA -
4• /aec aax 

C • 1 - Nor.al acaUna ACA -
zo•taec .. lit 

D • 0 
D • 1 
D • 2 
E • 

- Attitude deadband 0 . 3• 
- Attitude deadband 1 .0•  
- Attitude deadband S .o •  

L\LCMANU rate 
0 • 0 . 2• /sec 
1 • o . s• tsec 

2 . 0•/sec 
lo .o•tsec 

2 • 

3 • 

Accept :  
Reject : 
DAP data 

Pl. V06 N47 

l:ey PIO 
a:ey V21E - Load desired 
code 

Rl LH weiaht xxxxx lb 
R2 CSM weiaht XXXIX lb 
Rl -----
Accept :  �y Vl4E - !zit R03 

Reject : -J.:ey V21E - Load desired 
par ... ter 

Select thruat :  
Monitor P47 : 
Key Vl7E 47E 

Poss PROG lt - on 
J.:ey VOS N09E - Call alara 

00210 - IHU not on 
00220 - Bad REFSHHAT 
(orientation oot known) 
Key KEY I.EL & RSET 
Pl. Vl7 N--
Key XXE ,  ezit P47 

7 .  Zero & readout VDX : 
Key DEDA 

C 404 + OOOOOE 
C 405 + OOOOOE 
C 406 + OOOOOE 
C 470R (0 . 1/ 1  fps ) 

REMARKS 

Load ascent weiaht is supplied by 
HSFN. 

P47 should be selected i ... diately 
before planned thrusting aaneuver ,  
t o  keep errors associated with 
averaae-g integration at a •ini•ua . 
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CREw-1 PNL MAN PROCEDURES 

4 . 12 . 9  RCS STAGING (cont} 

1 1 .  FL Vl6 N83 - dV (LM) 
Rl X XXXX . X  fps 
R2 Y XXXX . X  fps 
R3 Z XXXX. X  fps 

To switch to AGS 
control : 
GUID CONT sw - AGS 

12 . ACA - maneuver to desired 
thrusting attitude 
Monitor FDAI to avoid gimbal lock . 

13 .  EPS :  
LHP BAT 1 HI V sw - OFF/RESET ;  
t b  - bp 
LMP BAT 2 sw - OFF/RESET ; 
tb - bp 
CDR BAT 3 sw - OFF /RESET ; 
tb - bp 
CDR BAT 4 HI V sw - OFF/RESET ; 
tb - bp 
DES BATS sw - DEADFACE ;  tb - bp 

ED:  MASTER ARM sw - ON 

14 • When EVNT 'l'Hll ind - 00 : 00 : 
TTCA - .ave down & hold 
When dVX • -2 fps : 
TTCA - center 
ED: STAGE sw - FIRE 
TTCA - .ave up & hold 
When dVX • 0 :  
TTCA - center 

1 5 .  C B  ED:  LOGIC PWR A - open 
CB ED:  LOGIC PWR B - open 

16 . Key PRO or V34E to terminate dV 
.anitoring . 

To switch to PGNCS 
control : 
GUID CONT sw - PGNS 

8 .  ACA - maneuver to desired 
thrus ting att itude 
Monitor FDA! to avoid gimbal lock . 

9 .  EPS : 
LMP BAT 1 HI V sw - OFF/RESET ; 
tb - bp 
LHP BAT 2 sw - OFF/RESET ; 
tb - bp 
CDR BAT 3 sw - OFF/RESET ; 
tb - bp 
CDR BAT 4 HI V sw - OFF /RESET ; 
tb - bp 
DES BATS sw - DEADFACE ; tb - bp 

ED: MASTER ARM sw - ON 

10 . When EVNT TMR ind - 00 : 00 :  
TTCA - .ave down & hold 
When dVX • -2 fps : 
TTCA - center 
ED :  STAGE sw - FIRE 
TTCA - .ave up & hold 
When dVX • 0 :  
TTCA - center 

11 .  CB  ED :  LOGIC PWR A - open 
CB ED : LOGIC PWR B - open 

REMARKS 

Registers display all zeros , except 
for PIPA bias accumulation ,  until 
thrust maneuver is started . N83 is 
updated every 2 seconds . 

Leaving ED: MASTER ARM sv - ON 
places inhibit oa ED CWEA preventing 
spurious .. ater alarm indications 
(all pyros have been fired at this 
point) .  Opening CB ' a  conserves 
electrical power. 

Orbital Para.eter Display Routine 
(R30) (para 4 . 8 . 1 . 2) may be called 
at this time. 
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CREW-I PNL MAN PIOCEDUI�S 

4 . 12 . 9  RCS STAGING (coot )  

1 7 .  FL V37 N--
Key DE , Exit P47 

4 . 12 . 10 AGS FITH 

LGC Power-UP (required) 

LGC Self-Teat (desired) 

LGC ti .. valid (required) 

LGC state vector valid (required) 

IHU Power-Up (LGC Operat ing) 
( required) 

IHU Orientation Deteraination (P51) 
(required) 

DAP Data Load Routine (R03)  
(required) 

Appropriate prethrust progra• 
(required) 

MPS Basic (Staged) (required) 

ECS Prestaging Check (required) 

ED Prestaging Check (desired ) 

REMARKS 

Purpose of AGS FITH procedure ia 
to co.pute preferred IHU orientation 
and LH attitude for APS thruat aan­
euver and to aaneuver LH to thruat­
ing att itude . This procedure con­
trols PGNCS/AGS during countdown , 
ignition , staging , thrusting , and 
thrust terminat ion . 

Ref para 4 . 6 . 1 . 1 .  

Ref para 4 . 6 . 1 . 13 .  

LGC/CHC Clock Synchronization 
Routine (R33) (para 4 . 6 . 1 . 15 )  

LGC Update Program (P27) (para 
4 . 6 . 1 . 7) or LH Rendezvoua Navigation 
Program (P20) (para 4 . 8 . 2 . 1) 

Ref para 4 . 6 . 1 . 3 . ISS should be on 
15 minutes before thrusting aaneuver 

Ref para 4 . 9 . 1 . 1 .  

Ref para 4 . 6 . 1 . 8 .  

Ref para 4 . 7 .  

Ref para 4 . 13 . 3 . 2 .  

Ref para 4 . 12 . 7 .  

Ref para 4 . 1 2 . 6  . 
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CREW-I PNL MAN 
4 . 1 2 . 10 AGS FITH (con�) 

EPS Prestaging Check ( requ i red) 

APS Pressurization & Checkout 
(required) 

PROCEDURES 

AGS Powe r-Up ( required) 

AEA Self-Test (des ired) 

AGS time valid ( required) 

AGS LM state vector valid ( required) 

AGS CSH s tate vector val id (required) 

PGNCS /AGS Align ( required) 

AGS Wb Vector Update (required if 
miss ion warrants )  

Appropriate prethrust procedure 
(required) 

HPS Bas ic ( Staged ) ( required) 

ECS Prestaging Check (required) 

REMARKS 

Ref para 4 . 12 . 5 .  

Ref para 4 . 12 . 3  or 4 . 1 2 . 4 .  

Ref para 4 . 6 . 2 . 1 .  

Ref para 4 . 6 . 2 . 3  • 

AGS Initializat ion Routine (R4 7 )  
(para 4 . 6 . 1 . 18) or AGS Manual Abso­
lute Time Ini t ializat ion procedure 
(para 4 . 6 . 2 . 6) . 

AGS Initialization Routine (R4 7) 
(para 4 . 6 . 1 . 18) or AGS Manual Ren­
dezvous Radar LM State Vector Update 
(para 4 . 8 . 2 . 2 ) . 

AGS Initialization Routine (R47 )  
(para 4 . 6 . 1 . 18) or AGS Manual CSH 
State Vector Update/Initialization 
procedure (para 4 , 6 . 2 . 9 ) . 

Ref para 4 . 9 . 2 . 1 .  

Ref para 4 . 6 . 2 . 15 .  

Ref para 4 . 7 .  I f  AGS TPI search 
prethrust was used , TPI excute must 
have been selected subsequently to 
be used here . 

Ref para 4 . 13 . 3 . 2 .  

Ref para 4 . 12 . 7 .  

ED Prestaging Check (desired) I Ref para 4 . 12 . 6 .  

EPS Prestaging Check (required) I Ref para 4 . 12 . 5 .  

APS Pressurization & Checkout (required) I Ref para 4 . 12 . 3  or 4 . 12 . 4 • 
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CREW. PNL MAN PROCEDUR�S 

4 . 12 . 10 AGS FITH {cont ) 

1 .  

2 .  

3 .  

4 .  

5 .  

1 .  Select P42 : 
Key V37E 42E 
Poss FL V05 N09 - Alarm 

01706 - Loaded DAP conf igur-
ation indicates DPS has not 
staged . 
PROG lt - on 

To continue : 
Key PRO & RSET 

Establish attitude control : 
Key DEDA C 400+00000E 
GUID CONT sw - AGS 
S/C : 

AGS sw - AUTO 
PGNS sw - AUTO 
ROLL , PITCH , YAW sw - MODE CONT 

Estab lish AGS total att itude & 
attitude error display : 
ATTITUDE HON sw {1 )  - AGS 
ATTITUDE HON sw { 1) - PGNS 
RATE/ERR HON sw (2) - LDG RDR/ 
CMPTR 

Enab le ACA & TTCA : 
ACA/4 JET sw { 2 )  - ENABLE 
TTCA/TRANSL sw {2 ) - ENABLE 
THROTTLE/JETS cont {2)  - JETS 
ENG THR CONT : ATT /TRANSL sw -
4 JETS 
ACA PROP sw (2 )  - ENABLE 

Prepare thrust controls for APS 
burn : 
ENG THR CONT : ENG ARM sw - OFF 
ABORT pb - reset 
ABORT STAGE pb - reset 
Eng START pb /lt  - off 
Eng STOP pb /lt  - reset 

Deleted 

REMARKS 

Ref para 4 . 5 . 3 . 3  and 4 . 5 . 3 . 4 .  
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CREW-I PNL MAN PROCEDURES 

4 . 1 2 . 10 AGS FITH ( cant ) 

2 .  

2A . 

3 .  

To  terminate : 
Key RSET & V 3 4 E  

FL V37N--
Key XXE , Exit P42 

Poss PROG lt - on 
Key VOS N09E - Cal l alarm 

00210 - IHU not on 
00220 - ISS orientat ion not 
known 

Key KEY REL & RSET 
FL V37 N--
Key XXE , Exit  P42 

Attitude Maneuver Rout ine (R60) 

FL VSO Nl8 - Perform automatic 
maneuver to f inal FDAI angles 

Rl Roll xxx. xx• 
R2 Pitch xxx . xx• 
R3 Y- xxx .xx• 
Key ENTR 

FL VSO N2S - Checklist reference 
Rl 00203 Switch to PGNCS 

automatic mode 
R2 - - - - ­

RJ ----­
Key ENTR 

V06 N40 -
Rl TFI 
R2 VG 

XXBXX min-sec 
XXXX . X  fps 

6 .  Perform AGS Orientation t o  Initial 
Computed Steerin� Attitude . 

REMARKS 

Perform IMU Power-Up (LGC Operating) 
(para 4 . 6 . 1 . 3 ) . Alarm 220,  perform 
IHU Orientation Determination Pro­
gram (para 4 . 9 . 1 . 1) . 

To obtain optional display of 
VG (LV) , perform following : 
Key V06 N86E 

Rl X XXXX . X  fps 
R2 Y XXXX . X  fps 
R3 Z XXXX . X  fps 

At this t ime , LGC zeroes attitude 
error and sets 1• deadband in RCS 
DM . 

I f  computed f inal FDAI anglea result 
in +90° yaw , t ransformation f rom IHU 
to FDAI angles in roll and pitch is 
indeterminate and Rl and R2 will be 
zero . 

Ref para 4 . 6 . 2 . 13 .  
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CREW. PNL MAN PROCEDURI:S 

4. 12 . 10 AGS FITH ( cont ) 

R3 �V. XXXX . X  fps 
CHPTR ACTY lt - on 
Monitor PROG lt fra. TFI • -00850 
to -00135 . I f  PROG lt - on : 
Key V05 N09E - Call alarm 
01703 - TIC slipped 

Key KEY REL & RSET 
CMPTR ACTY lt - off 
Update EVNT TMR ind if required.  

7.  

4 .  When TFI • -00829 : 
V06 N40 

Rl TFI XXBXX !Un-see 
R2 VG XXXX . X  fps 
R3 �v • XXXX . X  fps 

REMARKS 

R3 displays 00000 until TFI • -00830 , 
V06 N40 disp lays are b lanked f rom 
TFI • -00835 to -00830 • 

CHPTR ACTY lt - on during S tate Vee-
tor Integration Routine ( R41 ) . 

l f alan 1703 occurs , b eginning and 
durat ion of b lanking cannot be de-
f i ne d .  

a .  I f  swi tchove r to PGNCS occurs 
during or afte r  bum , PGNCS w i ll 
co-and engine off and at telllpt 
to pe rform bum XX seconds 
later. Thus , if AGS reaains in 
cont rol up to i gnition ti• and 
EVNT TMR ind is not reset , PGNCS 
backup capab ility is lost . 

b • I f  EVNT TMR ind is reset per 
PGNCS procedure and AGS reaaina 
in control , results stated in 
"a" will follow . 

I f  alan 1703 occurs and AGS is in 
control and PGNCS in followup , reset 
EVNT TMR ind and b um XX seconds 
later under AGS control , or switch 
to PGNCS and bum XX seconds 
after PRO . 

Moni tor X-axis component o f  ve l- Value will equal total ve locity to 
oci ty t o  be gained (�Vgx) : be gained i f  LH is properly oriented 
Key DEDA C 500R (0 . 1/1 fps )  for bum . 
S / C :  DEAD BAND sw - MIN 

� 
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CREWI PNL MAN PROCEDURES 

4 . 1 2 . 10 AGS FlTH ( con t )  

5 .  

6 .  

Ve rify AVm <0 . 5  fps from 
TFl • -00830 to 00815 . 

I f  AVm >0 . 5  fps ,  terminate P42 : 
Key V 37E XXE , exit P42 

When TFI • -00805 
FL V99 N40 - Engine on enab le 

Rl TFl XXBXX min-sec 
R2 VG XXXX . X  fps 
R3 AV. XXXX . X  fps 

Accept :  when AVm >XXXX . X  fps 
Key PRO 

Reject alternatives ( in event of 
recy cle to TIG -5 sec after 
staging) : 

a.  Perfot11 thrust with RCS 
Key ENTR , go to PGNCS step 1 2  

or 

b .  Terminate 
Key V34E 
n V37 N--
Key XXE , exi t  P42 

V06 N40 
Rl Tn XXBXX min-sec 

8 .  ED : MASTER ARM sw - ON 

9 .  When EVNT THR ind • 00 : 0 8 ,  
ini t i at e  ullage maneuver with 
one of following : 

a. TTCA - move up until APS s tart 

b .  +X TRANSL pb - push until APS 
start 

I..ediately on initiat ing ullage : 
ABORT STAGE pb - push 
ENG THR a> NT :  ENG ARM sw - ASC 

REMARKS 

AVm >0 , 5  fps indi cates excessive 
PIPA bias e rror . 

Ullage u- and AV depends on real­
time ullage vol ume .  
During FL V99 N40 , b rief n V06 1U1Y 
appear intermi tten t ly ; this should 
be dis regarded.  

Ca.plete protection against e ffects 
of s ingle-point failure , which would 
cause engine to s tart as soon as it 
is arwed ,  is not achieved unless ul­
lage is comple ted b efore ar.ing en­
gine . 
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CREW.! PNL MAN PROCEDURES 

4 . 12 . 10 AGS FITH (cont )  

7 .  

7A . 

8 .  

9 .  

R2 VG XXXX . X  fps 
Rl AVm XXXX.X  fps 

When TFI • -00800 , monitor thrust .  

I f  no APS burn : 
Perform engine fail procedure (R40 ) 
I f  LGC detect thrust fai l :  
FL V97 NXX - Perform engine fai l  

procedure (noun & regi s te rs do 
not change ) 
R1 XXXXX 
R2 XXXXX 
R3 XXXXX 

Key ENTR , return to s tep 5 

V06 N40 
Rl TFC 
R2 VG 
R3 AVm 

XXBXX min-sec 
XXXX . X  fps 
XXXX.X fps 

TFC & VG decreasing , AVm increasing : 
Monitor FDAI . 
Poss PROG lt - on 
Key V05 N09E - call alarm 

0 1407 - VG increasing ( angle 
between actual thrust 
vector and des i red 
thrust vector >90° ) 

Key KEY REL & RSET 

To switch to AGS control : 
GUID CONT sw - AGS 
ABORT STAGE pb - push 
Go to AGS step 12 . 

I f  PGNCS in fol lowup : 
Go to PGNCS step 12 . 

Perform APS/RCS Prope llant 
Inte rconnect ( para 4 . 1 3 . 3 . 3) , 
steps 1 through 3 .  

10 . When EVNT TMR ind • 00 . 00 ,  monitor 
th rus t . 

I f  no APS burn : 
Eng START pb /1t  - push 

1 1 . Monitor AVgx d isplay on DEDA 
ENG THR CONT : BAL CPL sw - OFF 

To switch to PGNCS c on t ro l : 
GU ID CONI sw - PGNS 
Go to PGNCS s t e o  9 .  

1 2 . Pe r f o rm  AP S / RCS P rope l lan t 
I nte rconne c t , ( pa ra 4 . 1 3 .  3 . 3) ,  
s t eps 1 through 3 .  

REMARKS 

AVgx begins to count down at engine 
ignit ion .  
I f  VG is found t o  be increasing by 
LGC , engine-o ff command wi ll  not be 
generated . 

TFC is d i scont inuous and AVm becomes 
f a i r l y  const ant f o r  4 to 5 seconds . 
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CREW-I PNL MAN PROCEDURES 

4 . 1 2 . 10 AGS F ITII ( con t )_ 

10 . 

1 1 .  

When TFC • TBD : 
Perform APS /RC S  P rope llant 
Interconne ct ( para 4 . 1 3 . 3 . 3 ) ,  
steps 4 & 5 .  

�onitor th rus t  cu t of f . 

a. Earlv cu to f f : 
Return to step 7A . 

b .  Late or manua l cutoff  
Eng STOP pb / l t  - push 
ABORT STAGE pb - reset 
ENG TIIR CONT : ENG AR.'I sw - O F F  
Eng STOP pb / l t  - rese t  
C B  ED : LOGIC P WR  A - open 
CB ED : LOGIC PWR B - open 

c .  Normal cutof f : 
ABORT STAGE pb - reset 
ENG TIIR CONT : ENG Aim sw - OFF 

1 3 .  1-lhen 6Vgx • TRD :  
Perform APS /RCS Prop e l l �nt 
Interconne ct ( p a ra 4 . 1 3 . 3 . 3) ,  
steps 4 & 5 . 

14 . �on i tor thrus t  cu toff when 6Vgx 
d i sp lay on DEDA reads -00000 . 

I f  cu toff  does not occur : 
Eng STOP pb / l t  - push 

1 5 .  Disarm eng & d isab le AGS eng 
c on t rol : 

a .  Early o r  normal cuto f f : 

o r  

ABORT STAGE p b  - reset 
ENG TIIR CONT : ENG A�� sw - OFF 
Eng STOP pb / l t  - reset 
CB ED : LOGIC PWR A - open 
CB ED : LOGIC PWR B - open 

b .  Late cu tof f :  
ABORT STAGE ph - reset 
E N r.  TII R  COc:T : E;IG A�'f sw - OFF 
Eng STOP pb / l t  - reset 
CB ED : LOG I C  PI�R A - open 
CB ED:  LOG I C  PI�R B - open 

REMARKS 

Pos s FL V9 7 NXX i f  LGC did not mee t 
cut o f f  criteria.  

Leaving ED : �STER ARM sw - ON 
p laces inh ibit  on ED CWEA , p revent ­
ing spur ious master a larm ind i c a­
t ions ( a l l  pyros have been f i red at 
this point ) .  Opening CB ' s  conse rves 
e le c t r i cal powe r .  
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CREW· 
MAN PNL PROCEDUReS 

4 . 12 . 10 AGS FITH (cant )_ 

To switch to AGS control : 
GUID CONT sw - AGS 
Go to AGS s tep 16 . 

1 2 .  FL Vl6 N40 
Rl TFC XXBXX min-sec 
R2 VG XXXX . X  fps 
R3 AVm XXXX . X  fps 
Record thrust parameters at 
their f inal value 
Key PRO 

1 3 .  FL Vl6 N85 - VG (LM) 
Rl X XXXX . X  fps 
R2 Y XXXX . X  fps 
R3 Z XXXX . X  fps 

I I f  PGNCS in fol lowup : 
Go to PGNCS step 14 . 

I f  nu ll ing of VG component s  is d e ­
s ired : 
S/C : PGNS sw - ATT HOLD 
ACA/TTCA - nul l  VGX , VGY , & VGZ 

To swi t ch to PGNCS contro l :  
GUID CONT sw - PGNS 
Go to PGNCS s t ep 12 • 

16 . Trim AV res i dual : 

Veri fy AGS a t t i tude hold submode :  
Key DEDA C 400R 
I f  +00000 not d i s p l aved : 
Key DEDA C 400+00000E 
S /C :  DEAD BAND sw - MIN 
E�G THR CONT : BAL CPL sw - ON 

Read and record : 
AVgx 

Kev DEDA C 500R ( 0 . 1 / 1  f p s )  
AVgv 

Key DEDA C 50 1 R  ( 0 . 1 / 1  f p s )  
AVgz 

Kev DEDA C 5 0 2 R  ( 0 . 1 / 1  f p s )  

Read out a n d  n u l l  A V g  res i d u a l s  in  
order o f  magn i t ude . large s t  f i r s t . 

REMARKS 

At this t ime , LGC zeroes a t t i tude 
error and sets 0 . 3" deadband in RCS 
DAP . 

I f  trim maneuver is performed af ter 
use of  orb i t  insert ion routine , i t  
should b e  performed immediately 
af ter engine shutdown . Orbi t  inser­
t ion routine d rives LH to speci f ic 
point on desired orb i t  and residual 
AVgx will increase naturally af ter 
eng ine shutdown .  

� u l l  AVgx b v  movin g  TTCA up or down . 
Up nu l l s  pos i t ive AVgx . 
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CREW­
MAN PNL PROCEDURES 

4 . 12 . 10 AGS FITH (cont ) 

14 . Terminate P42 or select Orbit 
Parameter Disp lay Rout ine (R30) : 

a .  Terminate 
Key PRO 
FL V37 N--
Key XXE ,  exi t  P42 

b .  Ini tiate R30 : 
Key V82E 
Poss OPR ERR lt - on 
Exit R30 , key RSET 
FL Vl6 N44 

Rl Ha XXXX .X nm 
R2 Hp XXXX . X  nm 
R3 TFF XXBXX min-sec 

Key PRO when finished with RJO 
to reestab l ish P42 N8S displays 
& exit R30 . 

Key PRO 
FL V37 N--
Key XXE , exit P42 

S/C : DEAD BAND sw - MAX 

1 7 .  Read out predicted perifocus 
a l t itude : 
Key DEDA C 403R (0 . 1  nm) 
Compare with PGNCS Hp . 

Read out apofocus altitude : 
Key DEDA C 31 SR (0 . 1  nm) 
Compare with PGNCS Ha . 

REMARKS 

Nul l  AVgy by moving TTCA r ight or 
lef t .  Right nulls pos i t ive AVgy . 

Nul l  AVgz by moving TTCA in or out . 
In nulls pos it ive AVg z .  

A t  t h i s  t ime , LGC res tores c rew­
specif ied ( R03) deadband l imits in 
RCS DAP . 

OPR ERR l t  - on if another extended 
verb from R76 is in process . 

Orb it parameters are recomputed 
every 2 seconds while average g 
routine is running . 
Maximum TFF reading is 59 : 59 .  
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CREW· 
MAN PNL PROCEDURES REMARKS 

4 . 1 3  SUBSYSTE!I MANAGEMENT 

Subsystem management procedures are a compilat ion of procedures that are common to more than one mission phas e .  The pro­
cedures involve basic swi tch configurat ions , integr ity and sta tus checks , servicing , and periodic monitoring . The pro­
cedures cons ist  of the following : 

Basic swi tch configurations o f  the ECS , communicat ions , propuls ion , and EPS 

Integri ty checks of cabin pressure , water separator , communicat ions relay modes , data transmission and TV 
operation ,  and heaters status check.  

Servicing of  primary and se condary C02 canisters 

Periodic monitoring of  ECS , DPS , APS , and RCS . 

4 . 13 . 1  ECS 

4 . 1 3 . 1 . 1  ECS Bas ic (Unstaged & Staged) 

CAUTION 

Due to interlock , 11 ASC 02 vlv cannot be 
set to OPEN before DES 02 vlv is set to 
CLOSE.  

If  DES 02 vlv cannot be set to CLOSE :  
INTLK OVRD ph - push 
11 ASC 02 vlv - OPEN 

Do not override this interlock until  af ter 
vehicle is staged . To do otherwise would 
cause excessive loss of 02 . 

Do not perform ECS staged configuration 
prior to 30 minutes before staging. To 
do otherwise would unnecessarily dep lete 
ascent s tage consumab les . 

\olhen PRESS REG A and / or B v 1 v - CLOSE , 
ensure handle is rot ated to full hard stop 
pos i t ion • 

lfhen pos itioning anv faucet-type ECS valve 
to CLOSE pos i t ion ,  ensure handle is rotated 
to full hard s top pos i t ion . 
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4 . 13. 1 . 1  ECS Basic (Uastased & Staged)  (cont) 

Unstaged Staged 

ECS 11.  SUIT CAS DIVERTER vlv PUSH CABIN PULL ECRESS I During uns taged main engine burn : 

+Z2 7  

2 .  

CAUTION 

Rapid .witching of  CABIN REPRESS 
vlv fro. AUTO to CLOSE. or CLOSE 
to AUTO . causes loud bang . This 
does not d ... se valve . To change 
CABIN REPRESS vlv position .  saooth , 
slow aov ... nt is rec�nded.  

CABIN REPRESS vlv 

LO PLSS FILL vlY 
PRESS REG A vlv 
PRESS REG B vlv 
DES 02 vlv 
11 ASC 02 vlv 
12 ASC 02 vlv 
SUIT ISOL vlv (LMP) 
SUIT ISOL vlv (CDR) 
SEC EVAP FLOW vlv 
PRI EVAP FLOW 12  vlv 
WATER TANK SELECT vlv 
SUIT TEMP vlv 
ASC H20 vlv 
DES H20 vlv 
PRI EVAP n.ow 11 vlv 
CABIN CAS RETURN vlv 
C02 CANISTER SEL vlv 
SUIT CIRCUIT RELIEF vlv 
PRIM C02 CANISTER cover 
SEC C02 CANISTER cover 
WATER SEP SEL vlv 
LIQUID GARMENT COOLING vlv 
HI PLSS 02 FILL vlv 

Cabin relief & dump vlv (ovhd) 
Cabin relief & dump vlv ( fwd) 

AUTO 

CLOSE 
CABIN 
CABIN 
OPEN 
CLOSE 
CLOSE 
SUIT FLOW 
SUIT FLOW 
CLOSE 
CLOSE 
DES 
adjus t 
CLOSE 
OPEN 
OPEN 
AUTO 
PRIM 
AUTO 
CLOSE 
CLOSE 
PUSH SEP I 
COLD 
CLOSE 

AUTO 
AUTO 

CLOSE 

CLOSE 
CABIN 
CABIN 
CLOSE 
OPEN 
CLOSE 
SUIT FLOW 
SUIT n.ow 
CLOSE 
CLOSE 
ASC 
adjust 
OPEN 
CLOSE 
OPEN 
EGRESS 
PRIM 
AUTO 
CLOSE 
CLOSE 
PUSH SEP I 
COLD 
CLOSE 

AUTO 
AUTO 

SUIT CAS DIVERTER vlv - PULL EGRESS 
CABIN CAS RETURN vlv - EGRESS 

This step should be performed before selecting ascent 
02 consuaables , to prevent unnecessary use of ascent 02 . 

During staging and ascent engine burn : PRESS REG A & B 
vlv - EGRESS 
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4 . 1 1 . 1 . 1  ECS Ha�ic  (Un�taged & Staeed )  (con t )  

1 1  1 3 . 

2 1 4 .  

2 

16 I S . 

CB ECS :  
SUIT FAN 1 
CABIN FAN 
r.L YCOL PUtfP 2 
r:L YCOL PtniP 1 
r:L YCOL Pll'tfP AUTO TRtrrR 

t;LYCOL sel 
SUIT FAN sel 
02/H20 QTY MD� sel 
ECS : 

PRESS ind pwr fail l t  
r.LYCOL ind !J\Ir f a i l  l t  
QUANTITY ind uw r  fail l t  
GLYCOL comp caut l t  
SUIT FAN comn caut l t  
C'l2 comp c au t  lt 
H20 SF.P COAp caut lt 

CB ECS : 

SUIT FLOI.J CONT 
DISP 

r:LYCOL PUMP SEC 
LCG PUHP 

CABIN 'll'AN CONT 
CABIN REPRE S S  

SU IT FAN 2 
SUIT FAN �p 
DIVERT VLV 

C02 SENSOR 

llnstaged 

c lose 
open 
c lose 
c l ose 
open 

PIJ"'P 1 
1 
DES 2 

o f f  
o f f  
of f 
o f f  
off 
of f 
o f f  

c lose 
c l ose 
on en 

crew opt ion 

c lose 
c lose 
c lose 
c lose 
c lose 
c lose 

4 . 13 . 1 . 2  ECS Periodic Mon i toring (llnstaged ) 

2 1 1 . ECS :  
CABIN TE'-fP ind - 4 2 •  t o  90°F 
PRESS ind pwr fail l t  - off 
SUIT PT1.ESS ind - 4 . 6  to 5 , 0  ns :l a  
CABIN PRESS ind - 4 . 6  t o  5 . 0  psia 
PART PRESS C02 ind - < 7 . 6  mm Hg 

Staged 

c lose 
open 
c lose 
close 
open 

PUMP 1 
1 
ASC 1 

off 
off 
off 
o f f  
off 
off 
off 

close 
c lose 
open 

cre'1 opt ion 

c lose 
c lose 
close 
c lose 
c lose 
c lose 

REMARKS 

GLYCOL PUHP AUTO TRNFR c losed dur ing lunar surface 
opera t ion . 

CB ECS : LCG PUtfP - open at least 30 minutes before 
sleep period . 

Assumpt ion : ECS Basi c  (Unstaged ) .  

MASTER ALA�! , ECS caut l t ,  and C04 comp caut l t  go on 
when 2 . 2 74+0 . 02 5  vol t s  is sensed at CWEA comparator . 
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¥ I 1 4 . 13 . 1 . 2  ECS Periodic Moni toring (Unstaged ) (con t )  
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GLYCOL ind pwr fa i l  lt - off 
GLYCOL teap ind - 33• to 49•F 
GLYCOL press ind - 21 to 37 ps ia 
GLYCOL coap caut lt - off 
SUIT FAN coap caut lt - off 
C02 coap caut lt  - off 
H20 SEP coap caut l t  - off 

02/H20 QTY HDN sel - DES 2 
ECS : 

QUANTITY ind pwr fail lt - off 
02 QUANTITY ind - TBD% 
H20 QUANTITY ind - TBD% 

02/1120 QTY HON sel - DES 1 
ECS : 

QUANTITY ind pwr fail lt - of f 
02 QUANTITY ind - TBD% 
H20 QUANTITY ind - TBD% 

4 .  02/H20 QTY HON ae l - ASC 1 
ECS : 

1 5 . 
I 6 .  

02 QUANTITY ind - approx 100% 
H20 QUANTITY ind - approx 76% 

02/H20 QTY HON sel - ASC 2 
ECS :  

02 QUANTITY ind - approx 100% 
H20 QUANTITY ind - approx 76% 

02/H20 QTY :-rJN sel - DES 2 

REMARKS 

When sensed at 5 . 0  ps ia , ac t ua l  C02 part ial pressure 
cou ld be between 4 . 06 and 9 . 30 mm Hg when MASTER ALJUL� . 
ECS caut l t ,  and C02 comp caut lt go on . ECS : PART PRESS 
C02 ind wil l  read nominally 7 . 6  .. Hg at this time . 

When sensed at 3 . 7 psia , actual C02 partial press ure 
could be be tween 5 . 21 and 12 . 6  .. Hg when MASTER ALARM , 
ECS caut l t , and C02 camp caut lt go on. ECS : PART PRESS 
C02 ind wi l l  read nominally 7 . 6  .. Hg at this ti .. . 

Quantity of consumab les displayed is function of •ission 
elapsed tt.e . 

Quantity of consumable& displayed is function of •ission 
elapsed t ime . 

Assumption : H20 tank fill  rat io is 0 , 75 .  

Assump t ion : H20 tank f i l l  ratio i s  0 . 75 ,  
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4 , 1 3 . 1 . 3 ECS Periodic Moni tor ing (S taged )  

� IUfP 2 1 1 .  ECS : 
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CABIN TEMP ind - 42• t o  90 ° F  
PRESS ind pwr fa i l  lt - off 
SUIT PRESS ind - 4 . 6  to 5 . 0  ps ia 
CABIN PRESS ind - 4 . 6  to 5 . 0 psia 

PART PRESS C02 ind - < 7 . h  mm Hg 

GLYCOL ind pwr fail l t  - off 
GLYCOL temp ind - 33• to 49 °F 
GLYCOL press ind - 21 to 37 psia 
GLYCOL comp caut lt - off 
SUIT FAN conp caut l t  - off 
C02 conp caut lt - o f f  
H20 SEP camp caut l t  - off 

02/H20 QTY HON sel - ASC 1 
ECS :  

QUANTITY ind pwr fai l l t  - of f 
02 QUANTITY ind - TBD% 
H20 QUANTITY ind - TBD% 

02 /H20 QTY MON sel - ASC 2 
ECS :  

02 QUANTITY ind - approx 100% 
H20 QUANTITY ind - TBD% 

02 /H20 QTY :toN - ASC 1 

II 

REMARKS 

MASTER ALARM , ECS caut lt , and C02 comp caut lt go on 
when 2 . 2 74+0 . 02 5  volts is sensed at CWEA comparator • 

When C02 p;r t ial pressure is sensed as 5 . 0  psia, actual 
C02 par tial pressure could be between 5 . 35 and 8 . 25 mm 
Hg . 
When sensed at 5 . 0  psia , actual C02 partial pressure 
could be be tween 4 . 06 and 9 . 30 ma Hg when MASTER ALARM, 
ECS caut lt , and C02 comp caut lt go on . ECS : PART PRESS 
C02 ind will read nominally 7 . 6  mm Hg at this tiae . 

When sensed at 3 . 7 psia , actual C02 partial pressure 
could be be tween 5 . 21 and 12 . 6 mm Hg when MASTER ALARM , 
ECS caut l t , and C02 comp caut lt go on . ECS : PART PRESS 
C02 ind will read nominally 7 . 6  mm Hg at this time . 

Quant ity of consumab les displayed is function of mission 
elapsed time . 
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i 4 . 13 . 1.4  Secondary Coolant Loop (HTS) Activation 
N 
0\ 

(1) 
.. 

"0 
rt 
.. 

iJ. .. ... 
.... \1) ..... .... 

n I LHP 
::r 
Q 

t � 

� 
C) 
ct 
' 

� 

... 
w 
I 

011 
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LHP 

CDR 

ECS 1 1 .  

16 1 2 .  

2 1 3 . 

ECS 1 4 .  

1 1  1 5 .  

ECS 1 6 . 

16 
1 1  

7 .  

WATER TANK SELECT vlv - SEC 

CB ECS : GLYCOL PUMP SEC - close 

GLYCOL ael - INST (SEC) 
ECS caut l t  - off 

SEC EVAP FLOW vlv - open 

CB ECS : 
GLYCOL PUHP 2 - open 
GLYCOL PUMP 1 - open 
GLYCOL PUHP AUTO TRNFR - open 

PRI EVAP FLOW 11 v1v - CLOSE 
PRI EVAP FLOW 12 vlv - CLOSE 
ASC H20 vlv - OPEN 
DES H20 vlv - CLOSE 

CB ECS : 
LCG PUMP - open 
CABIN FAN - open 

REMARKS 

Act ivation of heat transport sect ion secondary coolant 
loop assumes either fai lure of both pri .. ry g lycol pump s ,  
loss of primary glycol , or inab i li ty t o  .. intain pri .. ry 
glycol loop temperature below +so•F • 

GLYCOL comp caut l t  remains on after secondary coolant 
loop is activated , 

Following are not cooled by secondary coolant loop :  
LGC DSEA 
CDU PTA 
PSA 
GASTA 
LCA 

Descent bat teries 
Cabin 
Descent ECA ( 2 )  
IHIJ 
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CREW-I PNL I PROCEDURES MAN 
4 . 1 3 . 1 . 5  Primary l;m.r cart ddge Replacement 

16 1 1 .  

CAUTION 

If LiOH cartridge is replaced whi le cabin 
is depressurized , perform s teps 1 & 2 .  

Verify fol lowing : 
CB ECS : 

SUIT FLOW CONT - c lose 
CABIN REPRESS - open 

CABIN REPRESS vlv - AUTO ECS , 2 .  

LMP I ECS 3 .  C02 CANISTER SEL vlv - SEC 
C02 comp caut lt - on 

LMP 

2 
ECS caut lt - off 

ECS : PART PRESS C02 ind - moni tor I 1 4 .  

I ECS 1 5 .  PRIM C02 CANISTER VENT pb - push 

I 

I 

I 

I 

1 6 .  Grasp primary C02 caniste r  cover handle . press latch 
trigger with thumb & hold . 

I 

7 .  

a.  

9 . 

Rotate primary C02 canister cover counte rclockwise to 
de tent , so that index on handle covers index on canis te r  
cover & aligns with OPEN index on canis ter rim. Release 
latch t ri gge r .  

Verify cover i s  i n  OPEN detent & remove from canis te r .  

Rotate & remove LiOH cartridge from canis ter .  

1 0 .  Open primary LiOH s towage con tainer & remove unused 
cartridge . Insert used cartridge in s towage container & 
secure cover.  

11 . Insert unused cartridge in p rimary C02 cani s ter . align 
lugs , & rotate cartridge to secure in canis ter • 

1 12 .  Ins tall primary C02 canister & verify index on handle 
covers index on canister cover (OPEN detent pos i tion) . 

1 13 . Align indexes on canister cover with index on canister rim. 

REMARKS 
As cent engine cove r mus t  be c leared of s towed equipment 
to gain access to LiOH car tridge . 

ECS :  PART PRESS C02 ind should indicate pressure decay 
to ze ro - Hg. 
S tep 5 vents �p across canis t e r .  
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4 .13 . l . S  Pri .. ry LiOH Cartridge Replace .. nt (cont) 

14 . Grup pri .. ry C02 caniater cover handle preaa latch 
triaaer , & rotate cov.r clockviae .  

lS . Release trigaer, verify pri .. ry C02 canister cover i s  in 
CLOSED detent & handle index ia aligned with CLOSE index 
on caniater ria • 

ECS 116 .  C02 CANISTER SEL vlv - PRIM 

2 

16 

ECS 

1 7 .  C02 ca.p caut l t  - off 

18. ECS : PART PRESS C02 ind - -it or 

4 . 13 . 1 .6 Secondary LiOH Cartridae leplace .. nt 

CAUTION 

If LiOH cartridge is replaced while cabin 
ia depreaaurized, perfor. a tepa 1 & 2 .  
If  depreaaurizad & a taaed , o.it a tep 2 .  

1 .  Verify following 
CB ECS : 

SUIT FLOW CONT - cloae 
CABIN REPRESS - open 

2 .  CABIN REPRESS vlv - AUTO 

3 .  C02 CANISTER SEL vlv - PRIM 
C02 ca.p caut lt - off 

ECS 1 4 .  SEC C02 CANISTER VENT pb - push 

S .  Grasp secondary C02 canister cover handle , press latch 
trigger with thuab & hold • 

6 .  Rotate cover counterclockwise to deten t ,  so  that index on 
handle covers index on cover & aligns with OPEN index on 
canister ri•. Releue latch trigger . 

� 7 .  Verify cover i s  in OPEN detent & remove from canis ter .  
0 

REMARKS 

Perform ARS/PGA Pressure Integrity Check procedure (para 
4 . 2 . 16) .  

Aacent engine cover .ust be cleared of s towed equip .. nt 
to gain access to LiOH cartridge . 

There is no spare secondary LiOH cartrid&e in cabin until 
spare fro. descent s taae ia a towed in cabin afte r  lunar 
touchdown. 

PLSS LiOH cartridge .us t be used as replace .. nt in ECS , 
if replaceaent is atte�ted in orbi t .  

Step 4 vents 6P across canister.  
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I 

I 
I 

UfP 

CDR/ 
UfP 

UlP 

ECS 

2 

ECS 

I 

I 
I 

4 . 1 3 . 1 . 6  Seco'!_�iOI!_�r:_t_r:_i_d�_l_<!_<:_t:_m_e_'!_t__ _(__cont )  

8 .  

9 .  

10 . 

Rotate & remove LiOH car tr idge from canis ter . 

Insert fresh secondary LiOH car tridge in caniste r , align 
lugs & rotate car tr idge to secure in canister . 

Install canis ter cover & verify index on handle covers 
index on cover (OPEN detent posi t ion ) . 

11 . A l ign indexes on cover with index on canister rim.  

1 2 .  Grasp cover handle , depress latch trigger & rot ate cover 
c lockwise . 

1 3 .  Release trigger . Verify cover i s  i n  c lose de tent pos it ion ,  
with handle index aligned with CLOSE index on canister rim. 

14 . C02 CANISTER SEL vlv - SEC 

1 5 .  C02 comp caut It - on 

16 .  ECS : PART PRESS C02 ind - <7 .6  mm Hg  

4 . 13 . 1 . 7  Cabin Depressuri zation 

1 .  Verify ECS Basic (Unstaged ) 

2 .  Perfora ARS/PGA Pressure Integrity Check . 

3 .  PRESS REG A & B vlv - EGRESS 

1 4 .  

1 5 .  

1 6 .  

CAUTION 

Rapid switching of CABIN REPRESS vlv from 
AUTO to CLOSE ,  or CLOSE to AUTO , causes 
loud bang. This does not damage valve . To 
change CABIN R EPRESS vlv position ,  smooth , 
slow movement is recommended . 

CABIN REPRESS vlv - AUTO 

SUIT GAS DIVERTER vlv - PULL EGRESS 

CABIN GAS RETURN vlv - EGRESS 

II 

REMARKS 

Ref para 4 . 13 . 1 . 1 .  

Ref para 4 . 2 . 16 .  

This automatically deactivates cabin fan.  
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CDR 

4 . 13 . 1 . 7  Cabin Depressurization (cont)  

7 .  Cabin relief & duap vlv (ovhd) - OPEN 
(applicable for docked vehicle only) 

11 18.  CB ECS : CABIN FAN - open 

16 19 . CB ECS : CABIN REPRESS - open 

ECS 

LMP I 2 

CDR IECS 

LMP I 16 

CDR I ECS 

10 . 

11 . 

12 . 

13 .  

14 • 

15 . 

16 . 

Cabin relief & duap vlv (fwd or ovhd) - Cycle from AUTO 
to OPEN until cabin pressure is reduced to approx 3. 2 psi a  

Cabin relief & dump vlv ( fwd & ovhd) - AUTO 

ECS : SUIT PRESS ind - 3 . 6  to 4 . 3  psia 

Cabin relief & duap vlv ( fwd or ovhd) - OPEN & reduce 
cabin pressure to zero psia 

CB ECS : SUIT FLOW CONT - open (one--n EVA on ly) 

Cabin relief & duap vlv ( fwd) - AUTO 

Cabin relief & dump vlv (ovhd) - AUTO 

CAUTION 

Rapid swit ching of CABIN REPRESS vlv from 
AUTO to CLOSE , or CLOSE to AUTO , causes 
loud bang . This does not damage valve . To 
change CABIN REPRESS vlv position ,  smooth ,  
s low aovement is recoanended . 

17 . CABIN REPRESS vlv - CLOSE 

REMARKS 

Depressuri zes docking tunne l during cabin depressuriza­
tion.  

Prevents activat ion of  cabin fan in  depressurized cabin. 

Forward or overhead cabin relief and dump valve 
may be used to depressurize cabin, if undocked ( forward 
only if docked) . 

During cabin depressurization , SUIT CIRCUIT RELIEF vlv 
closes when ARS pressure drops to 4 . 3  psi a .  To verify 
proper operation (closure) of valve , cabin pressure aus t 
be below 4 . 3  psia.  

Forward hatch can be opened within 2 ainutes after cabin 
relief and dump vlv ( fwd or ovhd) - OPEN ( cabin preasure 
(0 .08 psia) . 
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CREW· I PNL 1 PROCEDURES MAN 

4 . 13 . 1 . 8  Cabin Repressuriza t ion 

CDR I ECS 1 1 . 

LMP I 16 
1 , 2  

I I Ec! 
I I 

I CDR I 1 

LHP ECS 

1 

ECS 

2 .  

) . 

1 4 . 

5 .  

6 .  

7 .  

8 .  

9 .  

C abin relief  & dump vlv ( fwd) - AUTO 

Cabin re lief  & dump vlv (ovhd) - AUTO 

CAUTION 

Rapid swi tching of CABIN REPRESS vlv from 
AUTO to CLOSE , or CLOSE to AUTO , causes 
loud bang . This  does not damage valve . To 
change CABIN REPRESS vlv pos i t i on ,  smooth , 
slow aovement is recommended . 

CABIN REPRESS vlv - AUTO 
C B  ECS : CABIN REPRESS - close 
MASTER ALARM - on 
CABIN warn lt - on 
CABIN REPRESS vlv opens 

PRESS REG A vlv - CABIN 

MASTER ALARM pb/lt  - reset 

PRESS REG B vlv - CABIN 

CABIN warn lt - off 

Verify cabin p ressure stabilizes at 4 . � . 2  psia . 

Re turn to ECS Basic (Unstaged) , except :  
CABIN GAS RETURN vlv - AUTO before SUIT GAS DIVERTER 
vlv - PUSH CABIN 

REMARKS 

Ass ump t i on :  LM is uns taged . 

PLSS high 02 flow warning tone - on ( 3000-cps warble) 
if active PLSS is connected to PGA. 

CABIN REPRESS vlv closes and CABIN warn lt goes off 
when pressure reaches 4 . 4  to 5 .0 psia .  

Cabin pressure s tabilizes approximately 2 minutes after  
CABIN REPRESS vlv closes . 

Ref para 4 . 1 3. 1 . 1 .  
Reversing this sequence aay cause sui t fan to stall and 
water separator to slow down, causing : 

MASTER ALARM - on 

ECS caut lt - on 

SUIT FAN camp caut lt - on 
H20 SEP coap caut It - on 
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4 . 13 . 1 . 9  C�in Leak Check 

PROCEDURES 

� ILMP .. ECS 1 1 . PRESS REG A & B vlv - EGRESS 

IJ. 
.. ., 
... "' .... ... 

n f 
t 
� 

I 

-: 1: � . 
� 

... 'i' 
... 
� 

2 2 .  ECS : CABIN PRESS ind - -itor periodically (2  hours) 

3 .  ECS : CABIN PRESS ind - decay <0 . 6  ps ia 

4 .  Controls - EC S  Basic (Unstaged) 

4 . 13 . 1 . 10 Contingency LCG Recharge 

WARNING 

Do not perfom LCG recharge Wlti l HSFN 
verifies LH water pressure is <37 psia.  

1 .  Verify with HSFN that sufficient water is  
avail� le to perfona LCG recharge . 

2 .  Veri fy RCU p1.1111p ,  f an  and mode select switches - OFF. 

3. Connect RCU to PLSS . 

4 .  Connect PLSS water h ose to PGA water connector . 

REMARKS 

Ass1.1111ptions : ( 1 )  ECS Basic (Unstaged) and (2)  undocked 
LH. Task can be accoaplished in parallel w ith other 
non-ECS tasks , to save time . 

Action sets SUIT CAS DIVERTER vlv to PULL EGRESS and 
turns off cabin fan. If  ope ration of cabin fan is 
desi red : 

CB ECS : CABIN FAN CONT - open 

A 0 . 6-psia  pressure decay is based on cabin free voluae 
of 2 35 cubic feet ,  cabin ini tially at 4 . 8  psia and 
leaking 0 . 2  pound of 02 pe r hour, Corrections IIUa t  be 
made for fluctuations in cabin te�rature and for 
•tabolic consldlption . HSPN can verify specified leakage 
rates with only 30 minutes of .onitoring cabin pressure . 

Ref para 4 . 1 3. 1 . 1 .  When perfo�ng ECS Bas ic procedure , 
CABIN GAS RETURN vlv - AUTO before SUIT GAS DIVERTER 
vlv - PUSH CABIN . Reversing this sequence may c:auae suit 
fan to stall and water separator to slov dCIIID causing :  

MASTER ALARM - on 
ECS c:aut lt - on 
SUIT FAN C:OIIp c:aut lt - on 
H20 SEP c:a.p caut lt - on 

Assumptions : ( 1 )  LCG leak has b een isolated and correc:tivt 
action taken ,  and ( 2 )  crewman is wearing LCG and PGA . 

The LCG wi ll be subjected to LM water tank pressure which 
may b e  as high as 48 psis. 

PLSS mus t be uprigh t ,  conformal side facing crewman • 
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4 . 1 3 . 1 . 10 Con t ingency LGC Recharge ( con t )  

PLSS I S . H20 DIVERTER vlv - MAX (aft ) 

PLSS 1 6 .  H20 SHUTOFF AND RELIEF vlv - CLOSED ( fwd) 

ECS 1 7 . DES H20 vlv - CLOSE 

8. Dis connect water dispenser & stow. 

9 .  Connect LH water recharge hose to  PLSS H20 fill  connector. 

ECS 1 10 .  DES H20 vlv- OPEN 

PLSS I ll .  PUMP sw - ON 

12 . Activate PLSS gaa t rap by depressing but ton unti l water 
flows through vent hole , then release but ton ; wai t  10 
seconds then repeat . Continue but ton depress cycle unti l 
wat e r  f lows immediately upon depressing button. 

PLSS 113 .  PUMP sw - OFF 

ECS 1 14 . DES H20 vlv - CLOSE 

1 5 .  Disconnect PLSS water hose form PGA . 

16 . Disconnect LH water recharge hose from PLSS . 

1 7 .  Disconnect PLSS water hose from PGA . 

18.  Veri fy RCU pUIIJI , fan and mode select switches - OFF . 

19 . Disconnect RCU from PLSS . 

20 . Connect water  dispense r to LH water recharge hose . 

ECS 121 . DES H20 vlv - OPEN 

REMARKS 

LGC i s  fu ll  when water  flows immediately upon depressing 
but ton . 

I 
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4 . 1 3 . 1 . 11 Reverse 02 Umbi licals for PGA Cooling Purpose of Reverse 02 Umbilicals for PGA Cooling 
p rocedure is to provide b ody cooling during pe riods 
necessitating helmet-off operations . 

I�' l .  

ECS 1 2 • 

3.  

4 .  

5 .  

Sa. 

6 .  
ECS I 

7 .  

8 .  

ECS 1 9 . 

9a. 

10.  

WARNING 

Umbilicals must not be reversed for 
no mal helmet-on operations . 

1le1110ve hel•t 6o glo'W!s . 

SUIT ISOL vlv - SUIT DISC 

Disconnect LH 02 uabilicals from PGA. 

Connect LM 02 umbilicals to PGA ( red to b lue , b lue to red) . 

SUIT ISOL vlv - SUIT FLOW 6o verify 02 f low 

SUIT GAS DIVERTER vlv - PULL EGRESS 1 For water separator speed control.  
CABIN GAS RETURN vlv - EGRESS 
PGA DIVERTER vlvs - horizontal 

When activity is cogpleted : 
SUIT ISOL vlv - SUIT DISC 

Disconnect LM 02 uabilicals from PGA . 

Connect LM 02 uabi licals to PGA (red to red ,  b lue 
to b lue) . 

SUIT ISOL vlv - SUIT FLOW 6o verify 02 f low . 

CABIN GAS RETURN vlv - AUTO 
SUIT GAS DIVERTER vlv - PUSH CABIN 

Don helmet 6o gloves . 

4 . 1 3 . 1 . 12 H20 Dispenser  Act ivation Assump t i on : H20 dispenser is connected to spacecraft 
H20 h os e  be fore launch . 

H20 dispenser serves as f i re extinguisher when slide 
s afety is disengaged and fi re ext inguisher valve is  
actuated .  

I 
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ECS 

PROCEDURES REMARKS 

4 . 1 3 . 1 . 12 H20 Dis2enser Activation ( cont) 

1 .  Unstaw H 20 dispenser .  

2 .  DES H 20 vlv - OPEN (unstaged) Both valves must be closed before disconnecting H20 
or dispenser from H20 hose.  
ASC H 20 vlv - OPEN (staged) 

3 . Use H 20 dispenser as required. 

4 .  S tow H20 dispenser .  I 
� i  � .... s p  
z w  

.,. , � 11:11 I 





g' ... 
n· 

0 
0 

" 
N "' 
Ill 
.. ..., " 
.. g. 
"' '1 
.... -D .... .... 

n a i 
i 
• 

., 
a -a 

� 

.... .... I .... .... 

L'1 3 2 L 3  

CREW·1 PNL MAN 

16 
11 

PROCEDURES 

4 . 1 3 . 1 . 1 3 Cab in Atmosphere F i l t ering 

CAUTION 

Limit fan operat inp, time 
to 2 hours maximum a f ter 
lunar ascent . 

1. Fan Act ivat ion : 
CB ECS :  CABIN FAN CONT - open 
CR ECS :  CARIN FAN - c lose 

2 .  Fan Deact ivat ion : 
CB ECS: CABIN FAN - open 

4 . 13 . 2 CXlfMUNICATIONS 

4 . 13 . 2 . 1  Connunications Bas ic 

CAIITION 

CB COHH: SE AUDIO must he c losed to trans­
lilt on Vl!F A and/or operate nsEA. CB must 
he opened when LHP connect� or d isconnects 
Ut comm cable & COIIH: TL.'i BlottED sw - OFF or 
LEFT. 

CR Cot!H: CDR AUD IO IIUSt he closed 
to transmit voice on Vl!F B. CB must he 
opened when CDR c onnec ts or d i�connects U1 
comm cable & COHH : TLH BIOtiED sw - OFF 
or RIGJIT . 

CDR 11 1 1 . CB/AC BIJS B :  S BO ANT - c lose 
CB/AC BUS A: TAPE RCDR - c lose 
CB COHH: 

UP DATA LINK - close 
SEC S BD XtiTR/RCVR - c lose 
SEC S RO PIJR/AHPL - c lose 
VJIF' R Xt!TR - c lO!Ie 
VHF A RCVR - c lose 
CDR AtmiO - C lose 

II 

REMARKS 

Assumpt ions : ( 1 )  Cabin is pressur ized to 4 . 8+0 . 2  psia 
and ( 2 )  free-f loa t ing lunar dust is present in cabin . 

Allows fan operat ion regardl ess of 02 demand regulators 
set t ings .  

Assumption : Ini tial communicat ions checks complete. 

If electromagnet ic interference in system is ident if ied 
as caused by tracking l ight (regular pulses on aud io 
channel or ind icated on SIGNAL STRENGTH ind at approxi­
mate fre�uency of 1 pps ) , tracking l ight may be turned 
off unt i l  t ransmission or recept ion iE complete . 

comt : S BAND Plffi AUPL sw control s  transmitted PM carrier 
modulation index for both subcarr iers ( 1 .024 and 1 . 25 
me) • 
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PROCEDURES 

4 . 13. 2 . 1  C�icationa Basic (cont) 

2 .  AUDIO : 
S IWfD T/R 11V - S BAND T/R 
ICS T/R av - ICS T/R 
RELAY ON 1n1 - RELAY OFF 
t«>DE av - ICS /PTT 
AUDIO CONT 11V - NORM 
VHF A 11V - T/R 
VHF B aw - OFF 

3 .  CB  aH't :  
DISP - clae 
SE AUDIO - clae 
VHF A XHTR - cloae 
VHF B RCVR - clae 
PRIM S BD PWR AHPL - close 
PRIM S BD XKTR/RCVR - cloae 
S BD ANT - clae 
PHP - clae 
'lV - open 

CB HTR: S ID ANT - cloee 
Cl CAHil: SEQ - open 

4 .  OOHH : UPLIN� SQUELCH av - as desired 

5 .  UP DATA LIR aw - OFF 
AUDIO : 

S BAND T/R ew - S BAND T /R 
ICS T/R av - ICS T/R 
RELAY ON ltW - RELAY OFF 
HDDE 11V - ICS/PTT 
Al1D IO CONT .., - NORM 
VHF A 11V - T/R 
VHF I 11V - OFF 

6.  COHH : 
S BAND MODULATE av - PH 
S IWfD XMTR./RCVR av - SEC 
S BAND PWR AMPL av - PR 1H 
S BAND VOICE av - VOICE 

REMARKS 

Subcarrier Modulation Index va Switch position �s s PRIM OFF SEC 
1 .024 •c High Low Bilh 
1 . 25 .c Low High Low 
1 . 25 me Low Low 
low power CB COHM :  - CB COHH : SEC S 

PRIM S BD PWR BD PWR AHPL -
AMPL - open open 

Opening CB COHH : DISP while cu.aunicating via S-band 
causes apparent drop in receiver signal strength 
read by HSFN (GT0994) , due to change in tele .. try AGC .  

------
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4 . 1 3 . 2 . 1  Communications Basic (cont) 

S BAND PCH aw - PCH 
S BAND RANGE aw - OFF /RESET 
VHF A XHTR aw - VOICE 
VHF A RCVR aw - ON 
VHF B XHTR aw - OFF 
VHF B RCVR aw - OFF 
TLH BIOHED aw - as required 
11..M PCH aw - HI 
RECORD aw - OFF 

NOTE 

Recorder , when enab led , runs contin-
uoualy when AUDIO : MODE aw is set to 
ICS /PTT . Total running time is 10 

I I I hours . 

ILHP I r· Verify 
12 COl9f ANT: 

TRACK MODE aw - AUTO 
PITCH coot - computed angle 

· LHP 12 

YAW coot - coaputed angle 
S BAND ael - SLEW 
VHF sel - AFT or FWD 

4. 1 3 . 2 . 2  S-Band Configuration for LOS 

1 .  !.mediately before LOS , configure : 
C(H{ ANT :  

PITCH coot - 90• 
YAW coot - o• 

COHH : 
TLH PCH av - LO 
S BAND VOICE aw - DN VOICE BU 
11..M BlottED aw - OFF 

COHH ANT : 
TRACK MODE aw - OFF 
S BAND ael - AFT or FWD 
TRACK MODE aw - SLEW 

I REMARKS 

' Ref para 4 . 2 . 2 1  for AOS procedure. 
Computed angles are set before avitching to AUTO . 

Antenna shall not be permitted to drive into gi�al stops 
If left  in autoaatic track mode , antenna will drive into 
gimbal stops when signal is lost during lunar orbit (LOS) 
Operation at stops for periods longer than 3 minutes aay 
result in degraded reliab ility or failure due to possib le 
overheating . Caution and warning temperature sensor is 
not expected to react rapidly enough to reflect this 
thermal transient condition .  Steerable antenna shall 
remain in off mode for 10 minutes before reactivating , 
to permit cooldown . I f  antenna drives to , and remains in 
stops for period of 3 Minutes or longer , antenna must be 
deactivated for period of 10 Minutes to allow temperature 
to decay to acceptable limits of operation . Ref para 
4 . 1 3 . 2 . 15 .  
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4 . 13 . 2 . 2  S-Band Confiauration for LOS (cont) 

PITCH coot - ca.puted angle 
YAW coat - co.puted anKle 

4 . 13. 2 .  3 Relay Hade : EVA (Tvo-Han EVA) 

1 .  

2 .  

3 .  

CAUTION 

CB COHH : SE AUDIO .uat be closed to trans­
lilt Oil VHF A and/or operate DSEA .  CB aust 
be opened when LHP connects or disconnects 
LH c� cable & COHH : TLH BIOHED BV - OFF 
or LEFT .  

C l  COHH : CDR AUDIO aua t  be closed in order 
to tran��ait voice Oil VHF B .  CB aus t be 
opened when CDR connect& or disconnects LH 
c� cable & COHH : TLH BIOMED 11W - OFF 
or RIGHT. 

Controla - C�icationa Baaic . excep t :  
AUDIO : 

VHF A .., - OFF 
..,DE IIV - vox 
VOX SEHS tv - 9 

AUDIO : 
VHF I 11V - ltCV 
RELAY ON .., - llELAY ON 
t«lDE .., - VOX 
VOX SENS tv - 9 

COHH : 
VHF B RCVR. .., - ON 
VHF A SQU� tv - noise threshold + 1- 1/2 div 
VHF B SQUELCH tw - noise threshold + 1-1/2 div 
TLH BIOKED .., - OFF 
RECORDER .., - aa desired 

Assure EVA antenna is dep loyed .  

REMARKS 

Computed anKle froa MSFN . 

Taek provides full conference capability between EVA. LH ,  
CSH , and HSFN . 
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NON­
EVA 

EVA 

4 . 1 3 . 2 . 3 Relay Hode : EVA _(Two-Ha_n EVA)__(cont )  

4. 

s . 

COHH ANT : 
VHF sel - EVA 
S BAND sel - SLEW (LUNAR STAY when erectab le antenna 
is deployed) 

On completion of Relav Mode : EVA (Two-Han EVA) , return 
to Communications Basic • 

4 . 13 . 2 . 4  Relay Mode : EVA (One-Han EVA) 

CAUTION 

CB COHH : SE AUDIO must be closed to trans­
mit on VHF A and/or operate DSEA .  CB IIIU8t 
be opened when LHP connects or disconnects 
LH conm cable & COHH : TLH BIOHED sw - OFF 
or LEFT • 

CB COHH : CDR AUDIO must be closed 
to transmit voice on VHF B. CB must be 
opened when CDR connects or disconnects LM 
COIIII cable & COHH : TLH BIOHED sw - OFF 
or RIGHT 

1 .  Controls - C�nications Basic , excep t :  

1 2  1 2 ·  

AUDIO : 
VHF B sv - RCV 
K>DE sv - VOX 
VOX SENS tw - 9 

AUDIO :  
VHF B sv - RCV 
K>DE _ sv - VOX 
VOX SENS tw - 9 
RELAY ON sv - RELAY ON 

COHH : 
VHF B RCVR sw - ON 
VHF A SQUELCH tw - noise threshold + 1-1 / 2  div 
VHF B SQUELCH tw - noise threshold + 1-1 / 2  div 
TLH BIOHED sw - non-EVA crewman 
RECORDER sv - as desired 

REMARKS 

Assum�tion : Both extravehicular astronauts returned to 
vehicle together . Ref para 4 . 13 . 2 . 1 .  
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4. 13 . 2 . 4  Relay Mode : EVA (One-Han !VA) (cont) 

3. 

4.  

s. 

Enaure EVA anteaaa is deployed . 

CXI1H ART :  
VHF sel - !VA 
S BAND Ml - SLEW 

On ca.pletion of Relay Mode: !VA (One-Han EVA) , return 
to ea..uaications Basic .  

4. 13. 2 . 5  Relav Mode : C �  Voice to HSFN 

CAUTION 

CB COHH: SE AUDIO .ust be closed to trans­
alt on VRP A and/or operate DSEA. 

CB COHM: CDR AUDIO aust be closed in order 
to traa.ait YOice on VHF B.  

1.  Controls - Coa.unications Basic, except :  

2 . 

AUDIO: 
VRP B sv - ltCV 
'11)1)! 11W - VOX 

AUDIO: 
VRP B sw - ICV  
S BAND T/R .., - RCV 
RELAY ON sw - ON 
POD! sw - VOX 

COMH :  
VHF A XM'l'R aw - VOICE/RNG 
VHF A RCVR sw - OFF 
VHF B XM'l'R sw - OFF 
VHF B RCVR .., - ON 

On ca.plet ion of Relay Mode :  CSH Voice to HSFN , 
return to Ca..unicat ions Basic 

REMARKS 

Ref para 4 . 13 . 2 . 1  • 

Ref para 4 . 1 3 . 2 . 1 .  
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CDR 

LMP 

LHP 

LHP 

4 . 13 . 2 . 6  VHF B Data Enab le 

11 1 1 .  CB COHH : VHF B XHTR - close 

12 1 2 .  COHH : 

12 

12 

12 

VHF B XHTR 11W - DATA 
TLH PCH 11W - LO 

4 . 13 . 2 . 7 S-Band LBR Data Enab le 

1 .  Controla - C�unications Basic , except : 
COHH : 

S BAND VOICE 11W - DN VOICE BU 
TUI PCH 11W - LO 
TLH BimiED sv - OFF 

COHH ANT :  S BAND sel - FWD or AFT 

2 .  On coapletion of S-Band LBR Data Enab le , return to 
Ca..unicat iona Bas ic . 

4 . 1 3 . 2 . 8  S-Band CWEA Enab le 

Ca..unicationa Basic (required) 

1 .  COHH : S BAND RANCE IIW - RANGE , OFF /RESET , TV /CWEA ENABLE 

2 .  When S-band CWEA function i s  no longer needed : 
COHH : S BAND RANGE aw - OFF /RESET 

4 . 13 . 2 . 9 DSEA Check 

1.  

CAUTION 

CB COMH: SE AUDIO mus t be c losed to trans­
mit on VHF A and/or operate DSEA . 

CB COHH : CDR AUDIO must be closed 
to transmit voice on VHF B • 

Controls - Communications Baa i c ,  except : 
COHH : RECORDER av - ON 

- � -

REMARKS 

Ref para 4 . 1 3 . 2 . 1 .  

Ref para 4 . 1 3 . 2 . 1 .  

Switch mus t be cycled to prevent falae MASTER ALARM . 
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lfN I 14 . 11. 2 . 9  DSEA Cbo<k (cont ) 

01 2 .  Trannit voice (VOX o r  PTT) .  
en 
• 

"0 .. i. l I I J. OOHH : REOOIDEI TAPE tb - aray during voice tran.aiaaiona 
• 
ot 

.... \Q � 
.... I I I 

CAUTION 

When opera tina DSEA vtth either AUDIO : r«>DE 
11W - VOX , do DOt aet either ��Witch to ICS /PTT 
vhUe talkina ; DSEA uy atop . If DSEA atopa , 
<DII : UCORDD. .., - c:ycle . 

n I I I· · l On ca.pletion of DSEA Check ,  return to Ca..unicationa t Buic . 

¥ I I 1 4 . 13. 2 . 10 VHF R-.1Da Check 

CAUTION 

CB <DII : SE AUDIO auet be cloeed to trana-
alt OD VHF A md/or operate DSEA. 

CB mt91: CDR AUDIO auat be cloaed 
to traaaait voice OD VHF B .  

1 .  A t  CSH requ .. t ,  control• - Coaaunicationa Baaic , except : 

LHP I 12 I OOHH : 
VHF A XHTR av - VOICE/RNG 
VHF B RCVR av - ON 

s , 12 ! 2 .  AIJDIO : VHF A .., - OFF ., I I D I NOTE ID 
• 

� I  I I Voice coaa .vat be disabled during 
acquisition , by setting AUDIO : VHF 
A av - OFF • 

• 

REMARKS 

With ICS/PTT aelected on either audio center , DSEA vill 
run continuoualy vhen cotlt: RECORDER av - ON • 

Talkback rill be gray under following conditiODs : 
1 .  Firat 4 aeconds o f  power application 
2 .  While recording (apeaking) on track 1 
l .  Any ti- that tape 1a in 110Uon on other than track 1 

providing correapondina aection of track 1 baa voice 
recorded on it .  

Ref para 4 . 13 . 2 . 1 . 

VHF Ranging check 1a perforaed at CSH direction. Check 
conaiats of CSH trall8aiaaion of VHF aignal to LK, azad 
CSH receipt of turnaround siana l .  

LK 1a undocked froa CSH . 

Effective range liaita : 
Hini.ua - 500 feet 
HaxiiiUII - 200 na 

Hot mike condition exista on VHF A vhen AUDIO : VHF A 
av - T/R during VHF ranging operations . 
Phaae-lock acquisition require• 14 seconda after CSH 
initiation . 

Activation of VHF ranging s ignif icantly reduces VHF voice 
capab i lity .  If unsatisfactory VHF voice coaaunications 
are experienced and voice communication is required , VHF 
ranging should be disabled on CSH and LM. 
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4 . 1 3 . 2 . 10 VHF R�nging Check (cont)  

3 .  

4.  

8 , 12 1 5 .  

AUDIO : VHF B sw - RCV 

At CSM request :  
C<Jft : 

VHF A XHTR sw - VOICE 
VHF B RCVR sw - OFF 

AUDIO : VHF A sw - T/R 

6 .  On c�letion of VHF Ranging Check , return to 
Ca..unications Basic.  

4 . 1 3 . 2 . 11 DUA Enable 

LGC Power-Up (required) 

1 1 . Coordinate uplink requirements with HSFN 

I CDR I 
12 
1 1  1 2.  CB COHH: UP DATA LINK - close 

UP DATA LINK sw - DATA 

CDR 

3.  Clear inlink counter before initial HSFN uplink 
transmission 
Key V21 NOlE , 00045E,  OOOOOE 

4 . 13 . 2 . 12 DUA Disable 

LGC Power-Up (required) 

12 1 1 .  UP DATA LINK sw - OFF 

2 .  Key RSET & CL R  to  reset any LGC-initiated alarms . 

REMARKS 

Refer para 4 . 1 3 . 2 . 1 .  

Ref para 4 . 6 . 1 . 1 .  

HSFN can also clear and reset inlink counter . 

Ref para 4 . 6 . 1 . 1 .  
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4 . 13 . 2 . 1 3  DUA Backup Voice Enable 

11 1 1 . CB CCHI: UP DA.TA LIB. - clo .. 

UIP I 12 
14 

2 .  UP DATA LIB - - VOICE BU 
COlli: UPLI. SQUILCB n - !liABLE 

CDR, J 8 , 12 
UIP 

3 • AUDIO: !I>DI av - ICS/PTT 

UIP 

CDR 

LMP 

4 .  AUDIO : ICS T/R av - ICS T/R 

S .  Verify reception of KSPM voice . 

4 . 13 . 2 . 14 DUA Backup Voice Disable 

12 1 1 .  UP DATA LIB. av - OFF 

11 1 2 . CB CCHI: UP DA.TA LIB - open 

4 . 13 . 2 . 15 S-Bsnd Antenna Cooldown 

12 1 1 . COH ANT :  
TL\CI. til)! av - OFF 
PITCH cont - 90• (ccv) 
YAW cont - o• (ccv) 

2 .  Following 10-ainute ahutdown : 
COH ANT :  TRACK ti)I)E ae - SLEW 

3 .  Perfora S-land Steerable Antenna Activation & Checkout 

4 . 13 . 2 . 16 S-Band Operation in PTC Mode 

14 1 1 . COHH: UPLINK SQUELCH sw - OFF 

2 .  When noise level increases : 
12 COHM ANT: S-IAND sel - FWD or AFT (as required) 

REMARKS 

Prevents retransaiss ion of DUA backup voice to KSPM . 

When antenna baa operated "in s tops "  for 3 ainutea or 
longer , it require& cooldown to allow electronic& to 
reach safe operating teaperature . Soakback period baa 
been deterained to be 10 ainutes . 

Ref para 4 . 2 . 20 .  
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1 ..- I · AUDIO "'""' - S IIANC  Til ICS /l ow · ICS T/1 

llfLA y ON IW • I!LA y Off � ... In" -"'� l sw - NOIM 
VHf l ow  Off ICV ICV ICV ICV VOX S!NS tw . -• 

, .,._ 1. 
All OMM do'• - -
C& CQMM, - -

1 ..- 1. OMM UI'I.II« IQUfLCH ow ·  • - I!NAILf I!NAILf !HAIL! !HAIL! 
1 - 13 

uruATA L- IW · Off 

, ,_  · AUOIO ILWI 
s l f/1 

.. ! •• · ICS/n" vox 
A :ONT ow - NOIM  /I v . .. Off ICV ICV ICY ICV 
v S!NS - -.  

I Puol ll OMM s .... � � �  IMftiiCVI IW . ll � �  
u ... CM • f'CM � �  tANG! .. OfflllfS!" IIANOI I'll!' A n ow ·  VO!I::I 'rolti/IING � 

' IIUIAftow Off lllt.T.o\ DATA ' I ICVI IW  Off ON ON ON 
I A SQWI.C l tw - -' . SOli 

;CIIDIII ow • Off 
,_ 13 · - Aiff 

l1IACK - ow , AUTO Off.:.w- --.w.o-f'ITOI - - --
I lAND ool , 111W "" . - IUW 
VHP ool · lllf • PWII 

Table 4-2. C�nicatiou Mode• 

Basic Date 26 September 1971 Change Date ------

CIM -., 

I.J. IAND IC 

YQX 

OfP 

� 
VOX 

ICY 

-

111'1' ON 

.._ I'LSSIIVCS 
.... w:.� 

vox 
Q!'f ICV 

.... 

Off• !HAIL! 

tiL.+; ON 
vox 

ICV ilcV 

OfP 

� ON ON 

Of!' 
ON 

IIIW Of!' 

- -
IVA 

"Dorio� IVA · I!NAILf 
_.,.,., 
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LHP 16 

coa 1 

CDR 8 

CDR 11 

LHP 16 

CR 1 

PROCEDURES 

4 . 1 3 . 3  PIOPULSIOR 

4 . 13 . 3 . 1  HPS Iaale (Uutyed) 

1 .  CB/AC IUS 1 :  le/pqGS PIOPUL DISP - eloee 
Cl PIOPUL: DIS Ia IIC/VIIIT - cloaa 

2 .  Cl PIOPUL: 
DISP/IIC OVID LOGIC - cloae 
pqGS - cloae 
ASC Ia IIC - cloee 

3. nrurr qn ... .. - on 
&ILIUM IIJII eel - SUPCUT PUSS 
PIPLIIT TIJIP /PUSS IIHI • - DES 1 
DES Be UG 1 tb - aray 
DIS Ba iiG 2 tb - t.p 
ASC Be DG 1 tb - aray 
ASC .. UG 2 tb - aray 

4. liES PIOPUL: 
PUlL YilT tb - aray 
OXID 9!IT tb - aray 

4. 1 3 . 3 . 2  1ft Iaale (Stapel) 

1.  CB/AC IUS 1 :  le/pqGS PIOPUL DISP - eloae 
Cl PW>PUL : DIS Ia UG/YEIT - opea 

2. CB PIOPUL: 
DISP/IIC 09ID LOGIC - cloae 
PQGS - OpeD 
ASC Be UG - eloee 

3. PIPLIIT QTt II>M • - OFF 
BELlUM 11>1 eel - PlESS 2 
PIPUIT TEMP /PlESS 11>1 av - ASC 
ASC Be lEG 1 tb - aray 
.uc • uc 2 tb - aray 

REMARKS 

ASC He REG latching valve ia open wheD tb - gray 
ASC He lEG latchiq valve 1a open wh- tb - aray 

�- --------··------
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jcREW·I PNL MAN PROCEDURES 
[4.13:3:3 mAPS/RCS Propell.nt Interconnect 

I 

I 

- r  .. 
LMP 2 2 .  

I I 
3 .  

4 .  

WARNING 

Ullaae aett1ina requir ... nta for APS 
propellant .. t be •t before opening 
interCODDect ( thruatina aaneu.er or 
+a field) . latercoanect .. t be closed 
before terainatioo of tbruatina .aneu.er 
to prevent he1iua injection into RCS 
cauaiD& acs eaaine claaaae . 

Thrust for TBD aecooda . 

RCS :  
SYS A ASC PDD 1 ' 2 .., - ASC PEED 1 ' 2 
SYS A ASC PUlL ' ASC OXID tb - aray 
SYS A MlDI SOV .., - CLOSE ; tb - bp 
1'111.' /PUSS II>N ael - PUEL IWfP 
A russ incl - 112 to 203 paia 
TEMP /PUSS IIJR ae1 - OXID MARP 
A PIISS ind - 172 to 203 paia 

RCS :  
SYS I ASC POD 1 ' 2 .., - AS C  PEED 1 ' 2 
SYS I ASC PUlL • ASC OXID tb - aray 
SYS I MAl. SOV .., - CLOSE tb - bp 
TEMP/PlESS MOM ae1 - OXID MAIP 
1 russ tad - 172 to 203 paia 
TEMP /PUSS IIJR H1 - PUEL MAD 
1 russ 1 Del - 112 to 203 paia 

TBD aecooda before tel'lliaatioo of APS thrus t :  

RCS : 
STS A • I M AIN SOV .., - OPIII ; tb - aray 
SYS A • I ASC PEED 2 .., - CLOSE 

SYS A ' I ASC PUD. ' ASC OXID tb - bp 

... , _,., 

REMARKS 
llisuaptlona : (1) As cent propuls ion sectloo is pressurized, 
(2) as cent propellants settled in tanka , and ( 3) +X-axia 
RCS thrusters are f i ring. 

APS/RCS interconnect can be used for +X-axia translation 
aanewer using APS propellants . aa long aa required RCS 
ullage aaneuver baa been co.pleted and +X-axia tranala­
tioo baa not been interrupted . 

TI• for propellant to settle 1a dependent upoo 
.ebic1e conftauratioo and veiabt. 

ReS : SYS A ASC P'IJEL and ASC OXID tb - aray indicates 
pri-ry and secondary fuel and oxidiaer ucent feed 
interconnect Yalvea hne opened . 

RCS :  SYS I ASC PUlL -d ASC OXID tb - aray indicate 
pri-ry •d aecoodary fuel •d ozidiaer ucent feed 
intercODDect Ya1Yes have opened. 

Procedure for c1oaina APS/ICS intercoaaect . 

Ascent feed Yalves c:an be opened after uceat eaaine baa 
been abut clown, proYicled +X-axia RCS thrus ters are firina 
before reopening Yalvea . 

RCS : SYS A and I ASC PUlL and ASC OXID tb - bp indicates 
pri-ry or aecoodary fuel and ozidher ascent feed 
Yalvea are closed. 
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4 . 13 . 3 . 3  APS/ICS Propell�t Intercoaaect (coat) 

If tb - aray : 
SYS A. or SYS I (clepadiq 011 which tb - aray) ASC PEED 
1 .., - CLOSI 
SYS A. 6 I ASC PUlL 6 A.SC OXID tb - bp 
SYS A. or SYS I (depeadiq OD which tb - aray) ASC 
POD 2 .., - OPDI 
SYS A. 6 I ASC PUlL 6 ASC OXID tb - bp 

TIMP /PUSS )1)11 eel - J1U1L J1A10' 
A 6 I PUSS i Dd - 17S to 181 peia 
TIIIP PUSS )1)11 ael - ODD M4D 
A 6 I PUSS i Dd - 17S to 111 peia 

S .  ICS :  TEMP /PUSS ael - Be 

4 . 13. 3.4  DPS Periodic Moaitoriaa 

1 .  BILI'IM IIHI eel - SUPCUT PUSS 
liPS : BILlUM iod - SOO to 1320 paia 

2 .  JUtS PUSS iDd pwr fail l t  - off 

3. PIPLIT TIMP/PUSS ti>N .., - DES 1 
!ItS : 

PUlL TEMP iDd - so• to go• P 
OXID TIMP iDd - so• to go• F 
PUEL PlESS iDd - 242 to 2S3 paia 
OXID PUSS iDd - 242 to 2S3 paia 

4 .  PIPLIT TIMP /PUSS JI)N .., - DES 2 

IS .  

JUtS : 
PUEL TEMP tnd - so• to go• r 
OUD TIMP iod - so• to 90• P 
PUlL PlESS iod - 242 to 2S3 paia 
OXID PUSS iod - 242 to 253 paia 

PRPLNT TEMP /PUSS ti>N .., - DES 1 

REMARKS 

Tbia procedure checka atatua of propellant• aod beliu. 
before each burn aod at intenala duriq cout perioda . 
J.aoae of aupercritical beliu. pnaaurea will be bued 
upoa iofonatioa proricled in fiaure 4-10 . 

Lipt IOU OD vb- pGIIer to MPS : lUEL aod OUD PUSS iDd 
1a iDterrupted. 

Pollovin& valuea apply to preaaure ralief val.e aaa.-bly: 
lurat-diak rupture preaaure - 260 to 27S paia 
leaeat preaaure - 2S4 paia 
Relief valve crackio& preaaure - 260 paia 
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PROCEDURES 

4 . 13 . 3 . 5  APS Periodic Monitoring 

1 .  

2 .  

3 .  

4 .  

HELIUM MON sel - PRESS 1 
HPS : HELIUM ind - 2800 to 3500 psia (pre pressurization) , 

2700 to 3450 psia (post pressurization) , 
& 600 to 800 psia (post lunar ascent) 

HELIUM l«lN Ml - PRESS 2 
HPS : HELIUM ind - 2800 to 3500 psia (pre pressurization) , 

2700 to 3450 psia (post pressurization) , 
& 600 to 800 psia (post lunar ascent) 

HPS: PRESS ind pvr fail lt  - off 

PRPLNT T!HP/PUSS l«lN 1111 - ASC 
HPS : 

FUEL TEHP ind - so• to 90• P 
OXID TEHP ind - so• to 90• P 
FUEL PRESS ind - 172 to 203 paia 
OXID PRESS ind - 172 to 203 psia 

s .  I f  unataaed : 
PRPLNT TEHP /PRESS MON 1111 - DES 1 
HELIUM l«lN ael - SUPCRIT PRESS 

,-. 

REMARKS 

This procedure checks status of propellants and helium 
before each burn and at intervals during coast periods . 

Helium pressure drops are expected during APS use .  
See figure 4-25 for AP S  helium t ank pressures 
during burn • 

Ascent heliu. tank pressure varies as function of time 
and is dependent on sa.e as initial tank loading con­
dit ions . See figure 4-8 for expected heliu. tank pres­
sure before pressurization . 

ASC PRESS warn lt-oa when beliu• tank pressure 
<2773 psia ; it is inhibited after staging . 

Light soes on when power to HPS : FUEL ud OXID PUSS iDd 
is interrupted. 

� 
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4.13.3.6 ICS Periodic MDDitoriaa Purpoae of ICS Periodic Mollitoriq procedure ia to check 
atetue of propell•t• , heliua, ad velw poeitioae be­
fore each bura •d et iDtenela duriD& coaet periocle . 

2 1 1 .  

2 • 

3. 

4 .  

5 .  

6 .  

7 .  

B. 

acs :  
PlESS tad pwr fail lt - off 
QUMTIT'f 1lul pwr fail lt - off 

Dariq vehicle deectivetiOD vh• CB acs SYS 1 :  TIIIP/PUSS 
DISP PUGS ad CB acs SYS 1: PQGS/DISP - opeo , I.CS :  
PlESS iDd pwt' fail lt •d RCS : QUAII'liT! iDd pwr fell lt -
OD • 

J.CS: A 6 I QUAIIT1Tt iDd - 80Ditor & record perceDtqe I u .. ble propellat reaelDiq iD either ayetea ia � •ter 
of •able prapellat �Dlq :A __ % 1_1 reediq leas 14% . 

I.CS :  
T1MP /PUSS ..,. eel - Be 
A & I PIISS 1Dd - aDDitor & record:A_____paie l_____pa ie 

ICS :  
TIMP /PUSS M Cia ael - PU'LIIT 
A & I TIMP tad - .a• to 100• P 
A & I PlESS tad - 178 to 188 pate 

RCS : 
TIMP /PUSS IIHI ael - PUlL IWIP 
A & I PIISS 1Dd - 175 to 188 pate 

I.CS :  
TIMP /PUSS IDI eel - onD MAIIP 
A & I PRESS iDd - 175 to 188 pate 

ICS :  t'IMP/PUSS !1)11 ael - Be (other tha lUDer atay) 
or 

ICS :  
SYS A ASC PUlL tb - bp 
SYS A ASC OXID tb - bp 
SYS I ASC PUEL tb - bp 
SYS I ASC OXID tb - bp 

PUlL (OUD) JWfP (lUDer s tay 
ODly) 

SYS A QUAD 1 ,  4, 2 ,  3, tb - arey 
SYS I QUAD 1 ,  4 ,  2 ,  3 ,  tb - arey 

I CRSPD tb - bp 
SYS A • I MAIM SOV tb - arey 

i 
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4 . 1 3 . 3 . 6  RCS Periodic Honi torin& (coot) 

3 9 .  Verify RCS quad t�rature readings : 
HTR CONT : 

TEMP !I>N ael - QUAD 1 ,  2 ,  3 ,  4 
TEMP iad - 120• to 190• F (each quad) 
RCS SYS A/B 2 QUAD 1 ,  2 ,  3 ,  4 av - AUTO 

14 .13 . 4  IPS 

4 . 13 . 4 . 1  EPS Basic (Uutyecl) 

1.  
11 1 

2 .  
16 

14 1 3. 

All IPS cb 'a - close , except : 
CB IPS :  

IllY 1 - opea 
ASC ECA COift' • open 

All EPS cb 'a - clo.e , except : 
CB IPS :  

ASC ECA COIIT - open 
ClOSS TIE BUS - open 
ClOSS TIE BAL LOADS - opea 

IPS :  
POWD/TIMP !I>N eel - CDR BUS 
DIVEJI1'El ,., - 2 
LHP BAT 1 6 2 tb - aray 
CDR BAT 3 6 4 tb - ar ay 
DES BATS tb - aray 
UJIIU BAT tb - bp 
BAT S NOIJIAL UIP FEED tb - bp 
BAT S lACK UP CD& PEED tb - bp 
BAT 6 NOIIIAL CDR PEED tb - bp 
BAT 6 BACit UP UIP RED tb - bp 

REMARKS 

Panel 16 CB EPS : CROSS TIE BAL LOADS vill be closed 
durin& lunar atay ,  to provide load abarina . 

-·� ·. 
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4 . 13. 4 . 2  EPS B .. i e  (Stased) 

1. All EPS c:b '• - elo.e , except : 
Cl EPS : 

CROSS TIE BUS - open 
DIS ICA OOIIT - opeo 
DES ECA - apeD 
ASC ICA a.! - opeD 

2 • All IPS cb '• - eloae, except : 
Cl IPS : 

DES teA - open 
DES ICA COIIT - opeD 
CROSS n1 BUS - open 
CROSS Til BAL IDADS - opeo 
ASC ICA COift - opeo 

3. IPS : 
POVIll/TIHP tm eel - CDR IUS 
IRYII'l'EI. av - 2 
LHP BAT 1 a. 2 tb - bp 
CDR JAr 3 a. 4 tb - bp 
DIS IATS tb - bp 
LlJNAI BAT tb - bp 
BAT 5 HOIMAL LW PIED tb - gray 
BAT 5 BACK UP CDR PIED tb - bp 
BAT 6 HOIJW. CDR PIED tb - gray 
BAT 6 JACK UP LW PIED tb - bp 

4 . 13. 4 . 3  EPS Preparatioll for DPS Bum 

1. Perfona IPS 1 .. 1c (Uoetaged) , except : 
Cl IPS : INV 1 - cloee 

2 .  Oleck a- c  voltage fro11 inverter No. 1 :  
IPS : 

POWER/'l'EW K>N eel - AC BUS 
IHVEITIR ev - 1 
VOLTS ind - green band 

----

REMARKS 

Peoel 16 CB EPS : CROSS TIE IAL LOADS ahould aoly be 
cloeed if orbital caotinsenc:y occun . 

Re f  para 4 . 1 3. 4 . 1 .  

Green band represent• 112 to 118 vac, 
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LMP 

4 . 13 . 4 . 3  EPS Preparation for DPS Burn (cont) 

3 .  

14 1 4 . 

5 .  

CAUTION 

TVenty aiautes before s tart of DPS burn , 
ascent batteries auat be placed on-line 
in parallel with descent batteries , CB 
EPS : CROSS TIE BAL LOADS (2) aust re .. in 
closed until  just before start of burn • 

Place both ascent batteries on line : 
EPS : 

POWER/TEMP MON sel - BAT 5 
VOLTS ind - 31 ,  5 to 3 7 . 2  vdc 
AMPS ind - 0 aapa 
BAT 5 NOIMAL LMP FEED av - ON ; tb - gray 
VOLTS ind - 28 .0 to 32 . 5  vdc 
AMPS incl - TBD 
POWEll/TEMP MON sel - BAT 6 
VOLTS ind - 31 . 5  to 37 . 2  vdc 
AMPS ind - 0 aaps 
BAT 6 NORMAL CDR PEED av - ON ; tb - gray 
VOLTS ind - 28 .0 to 32 . 5  vdc 
AMPs 1nc1 - no 

Check Yoltase of all six batteries : 
EPS : 

POWER/TEMP MON sel - BAT 1 
VOLTS ind - 28 ,0  to 32 . 5  vdc 
Repeat check for BAT 2 ,  3 ,  4 ,  5 ,  & 6 

Check d-e Yoltage on both buses : 
EPS : 

POVD./TEMP MON sel - LKl' BUS 
VOLTS ind - 26 ,5  to 32 , 5  vdc 

6 ,  EPS : POWER/TEMP MON sel - CDR BUS 

REMARKS 

Due to reverse current , BATTERY caut lt aay' go on when 
ascent and descent batteries are paralleled. This is 
not to be regarded as aalfunction syaptoa unless ligh t  
is on longer than approximately 15 seconds . 
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J tl - 1 -
i'w I 1 4. 1l.4.4  IPS a..<k, Poot-DPS lura 

G\ Q)ll 11 1.  Cl BPS : ASC ECA COIIT - c:loee 
ell 
• � ILMP I 16 I 2 .  Cl IPS :  ASC BCA COlT - c:loee ' 14 3.  ....,. uc:eat battertu fr011 11•: • .., IPS :  
.... IAT S II)IJIAL LIIP RID ., - orr /RESET : tb - bp "' ..., IAT 6 IOIUL CDI. RID ., - orr /RESET o tb - bp .... 

4 .  Cbec:k •o1tqe l current of  ... c:eat batteriu : 
IPS :  

POWIIl/'riiiP ID eel - &At 1 
VOLTS iad - 21 .0 to 32 . S  .de: 
AIIPS iad - TID 

l.epeat for IAT 2 ,  3 ,  ' 4.  
I I I 

n 

f Q)l. 11 s .  Cl IPS :  ASC BCA CDrr - opea 

r UIP 16 6 .  Cl IPS :  ASC BCA OOft - opea 

14 7 .  Cbec:k a-c: •o1tap fr011 illftrter llo. 1 :  
IPS :  

POIIIII./DIIP - ee1 - 1£ IUS 
IIIYDTD ., - 1 
VOLTS iad - areesa bead 
DI'VD1'D - - 2 
VOLTS 1ad - arMD bead 
POWIIl/'riiiP - ee1 - Q)ll IUS 

ma I 11 I 8 .  Cl BPS : DIY 1 - OpeD 

4 . 13 . 4 . 5  EPS Periodic lloDitoriy 'Uu�ed� 

1. Verify BPS Iaale: (Uaetaaed) . 

2 .  Check •o1tap oa d-e: bueu : 
14 IPS :  � I  I POWBil/TBKP HOI eel - CDR BUS 

VOLTS iad - 26 .5 to 32. 5  .de: 
Repeat for LKP IUS . 

11 3.  CB EPS : IllY 1 - c:loee 

............. 

. 

IEMAIKS 

This tuk ehould be perfot'IMd eoon after any DPS burn 
during which ucent batteries were in parallel witb 
deecent batteriu . 

Verify load-eharing of descent batteriee . To obtain 
proper current •uur ... nt for duc:ent batteriu , di•ide 
iadic:ator readiq by 2. 

Green band repreeenta 112 to 118 •ac:. 

Ref para 4 . 13 . 4 . 1 . 

CB EPS : INV 1 is closed for checkout .  Inverter No . 1 
draws power while this circuit breaker is closed • 

� 
� �  Z w  
. , I I 
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PROCEDURES 
4 . 13 . 4 . 5  EPS Periodic Monitoring (Unstaged) (cont) 

4.  Check voltage oa a-c buses : 
EPS : 

POWER/TEMP HON sel - AC BUS 
INVERTER - - 1 
VOLTS ind - green band 
INVERTER - - 2 
VOLTS ind - green band 

11 I S .  CB EPS : I NV  1 - open 

I I 1
4 

I I 

. 6 .  

1 7 .  

8 .  

Check voltage & current of descent batteries : 
EPS : 

POWER/TEMP MON sel - BAT 1 
VOLTS ind - 28 .0 to 32 . 5  vdc . 
AMPS iad - TID 

Repeat for BAl' 2 ,  3 .  4 ,  & LUN battery . 

Check open-circuit voltage & current of ascent 
batteries : 
EPS : 

l'WU/TEMP t«Hf sel - IAT S 
VOLTS iad - 31 . 5  to 37 . 2  �c . 
AHrS tad - 0 aap 

Repeat for IAl' 6 .  

Check opea-ctrcuit voltage of ED batteries : 
EPS : 

POWEll/TEMP MOll sel - ED/OFF 
ED VOLTS - - BAT A 
VOLTS tad - 35.0 to 37.8  volts 

Repeat for BAT B .  

9 • EPS : POWER/TEMP MON sel - CDR BUS 

REMARKS 

Green band represents 112 to 118 vac . 

Opening CB EPS : INV 1 prevents unnecessary power 
consUIIIption. 

To obtain proper current .. aaur.-ents for descent 
batteries , divide indicator readings by 2 .  

.,., . .  

Noainal open-circuit voltage for each ED battery is 
37. 1  vdc . 

,. � 
I= 
0 
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MAN I PNL I PIOCEDUIES I � REMARKS r 4 . 13.4 .6  EPS Periodic Kaaitori 

� 1. Verify EPS ... ic (Staaed) . l ief para 4 . 13 . 4 . 2 .  
en 
• 2.  Cbec:lt YOltaae oa d-e buaes : '1::1 " IPS :  ' POWD/TIHP 101 sel - CDR IUS 
• YOLTS iad - 26 . S  to 32.5  ... c .. 
.... .....t for LMP JUS • 
"' ... 

11 3 • Cl US :  IllY 1 - cloae ... 

4 .  Cbec:lt vo1tap OD a-c bua : i 14 I IPS :  
POWD/TIHP 101 sel - jC. IUS 
liiVIIlTD - - 1 
VOLTS iad - ar-D bad Green band repreaeots 112 to 118 vac. 0 
tnura • - 2 

� � n VOLTS iad - area baad 
r 

s.  Cbec:lt wltap 6 currot of uceot batteria : t 5 �  14 IPS :  r POWD/rlllr ** eel - BAT S 0 ' 
VOLTS iDd - 28.0 to 32.5  vdc Z w  
AMPS iDd - TID .,. . 

..,..t for IA'f 6. � · 
6.  IPS : fOYD/TIIIP ** .. 1 - CD R  IUS z g 
4.13 . 4 . 7  LCA Dut! C!cle Duri!l Secoada!! Coolant I Thb procedure .uat be perfonted to U.ait total ttaXt- • 

Loop QKrltiOD OD u- of LCA, vith full load, to 45 aiDuta duriq 8 extended periods (45 aiDUtes or aore) of secoadary 
coolant loop operation. � 

CDR I 5 u. LTG : OVIUIDI IIITIGUL • - OR I Overhead floodlightiDI vill be used to provide panel 
11luaiut10D. 

11 1 2 . Cl/1£ IUS I :  HUM LTG - open 

CAIJTl(ll 

Cl/1£ IUS B :  HUM LTG .uat be closed during 

, , uw eqi- burna 6 reDIIeavoua 6 docltiq -.aeuvers . 
It ... t be opened at COIIPletiOD of tbeae 
periode . 

16 3 .  CB LTG : HASTE& ALAIM - close 
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PROCEDURES 

4 . 13 . 4 . 7  LCA Duti Clcle Durina Secondary Coolant 

4 .  

Loop Operation (cont) 

CB LTG : AHUH/DOa/COKPNT - open 
CB LTG : ANUN/DOCl/COHPNT - open 

CAUT·IOM 

If aubayat .. failure occura , MASTER ALARM 
vill be acti�ated. CB LTG : AHUN/DOC�/ 
COHPRT (2) ... t be cloaed ' uceaaary 
correcti�• actioa takea, then circuit 
breU.ra -.t be opeaed. 

4 . 13.4 .8  Luaar Stay Battery Meo•...-nt 

1. Luaar battery oa a»ll bua with battery No. 4 
Cl EPS : CIIOSS TIE I& LOADS - aa required 

EPS : 
POWEll/TEMP t1H1 ael - LUll BAT 
VOLTS ind - 3l .S to 37 . 2  vdc 
AMPS iad - 0 a.p 
C>l IAl' 3 av - OFF/RESET ; tb - bp 
Q)Jl LUIIAa IAl' av - ON ;  tb - CDR 
POWEll/TEMP NOM ael - LMP BUS 
VOLTS ind - 26 .S to 32 .S  vdc 

Repeat for CDI bua . 

2 .  Luaar battery off C>l bua 
EPS :  

POWEll/TEMP - ael - IAT 3 
VOLTS ind - 3l.S to 37 . 2  �de 
AMPS ind - 0 a.p 
C>ll UJIAR IAl' av - OFF /RESET ; tb - bp 
C>ll BAT 3 av - ON ;  tb - gray 
POWEll/TEMP lllN ael - LMP BUS 
VOLTS ind - 26 .S to 32 . S  �c 

Repeat for CD& bua . 
CB EPS : CIIOSS TIE BAl. LOADS - cloae P· LuDar battery oa LHP bua vitb battery lo . 1 
CB EPS : CROSS TIE BAl. LOADS - aa required 

I REMARKS 

I I I 0 
Circuit breaker can be opened or cloaed , dependina oa 0 �  
charge condition of batteriea No . 1 and 2 .  ! �  0 ' Z w  M I 

� i 
z " • I 

I Perfor. thia step if atep 1 opened circuit breaker. 

I Circuit breaker can be opened or cloaed , depending on 
charge condition of batteries No . 3 and 4 .  
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4 . 13 . 4 . 8 Luur Stay Battery Haaaa-.ot (coot) 

EPS : 
POWD./TEHP HOM eel - LUN BAT 
VOLTS iad - ll.S to 37 . 2  vdc 
AMPS iad - 0 up 
UIP BAr 2 .., - OFf /RESET i tb - bp 
UIP LUIIAI BAr .., - 011 ; tb - LKP 
POWD/TDif NOll ael - LHP BUS 
VOLTS iad - 26 .S to 32 . S  vdc 

Repeat for Q)l. bue . 
,.. 

4.  Luur battery off UIP bue 
EPS : 

POWEll/TEMP 11011 ael - BAT 2 
VOLTS lad - Jl.S  to 37 . 2  vdc � 
AMPS iad - 0 -.p 
UIP LUIIAI. BAr 11V - OPP /RESET i tb - bp 
UIP BAT 2 .., - 0111 i tb - aray 
POIID/TDif 11011 eel - UIP BUS 
VOLTS iad - 26 .S to 32 . S  vdc 

llepeat for Q)l. bue . 
CB EPS : ClOSS Til BAL LOADS - cloee Perfora thla a tep if a tep 3 opened circuit breaker. I 

s .  Luur battery Oil CDI. bua aloae 
CB IPS : ClOSS TIE BAL LOADS - u required Circuit breaker can be opened or cloaed . depeadina OD 

charge condition of batteriea Mo. 1 ADd 2 .  

!il �  i '  
z w  : &  
,.. fi • 

IPS : 
POWD/TEHP HOM eel - LUN BAT 
VOLTS iad - Jl .S  to 37 .2  vdc a 
AMPS iad - 0 up 
CDI. BAT 3 .., - OFF /USET ;  tb - bp 
CDI. LUIIAR BAT ev - ON ; tb - CDI. 
CDI. BAr 4 HI V .., - OFF /USET ; tb - bp 
POWD/TIHP HON ael - LHP BUS 
VOLTS iad - 26 .S to 32 .S  vdc 

Repeat for CDR bua . 
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PROCEDURES 

4 . 13 . 4 . 8  Lunar Stay Battery Kanageaent (cont) 

6.  Lunar battery off CDR bua 
EPS : 

POWER/TEMP !«>>I ael - BAT 4 
VOLTS ind - 31 . 5  to 37 . 2  vdc 
AMPS ind - 0 .. p 
CDR BAT 4 HI V av - ON ; tb - gray 
POWER/TEMP HON sel - BAT 3 
VOLTS ind - 31. 5  to 37 . 2  vdc 
AMPS ind - 0 aap 
CDil LuNAR BAT av - OFF /RESET ; tb - bp 
CDil BAT 3 av - ON ; tb - gray 
POWER/TEMP HON ael - LMP BUS 
VOLTS ind - 26 . 5  to 32 . 5  vdc 

Repeat for CDR bus . 
CB EPS : CROSS TIE BAL LOADS - close 

7 .  Luaar battery oa LKP b ua  alone 
CB EPS : CROSS TIE BAL LOADS - aa required 

EPS : 
POWD/'l'P.MP HON ael - LUN BAT 
VOLTS ind - 31 . 5  to 37 . 2  vdc 
AMPS ind - 0 aap 
LKP BAT 2 w - OFF /RESET; tb - bp 
LKP LUNAR BAT 11V - ON ; tb - LKP 
LKP BAT 1 HI V av - OFF /RESET ; tb - bp 
POWER/TEMP HON ael - LHP BUS 
VOLTS ind - 26 . 5  to 32 . 5  vdc 

lepeat for CDR bus . 

8. Lunar �attery off LMP bua 
EPS : 

POWEil/TDIP HON ael - BAT 1 
VOLTS ind - 31 . 5  to 37 . 2  vdc 
AMPS iDd - 0 aap 
LHP BAT 1 HI V av - ON ; tb - gray 
POWEll/TEMP HON ael - BAT 2 
VOLTS ind - 31.5  to 37 . 2  vdc 
AMPS ind - 0 aap 

REMARKS I 
I 

Perfora this step if s tep 5 opened circuit breaker . 

Circuit breaker c:an be open or closed . depending on 
charge condition of batteries No. 3 and 4 .  

� 
� � 5 � 0 '  z w  ._. .  

� · 
5 I 
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PROCEDURES 

4 . 13 . 4 . 8  Lunar S tay Battery Management (cont) 

LHP LUNAR BAT sw - OFF/RESET ; tb - bp 
LHP BAT 2 sw - ON ;  tb - gray 
POWER/TEMP HON sel - LHP BUS 
VOLTS ind - 26 .5  to 32 . 5  vdc 

Repeat for CDR bu. • 

CB EPS : CROSS TIE BAL LOADS - close 

4 • 13. 5 HEATERS STATUS CHECK 

1 .  HT R  CONT : 
TEMP HON sel - LDG RADAR 
TEMP ind - -19• to +148• F 
TEMP HON eel - RCS QUAD 1 ,  
TEMP ind - +119 t o  +190• F 
TEMP HON sel - S BAND 
TEMP ind - -64• to +153• F 
TEMP HON eel - RNDZ RADAR 
TEMP ind - -54• to +148• F 
TEMP HON sel - LDG RADAR 

4 . 13 . 6  SET EVENT TIMER 

1 .  EVNT THR: 
RESET /COUNT sw - RESET 
RESET/COUNT sw - UP or DOWN 
SLEW CONT MIN sw - TENS 
SLEW CONT MIN sw - UNITS 
SLEW CONT SEC av - TENS 
SLEW CONT SEC sw - UNITS 
THR CONT av - START 

4 . 13 . 7 WASTE MANAGEMENT 

WARNING 

I f  germicide pouch is 
accidentially ruptured , 
proceed as follows : 

2 ,  3 ,  & 4 
(each quad) 

REMARKS 

Perform this step if  step 7 opened circuit breaker • 

This procedure is performed before LH/CSM separation 
and during LH manned coasting periods , to verify that 
all heater temperatures are within tolerance . Aasu_,­
tion : All heater circuit breakers are closed . 

Flashing 9 ' s  can be seen as ghost background to normal­
ly displayed numbers if ambient lighting is very low and 
disp lay brightness is at high level .  Flashing-digit con­
dit ion is normal and should not be regarded as aalfunc­
tion indication .  

� 
� � = �  a ;  Z w  
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4 • 13 • 7 WASTE KANAGtltENT ( cont) 

Germicide on LH surface or hardware -
Wipe up with tissue . 

Germicide on crewman 's skin -
Blot with tissue & flush with water .  

Germicide in crew.an ' s  eyes -
Flush with water from water gun & blot 
with tissue . 

Germicide ingested - take high-protein 
food ; do not induce vomiting . 

4 . 13 . 7 . 1  Transfer Urine to D/S Waste Container 
(Prille Mode) 

1 .  Five ain before urine transfer : 
CB HTR: URINE LINE - close 
RTR CONT :  URINE LINE sw - HTR 1 

2 .  ltellove urine receptacle & transfer hose froa 
stowage . 

3 .  Remow protectiw cap an d  plug from urine receptacle , 
and safety cap from transfer hose . 

4 .  Connect urine receptacle to transfer hose .  

5 .  Urine receptacle vlv - open 

6 .  Accomplish task . 

7 .  Urine receptacle vlv - close 

7A. Unstow water dispenser • 

7B . Flush urine receptacle with water • 

REMARKS 

Assumptions : ( 1) Cabin is pressurized and (2)  PGA is 
doffed . 

Prevents freezing of urine . 

Urine receptacle protective cap & plug prevents water, 
residual urine , and odor from entering the cabin 

Waste aanagement tank noainal pressure is 2 .5 psi .  

I f  urine does not flow : 
HTR CONT : URINE LINE sw - HTR 2 and wait 5 ainutea 

� 
� � ; ___ 
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4. 13. 7 . 1  Transfer Urine to D/S Waste Container 

(Pri .. Hode) (coot) 

NOTE 

Do not insert water gun 
into urine receptacle . 

7C . Rotate urine receptacle. 

NOTE 

Blot exceaa water with 
paper towel. 

7D. Urine receptacle vlv - open 

7E. Shake urine receptacle 

7F. Urine receptacle vlv - cloae 

CAUl I (If 

To prevent loaa of 02 fro• c.Oin after 
urine transfer,  uriae receptacle valve 
... t be closed 

7G. Stow water dispenser 

8. Install p rotective cap and plug on urine receptacle . 

9 .  Disconnec t  urine receptacle froa transfer hose . 
10 . Install eafety cap on trans fer hose . 

1 1 .  S t ow  equip!M!nt . 

8 12.  HTR CONT : URINE LINE sw - OFF 
1 1  C B  HTR: URINE LINE - open 

4 . 13 .  7 . 2  Transfer  Urine to  DlS Waste Containe r  
(Alternative Mode) 

1.  Five min before urine trans fer: 

REMARKS 

Urine receptacle protective cap & plug prevents water, 
residual urine , and odor fro• entering the cabin 

AssLDDption : PGA is donned. 

Prevents freezing of urine . 

I 
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4 . 13 . 7 . 2  Trans fer Urine to D/S Waste Container 
(Alternative Hode) (cont) 

11  CB HTR: URINE LINE - close 
8 HTR OONT : URINE LINE sw - HTR 1 

2 .  Remove trans fer hose fro• s towage . 

REMARKS 

I 

I 
I ! ! e 5 �  o ;  Z w  "' &  
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PROCEDURES 

4 . 1 3 . 7 . 2 Transfer Urine to D / S  Waste Container 
(Alternative Mode) {eoot) 

3 .  Remove safety plug from transfer hose • 

4 .  Remove cover from PGA urine transfer connector . 

5 .  Connect trans fer hose t o  PGA urine transfer connector • 

6 .  Monitor flow through urine sight glass • 

7 .  After flow has stopped,  disconnect trans fer hose 
fro. PGA urine transfer connector . 

8 .  Install safety plug into transfer hose . 

9 .  Install cover on PGA urine trans fer connector . 

10 . Stow transfer hose . 

11 . HTR CONT : URINE LINE sv - OFF 
CB HTR: URINE LINE - open 

4 . 1 3 . 7 . 3  Transfer Urine to Saall Urine Collection Assembly 

1 .  

2 .  

CAUTION 

Urine should not be transferred 
until at least 40 .tn after water 
subliaator startup . 

ae.ove ... 11 urine collection assembly from stowage . 

Expose PGA urine transfer connector & attach collection 
assembly to PGA .  

REMARKS 

Waste management tank nominal pressure is 2 . 5  psi .  
I f  urine does not flow: 

HTR CONT: URINE LINE sw - HTR 2 and wait 5 minutes . 

This is backup procedure for use if waste aanag.-ent 
system fails . 
Assumption : Both crewmen are wearing hel.ets and gloves . 

Alternative .ethod of transferring urine from PGA is 
to aanually squeeze fluid fro. UCTA . If this .. thod is 
used , omit steps 3 through 6 .  

i 0 
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4 . 13 . 7 . 3  Transfer Urine to Saall Urine Collection 
Aaaellbly (cont) 

3. SUIT GAS DIVEITER vlv - PULL EGRESS 

CABIN GAS RETURN vlv - EGRESS 
SUIT CIRCUIT RELIEF vlv - CLOSE 
PRESS REG A vlv - DIRECE 02 

ECS : SUIT PRESS 1nd - 0 . 5  to 0 . 75 psia > CABIN PRESS ind 

PRESS REG A vlv - CABIN 

When urine transfer ia coapleted :  
SUIT CIRCUIT RELIEF vlv - AUTO 
CABIN GAS RETURN vlv - AUTO 
SUIT GAS DIVERTER vlv - PUSH CABIN 

Re.ove ... 11 urine collection .. se.bly fro. PGA & 
inatall cap on PGA connector . 

Stow ... 11 urine collection .. eeably. 

4 . 13. 7 . 4  Eaesis Disposal 

1 .  

2 .  1 3 . 

1 4 .  

I s . 

Remove fecal/eaesis (F/E) bag from stowage . 

Open ger.icide pouch 6 insert into inner F/E bag . 

CB ECS :  CABIN REPRESS - close 
CABIN REPRESS vlv - AUTO 
PRESS REG A vlv - CABIN 
PRESS REG B vlv - CABIN 

Doff het.et & gloves . 

SUIT ISOL vlv - SUIT DISC 

REMARKS 

Sequence in steps 3 and 6 should be perfor.ed as given • 

I f  sequence is changed , suit fan aay stall and water 
separator aay slow down , causing : 

MASTER ALARM - on 
ECS caut lt - on 
SUIT FAN coap caut lt - on 
H20 SF.P coap caut lt - on 

PRESS REG B vlv can be used in lieu of PRESS REG A vlv . 

Assumptions : (1)  Cabin is pressurized and (2)  Steps 3 ,  
4 ,  5 ,  7 ,  and 8 must b e  performed i f  PGA is donned . 

Unstaged vehicle only . 

I 0 
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ECS 

4 . 13 . 7 . 4  �sis Disposal (coot) 

6 .  Perform task 

1 7 .  SUIT ISOL vlv - SUIT FLOW 

8 .  Don he!Net & gloves . 

9 . Seal inne r F/E bag . 

10 . Insert inner F/E bag into outer F/E bag & seal . 

11 .  S t ow  outer F/E bag . 

4 . 13 . 7 . 5  Deleted 

4 . 13 . 7 . 6  Defecation Disposal 

1 .  Remove defecation device fro• stowage . 

2 • Insert inner bag 1n to unit • 

3 .  Open germicide pouch & insert into inner F/E bag .  

4 .  Perform task . 

5 .  Seal inner bag. 

6 .  Place inner bag into outer F/E bag & seal outer bag . 

7 .  Knead contents . 

8 .  S t ow  bag . 

4 . 13 .  8 INSTALLATION OF 16-Ki SE�ENCE CAMERA WEJ>GE 

1 .  Re.ove 16- c-ra fr0111 window 1110unt .  

2 .  

3 .  

4 .  

Remove wedge fr011 16-- camera bag in  RHSS C ;  stow bag in 
�aidsection . 

Install wedge on window ..aun t .  

Reinstall camera . 

REMARKS 

Assumptions : (1)  Cab in is pressurized & ( 2 )  PGA is 
doffed . 

Germicide pouch is inserted before performing taak 
for defecation .  

I 0 
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4 . 1 3 . 9  WINDOW SHADES ( CDR , L� , & DOCKING) 

4 . 1 3 . 9 . 1 Deploy Shades 

1 .  Pull shade fro� con tainer & unroll (window cove red) . 

2 .  Tack Velcro . 

4 . 13 . 9 . 2  S tow Sh ad es 

1 .  Untack Velcro .  

2 .  Guide shade to stowed position (window uncovered ) .  

4 . 1 3 . 10 CRASH BAR DEPLOYMENT 

4 . 1 3 . 10 . 1 Unstow Crash Bar 

1 .  Release crash bar from stowage bracket & swive l out & 
up across window. 

2 .  Lock bar into upper bracket . 

4 . 1 3 . 10 . 2 .  Stow Crash Bar 

1 .  Re.ove crash bar from upper bracket & swivel ou t  
& down . 

2 .  Lock bar into stowage bracket . 

REMARKS 

Shades must be deployed during unmanned phases o f  
miss ion . Dur ing manned periods , shade pos i t ion is at 
discretion of crew .  

P rocedure t o  be used before all engine burns and all 
lunar-surface cabin act ivity . 
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LH 3231 

=·1 PNL I PIOCEDUIES 

4 . 14 Dn'RAV!RlOJLAR OPERATIONS 

4 . 14 . 1  INITW. INTRAV!HICULAR TRANSP!R TO I}{ 

1 .  Perfon Open OVerhead Hatch (CSH Side) procedure .  

2.  

3 .  

4 .  

5 .  

6. 

7 .  

8.  

Verify that LK cabin overhead floodlilhts are on with 
hatch opeD . 

Read relative roll indication on dockins ring & transmit 
readiq to CSH. 

!llter LK cabin , head first & facing fonrard . 

Maneuver into cabin above -cent engine cover , grasp 
-eiat bar fonrard of hatch fittins in LH ceiling , pull 
aelf into cabin & walk backward down open hatch , aacent 
engine cover , & aidaection bulkhead until feet are on 
cabin f loor . Stow window shadea (3) as required . 

DES 820 vlv - OPEN 

Unatow water dispenser to check that there is DO water 
leaka&e , then atow. 

OVerhead floodli&hta - adjost for forward illuaination 

9.  Reaove utility lights fraa intert. stovase ass .. bly & 
place in operational locations. 

10 . Reaove interia stowage asse.bly from front panel & 
place over PLSS in recharge station . 

11 . Unstow checklist & DEDA desk; place checklist on desk . 

REMARKS 

Assumptions : ( 1) Docking tunnel is clear ; (2) CSK, LH ,  
and docking tunnel are pressurized ; and ( 3 )  transfer 
uabilical is connected to PGA . 

Only one crew.an at a tiae can truaafer , becauae there 
is only one transfer uabilical . 

Ref para 4 . 14 . 10 • 
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PROCEDURES REMARKS 

INITIAL INTRAVEHICULAR TRANSFER ro U! (con t )  

·" "' 
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CDR 

3 11 2 .  

CAUTION 

Do not exceed 14 . 4-amp power l imitation 
through cmt/LH electrical umbilicals • 

Ltr. : FLOOD sw - ALL 
EXTERIOR LTr. sw - OFF 

' 13 . Unstov mirror & mount on panel 4 .  I Hirror is used to assist in securing restraints to PGA. 

14.  Attach inboard restraint cables to PGA. I Use restraint s ,  as required during f l ight . 

1 5 .  Hove mirror t o  panel 16.  I Hirror mounts on panels 4, 11 , and 16 are to be used as 

4 . 14 . 2  INTRAVF.HICULAR TRANSFER TO U! (SECONn CREWrtAN) 

1 .  Enter LH cabin, head first & facing forward . 

2 .  t�neuver into cabin above ascent engine cover , grasp 
ass ist bar forward of hatch fitting in LH ceiling, pull 
self into cabin & walk backward dovn open ha tch , ascent 
engine cover , & midsection bulkhead unt il feet are on 
cabin floor . 

3 .  Stand i n  flight station ,  face forward , & attach restraints . 

required during fligh t .  

4 . 14 . 3 PREPARE FOR LH-m-c!N TRANSFER ! Assumptions : (1) Equipment transfer to CSM, if required , 
must be accomplished before connection to transfer 
umbilical , and (2) PGA is donned . 

1 .  Verify that emf has pressurized docking tunnel .  

2 .  Cabin relief & dump vlv (ovhd) - OPEN 

3 .  Overhead hatch - UNLOCK , open, & secure to ascent engine 
cover 

4 .  Verify that tunnel i s  c l ear . 

I f  vacuum transfer is required , omit steps 1 and 2 .  

If probe and drogue are in tunnel ,  crew must reaove and 
stow. Cmt crewman nay connect  CSM/LH electrical umbil­
ical during this time. LH crewman may reach transfer 
umbilical stowage himself . 

II 
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1 4 . 14 .3 PREPARE POl LH-TG-CSH TRANSFER �coat� 

S.  Receive traoafer u.bilieal fro• CSH. 

16 . Verify that 02 is aot flowing in tranafer uabilical • 

p. Reaove plup froa PGA 02 eollftecton & atow.  

I '· CGDUct traufer u.bilical 02 haeee to PGA . inlet 
to inlet (blue to blue) , outlet to outlet ( red to red) . 

9 .  Request CSM to ,.rify no tranafer u.bilical suit power. 

10 . CC»>t: TLM BICJIED sv - OFF or LEYr 
or 
(1)11(: TLM llmmD av - OPP or RIGHT 

16 Ill .  Cl COtlt: S E  AUDIO - opeD 
or 
Cl eotlt: CDR AUDIO - open 

12 . Discoaaect LM � cable froa PGA & connect tranafer 
u.bilical caaa cable to PGA. 

13. Sipal CSM to 11pply tranefer Ullb ilieal auit power . 

14 . Request CSH to atart 02 flow through trana fer u.bilical . 

ECS 1 15 .  SUIT ISOL vlv (LHP) - SUIT DISC 
or 

CDR I I SUIT ISOL vlv (CDR) - SUIT DISC 

16 . Verify 02 flow to PGA through tranafer uab i lical . 

17. Diaconnect LM Ullbilieal 02 hoaea froa PGA. 

18 . Reaove plugs froa stowage & place in PGA. 

19 . Stow lJf uab iUcal . 

I REMARKS 

I Steps 10 and 11 are perforaed to ensure that crevaan 
caaaunicationa cable is not powered . 

S tep 11 resulta in lo88 of eo�caUona . 

Th is constitute& co.auaicationa check via tranafer 
Ullbilical caa.unicatioae cable . 
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lciEW·I PNL 1 PIOCEDUIES MAN 
4. 14 . 4  INTRAVEHICUI.AR TRANSFER TO CSU � ILKP 1. Unstow & install interim stowage assembly over panels 

1 & 2 .  en 
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2 .  Overhead floodlights - rotate aft 
Deploy villd011 ahaclea ( 3) if prerloudy at011ed • 

ECS 1 3. OES H20 vlv - CLOSE 

ECS 

4. Release hatch fro. ascent engine cover . 

5.  Cabin relief & dump vlv (ovhd) - AUTO 

6. Perform Close OVerhead Hatch (CSH Side) procedure . 

4. 14. 5 ENABLE LH CABIN REPRESSURIZATION STSTEH 

NOTE 

This procedure enables LH ECS to 
operate in conjunction vith CH 
ECS in event of cabin puncture 
(loas of cabin pressure) vhile 
vehicles are docked , pressurized , 
& tunnel hatches are open. 

1 .  DES 02 vlv - OPEN 

2 .  

CAUTION 

Rapid avitching of CABIN REPRESS vlv 
fro. AUTO to CLOSE, or CLOSE to AUTO, 
causes loud bang. This does not damaRe 
valve . To change CABIN REPRESS vlv 
position, smooth, slow IIIOVement is 
reco-nded . 

CABIN REPRESS vlv - AUTO 

16 1 3 . CB ECS :  CABIN REPRESS - close 

II 

IEMAIKS 

Ref para 4 . 14 . 12 .  

Assuaptions : (1) Initial Intravehicular Transfer to LM 
(para 4 . 14 . 1) has been performed and (2)  LK PRESS REG A 
and B v1v - CLOSE. 
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r i<- r=l PNL I PIIOCEDUIH I I 1 4 . 14 . 6 DISABLE LH CABIN UPRESSURIZATION SYSTEM 
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ECS 1 1 .  DES 02 •1• - CLOSE 

16 

CAUTION 

Rapid 8Vitch1D& of CABIN UPIESS •lv 
fro. A111'0 to CLOSE • or CLOSE to AtrrO • 

ca .... loud ban&. lh1• doea DOt cia8a&e 
valva . To chanp CABIN REPRESS Yh 
poaitioa, aaooth ,  a lov aow•at ia 
n�DUd. 

2 .  CABIN IEPIESS YlY - CLOSE 

3.  Cl ECS : CABIN UPUSS - opea 

4 . 14. 7 CIHfECT to Ul ECS ' OOJHJNICATI(IfS 

CAUTION 

Cl COHK: SE AUDIO auat be c1oaed 
to tr-.ait Clll VHF A aDd/or operate 
DSIA. Cl -t be opeaed vh• UIP 
coaaecta or ducoanecta LH � 
cable ' COtM: Tl.M BIOHED ., - OFF 
or Lll'T . 

Cl COtlt: CDR ADDIO -t be cloaed 
to traa.ait 9Dice ao VHF I. CB 
-t be op11118d vhea CDR coaaecu 
or ducoaaecta Ul co.. cable ' 
COlli: Tl.M JIOHED av - OFF or RIGHT . 

1 .  Uaataw LM u.bilical . 

2 .  Verify that PCA 02 coanectora clear. 

3 .  CGGDect 02 hoe• to PGA 02 coonectora ,  inlet to  
ialet (blue to blue) , outlet to  outlet (red to red) . 

ECS I 4 . SUIT ISOL vlv (LMP) - SUIT FLOW 
or 
SUIT ISOL Ylv (CDR) - SUIT FLOW 

REMARKS 
Procedure to be-perfOraed &}'Lut crf!WIIan leaviq LM. 

AaaUIIptiou : (1)  LM ECS and c�icatioaa are coafi&­
ured to aupport crewaan, (2)  procedure to be uaed at ..., 
tiae other than initial eatry ,  and (3) p rocedure 1a •ed 
for preaauriaed or clepreaaurbed cabia. 
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icREW·I PNL MAN PROCEDURES 

4 . 14 . 7  CONNECT TO LH ECS & OOHHUNICATIONS (cont) 
5 .  Ter.inate flow froa PLSS or CSH. 6 . Verify 02 flow to  PGA fr011 LH ARS .  

7 .  Verify : e. 
� ILMP 12 00!9!: n.H BIOHED ., - OFF or LEPT 

or 

§ r· 00!9!: TLH BIOMED ., - OFF or RIGHT 

8. Verify : 
16 I CB 00!9!: SE AUDIO - open 

or 

I 
n 
:r 
D 
:a 

C) 
• 

i 
it 

I 

., 
D '
� I ... 
• 
I 

.., 

LMP 

CDR 

LMP 

CDR 

11 I CB 00!9!: CDR AUDIO - open 

RCU 1 9 .  EVC-1 (IVC-2) PI)DE SEL ., - 0 
or 
Request CSH to re.owe c� cable power & verify noise 
level chaap in headset . 

10 . Diacoaneet PLSS or CSH co.. cab le froa PGA. 

16 I ll . CODDect LM eo.. cable to PGA. 

11 1 12 .  CB 00!11: SE AUDIO - cloae 
or 
CB 00!9!: CDR AUDIO - cloae 

CDR/ I 1 13. Diacoaaeet PLSS or CSH 02 hoses . 
Ul' 

I 

14 , UutCIII LCG 820 u.bilical . 

15. Verify that PGA �ltiple water connectiao is clear. 

r6· 16 17 • 

CAUTION 

Do aot coaaeet LM LCG 820 a.bilieal to PGA 
if LCG accwnalator bob v• found to be 
botto.ed during Initial Entry status checlr. • 

Connect LCG 820 u.bilical to PGA connector. 

CB !CS : LCG PUMP - clo8e (u required) 

REMARKS 

leJMJVes c-i cations power fr011 PLSS c.tl le . 

Re•ows co..unications power fr011 tranafer Wlbilical . 
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4 . 14 . 8  D ISCONNECT FROM LH ECS & COMMUNICATIONS 

1 .  

2 .  

3. 

ICS 1 4 . 

CAUTION 

CB COHN: SE AUDIO .u.t be cla.ed to 
traullit oo VHF A asd/or operate 
DSEA . CB -t be opened when LHP 
cODDecta or diacODDecta LM ca.. 
cable & CO*: TLH BIOtmD av - orr 
or LEn • 

CB CO!It: CDI. AUDIO _.t be cla.ed 
to trauait voice OD VHF B. CB -t 
be opened when CDR comaecta or dia­
cODDecta LM co.a cable & COttf : TLH 
BIOMED av - orr or RIGHT . 

Verify that PCA 02 coaaectora clear. 

Cooaect PLSS (or CSH) 02 ha.• to PGA 02 coaDectora 1 
iDlet to inlet (bl• to blue) 1 outlet to outlet (red 
to red) . 

Initiate flow fro. FLSS (or CSH) 

SUIT ISOL YlY (LMP) - SUIT DISC ; '"rify flow froa PLSS 
(or CSH) 
or 
SUIT ISOL vlv (CDR) - SUIT DISC ; ... rify flow fr011 PLSS 
(or CSH) 

5 .  DiecGilllect LH 0 2  ha.ea f r011 PGA. 

RCU 1 6 . 

12 I 7 .  

16 1 8 . 

11 

EVC-1 (IVC-2) 'I>DE SEL av - 0 
or 
Request CSH to re110ve c- cable power & veri fy noise 
level chana• in headaet. 

CO�: TLH BIOHED sw - OFF or LEFT 
or 
COHH: TLH BIOHED aw - OFF or RIGHT 

CB COHH: SE AUDIO - open 
or 
CB COfolof: CDR AUDIO - open 

REMARKS 

Assu.ptions : ( 1) Each crewaan is in posit ion to observe 
and assis t  other crew.an and (2)  p rocedure ia used for 
preaaurized or depreasurized cabin . 

Reaoves c�nications power from PLSS cable . 

Reaoves co .. unications power from trans fer u.b ilical . 
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4 . 14 . 9 OPEH OVERHEAD HATCH (LM SIDE) 

1 .  Grasp hatch handle & puah . 

2 .  Rotate handle counterclockwise to UNLOCl & pull hatch open . 

3 .  Cabin relief & dUIIp dv (crvhd) - AUTO 

4 .  Guide batch t o  aacent en1ioe cower. 

5 .  Latch hatch flao1e t o  ascent-engine-cover fitting to 
secure hatch open. 

4 . 14 . 10 OPEN OVERHEAD HATCH (CSM SIDE) 

1 .  

2 .  

3.  

4.  

5 .  

Cabin relief & duap vlY (crvhd) - PULL TO DUMP 

Grasp hatch handle & pull. 

Rotate handle clockwise to UNLOCl. 

Open hatch & guide inward to LM ascent engine cover.  

Puah hatch so that hatch flange latches to ascent-engine­
cover fitting . 

REMARKS 

To be perforaed before last crewwan disconnects fro. LCG 
H20 Ullllb ilicals . 

Aasu.ptions : (1) CSH has pressurized dockiDI tunnel and 
( 2 )  Tunnel Pressure Equalization Fro• LH procedure (para 
4 . 14 . 17) has been perforaed , 

CSM must veri fy docking-tunnel and LH-cabtn pressure 
equalization. 

External handle of cabin relief and duap vlv ( ovhd) is 
spring loaded to allow return to autoaatic , when released. 
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il I 1 4. 14 . 11 CLOSE OVIllBIAD HATCH (LH S IDE) 
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1 .  UDlatch hatch flanae froa •cent-enaine-cover fi ttina . 

2 .  Guide hatch to cl011ed poeition. 

3. Grup handle & push • 

4. Rotate handle clodtvbe to LOCK • 

5 .  Verify that handle popa out o f  detent , thea release . 

6 .  c•1n relief 6 du.p Yh (ovhd) - AUTO 

4 . 14 . 12 CLOSE OVDIIIAD HATCH (CSH SIDE) 

1 .  Unlatch hatch flaae fr011 •c:eat-eacine-cover f1 ttiaa . 

2 .  C-ia relief & du.p Yh (ovhd) - AUTO 

3.  Eater LM/CSH tuanel , feet firs t .  

4 .  Crap hatch handle & auide hatch t o  cloaed position. 

S .  Pull handle & rotate counterclockwise to LOCl .  

6 .  Verify that handle po� out of detent , thea release . 

4 . 14 .13 INSTAU. D&OGOE (LM SIDE) 

1.  Verify that droaue support-locltiaa fitting is  i n  unlocked 
poeitioa . 

2 .  Request CHP to pus droaue through tunnel .  

l .  Recehe drogue & arup b y  handles . 

4 .  Align drogue lugs vith LH d rogue support-fit ting r.-pa • 

REMARKS 

Leftr parallel to LH Y-Z plane and rotated cloclr.wiae 
against t\mnel vall .  

• fittina . I•� 5 .  Push droaue toward CSH until drogue lugs engage support 

� 6 .  Rotate droaue clockwise through full t rave l .  ull t rave l i s  approximately s• . 
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MAN I PNL I PROCEDURES 

4 , 14 . 1 3 INSTALL DROGUE (LH SIDE) (cont ) 

7 .  Lock drogue in p lace b y  rotating lever counterc lockwis e ,  
perpendicular to  tunnel wal l , then rotating lever parallel to LH X-axis • 

4 , 14 . 14 INSTALL DROGUE (CSH S IDE) 

1. Verify that drogue support-lockinR fittin� is in unlocked 
position . 

2 .  Re trieve drogue from stowage 

3. Insert drogue into tunnel past drogue support fittings , 
using drogue handles to control movement through tunnel . 

4. Rotate drogue 180• & grasp drogue forward edge with both 
hands . 

5 .  A lign drogue lugs with LH drogue support-fi tting ramps . 

6 .  Pull drogue toward CSH unt i l  lugs engage support fittings . 

7 .  Rotate drogue counterclockwise through full traYe l .  

8. Lock drogue in p lace by rotating lever clockwise per­
pendicular to tunnel wall & push into detent . 

4 . 14 . 1 5  REMOVE DROGUE (LM S IDE) 

1.  Unlock drogue by rotating lever upward & parallel to 
LM Y-Z plane; rotate c lockwise against tunnel val l .  

2 .  Grasp drogue handles & rotate drogue counterclockwis e  
through full trave l .  

3 .  Pull drogue un t i l  lugs disengage fr011 support f1 ttings • 

REMARKS 

Lever out of detent and rotated counterclockwise against 
tunnel wal l .  

Full travel is approximately s• . 

Full travel is approximately s • . 

4 .  Rotate drogue so that CMP can grasp drogue handles & pull I Ass UIIIP tion: CHP is in position to assis t  LH crewman . 
drogue into CSM . 
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4 .14 . 16 REMOVE DROGUE (CSH S IDE) 

1 .  Plll.l drope locltiq lev.r out of detent & rotate couater­
cloc:kvi8e to t-•1 vall • 

2 .  Grup dropae forward edge vith both haada & rotate 
clocltviae throup full trawl • 

3 .  P•h drop�e ta��ard LH until lup haw disenaapd fr011 
droaue aupport fittiaaa • 

4 .  Rotate dropae 110• & arup both drope haadles . 

S .  Guide droa- throuah tuaael into CSH . 

4 . 14 .17  TUNNEL PRES SUU !!JALIZATICXf FROM LH 

ICS 1 1 .  

2 .  

3 .  

PRESS REG A Yl, - EGRESS 
PUSS UG I Yh - ICUSS 

SUIT CAS DIYDTIR Yh - PULL !CUSS 

Cabia nlief & d._, Yh (owhd) - OPEN 

4 . 14.18 TaBL PIISSOUZA'liCII PIOI Ul, VITJI)Of USDG Ul 
CCJa1ltAIUS 

BCS 1 1 .  PRESS REG A vlY - EGRESS 
PRESS REG B Ylv - !GRESS 

2 .  SUIT GAS DIVERTER vb - PULL EGRESS 

3 .  Cabin relief & dUIIp vlv (ovhd) - OPEN 

2 1 4 .  ECS: CABIN PRESS ind - approx 4 .6 ps ia 

REMARKS 

Full travel is approxt .. tely s • .  

Prevents LH fr011 supplying oxygen t o  both LH aoc:l CSH 
while interconaecting tunnel ia open. 

This is backup p rocedure . Preasurization of tunnel is 
ooraally CSH task . 

Aasu.p tion: ECS Bas ic (Unstaged) . 

Prewnts LH fro• supplying oxygen to both LH and CSH 
wh ile interconnecting tunnel is open . 

Cabin pressure will decrease approximat ely 0 . 2  ps ia , 
based on following : ( 1 )  LH free voluae - 235 cu f t ,  
(2 )  comb ined docking tunnel volume - 1 1 . 5  c u  ft , and 
(3) ini tial LH pressure - 4 . 8  ps ia . 
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lcREW·I PNL MAN PROCEDURES 

4 . 14 . 1 8 TUNNEL PRESSURIZATION FROM LM WITHOUT US ING LM 
CONSUHABLES ( cont) 

4 . 14 . 19 TUNNEL PRESSURIZATION FROM LM, USING LM CONSUKABLES 

I 00' I ECS 1 1 . PRESS REG A vlv - EGRESS 
PRESS REG B vlv - EGRESS 

I I ECS 1 2 . 

3 .  

2 I 4 .  

EC S  I 5 .  

SUIT GAS DIVERTER vlv - PULL EGRESS 
CABIN GAS RETUJUf vlv - AUTO 

Cabin re lief & d.., vlv (ovhd) - OPEN 

EC S :  CABIN PRESS ind - approx 4 . 4  psia 

CAUTION 

Rapid switch ing of CABIN REPRESS vlv fra. 
AtrrO to CLOS E .  or CLOSE to AUTO . causes 
loud bang . This does not damage val� . 
To change CABIN REPRESS vlv position . s110oth 0 
slow .,�-nt is recmaended .  

CABIN REPRESS vlv - MANUAL unt i l  ECS:  CABIN PRESS ind -
S .O psia . then - CLOSE 

REMARKS 

CSM .us t equali ze p ressure with tunnel at 4 . 6  p s i a .  Final 
p ressure decay will be funct ion of how long LH maintains 
tunnel pressure . Initial tunne l leakage (during i nitial 
seal latching) is 0 . 2S lb /hr at 5 ps is . Afte r  completion 
of final seal latch ing, leakage is 0 . 1  lb/hr at 5 psis • 

Th is is backup procedure . Pressurizat ion of tunnel is 
no�lly CSM task . 

Ass�tions : ( 1) ECS Basic (S taged) , (2)  ascent oxygen 
tanks No.  1 and 2 have sufficient usable oxygen remaining 
and ( 3) this is las t pressurization before crew transfer 
and LH jettison . 

Cabin pressure will decrease approxiaately 0 . 2 paia.  
based on following : ( 1 )  LH free volaae - 235 cu ft .  
( 2 )  ca.b ined docking tunnel volu.e - 11 . 5  cu f t .  and 
( 3) ini tial LH press ure - 4 . 8  psia, 
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4 . 14 .20 VACUUM BRUSH OPERATION 

1 .  lecehe vacuua bruah equip•nt fr011 C SH  • 

... IQ .... ... 

lJIP ECS 1 2 .  SUIT GA S  DIVERTER vlv - PULL EGRESS 
CABIN GAS RETURN vlv - EGRESS 

CDR, 
UIP 

LHP 

CDR 

n I CDR/ 
8" lJIP 
:ll 

G 
• 

! 

-v 
a 

G " 
• 
.... • I ... 
• 

I CDR 

I lJIP 

CDR , 
LHP 

lJIP 

SUIT CIRCUIT RELIEF vlv - CLOSE 

3.  Discoaaect red 02 ho.e fr011 PGA . 

4 .  Connect red hose to 0 2  u.bilical interconnect . 

,5 .  CCIIUlect red hose to vacuua. 

� - Vac.- equiw-ot • necessary . 

7 .  Discoaaect vacuua froa hose -..d s tow. 

8. Disconnect ho.e fro• 02 u.bilical interconnect . 

� .  Connect re d  02 ho.e to PGA . 

10 . SUIT CIRCUIT RELIEF vlv - AUTO 

REMARKS 

Assumptions : ( 1) LH ascent stage docked with CSH after 
lunar launch , (2) LH/CSH docking hatches are open and 
twmel is clear, and (3) crew have doffed hel•ts and 
gloves . 
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PARA 

4 . 15 
4 . 15 . 1  
4 . 15 . 1 . 1  
4 . 15 . 1 . 2  
4 . 15 . 1 . 3  
4 . 15 . 1 . 4  
4 . 15 . 1 . 5  
4 . 15 . 1 . 6  
4 . 15 . 1 . 7 
4 . 15 . 1 . 8  
4 . 15 . 1 . 9 
4 . 15 . 1 . 10 
4 . 15 . 1 . 11 
4 . 15 . 1 . 12 
4 . 15 . 1 . 13 
4 . 15 . 1 . 14 
4 . 15 . 1 . 15 
4 . 15 . 1 . 16 
4 . 15 . 1 . 16 .  1 
4 . 15 . 1 . 16 . 2  

4 . 15 . 1 . 17 
4 . 15 . 1 . 18 
4 . 15 . 1 . 19 
4 . 15 . 1 . 19 . 1  
4 .  15 . 1 . 19 .  2 
4 . 15 . 1 .  20 
4 . 15 . 1 . 21 
4 . 15 . 2  
4 . 15 . 2 . 1  
4. 15 . 2 . 1 . 1  
4 . 15 .  2 . 1 .  2 
4 . 15 . 2 . 1 .  3 
4 . 15 . 2  . 1 . 4  
4 . 15 .  2 . 1 .  5 
4 . 15 . 2 . 1 . 6  
4 . 15 . 2 . 1 . 7 
4 . 15 . 2 . 2  
4 . 15 . 2 . 3  
4 . 15 . 2 . 3 . 1  
4 . 15 . 2 . 3 . 2  
4 . 15 . 2 . 3 . 3 
4 . 15 . 2 . 3 .4  
4 . 15 . 2 . 3 . 5  
4 . 15 . 2 . 4  
4 . 15 . 2 . 5  
4 . 15 . 2 . 6 

Boaic Date 26 September 1971 

LMA790.1-LM 
APOLLO OPIIATIONS HANHOOK . 

Lunar Stay Operations 
Cabin Operations 

TITLE 

EPS .Check , Poet-Lunar-Landing • 

Lunar Stay Subsystems Check • 

Open Forward Hatch (Cabin Side) • 

Open Forward Hatch (Outside) 
Close Forward Hatch (Cabin Side) 
Close Forward Hatch (Outaide) • • 

ARS Purge (EVA Preparation) • • • 

Subsystem Configuration for EVA Preparation • 

PLSS/EVCS Electrical Checkout , Two-Han EVA 
PLSS /EVCS Electrical Checkout , One-Man EVA 
Final Subsystems Configuration for Egress • • 

ECS Status (Two Hen on Lunar Surface) • • • • 

Post-EVA Final Subsystems Configuration • • • 

Cooling H20 Changeover ,  PLSS H20 to LM H20 (LCC) 
Cooling H20 Changeover ,  LH H20 (LCC) to PLSS H20 
PLSS Recharge • • • • • • • • • • • • • • • • • • • 

Oxygen Recharge • • • • • • • • • • • • • • • • • 

Feedwater Reservoir and Auxiliary Tank Recharge , 
Gravity Environment • • • • • • • 

Raise EVA Antenna 
Stow EVA Antenna 
Sleep Station • • • • 

Deploy Sleep Station 
Stow Sleep Station 
Buddy Umbilical Stowage Bag Removal • 

PCA Protective Stowage 
Extravehicular Activity 
MESA Operations • • • • • 

MESA Remote Deployment 
MESA Manual Deployment 
MESA Height Adjustment 
MESA Exterior Blanket Removal • • 

TV Camera Deployment 
MESA Equipment Handling and Transfer 
SRC Removal • . • 

LRV Deployment • • • • 

ALSEP Operations • • • • 

Open Scientific Equipment ( SEQ) Bay • 

Pallet Assembly Remote Deployment • 

Pallet Aaaembly Manual Deployment 
Pallet Assembly Manual Deployment in Low Attitude 
Removal of RTC Fuel Element • • • • • • • • 

Deleted . • • • • • . • • . • • . 

TV Camera Operation • • • • • • • 

Lunar Launch Contingency Stowage 

Change Date -----

PACE 

4 . 15-2 
4 . 15-2 
4 . 15-2 
4 . 15- 3 
4 . 15-13 
4 . 15-13 
4 . 15-13 
4 . 15-14 
4 . 15-14 
4 . 15-15 
4 . 15-17 
4 . 15-20 
4 . 15-23 
4 . 15-24 
4 . 15-26A 
4 . 15-28 
4 . 15-28 
4 . 15-28 
4 . 15-28 

4 . 15-29 
4 . 15-32 
4 . 15-32 
4 . 15-32 
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4 . 15-33 
4 . 15- 34 
4 . 15- 34 
4 . 15-34 
4 . 15-34 
4 . 15-34 
4 . 15-35 
4 . 15-35 
4 . 15- 35 
4 . 15-36 
4 . 15-36 
4 . 15-37 
4 . 15-37 
4 . 15-37 
4 . 15- 37 
4 . 15-38 
4 . 15-39 
4 . 15-40 
4 . 15-41 
4 . 15-42 
4 . 15-42 
4 . 15-42 
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CDR 

LMP 

CDR 

LMP 

......... 

4 , 1S LUNAR STAY OPERATIONS 

4 . 1S . l  CABIN OPERATIONS 

4 . 1S . l . l  EPS Check, Poet-Lunar-Landing 

11 I 1 .  

1 6  I 2 .  

1 4  I 3 .  

4 .  

1 1  I s.  

16 I 6 .  

1 4  I 7 .  

1 1  1 a .  

CB EPS : ASC ECA CONT - close 

CB EPS : ASC ECA CONT - close 

Re.ove ascent batteries from line : 
EPS : 

BAT S NORMAL LHP PEED aw - OFF/RESET ; tb - bp 
BAT 6 NORMAL CDR PEED aw - OFF/RESET ; tb - bp 

Check voltage & current of descent batteries : 
EPS : 

POWER/TEMP fi>N eel - BAT 1 
VOLTS ind - 28 . 0  to 32 . S  vdc 
AMPS ind - TBD 

Repeat for BAT 2 ,  3 ,  & 4 .  

C B  EPS : 
CROSS TIE BAL LOADS - close 
ASC ECA CONT - open 

CB EPS : 
ASC ECA CONT - open 
CROSS TIE BAL LOADS - close 

Check a-c voltage froa inverter No. 1 :  
EPS : 

POWER/TEMP HON eel - AC BUS 
INVERTER aw - 1 
VOLTS tnd - green band 
INVERTER aw - 2 
VOLTS ind - green band 
POWER/TEMP HON eel - CDR BUS 

CB EPS : INV 1 - open 

REMARKS 

This task should be perfor.ed soon after any DPS burn 
during which ascent batteries were in parallel with 
descent batteries. 

Verify load-sharing of descent batteries . 
To obtain proper current ... aure.ent for deacent 
batteriea , divide indicated reading by 2 .  

Green band represents 112 to 118 volts ac • 
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PROCEDURES 

4 , 15 . 1 . 2  Lunar S t!! Subsystems Check 

1. All cb ' s  open , ellcept : 
CB/AC BUS B :  

SE WIND HTR - as required 
He/PQGS PROPUL DISP - close 
S BD ANT - clos e 
NUH LTG - c:los e 
BUS TIE INV 2 - c lose 
BUS TIE INV 1 - c lose 

CB/AC BUS A :  
BUS TIE INV 2 - close 
BUS TIE INV 1 - close 
AC BUS VOLT - close 
CDR WIND HTR - • required 
TAPE RCDR - close 
INTGL LTG - close 

CB ft.T DISP : KSN THR - close 
CB HTR: 

URINE LINE - M required 
RNDZ RDR STBY - close 
DOCK WINDOW - as required 

CB INST : SIC CONDR 1 - close 
CB S /C :  

ABORT STAGE - c lose 
IJCA (PGNS ) - close 

CB LTC :  
UTIL - c lose 
ANUN /DOCK/COHPNT - close 

CB HTR RCS SYS A/B 1 :  
QUAD 4 - close 
QUAD 3 - close 
QUAD 2 - close 
QUAD 1 - close 

CB ECS : 
SUIT FAN 1 - close 
GLYCOL PUMP 2 - close 
GLYCOL PUMP 1 - close 
GLYCOL PUMP AUTO TRNFR - close 

CB COM'f : 
UP DATA LIN)( - close 
SEC S BD XHT R/RCVR - close 

REMARKS 

Assumptions : ( 1 )  This check occurs after DPS venting of 
heliu. and prope llant and ( 2 )  CSM is not in LOS . 

When crew is wmi toring windows and c.a detect fogging , 
heater operation is at crew dis cretion (use if condensa­
tion is noticed) . When crew is not monitoring windows 
(sleep periods ) ,  window heaters are requi red to prevent 
condens ation on windows if sun is less than 2o· angle to 
window . (Solar angle with respect to LH coordinate 
sys te- can be dete rllined by KSFN with ai d of nru gillbal 
angles , )  

I f  abort stage function is required,  CB ED: LOGIC PWR A 
and B .us t be closed. (They are kept open to lliniair.e 
current drain on batteries . )  
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4 . 15 . 1 . 2  Lunar Stay Subsystems Check (can t )  

8 1  2 .  

.. .... _ 

SEC S BD PWR AMPL - close 
VHF B XHTR - close 
VHF A RCVR - close 
CDR AUDIO - c lose 

CD PGNS : 
LGC/DSKY - close 
IMU STBY - close 

CB EPS : 
BAT FEED TIE ( 2) - close 
CROSS TIE BAL LOADS - close 
XLUNAR BUS TIE - close 
DES ECA CONT - close 
DES ECA - close 
ASC ECA - close 
DC BUS VOLT - c lose 

Verify cb atatua per Lunar Stay Subsystems Check . 

DES PROPUL : 
FUEL VENT sw - center ; tb - bp 
OXID VF� sw - center ; tb - bp 

HTR CONT : 
MESA av - HI 
URINE LINE sw - as required 

ED :  
DES PRPLNT ISOL VLV sw - SAFE 
MASTER ARM sw - OFF 
DES VENT sw - SAFE 
ASC He SEL sw - BOTH 
LDC GEAR DEPLOY sw - SAFE ; tb - bp 
RCS He PRESS sw - SAFE 
DES START He PRESS sw - SAFE 
ASC He PRESS sw - SAFE 
STAl:E sw - SAFE (guarded) 
STAGE RELAY sw - OFF 

AUDIO : 
S BAND T/R sw - S BAND T/R 
ICS T/R av - ICS T/R 
RELAY ON sw - RELAY OFF 
l-IJDE sw - ICS/PTT 
AUDIO CONT sw - NORM 
VHF A sw - OFF 
VHF B sw - OFF 

COAS aw - OFF 

REMARKS 

See figure 4-2 6 .  

Volume , squelch , and sensitivity controls w i l l  be 
adjusted as required . 
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I I 
TTCA 

4 . 15 . 1 . 2  Lunar Stay Subsystems Check (cont)  

3, ORDEAL : 

4 .  

mAl 1 11W - INRTL 
mAl 2 11W - INRTL 
EARTH/UJNAR 11W - PWR OFF 
LTG sw - OFF 
HODE 11W - HOLD/FAST 
SLEW sw - center 

THROTTLE/JETS coot (CDR) - JETS 

s I s . Ena STOP pb/lt - reset 

1 1 6 . 

Eng START pb/lt - not depressed 
+X TRANSL pb - not depressed 
HSN lMR :  lMR CONT sw - START 
LTG : 

OVERlllDE ANUN sw - OFF 
OVERRIDE NUK sw - OFF 
OVERRIDE INTEGRAL 11W - OFF 
SIDE PANELS sw - OFF 
FLOOD cont - BRIGHT 
ANUN/NUH cont - DIM 
INTEGRAL cont - DIM 

FDAI pvy tb - OFF (in view) 
X pointer ind pvr fail lt - on 
THRUST ind pwr fail lt - on 

RNG/ALT ind pwr/sig fail lt - on 

X POINTER SCALE 11W - HI HULT 
MASTER ALARM - off 
RAn/PJUt II>N 11W - LDC RDR/QtPTR 
ATTITUDE II>N sw - PCNS 
SHFT/TRUN J sw - +SO• 
RATE SCALE aw - 25•tsEC 
ENG THR CONT : 

THR CONT IIW - AUTO 
HAN THROT 11W - CDR 
ENG Ami 11W - OFF 
ATT /TRANSL sw - 2 JETS 
BAL CPL aw - ON 

ASC He REG 1 & 2 sw - center ; tb - gray 
DES He REG 1 sw - center ; tb - gray 
DES He REG 2 sw - center ;  tb - bp 
ACA PROP 11W - ENABLE 

REMARKS 
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4 . 1S . l . 2  Lunar S tay Subsystems Check ( cont) 

3 I 7 .  

4 1 8 . 

PRPLNT QTt HON sv - OFF 
PRPLNT TEMP /PRESS J«)N sw - ASC 
HELIUM HON ael - PRESS 1 
ABORT pb - reset 
ABORT STAGE pb - reset 
RNG/ALT II>N sv - ALT/ALT RT 
HOD! S!L sw - PGNS 
GUID CONT sw - PGNS 

ENG Q41L sv - OFF 
DES ENG am OVRD sv - OFF 
RADAR: 

LDG ANT sv - AUTO 
RADAR TEST sv - OFF 
TEST/K)N ael - N;C 

IMDZ RADAR: SLEW RATE sv - HI 
RNDZ RADAR se 1 - LGC 
S/C :  

DEAD BAND sv - MIN 
CT1lO TEST ROU. sv - ROU. 
GYRO TEST POS RT sv - OFF 
ROLL sv - J«)D! CONT 
PITCH 11W - li>D! CONT 
YAW sv - HOD! CONT 
PGNS aw - OFF 
AGS 11V - OFF 
IHU CAGE sv - OFF 

HTil CONT :  
TEMP li>N ael - RNDZ RDR 
RCS SYS A/B 2 QUAD 1 ,  2 ,  3,  4 aw - AUTO 

!VNT THR :  RESET/COUNT sv - UP 
LTC : 

SIDE PANELS sv - OFF 
FLOOD sv - OVRD /FWD 
FLOOD cont - BRIGHT 
LAMP/TON! TEST eel - OFF 
EXTERIOR LTG sv - OFF 

X POINTER. SCALE sw - HI HULT 

ACA/4 JET sw (CDR) - ENABLE 
TTCA/TRANSL 11W (CDR) - ENABLE 
ACA/4 JET sv (LHP) - ENABLE 
TTCA/TIW�SL sv (LHP) - ENABLE 

REMARKS 
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4 . 1 5 . 1 . 2  Lunar Stay Subsyst-.s Check (cont) 

AOT I 9 . Aziauth cont - CL 
Eye guard & densi ty filter - re.oved 
HARK X pb - not depressed 
HARK Y pb - aot depressed 
REJECT pb - not depressed 

2 1 10. RCS : 
SYS A ASC FEED 1 & 2 aw - center 
SYS A ASC P'UEL & OXID tb - bp 
SYS B ASC FEED 1 & 2 aw - center 
SYS B ASC P'UEL & OXID tb - bp 
SYS A QUAD 1, 4 ,  2 ,  3 sw - center ; tb - gray 
SYS B QUAD 1, 4 ,  2, 3 sw - center ; tb - gray 
CRSP'D sw - center ; tb - bp 
SYS A HAIN SOV sw - center ; tb - gray 
SYS B HAIN SOV sw - center ; tb - gray 
TEMP/PRESS HON ael - He 

ACA PROP sw - ENABLE 
MASTER ALAIH - off 
RATE/ERR HON sw - LDG RDR/CMPTR 
ATTITUDE HON sw - AGS 
GLYCOL sel - PUMP 1 
SUIT PAN sel - 1 
02/H20 QTT HON sel - DES 2 

TTCA I ll.  THROTTLE/JETS cont (LHP) - JETS 

6 I 1 2 .  Eng STOP pb/lt - reset 
AGS STATUS sv - STAND BY 

16 I 1 3 .  All cb ' s  open except : 
2 X pointer ind pvr fail l t  - on 

FDAI pvr tb - OFF (in view) 
16 I CB RCS SYS B :  

TEMP/PRESS DISP FLAGS - close 
PQGS/DISP - cloae 

CB PROPUL: 
DISP/ENG OVRD LOGIC - close 
ASC He REG - close 

CB LTG : 
FLOOD - close 
ANUN/DOCK/COHPNT - c lose 
HASTER ALARM - c lose 

REMARKS 

Power failure light and talkback are activated when FLT 
DISP circuit breakers are opened .  
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PROCEDURES 

4 . 1 5 . 1 . 2  Lunar Stay Subsystems Check (cont) 

CB S/C : 
AEA - close 
ASA - close 
AELD - close 
ATCA - close 
ABORT STAGE - close 
ATCA (AGS) - close 

CB INST : 
CWEA - close 
SIG SENSOR - close 
PCM/TE - close 
SIG CONDR 2 - close 

CB ECS : SUIT FLOW CONT - close 
CB COHH : 

DISP - close 
SE AUDIO - close 
VHF A XHTR - close 
VHF B RCVR - close 
PRIM S BD PWR AMPL - close 
PRIH S BD XHTR/RCVR - close 
S BD ANT - close 
PHP - close 

CB ECS : 
DISP - close 
LCG PUMP - as required 
CABIN FAN CONT - close 
CABIN REPRESS - close 
SUIT FAN 2 - close 
SUIT FAN AP - close 
DIVERT VLV - close 
C02 SENSOR - close 

CB HTR :  HESA - close 
CB HTR RCS SYS A/B 2 :  

QUAD 1 - close 
QUAD 2 - close 
QUAD J - close 
QUAD 4 - close 

CB HTR: 
DISP - close 
S BD ANT - close 

CB EPS : 
DISP - close 

REMARKS 
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PROCEDURES 

4 . 15 . 1 . 2  Lunar S ta! Subs!Steas Check (cont ) 

14 . 

15. 

DC BUS VOLT - close 
INV 2 - close 
ASC ECA - close 
DES ECA - close 
DES ECA COHT - close 
XLUNAR BUS TIE - close 
CROSS TIE BAL LOADS - close 
BAT PEED TIE (2) - close 

Verify cb status per Lunar Stay Subsystems Check .  

EPS : 
ED VOLTS 11V - OFF 
POWER/TIHP HON sel - CDR BUS 
INV!RT!lt 11V - 2 
LHP BAT 1 tb - gray 
LHP BAT 2 tb - no 
CDR BAT 3 tb - no 
CDR BAT 4 tb - gray 
unwt BAT tb - no 
DES BATS tb - aray 
BAT 5 NORHAL LHP PEED tb - bp 
BAT 5 BACK UP CDR PEED tb - bp 
BAT 6 NORHAL CDR PEED tb - bp 
BAT 6 BACK UP LHP PEED tb - bp 

COHH i UPLINK SQUELCH av - as desired 

UP DATA LINK av - OFF 
AUDIO : 

AUDIO COHT sv - NORM 
S BAND T/R av - S BAND T/R 
ICS T/R 11V - ICS T/R 
RELAY ON 11V - RELAY OFF 
PI>DE 11V - ICS/PTT 
VHF A 11V - OFF 
VHF B IN - OFF 

COfotf : 
S BAND MODULATE sv - PM 
S BAND XHTR/RCVR IN - PRIM 
S BAND PWR AHPL sv - PRIM 
S BAND VOICE av - VOICE 
S BAND PCK av - PCK 
S BAND RANGE IN - OFF/RESET 
VHF A XHTR sv - OFF (when in LOS - VOICE) 

---------- -----···- - ----�-- -

REMARKS 

See figure 4-27 . 

Volume . squelch . and sensitivity controls will be ad-
j usted as required . 

Ref para 4 . 15 . 1 . 9  for EVA operation . 
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lcREW·I PNL MAN PROCEDURES 

4 . 15 . 1 . 2  Lunar S tay Subsystems Check (cont) 

VHF A RCVR av - OFF (when in LOS - ON) 
VHF B XHTlt av - OFF 
VHF B RCVR av - OFF 
TLH BIOMED av - aa required 
TLH POf av - HI 
RECORDER av - OFF ; tb - bp 

COHH ANT :  
VHF sel - FWD or APT 
TRACK tfODE sv - SLEW 
PITCH cont - as required 
YAW cont - as required 
S BAND eel - SLEW 

16 . Overhead f loodlights (COR & LHP) - as required 

UTL I 17 . CDR UTILITY LICirf av - aa required 
LHP UTILITY LICirf av - as required 

ECS I 18. SUIT CAS DIVERTER vlv - PUSH CABIN 
CABIN REPRESS vlv - AUTO 
LO PLSS FILL vlv - CLOSE 
PRESS REG A vlv - CABIN 
PRESS REG B vlv - CABIN 
DES 02 vlv - OPEN 
1 1  ASC 02 vlv - CLOSE 
12 ASC 02 vlv - CLOSE 
SUIT ISOL vlv (CDR) - SUIT FLOil 
SUIT ISOL vlv (LHP) - SUIT FLOW 
ASC H20 vlv - CLOSE 
SEC EVAP FLOW vlv - CLOSE 
PRI EVAP FLOW 12 vlv - CLOSE 
DES H20 vlv - OPEN 
PRI EVAP n.ow 1 1  vlv - OPEN 
WATER TANK SELECT vlv - DES 
SUIT TEMP vlv - adjust 
LIQUID GARMENT COOLING vlv - COLD 
CABIN CAS RETURN vlv - AUTO 
SUIT CIRCUIT RELIEF vlv - AUTO 
C02 CANISTER SEL vlv - PRIM 
PRIM C02 CANISTER cover - CLOSE 
SEC C02 CANISTER cover - CLOSE 
WATER SEP SEL vlv - PUSH SEP 1 
Cabin relief & du.p vlv (ovhd)  - AUTO 

REMARKS 
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ICREW·I PNL 1 PROCEDURES MAN 
4 . 1 5 . 1 . 2 Lunar Stav Suhsvstems Check ( cont ) 

Cabin relief & dump v1v (fwd) - AUTO 
+Z27 I HI PLSS U2  FILL v1v - CLOSE 

4 . 15 . 1 . 3  Open Forward Hatch (Cabin Side) 

1 .  Verify/set cabin relief & dump vlv ( fwd) - OPEN 

2 .  Grasp forward hatch handle & push . 

3 .  Rotate hatch handle counterclockwise to UNLOCK . 

4 .  Pull hatch open . 

4 . 15 . 1 . 4  Open Forward Hatch (Outside) 

1 .  Grasp forward hatch handle & pull . 

2 .  Rotate hatch handle clockwise to UNLOCK . 

3 .  Push hatch open . 

4 . 15 . 1 . 5  C lose Forward Hatch (Cabin Side) 

1 .  Guide forward hatch to closed pos ition .  

2 .  Grasp hatch handle & push . 

J .  Rotate hatch handle clockwise to LOCK • 

4 .  Verify that hatch handle pops out of detent , then release • 

5 • Cabin relief & dump vlv (fwd) - AUTO 

REMARKS 

Assumption : Cahin is depressurized , 

Forward hatch is self-securing in any open position . 

Forward hatch is self-securing in any open position . 
I f  hatch cannot be opened , cabin relief and dump vlv 
(fwd) - PULL TO D� and hold , to bleed off any accumu­
lated pressure . External handle of cabin relief and du� 
vlv (fwd) is spring-loaded to return to automatic when 
released . 

No special constraints or protection required for hatch 
sea l .  Crewman mav wipe seal with gloved finger to verify 
that there is no debris on seal.  

5 6 
� �  ,.. ""' :t a  o . 
Z w  .,. . 

� i 
z " 8 
� 



r �REW-1 PNL ;;· MAN J PROCEDURES 

.... 
01 

en 
• 

., " 
• 

8-
• 
.. 
... "' ..... ... 

n l ' ¥ 

.., 
a 

G 
• 

� . 
.... '(' .... 
• 

CDR 

4 . 1S . l . 6  Cloae Forward Hatch (Outside) 

1 .  Graep forward hatch handle 6 guide hatch to closed 
pMitioa • 

2 .  Pull hatch handle 6 rotate counterclockwise to LOCK .  

l. Verify that hatch handle pope out of detent , then release • 

4 . 1S . l . 7  AIS Purae (EVA Pr.paration) 

ECS i l. 

2 .  

3 .  

4 .  

s .  

6. 

7.  

8. 

RCU 1 9 . 

CAUTION 

If cabin preaaure fails during purging : 
SUIT CIRCUIT RELIEF vlv - AUTO 
CABIN GAS 1lETUIH vl v - EGRESS 
PRESS RIC A 6 I vlva - EGRESS 

SUIT GAS DIV!RTD vlv - PULL EGRESS 

SUIT CIRCUIT RELIEF vlv - CLOSE 

CABIM GAS RETURN vlv - OPEN 

C02 CANISTER SEL vlv - aidpoaition 

PRESS RIC A vlv - EGRESS 

PRESS REG I vlv - DIRECT 02 for 2 ainutea , then EGRESS 

CABIN GAS RETURN vlv - EGRESS 

C02 CANISTER SEL vlv - PRIM 

PAN - - ON 

10. SUIT ISOL �lv (LHP) - SUIT DISC 

11. Perfora ARS/PGA Preaaure Integrity Check . 

REMARKS 

Aaauaptiona : (1) loth crewaen are on ARS and (2) EVA 
crewaan ia connected to PLSS . 

Crew moni tor and aaintaina ARS preaaure > cabin preaaure , 
but not >5 . 5  paia . 

Ref para 4 . 2 . 16 . 
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jcREW·I PNL MAN 

LHP ECS 

CDR 11  

LMP 2 

PROCEDURES 

4 . 15 . 1 . 7  ARS Purse (EVA Preparation) ( cont ) 

CAUTION 

To preclude violating ARS purge , SUIT CIRCUIT 
RELIEF vlv mus t be closed following CDR ' s  ARS / 
PGA Pressure Integrity Check & ARS pressure main­
tained above cabin pressure unt i l  cabin pressure 
is dumped to 3 . 5 ps ia,  at which time SUIT CIR­
CUIT RELIEF vlv - AUTO • 

4 . 1 5 . 1 . 8  Subsystea Conf iguration for EVA Preparat ion 

1 .  Verify ECS Ba8 ic (Unstaged) . 
Critical control/display status is as follows : 
CABIN REPRESS vlv - AUTO 
DES 02 vlv - OPEN 
WATER TANX SELECT vlv - DES 
C02 CANISTER SEL vlv - PRIM 
PRIM C02 CANISTER cover - CLOSE 
SEC C02 CANISTER cover - CLOSE 
CB ECS : 

GLYCOL PUMP 2 - c lose 
GLYCOL PUMP 1 - close 
GLYCOL PUMP AUTO TRNFR - c lose 

GLYCOL sel - PUMP 1 
SUIT FAN sel - 1 
02/820 QTY HOM sel - DES 2 
ECS : 

PRESS ind pwr fail lt - off 
GLYCOL ind pwr fail lt - off 
QUANTITY ind pwr fai l  lt - off 
GLYCOL camp caut lt - off 
SUIT FAN co-p caut lt - off 

REMARKS 

Purpose of Subsys tem Configuration for EVA Preparat ion 
procedure is to verify status of L� controls at start of 
EVA per iod of operat ions . I t  is to be used as baseline 
for ensuing EVA operat ions . 

Assumpt ions : ( 1 )  CSH controls attitude in docked EVA 
operat ion (orb ital flight) , (2)  because EVA occurs at 
sunrise all cabin lighting shall be adjusted to BRIGHT 
levels for opt imum interior vis ibility and adaptat ion at 
egres s ,  and ( 3 )  all LH subsystems have operated nomi­
nally up to this point in •ission timeline . 

Ref para 4 . 1 3 . 1 . 1 .  
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PROCEDURES 

4 . 15 . 1 . 8  S ub•I•tem Confiauration for EVA Pre�aration (cont ) 

C02 camp caut 1t - off 
H20 SEP ca.p caut 1t - of f 

CB ECS : 
SUIT FLOW CONT - c 1oae 
GLYCOL PUMP SEC - open 
SUIT FAN 2 - c1oae 
SUIT FAN AP - c1oae 
C02 SENSOR - c 1oae 

CB HTR :  HESA - cloee 

2 .  Verify EPS Baeic (Unetaged ) .  
Critical diaplaya aa fo11ova : 
EPS : 

UfP BAT 1 tb - aray 
LHP BAT 2 tb - TBD 
CDR BAT 3 tb - TBD 
CDR BAT 4 tb - aray 
LUNAR BAT tb - TBD 
DES BATS tb - aray 
BAT 5 NORMAL LHP FEED tb - bp 
BAT 5 BACJJJP CDR FEED tb - bp 
BAT 6 II)RMAL CDR FEED tb - bp 
BAT 6 BACKUP LHP PEED tb - bp 

3 .  CB S/C : ATT DIR CONT - open 

4 .  HTR CONT : 
HESA ev - HI 
URINE LIN! ev - OFF 

ED :  
HASTER ARH ev - OFF 
STAGE ev - SAFE 

s . ENG '11IR CONT: ENG ARH av - OFF 
ED: LDG GEAR DEPLOY tb - a ray 
GUID OONT ev - PCNS 
ABORT pb - reset 
ABORT STAGE pb - reset 

6 .  DES ENG CHD OVRD av - OFF 
S/C : 

ROLL . PITCH . YAW av - HODE CONT 
PGNS av - OFF 

Ref para 4 . 13 . 4 . 1 .  

------ -- ----
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LMP 

CDR 

LMP 

4 . 15 . 1 , 8  Subsystem Configuration for EVA Preparation ( cont )  

7 .  Perform LGC Power-0� Program (P06) , 

8 .  Verify Comnunicat ions Basic 

4 . 1 5 , 1 . 9  PLSS/EVCS Electrical Checkout ,  Two-�an EVA 

12 I 1.  

16  I 2 .  

3 .  

1 2  I 4 . 

8 I 5 . 

COMH : S BAND MODULATE sv - F!-1 

CB COMH : TV - close 

Verify voice conn with USFN . 

AUDIO : 
S BAND T/R sv - S BAND T/R 
ICS T/R sw - ICS T/R 
RELAY ON sv - RELAY ON 
MODE sv - VOX 
VOX SENS tv - 9 
VHF A sv - T/R 
VHF B sv - RCV 

AUDIO: 
S BAND T/R sv - S BAND T/R 
ICS T/R sv - ICS T/R 
RELAY ON sw - RELAY OFF 
MODE sv - VOX 
VOX SENS tv - 9 
VHF A sv - T/R 
VHF B sv - RCV  

6. Ensure U1 EVA antenna deployed . 

12 I 7 .  

8 .  

Cott1 ANT : VHF sel - EVA 

C<11H : 
VHF A XHTR sw - VOICE 
VHF A RCVR sv - ON 
VHF B XHTR sv - OFF 
VHF B RCVR sw - ON 
VHF A SQUELCH tw - noise threshold + 1-1/2 div 
VHF B SQUELCH tw - noise threshold + 1-1/2 div 

REMARKS 

Ref para 4 . 6 . 1 . 2  

Ref para 4 . 1 3 . 2 . 1  

Assumpt ion : Voluae controls will be adjusted as required . 
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lciEW·I PNL MAN PROCEDURES 

4 . 15 . 1 . 9  PLSS/EVCS Electrical Checkout, Two-Han EVA (con t )  

16  I 9 .  

10. 

1 1 .  

RCU 12 . 

13.  

16  14 . 

RCU 15 . 

16 . 

TLH BIOKED aw - OFF 

RECORDER aw - as deaired 

CAUTION 

All LH & PLSS electrical connectors mus t 
be deadfaced before aating or deaating . 

CB COHH : SE AUDIO - open 

Disconnect LH cable fro• PGA . 

Secure LH ca.. cable . 

EVC-2 P«lDE S!L aw - 0 

Connect EVC-2 electrical u.bilical to PCA electrical 
connector. 

CB COHH : S! AUDIO - close 

PTT aw - MAIN 
!VC-2 ti>DE SEL aw - A 

Verify voice with CDR . 

JUrE 

Unatow PLSS antenna if it transmits 
garbled voice ca.nunications and/or 
loses tel-etry • 

CAUTION 

All LH & PLSS electrical connectors mus t 
be deadfaced before aating or d..ating • 

REMARKS 

COHH : TLM BIOHED aw - OFF removes biomed signal power 
from crew communications cables . 

CB COHH : SE AUDIO - open removes L� mike power and 
earphone signal ; intercom func tion is los t .  Reaoves 
power f rom SF. audio center , DSEA ,  and VHF A transmitter 
key . 

CB COHH : SE AUDIO - close restores SE audio center power . 

Low PGA pressure and low vent will cause 10-second 
warning tone each time EVC-2 MODE SEL aw is repositioned . 

LHP will have RF sidetone via LH .  
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, 4 . 15 . 1 . 9 PLSS/EVCS Electrical Checkout 1 Tvo-Man EVA (cont) 

17 .  CB COHH : CDR AUDIO - open 

1 18 .  D isconnect LM cable from PCA • 

Secure LH ca.N cab le .  1 19 . 
RCU 20. EVC-1 K>DE SEL sw - 0 

21 .  Connect PLSS/EVC-1 electrical umb il ical to PGA 
e lectrical connector . 

11 22 . CB COHH: CDR AUDIO - c lo•e 

8 23. AUDIO : 
VHF A sw - OFF 
VHF B sw - OFF 

I RCU I 24. PTT sw - MAIN 
EVC-1 K>DE SEL sv - B 

25 . Verify voice vith LHP .  

I I 26 . EVC-2 K>DE SEL sv - B 

I I 27 . EVC-1 MODE SEL 11V - A 

28. Verify voice vith LHP . 

RCU 29 . EVC-1 6 -2 t«>DE SEL sv - AR 

30. Verify voice with each other . 

31 . Verify voice 6 telemetry coam with MSFN . I 16 1 32. CB COHH : 'IV - open 

REMARKS 

CB C�: CDR AUDIO - open removes CDR mike power and 
earphone signal ; intercom function is los t .  Removes power 
from CDR audio center and VHF B transmitter key • 

CB COMr-f : CDR AUDIO - c lose restores CDR audio center 
power . 

CDR cannot hear MSFN at this time , 

IJfP cannot hear MSFN at this time . 
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PROCEDURES 

4. 15 . 1 . 9  PL55/EVC5 E lect rical Checkout , Two-Man EVA (cont ) 

NOTE 

Perfora following steps if comm 
check with MSFN fails due to 
weak s ignal • 

33 • COPif S BAND ti>DULATE IIV - PM 

34 . Veri fy voice ' tele .. try co .. wi th HS FN . 

35 , CB OOHH : TV - close 

36 , COHH: S BAND MODULATE sv - 1-l! 

4 . 1 5 . 1 . 10 PLSS /EVCS E lect rica l  Checkout 1 One-Man EVA 

1 .  COHH: S BAND ti>DULATE sw - 1-l! 

2 . CB COHH : TV - close 

3. Verify voice co .. with HSFN . 

4 ,  AUDIO : 
5 BAND T /R sv - S BAND T/R 
ICS T/R sw - IC5 T/R 
RELAY OM sw - RELAY OFF 
K)DE av - VOX 
VOX SENS tv - 9 
VHF A sw - RCV 
YHF B av - T/R 

CDR 8 1 5 . AUDIO : 

i 
• . 
..... 
"" 
I 

.... 
0 

S BAND T/R sv - 5 BAND T/R 
ICS T/R sv - ICS T/R 
RELAY OM sw - RELAY ON 

REMARKS 

Assump tion : Volume cont rols w ill be adj us ted as requi red . 
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CREW-I PNL 1 PROCEDURES MAN 

4 . 15 . 1 . 10 PLSS/EVCS Electr ical Checkout , One-�an EVA (con t )  

6 .  

MODE sw - VOX 
VOX SENS tv - 9 
VHF A sw - RCV 
VHF B sw - T/R 

Ensure Uf EVA antenna dep loyed • 

;:::! I LMP 12 I 7 . COHH ANT :  VHF sel - EVA 

8 .  

n r 

i r 

CDR l u , 9 . 
10. 

11.  

RCU 1 12 . 

1 3 .  

l 0 

COHH : 
VHF A XHTR sw - OFF 
VHF A RCVR av - ON 
VHF B XHTR sw - VOICE 
VHF B RCVR sw - ON 
VHF A SQUELCH tv - noise threshold + 1 1/ 2  div 
VHF B SQUELCH tv - noise threshold + 1 1/2 d iv 
TLH BIOHED sv - LEFT or RIGHT 

RECORDER sv - as desired 

CAUTION 

All electrical connectors must be 
deadfaced before mating or demating . 

CB COHH : CDR AUDIO - open 

Disconnect 11'1 ca.m cab le from PGA . 

Secure LH c� cable. 

EVC-1 MODE SEL av - 0 

Connect PLSS /EVC electrical umbil ical to PGA e lec trical 
connec tor . 

• 
.. I CDR I l l  1 14. CB COt-tf : CDR AUDIO - c lose 

... 
'(' 
N ... 

REMARKS 

COHH : Tilt BIOHED av - LEFT if CDR in 11'1 ;  RIGHT , if LMP 
in 11'1 .  
COMH : TI.H BIOHED av - OFF removes biomed s ignal power 
from crew communications cables . 
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4. 15 . 1 . 10 PLSS/EVCS Ele ct ri cal Checkout , One-Han EVA (cont ) 

15 . PTT sw - MAIN 
RCU I EVC- 1 PllDE SEL 11V - B 

16. Verify voice co.. with LHP & HSFN . 

12 1 17.  AUDIO : 

8 18. 

u 19 . 

RCU 20 . 

21 . 

22 . 

WF A sw - T/R 
VHF B sw - RCV 

AUDIO : 
VHF A sw - T/R 
WF B sw - RCV 

OOPfof : 
VHF A XMTR sw - VOICE 
VHF B XMrR sw - OFF 

EVC- 1 PllDE SEL w - A 

Ve rify voice with LHP . 

Verify voice & tele.etry c� with HS FN .  

NOTE 

Perfora follovtag s teps if caa. 
check with HSFN fails due to wealt 
sipal . 

12 1 23 .  COJIM: S BAND ltlDULATE aw - PH 

24 . Veri fy voice & tele•t ry  co.. with HS FN .  

1 6  1 25 .  CB COMH: TV - close 

,._ .. 

26 . COPfof : S BAND �DULATE sw - l'lf 

REMARKS 

Low PGA pressure and low vent will cause lD-second 
warning tone each tiM EVC- 1 MODE SEL sw is repositioned .  

CDR will have RF s idetone via LH • 
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I 

4 . 15 . 1 . 11 Final Subayate .. Confisurati on for Esress 

ECS 1. SUIT GAS DIVERT!R vlv - PULL EGRESS 

16 1 2 . 

11 1 3. 

2 1 4. 

1 5 .  

PRESS RE G  A vlv - EGRESS 
PRESS REG B vlv - EGRESS 
DES 02 vlv - OPEM 
SUIT ISOL vlv (LMP) - SUIT DISC 
SUIT ISOL vlv (CDR) - SUIT DISC 
CABIN GAS RETUIN vlv - EGRESS 
C02 CANISTER SEL vlv - PRIM 
SUIT CIRCUIT RELIEF vlv - AUTO 

CB !CS : 
SUIT PAN AP - open 
SUIT FAN 2 - open 
SUIT PLOW mMT - close 
LCG P1MP - open 
CABIM REPRESS - open 
CABIN FAN mtrr - close 

CB lft'R: MESA - close 

CB r.cs : 
CABIN FAN - open 
GLYCOL PUMP 2 - cloae 
GLYCOL PliU' 1 - cloae 
GLYCOL PUMP A1TI'O TJNR - close 

GLYOOL ael - PUtiP 1 
SUIT FAN ael - 2 
02/820 QTY MOM ael - DES 2 
!CS : 

PRESS ind pvr fail lt - off 
GLYCOL ind pvr fail lt - off 
QUANTITY ind pwr fail lt - off 
GLYCOL co.p caut lt - off 
SUIT FAN c� caut lt - off 
002 co.p caut lt - off 

H20 SEP c� caut lt - on 
ECS caut lt - on 

Verify EPS B•ic (Una tapd) . 

REMARKS 

Purpose of Final Subayste .. Confisuration for Egress 
procedure is to veri fy s tatus of LM controls before 
cabin depressurization. Crew have donned PLSS and are 
receiving PLSS oxygen.  

For ECS controls not lis ted . refer to  ECS Basi c  
(Uns taged) p rocedure (para 4 . 13. 1 . 1) • 

ECS caut lt and H20 SEP ca.p caut lt - on when aeparator 
speed <BOO rpa. 
Re f para 4 . 13 .4 . 1  • 
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PROCEDURES 

4 . 1 5 . 1 . 1 1  Pinal Subsist ... Confisuration for Esress (cont) 

6 .  Critical displays are aa follows : 
!PS : 

LMP BAT 1 tb - srey 
LMP BAT 2 tb - TID 
CDR BAT 3 tb - TBD 
CDR BAT 4 tb - sray 
LUNAR BAT tb - TBD 
D!S BATS tb - sray 
BAT 5 li)JHAL tHP PEED tb - bp 
BAT 5 BAa UP CDR PEED tb - bp 
BAT 6 li)JHAL CDR PEED tb - bp 
BAT 6 BAtt UP LHP PEED tb - bp 

7 .  LTG : EXTERIOR LTC ael - OFF 

8 .  Cl LTC : TRAC �  - open 

9 .  Cl S /C :  A'l"l' DIR CONT - open 

10 . ED :  
MASTER ARM .., - OFF 
STAG! .., - SAFE 

HTR CONT: MESA av - HI 

11.  lNG TRR CONT : ENG ARM av - OFF 

1 2 .  S/C : PCMS & ACS .., - OFF 

13. Verify Reley Mode: EVA ('l'vD-Kan EVA) 

4. 15 . 1 . 12 r.cs Statue (Two Ken on Lunar Surface) 

1 .  SUIT GAS DIVERT!R vlv - PULL EGRESS 
CABIN REPRESS vlv - CLOSE 
LO PLSS PILL vlv - CLOSE 
PRESS REG A vlv - EGRESS 
PRESS REG I vlv - EGRESS 
DES 02 vlv - OPEN 
11 ASC 02 vlv - CLOSE 
#2 ASC 02 vlv - CLOSE 
SUIT ISOL vlv (LKP) - SU IT DISC 
SUIT ISOL vlv (CDR) - SUIT DISC 

REMARKS 

Ref para 4 . 13 . 2 . 3. 

SUIT GAS DIVERTER vlv - PULL EGRES S ,  during unataged 
.. in engine firing . 

i 
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PROCEDURES REMARKS 

4 . 1S . l . l2 ECS Statua (Two Men on Lunar Surface) (cont� 

SEC !VAP � •1• - CLOSE 
PRI !VAP PLOW 12 •h - CLOSE 
WATER TAIII. SELECT YlY - DES 
SUIT T!W vh - adjuat 
ASC 820 vlv - CLOS! 
DES 820 vlv - CLOS! 
PRI EVAP nDV 11 •h - OPEN 
CAIDI GAS I.ETUU Yh - !GIESS 
C02 CAHIST!I. SEL Ylv - PltiM 
SUIT CIRCUIT IELI!P d• - Atn'O 
PI.IM C02 CARIST!I. cOftr - CLOSE 
S!C 002 CAIII STIJ. cowr - CLOSE 
WATill SIP SIL dY - PUSH SEP 1 � 
LIQUID GAIMENT OOOLDIG vh - OOLD 
BI nss nLL Yl• - a.osz 

2.  c•iD relie f • ._., •h (cmad) - Auro I 
c.biD relief • du.p •h (fvd) - OPEH 

J. Cl ICS :  
SUIT FAR 6P - opea 
SUIT FAR 2 - opeD 

4. Cl ICS :  
SUIT FAR 1 - cloee 
C.UIR FAR - apen 
Q.tOOL PUlP 2 - cloee 
GLYOOL P1IG' 1 - cloee 
GLtOOL PUMP AUTO TINR - cloee 

� � i '  z w  
.,. , 
I 

s .  GLYCOL eel - PUMP 1 
SUIT Flllf eel - 2 
02/820 QTt td eel - DES 2 
ECS : 

PJ.ISS ind pwr fail lt - off 
GLYOOL ind pwr fail lt - off 
QUANTITY ind pvr fail lt - off 
GLYOOL COIIp caut lt - off 
SUIT FAN ca., caut lt - off 
C02 ca., caut lt - off 
820 SEP ca., caut lt - on 
!CS caut lt - on 

---- --
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PIOCEDUIES 

4 .15 . 1 . 12 !CS Statue �Tvo Mll1l on LUDar Surface ) (coat2 

6 .  CB ECS : 
DISP - cloae 
GLYO>L PUMP SEC - open 
LCG PUMP - open 
CABIN PAN COMr - elo.e 
SUIT FAN 2 - open 
DIVIIlT VLV - cloae 
C02 SEIISOI - clo.e 

7. ECS :  
PlESS tad pwr fail lt - off 
SUIT PlESS tad - 3. 6 to 4 . 0  peta 
CABIN PRESS tad - 0 peta 
PAilT PlESS C02 tad - 7. 6 - Ha 
GLYCOL tad pwr fail lt - off 
GLYO>L te_, tad - 33• to 49• F 
GLYCOL preee tad - 21 to 37 peia 
GLYCOL c:011p c:aut lt - off 
SUIT PAN c:a.p c:aut lt - off 
C02 C:OIIp c:aut lt - off 
820 SIP c:a.p c:aut lt - on 

!CS c:aut lt - GD 

8. 02/820 QTT HDN eel - DES 2 
!CS : 

QUANTITY lad pwr fail lt - off 
02 QUMTin lad - nD% 
820 QUAIITin tad - nD% 

CAtrriON 

c� .uat cheek followina cb ' a  
�diately before eareaa : 
CB (11) PGNS : llfDZ RDR - open 
CB ( 11) !CS : CABIN FAN - open 
CB (16) ECS : GLYCOL PUMP SEC - open 

REMARKS 

i I I 

Quantity of coaaa.ablee dieplayed te fuac:tiaa of 
aieeiOD elapsed ti• , 

I 
� � s �  0 '  Z w  "' i � I a 
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REW· 
MAN I PNL I PROCEDURES 

LMP ECS 

CDR. 11 

U1P 16 

4 . 1 5 . 1 . 1 3 Pos t-EVA Final Subsvstems Configurat ion 

1 .  Veri fy ECS Basic (Unst aged) 
Critical control posit ions are as follows : 
SUIT GAS DIVERTER vlv - PUSH CABIN 

CAtrrlON 

Rapid switching of CABIN REPRESS vlv from 
AUTO to CLOSE , or CLOSE to AtrrO ,  causes 
loud bang. This does not damage valve . 
To change CABIN REPRESS v lv position , 
smooth , s low movement is rec�nded .  

CABIN REPRESS vlv - AUTO 
PRESS REG A vlv - CABIN 
PRESS REG B vlv - CABIN 
CABIN GAS RETURN vlv - AUTO 
SUIT CIRCUIT RELIEF vlv - AUTO 
Cabin re l ie f  & du.p vlv (ovhd) - AUTO 
Cab in re lie f & dump vlv ( fvd) - AUTO 

NOTE 

For sleep mode , stow LH 02 hoses R./R & B/B .  
Position b oth SUIT ISOL vlvs - SUIT FLOW 
SUIT GAS DIVERTER v lv - PUSH CABIN 
CABIN GAS RETURN v lv - AUTO 

CB ECS : 
CABIN FAN - open 
SUIT FAN 1 - close 

CB ECS : 
CABIN REPRESS - close 
SUIT FAN 2 - close 
SUIT FAN 4P - close 
DIVERT VLV - close 

REMARKS 

--­
r 

Purpos e of P ost-EVA Subsys tems Con fi gu ration procedure 
is to verifv /set LH controls after b oth c rewmen have 
ret urned LH to nominal in- f light s t atus . 

Re f para 4. 1 3. 1 . 1 . SUIT FAN sel may remain in posit ion 2 
b etween lunar surface EVA ' s . 
I f  helmets/g loves doffed , 
Reverse 0 2  hos es R/B & B/R 
P os i t ion : 
SUIT GAS DIVERTER vlv - PULL EGRESS 
CABIN GAS RETURN vlv - EGRESS 
PGA DIVERTER v lvs - Horizontal 
For wat e r  separator speed control 

ARS con figuration required for noise control during c rew 
s leep periods . 

,. 

� 
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SYIIPTIMI I PROCEDURE 

4 (1: I Rate oro test fatl• t-H: f � 

I I I 
I 
I 
I I I 

5 JQ r---- f-t-. 
I CJ I IAftG/ANG AT pwr/�g I 

��-----J 
Lt&lrt 011 �. 

Sitnal lost 

A-C " d-< ll<l"'fr to 
ind lost 

512 KHZ from timi111 
equopmenl in PCMTEA 
lost 

I 
I 

SYMPTOM I 

Beth FOAl rate md al[r,. 1 rES 

�o lm 
rate needle rern.ams at J o' 

r 

RATE NEEDLE FAILURE 

� 
Needles at zero? 

ONE 

� f TEST VOLTAGE LOST OR 
GYRO TEST ROLL SW OR 
GYRO TEST POS RT SW 

TWO 
FAILED OPEN 

� er � � e needles deflect 10 one 
ecttoo only1 

t � I Na 
rate n-eedles peg 1n botj 

ect!ons' +YES cz:_; 
f!!J 

RATE SCALE SW FAILED Off 

q Ck for short 

cb 1111 FLT DISP RNG/RNG RT 
"' 

cb/Al: BUS A ANGIRNG RT- � 
& ct-nnot be reset' .NO 

4 I Ck for open 

ecb ( I ll flT DISP RNG/RNG RT-
"!!!!! 

Pwr/sig fail lt - off' 

t 
� 
ecl> Ull fLT DISl': RNG/RftG RT-a 
ect>/AC BUS A: RNG/RNG AT� 

Pwr/sig fatl lt - off' 

t � 
Verity status of md-drMnr: source. 

eRact.r - Ck xmtr power si11111 strength 
•olEA- Ck operation via DEDA 

Source operating llOfNIIy? +NO 

�� Ofrect source matfunction 

GYRO TEST POS RT SW 
FAILED CLOSED � GYRO TEST ROLL SW FAILED 

INTO UNAFFECTED AlliS OR 
DOUBLE GYRO FAILURE 

tOT Oynamtc eM 
eGUIO CONI - �  
•MODE CONI iAGSI - m ljQ!J) 
•An CONT ill - MODE CONT �· eACA - cmd mnvr m ax1s 
•Momtor for smooth rate 

w1lh dampmg GYRO TEST ROLL SW FAILED � OPEN IN AFFECTED AXIS 
Response norm' 

NO 

G: � � •ATT CONT [affecled ami 1- - PULSE or Q!E 
RATE GYRO fAILED IN or 
AFFECTED AlliS •GUID CONT - PGNS 

p:r � I l l  
Re-move powe-r to 10<1 

RNG/RNG RT IND SHORTED I 
I •Other cb-open I 

YES 

1 cz: 
J 

YES (!J RR ranee & range rate can be d•s· � RNG/RNG RT IND FAilED DUE TO 
OPEN 

.!.f � • Select alt display source (when 
oper>tinl). 

FOf which display source is 
pwr/SII fall I t - off? 

PROCEDURE 

played on DSKY as backup lo 
RNG/RNG RT rlld 

• 
LR & AGS only 1 tO 1 RR output. farled or open rn 

-f data ()( selector 11ne to RNG/ 
RNG RT rnd 

(3) � f01lure between RNGIAU 
MON sw and MODE SEl sw 

RA & etlher LR or i<GS (3 � lR or AGS output or selector 

�'"'""'�"� '·" ( 3 4 
Fat lure o4 tndtcatOf 

(3 
None . 1 151 Failure of mode select logic 

T common tine. or t1mmg tfrom PCMT£Al. or 1ndrcator. 

Basic Date 26 September 1971 

GUIDANCE & CONTROL FLIGHT DISPLAYS 

Change Date -------

REMARKS 

0 Test au ��ree 3(1!S In both dlfi!C-
t1ons 

Q) AssumptiOn RATE SCALE - �ill 
out sw1tcn fa1led open when test 
was run Fa1lure results 1n selec-
!10n of 5 / second scale 

Q) AGS rale command lost for af-
fected �x1s I f  roll or p1tch AGS 
OPS burn .:apab'litj lost 

0 l1ghl IS normall)' or. wher'l power 
1S supp1 1ed aod u�d1rato-r 1s not 
used b1 -;elellt>d sou::e · PGNS 
�GS lli cr RR 1 If Plt�er tr;:;u: 
stgnal goes to zero light goes on 
ltght may flash •andoml� 1f range 
rale ts 10 Ips Netther condtt· 
10n tndtcates mallunc!10n Smce 
PGNS output 1s suool•ed to md•· 
cater only durmg a"erage g at 
powered descent or <!SCent PGNS 
�� not (Qnstdered t n  t�e malfunc· 
!iOn analySIS 

(!) RR range and range rate rna� be 
disptayed tf a and 1 b and t'Q( c) are 
true 
a RR locked on Ia CSM 
b P20 m process 
c IIOIItlor Vl6 N78 

Rl Range XXJ( XX nm 
R2 Range rale XXXJ( X fP< 

(!) Alternative display sources 
a RR range, range· rate • N78 
b LGC range, range.rate. 8 · 

N54 (tf R31 m process by 
V818 

c LGC 1a111ude. loogttude, aU· 
1lude · N43 (If P21 1n p-ro-
cess) 

d LM allrtude '.hi - DEDA 337 
e Allrtllde rale lhl DEDA 367 
f LM - CSM range - DEDA 317 
g L M - CSM range - rale DEDA 

W) 
h LGC altitude . altitude rate· 

N63 (durtng average g m pow· 
ere<l descentl 
N94 (dunng average g 10 pow· �red ascent) 

A·lOOLM!1·1016 
REMARKS 

Page _5� 
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1 I 'mAl t� � -� : 
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1a l 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

--f 1j mAl OFr fla pisible' r� z 0R0£AL JIOI �t 1 min & <JbseM f!W. ,RO l!J FlW FAIUD. 
L----.-NO--...J ·�: �i::fol: :ffi I FlW totll oH chlops? .....__ 

at INRTU -- �YES -------
mAi m.,.., 

I I l FllAI OfF flll .-n  IH!----t--� YES ....... __ --411111-5;.�1 I FlW OfF FLAG FAll[D. 

� OI!OW "'""lt"l' L� 7j ORO£AL JIOI 

NO •RW I & 2 -!!llli vtS_J I I  
Toto! oH disploy """"' r-r- ORDEAl FAILIJU: 

�---==:::J'NONO _ _, 
� _([ 

•PIKe FDAI's on tit inert111 � 
sources 

AUTO OR MANUAl IINVR Both FOAl's orr .. ' PIIOBUM 
NO ._ _____ .. 

F Abnorrnol total a«' 

I'GNS JAGS 

I 

OON1 KNOW 

NO 
e¥49£ 
e¥16 N20£ 
•Mrm to 0, 0, 0 DSKY l PGNS Iotti an 

.,.., 

J13J SwitCh input 
I •AIT MON - AGS 
I Totti oH norm' 

I � 1151 S..itch �nput 

INO FOAl TOTI.t.AIT DISPUY NO L •AIT MON - PGNS :fi.o FAILED 14-t_ TDIII I!t norm' 
YES 

1111 
•AIT MON - PGNS I other I""" ONE FDAJ TOTAL AIT t--FOA�II.,.-.,.----,:---! YES DISPLAY INTERCONNECT 

,__.;..;Tot;,;;;a.;..;/ a;y«_norm='-�� fAilURE FROM PGNS 
NO {! 

YES 

l!!l � Switch �nput to other FDAI 

I 
J 
I 

I!!J 

YES 2l 

COO ZERO FROM LGC 
FAJL£0 

llrir s)llllltrxn pment in 
ane uis only' 

IMU!FDAI INTERFACE 
FAILED •AIT MON - AGS (other j!!l t--FDA-:II��---:--1 NO AEA/FDAJ INTU!FACE 

24 

Basic Dote 26 September 1971 

eAIT MON IZi-AGS 

..__T;..;oto;;;;l;..;�r.::-""""::""'-'-�� FAIUD 
YES � 

;---{ .__ t-- �­:!���!:"/::.:. � ,._ ���
��i��ECT 

source only. FAILIJU: FROM AGS 

PIOC£DUI£ 

GUIDANCE & CONTROL FUGHT DISPLAYS 

Change Dote ------

i eAIT MON (2) - �  

<D lM did not oclliew desirod -
- rx - -r 

<D AGS - IMU olilll"'nl capobjlity lost. Alip AGS by bott.11!1 -

(D Foilwe incl ..... one of six IMU Cllllput h.., at GASTA flilwe. 

(!) flilutt i� 
One of Sll llJ. output -· 
foiled 
One of three MJ.. return lines foiled 

(!) s•t�«. u. llwoys in effect 

(!) Rote diJploy loot Possible .....,. 
- IIIII' be .,. to vibro­
bon. 

Page � 



LM981A, LM 3232 
SYIIPTOII I 

1 � FDAJ att error .....,.., 

I 

1a 

LMA790-3-LM 

APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

ATT lrKlfi sw! Switch input to other FOAl 
j= � Swrlch rn���Jt SOIIrce. 

L-.--......,A"'GS:---..J •ATT MON -� �. 1--.,.---.....,.--4YES •ATT MON - � (other SIGNAL PATH FROM PGNS TO 

l5J Swrtdl input source. J 
I eATT IIIOfi - �  I No I Att error norm? _}.-

YES 

� Switdr nrput to other fOAl. 
ATT MON - AGS !other FDAII YES Att error norm' 

NO 

,_ __ Att_e_r_,ror_,n.,..orm_! _ _.r- FDAD YES ONE FOAl ATT ERROfl DIS-
NO .__..;.A;;;tt_;.er_,ror�norm=-'--'� PLAY FAILED 

.!1 
fOAl ATT ERROR DISPLAY 
FAILED. 

�NO _C!: 

�E Of THREE LGC ATT ER- _, 
ROR SIGNALS fAILED OPEN •ATT MON 121 - � 
OR BIASED. 

L--------1 

fl!l SIGNAL PATH FROM AGS TO 
ONE FOAl ATT ERROR DIS­
PLAY FAILED 

E Needle tarled at zero' y� All axes? � �  I ONE Of THREE AEA ATT ER­
ROR CHAN FAILED OI'{N. 

l.!!l � •ATT MON I21 - M  
•GUID CONI - PG/{S NO YES lAGS Itt error ztro -ll-.._----+------' rt should l>t nonzero f 

L!!J l_pGNS .!!J 
Normrill) nonzero o1rert 
GUID CONT - P1iNS 
MODE COKT �-MHO .00 810000 or 2COOil 

or 
GUID CONT -� 
MODE CONT iJJlS -AI! 
Wneutrll 

or GUIO COIIT - Mi:i 
MOO£ CON1 1AGS1 -MHO 

I GUID CONI sw' lr""---------->1 AUTO DISCRETE 1,84) fAILED 
'-----r.::-..-----1 Off. 

AGS ._ ____ ..... 
r::r--'-----, m .!.!l Ci: 

MODE CON! IAGSI sw7 •MODE CDNT IAGSI - AUTO 
CA OUT-Of-DETENT RE-E rOLD •DEDA C 400+ llOOOOE � 

Att error zero' LAY FAILED CLOSED tUTO (i) �YEill 
� 

LUNAR SURfACE FLAG 
fAILED SET. 

� 
FOLLOWUP DISCRETE fAILED 
ON. 

� 1b � r---4 CAUTION l-- ,...,�-r------, 
l :.,·�=kl":':�oJ I..,_�.,I�:Z2�!-

I
_

AI
_
I
,
IIIS
=

?
:-

--'
L
N
E.._ ONE Of THREE AEA ATT ER- � GUID CDNT - !(!S. wrll result � •ATT MON I21 - �  L l l ROR CHAN FAILED BIASED. "' al>normll vthlCie dynarntcs •GUIO CON! - � 

YES 

llonnally ztro whelt GUIO COIIT - i'lli!S 
MOO£ COIIT �- AI! !l!lU! or IIOOE CONT IAGSl -ID 
w ou1 ,_ 

or GUID COIIT - M  .00 � 110000 

l 

jl!l GUIO CON! ,_! 

P1iNS 

AGS 21 
Pulse or duect? r:!_ · vr l !'"-' eAJt ACA - crnd m!M 

'----�=-----� r-----------4 NO 
Att error rero durin1 mnvr? � ORIG ACA OUT -Of -DETENT 

SW fAilED OI'{N. 

f!l•GUtD COKT - � L!J f.!!.J 
I• GUIO CONT -elinS 
II-

-
A':":tt:-e-rr-'or:;::zor:;::o;,.'

---1:}: �-rrA=JillLOWIJP 

��----------._ __________ __..)NO @ 
IUI•DEDA C40011 INO llli•DEDA c .OO+OOOOOE� 
1.__....;,+.;;00000:r;YES;,

'--_.. Att error ;"' � AUTO OISCI!ETE fAtlETJ ON. 

f!l •MOO£ CONT IACSI - .!J M!ll!lU! GUID COfiT PATH Of �·-liiT-Diif_- ou_t_DI_de_te_nt_-1 YES FOUOWUP DISCRETt FAILED 

'-----'A�tt,;;er�ror�zo�ro�! ::-�r-- 0IT tNO (i)�1 
.!!! 
fOUOWUP DISCRflE fAilED 
w 

PIOCEDUH 
GUIDANCE &. CONTROL FLIGHT DISPLAYS 

Balic Date 26 September 1971 Change Dote -------

RUWIKS 

Q) Attitude error drsplay lost tor al­
tected fOAl only tor seleded 
SOIIrce 

(!) fatlure affects dts.plays only 

Q) FDA! attttude error dtsplay wtll show 
erroneous nonzero value m affe-cted 
ailS 

(D AG� art1tude enor computations 
l1m1ted to att1tude hokJ 

(D AGS automatic startistO!l ot MPS 
IO'St AGS comoutatlons and dis­
plays are lin.affected. except for 
att1tude error 

(!) AGS att1tudt hold capability re­
mams only m automat1c mode 

G) All AGS att1tude hcHd capab1ht1es 
are lost 

0 Check and reset lunar suriice fla1 
If flag l01led set. ACS gurdance 
sletrm1 1ost. 

0 Copability of chanfine MJo llti­
tude hold 1nert111 reference sol-ely 
Wltll ACA last 

@ � rn PGIIS. larlure rs applic.oble to 
l - ax1s steenn& If 1n AGS. attitude 
I'IOICI Cln be established only vii 
DEOA. 

@ A new lltitudt CMI bt establrslled � 
a AIT CONT� 
b MOOE CON! IACSI - � 
c ACA-MontiM!r to new attrtude 
d Key DEDA C575 + 1XXM 
e ATI CONT-!i!!llll.ld!III 

Page � 



5 . 2 . 1  GUIDANCE & CONTROL FLIGHT DISPLAYS 

Tab le 5-l .  G&C FLT DISP Procedure Entrv Sheet 

Symptom 

FDAI att error abnormal 

AGS att error zero when it 

AGS att error nonzero when 

FDAI total at t abnormal 

FDAI OFF flag appears 

Rate disp lay abnormal 

Rate gyro teat fails 

RNG/RNG RT pwr/aig fail 

Basic Date 26 September 1971  

lt 

should be nonzero 

it should be zero 

Change Date -----

SYIII Page 
No . No . 

1 5 . 2-4  

la 5 . 2-4 

lb 5 . 2-4 

2 5 . 2-5 

2a 5 . 2-5 

3 5 . 2-5 

4 5 . 2-6 

5 5 . 2-6 

Page 5 . 2-3 



5 . 2  MALFUNCTION PROCEDURES 

LMA790.3� 
APOLLO ONIIATIONS HANDeOOK 

The malfunction procedure& enab le recognition of subsvstem malfunct ions , determination of 
the ir cause , correction or iaolation of the failure , and determination of the e f fect on the 
subsys tem and the scheduled misaion . The procedures cover all signif icant s ingle fai lures . 
To prevent the procedures from becomming complex end unmanageable , doub le unrela ted fai lures 
are not covered . The malfunction procedure& are arranged bv subsys tem , or subsvstem section 
(PGNS , AGS , CES , DPS , APS , etc) , in a three-column format as follows : 

Symptom Column . Symptom logic b locks in this column allow en trv in to the 
malfunction procedure . When app licab le ,  data under these b locks explain 
and qualif� the svmptom or cond i tion . The svmp t oms are arranged numer­
ically within each subsvstem or subsvs tem section . 

Procedure Column . This column contains a s te�-bv-s tep logic flow diagram , 
cons ist ing primarily of act ion b locks , decis ion b locks , and failure b locks 
that enab le failure correct ion and isolation . Caution and warning b locks 
are included for conditions , which , if not corrected , mav degrade the o�er­
ational integrity of a subsvstem or mav adverselv af fect crew safetv . 
Remote event symbols refer to related remarks , to another ate� of the 
procedure , or to a step in another malfunction procedure . 

Remarka Column . Thia column contains supp lementa l data related to , and 
referenced from, the logic blocks in the "SYMPTOM" and "PROCEDURE" column . 

lalic Date 26 September 1971 Change Date ----- Page S . 2-2 
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Basic Date 
26 Septemb er 1971 

LMA790-3-LM 
APOLLO OPIIA TIONS HANDBOOK 

Change Date -----

G U I D A N C E  & C O N TROL FL IGHT  D ISPLAYS 

PRIMARY G U I D A N C E  & NAV IGAT ION SECTION 

ABORT G U I D A N C E  SECTION 

C ONTROL E LECTRON ICS  SECT ION 

. DESCENT  PROPULSION SECT ION  

ASCENT PROPULS ION SECTION 

REACTION CONTROL SUBSYSTEM 

ELECTRICAL POWER SUBSYSTEM 

COMM UNICA l iONS SUBSYSTEM 

E NV IRON M ENTAL C ONTROL SUBSYSTEM 

E X PLOS IVE  D EV ICES  

Page 5. 2-1  
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4. 15 .2 .4  Deleted 

4 . 15 . 2 . 5  TV c ... ra Qperation 

1. Confina S-bmd steer.a,le mtenna high-power operation. 

2 .  Infona Ul' of readiness t o  deploy MESA • 

3.  COtM : S BAND K>DULATE - - FM 

4. CB a>tM : TV - close 

5 .  Deploy MESA 

6 .  Verify MSPR · reception o f  'l'V signal . 

7 .  When TV operation is co.pleted : 
CB QMf: TV - open 
(l)tf(: 

S lARD PWR AMPL av - as required 
S lAND K>DULATE av - PM 

4 . 15 . 2 .6  LUDar Laullch Continaenq St011ap 

In event of .lesion abort during lunar operations , following 
loose it•• .ust be st011ed. 

1.  Post-EVA 1 
CSRC - LBHSSC 
OPS (2)  - SRC racks 
PLSS (1) - recharge station 
PLSS (1) - cabin floor 
RCU (2) - ISA 
SRC - aft of  ascent engine cove r 
PLSS bat teries (2)  - jettison bag 
PLSS LiOH (2) - jettison bag 
LuDar overshoes - jet tison bag 
Jett ison bag - ISA 
�B - IU 
ISA - aft bay rest s tation fit tings 
HSB (2) - ascent engine cove r 

REMARKS 

Assumptions : ( 1 )  CDR is outside of cabin and (2) LKP is 
in cabin • 

Five-second varaup period is required after .adulation 
change. 

Five-second warmup period is required after .odulation 
change . 

Aasu.ptions : ( 1) Early lunar launch is �equired , 
(2) ubin cannot be depressurized for equipMnt 
jettison, and ( 3) three-EVA •ission. 
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MAN PROCEDURES 

4 . 1S . 2 . 3 . 4  Pallet Aae.-1! MaDual Dapl!!:f!eDt 1a Low Attitude 

1.  Uaetw atractiOD l.aDyerd froa pallet haDCile . 

2.  Attach Velcro loop portiOD of bleck 6 white etripad laD-
yard to Velcro booka aa LM etructure. 

CAUTIOR 

Wbea pallet 1e 1a tilted-deNa podtioa , it .., 
elida oat of eoapartMat after UDlatchina. 

3. Pall nita atractiOD laDYerd to UDlatch pallet , until 
bayard fall• fr .. of latch bar .. chani-. 

4.  Diacoaaeet pip pia fr• •ea,_nt .. chani• (top) . 

s. a..a.e pallet, ueina hockey etick 6 extractioa leDyard . 

6. l.otate pallet, •iaa extraction laayarcl , eo that luladle 
aU. ia up .  

7 .  l.aleue leDyard quic:t-rel ... a catch froa forvard lower 
... e of pallet . 

8. Sr. lanyard• 1a -..cy etwqe COilpartllellt .  

9 .  Repeat etepe 1 throuab 8 for other palle t .  

10. a..a.e Valero if ueed. 

u .  Cloee SJQ bay door by pulliq black door-actuation 
bayard. 

12. Cloee utrouat/RTG protectift door .  

ll. Sr. layarda . 

REMARKS 

I 

� 
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4 . 15 . 2 . 3 . 3  Pallet Aaa.-bli Manual �l!!!ent 

1 .  Dlecoaaect t op  pin froa eacapeMDt •ehai• • 

2 .  Rel ... a lanyard quick ral ... a eateh fro. forward lower edse 
of pallet • 

CAUTIOit 

If ALSIP 1e ill poaitioa lGW, pull lanyard 
fraa top poaitioa. Wbea ALSIP ia ia tilted-
dawa poaitioa, pallet .. y alide out of ea.-
part.aDt after aalatchiaa. 

lln'l 

Do 110t atrib PLSS aac-. apiut due•t atqe . 

3. U.t• laJard froa badle 6 pull laayard •til it falla 
free froa latch bar •chai•. 

4 .  IC. atractiOD laafard to aYOid iaterfareca with ...-.1 
depl.,...t .  

s .  Cr•p pallet had1e 6 pall to atract pallat froa bay. 
Supportilta pallat oa bottoa, � pallet uad lawer 
it to aurfua (l.adla aida up) • 

6 . l.apeat at.,. 1 tbrouP S for other pallet . 

7 .  Ct.. IIQ beJ door lly palliq black cloor-.ctuatiOD 

laJ'ard • 

•• Cia.e •tna.at/D'G protactbe door .  

' · It• layarda . 

·""'-

REMARKS 
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ClEW· PNL MAN PROCEDURES 

4 . 15. 2 . 3 . 2  Pallet uaablz l...ota !!!el!!l!!•t 

1 .  Gr .. p eatractioa laayerd atawed oa coDtaia.r baDdle . 

2 .  Na9a ..., fraa Yabicla for approzt.ataly full leaath of 
laayard • 

l. hll vbite laDyard to ualatch pallet fraa Uf. 

4.  Coatiaue pulliD& White leDyard uatil pallet falla free 
fraa paida raile • boola 1a fully eat&Ddad . 

s. BolAI vbita laayard taut to prnat pallet fraa IIViDiiDI 
Net apiut 'nhicla. 

6. Actuate black-"-vhita-atdpecl leayard by aeriea of abort • 
.... rp jarlul to l.anr pallet to aurfaca , hadla aida up .  

7. 1e1.... laayerd quiclt-nlaeee fraa fonard ada• of pallet . 

a. Icc. laayerd. 

' ·  ....,.,. ball-lock piD attached to CODtaiDer aupport atrut . 

10. hll blaclt-6-wbita-atri,.. l.aayard to retract b- iDto 
IIQ bay. 

11. ICC. all loon laayarda 1D .-pty atowaaa caaparmeat . 

12 .  ..... t at.,. 1 tbrouab l l  for other pallet . 

13. CloM IIQ bay door by pulliDI bl.eclt aectioD of door-actua-
ti• layard . 

14. Cloae .. trooaat/llG protact1•• door . 

15. St• l.aayerda . 

REMARKS 
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LM 3210 

jcREW·I PNL MAN PROCEDURES 
4 . 15 . 2 . 1 . 7  SRC Removal 

1.  Raiae thermal blanket ove r SRC area. 

2 .  Remove SRC . 

3 • Uns t ow  SRC table . 

4 . Mount SRC on table • 

5 .  Close thenul blanket . 

4 . 15 . 2 . 2  LRV Deploy!!nt 

1 .  H Oft  to poaition on ladder. 

2 .  Deleted 

3. Pull D-ring to releaae LRV releue -chanis•. 

4. Deac:end ladder to lunar surface . 

4 . 15 . 2 . 3  ALSEP operations 

4. 15. 2 . 3. 1  Qpeo Scientific !quip .. nt (SEQ) B!f 

1. Unfold thenul ahield fr011 risht aide of SEQ b iiY .  

2 .  Grup door-actuation I..lyard & •Oft •IIY from whicle . 

3. Pull white sectiOD of lanyard to open ast ronaut pro­
tect ive door (RTG fuel cult heat shield) . 

4 .  Continue pulling lanyard to open SEQ bay door. 

s . S tow laayard an secODdary at rut , to right of SEQ biiJ • 

_ _  .._ 

REMARKS 

SRC ' s  must be removed in nume rical orde r .  

Weighbags and secondary structure must be removed be fore 
removal of S RC No . 3 . 

!iaximum open time of MESA thermal b lankets per EVA: 
Center compartment - 15 adnutes 
Outer compartments - 1 hour 15 adnutes ( 1st EVA) and 

15 •in (subsequent EVA ' s) 

AssUIIIption : Other crewman has previously deployed the 
deployaent cable and the tvo reel operatiq tapea . 

This s tep completes GAC/GJIF. p rocedures . GN;/GFE proc­
edures (deployment )  are not suppl ied in LM AOR . 
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4 . 15 . 2 . 1 . 5  19 C...ra D!plo7!!gt 

1 .  

2 . 

3 .  
• •  

UMt• 6 U,lo, -=-ra tripod • 
.....,._ -=-ra fra. bracket • 

let -. -=-r• OD tripod , faciq pallet • 
U.t• 6 p� out 19 caltla uatil color cocliDJ 1a Yidble • 

s.  ...,. c.ara ..., fra. fthicla . 

4 . 15 .2.1.6 MilA lt!t,._t llaDdllaa ad Trauhr 

CDR I IIIlA 1 1. Lift cater tMna1 bluet to apoM EVA pallet . 
n 

f 
i 

., t 
• 

... '(' 
� 

UIP 

CDR 

2. 

3. 

4. 

5 .  

U.t• ItA pallet. 

u.t• IIC tala. 

..._t pallet OD ubla. 

a.t• dlenal. blaalult .  

6.  Place MC_.UJ equi,....t (ICS LiOB c:aaiatar or ataro 
ntara cuaetta coataiDar) OD pallet , for tnaafer. 

7 .  'fraafar pallet iDto u�t etap . 

8. a.catft , ualoacl, • ratuna pallet to CDR. 

9.  Diacard pallet . 

REMARKS 

Aaeu.ptiODa : (l) CDR ia oa luaar eurface ad (2) UIP ie 
iD c:abiD. 

S-bad •c..... to be uaacCIIINd before r...wal of EVA 
palleta llo .  2 and 3 .  

Step 3 to be perforaed after r...wal of EVA pallet llo .  
1 ,  clue to cr-. reach c:aaatraiDt . 

Ma� open cs- of ID!U tberal blabta par EVA : 
C..tar COIIIp&rtllent - 15 aillutu 
Oatar eo.par�t• - 1 boar 15 atautee (let ItA) ... 

15 aiD (eubaequeat EVA ' •) 

� 
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z w  .,. . 

� ·  " I 



r. n 

! 
N 

REW MAN-I PHL 

a- ILMP 
(IJ 
• "" 
r9 

i 
• 
11 

... 10 .... ... 

n 
,-t r 

l 
... . 
... '(' 
t;: 

PROCEDURES 

4 . 15 . 2 . 1 . 2  MESA Manual D!ployaent 

1 .  Hove t o  MESA . 

2 .  Grup unual dep�t lanyard & _,. away fraa vehicle . 

3 .  Pull oa laDyard until pallet deploya • 

4 . 15. 2 . 1 . 3  M!SA Heyht AdjuatMilt 

1.  Uaatow olive atrap & d r  .. out until fully deployed & 
all atrapa are taut . 

2 .  Uaatow blaclr. ..Sjumat atrap. Lift atrap to diaenaqe 
buckle leat-loclr.. 

3 .  Iacr ... e 11ft1Da force to raiae MESA. 
or 
Decreaae liftiaa force to lower MESA. 

4 .  �Daa�a buclrl.e luf-loclr. by •1Dta1Df.aa boldiq force 
vbile at.ult.aeoualy decreuiDI atrap aaale to brin1 
black atrap in liDe with olive atrap . 

4 . 15.2.1 .4  MISA 1Kter1or llaakat R-.a.al 

1 .  !�!we to MESA & ..Sjuat pallet to deaired heiJht . 

2 .  Looe• bt.abt aroaad TY leu . 

3. Crup atrap aa left he1f of blaabt & pull blaDbt to 
left , off MISA . 

4.  

5 • 

6 .  

Puah bl.aDir.et aader MilA. 

Pall rtaht half of blaalr.et to ri1ht , liftina up & o.er 
TY �a • 

Pub blaaket .. dar MilA . 

REMARKS 

Aaau.ption : Activation of MESA releaae .. chant .. re­
aulted only in unlocking pallet ; pallet did not deploy. 

Step 1 .uat be perfor.ed if MESA 1a reatiaa on lunar 
aurface following MESA Ra.ote Dep1�t (para 
4 . 15 . 2 . 1 . 1) . 

Olive MESA deplo,.ent strap ia dr.-a out fraa cODtrolled 
atrap-releaae .. chaai .. (ratchet) . 

Tttia enabl .. MESA to be ra1Hd or lowered . 

MESA adjaac.eet atrap dr... throu1h buckle at approzi­
..tely 40 poaada of lifting force , at •trap aaale of 
approzt.ately 75• . (Strap aaale ia o• when blaclr. atrap 
1e in line with olive atrap. )  

Ref para 4.15 .2 .1 . 3 .  

� � 
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4. 15. 1 . 20 Buddy Umbilical Stowage BaS -Removal 

+Z2 7  1 1 .  Unfaaten Velcro on external cover. 

2. Eoaure buddy Ullbilical at tach��ent straps clear pull-tabs . 

3. Unan� intemal co��part•nt • 

4. -..ow buddy Ullbilical stowage bag & secure external 
cowr • 

4 , 15 , 1 . 21 PGA Protectift St011ap 

1. Doff suite . 

2 .  P lace one auit on left aide o f  ucent eosine cove r ,  with 
Deck riDI aear -Z27 netting & lep extended down onto 
or near 2 33 deck (atep) . 

3. Place aecaa.d auit on riaht aide of ascent engine cove r ,  
wi th  De ck  rina near -Z27 net tins, ahoulden overl�ping 
thoae of other auit  & lep extended d0110 onto or near 
2 33 deck (step) • 

4. Open eapty jettiaion baa & insert lover lep of suits 
(crew preference) .  

4. 15. 2  IJTRAVEBICULAR ACTIVITY 

4. 15 . 2 . 1  MESA Qpe rat iona 

4 . 15. 2 . 1 . 1  MESA Re-ate Deploy.ent 

1 .  How t o  position on ladder. 

2 .  

3.  

4 .  

Pull lanyard at  plat form side to re lease pip pin & 
activate MESA release locking .. chanism. 

Descend ladder to lunar surface . 

Stow LEC on ladder cleat . 

REMARKS 

Suits aay be s towed , at crew pre ference , in ooe o f  fol­
lowing configurations : 

a. Connectors facing up 
b .  Coanectors facing down 
c. Suits placed back to back 

MESA should be manually deployed if automatic system 
does not re lease locking mechanism. (Ref para 4 . 15 . 2 . 1 . 2 .  
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4 . 15 . 1 . 19 . 1  Depl!f Slee2 Station �cont) 

4. Paaa UfP 1Dboarcl center aupport atrap to CDR 
(beneath UfP & CDR wabilicala if connected) . 

, 5 . Attach atrap to lover handrail on auit circuit 
aaaeably. 

1 6 . Attach outboard center aupport atrap to lower ISA 
fittiftl & atraddle �oek while facing CDR flight 
atation. 

7 .  Poaition aelf in "-oclt , with head at UfP flight 
atation . 

I 8. Attach aft fitttaca of CDR h-..oclt to -Z27 attach 
poiata. Paaa "-oc:lt (baeath u.bUic:ala if con. 
aacted) & attach fo�d atrapa to ,...1 1 and 2 
"-cit fittillaa . Adju.et teaaion on atrapa for 
daaired "-oc:lt heqht . 

9 .  Attach outboard c•ter aupport atrap to Yartical 
baadrail � auit circuit ...... ly , 

10 . Clillb 1Dto "-»cit. rith f-t factaa forward . 
Attach ildaoard c•ter aupport atrap to outboard 
PLSS dolmiaa atatiOD attact.-t & pull dcNmrard 
OD a trap to uiataia deaired tmaion . Lie back 
1D "-oc:lt. 

4 . 15 . 1 . 19 , 2  Sea. ll!!p StatiOD 1 1. 

2 .  Placa all atr ... OD "-oelt 6 roll up "-oc:lt. 

I J ,  Clillb out of � • detach centar aupport atrapa & 
the attach atrapa on LHP aide of cabin • 

4 ,  Place all atrapa OD �cit & roll up ba..oclt . 

s • Retun to CDR fli&ht atatiOD & atow CDil & LKP 
1.-.oc:lta . 

. .  ,..,... 

I REMARKS 

I I ,.. I I C1 s 
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4 . 15 . 1 . 16 .2  Peedvater a .. arvoir and Auxi1iary�ank ieCharae, 
Qr .. itz lawirCIIIMDt (coot) 

8 I 23. 8ft COift': UI.DI LID .., - OPP 

11 I 24. CB Bra: UI.ID LUI - opeD 

- · 

4 . 15.1.17 .. 1M BVA AateDD& 

1.  .... to aft cab iD  bay. 

2. Crup DA •t_. T-baadle .  

CAIJ'l'IOII 

latate IlDdle al.awly to prwat 
wrtical cweraboot. 

3 .  Pull .._ • ntate baadla to deteat ; releaM baadle. 

4.1S.1. 18 Stoll DA Aat_.. 

1.  ...... to aft cab iD  bay. 

2 .  Gnep EVA •teaa T baMle. 

3 .  Pull .._ • rotate baMle to detent ; rel .... baadle . 

4 .15.1.19 Sleep Statiaa 

4.1S.l.l9 . 1  Deploy Sl.Mp StatiOD 

1.  1M tall IIUil filter OD IJ1f. 

2 .  Uutaw aidaactiaD �It fraa atowqe at CDR atatioa, 
• ..,. to aft equiplleat bay. Route Wlbilicala behiad 
PGl, if r .. uired. 

3.  Uaroll LMP "-ock fraa CDR aUe of cr• caapart:.eDt 
• looeely attach �It atrapa to h-..ock fitttaa• 
at UIP fliaht atatioa. .Adjuat taDaioa aa atrapa at CDR atatiaa for deaired "-ock beiaht . 

REMARKS 

Pall tr .. el of haadle rotatioa ia appraataate1y 225• . 
Direction of tura ia coaatercloc�ae. 

Pall tr .. al of haod1e rotatiOD ia approaiaate1y 225• , 
Direction of tura 1a c1octwtae . 

To pre.ent earthahine throuab te1eacope . 

I 
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J I I 1 4 . 15 . 1 . 16 . 2 Feedvater Ruervoir and Auxiliary Tank Recharge, 

� Gravi� Envir�t (cont) 

: I I ECS I 11 . DES 820 vlY - OPEN "' " � I I I 12 . DES 820 vlv - CLOSE 
• ,.. I I 1 1 3 .  Dbcomaect urine traaafer hoee fr01a PLSS pri-ry 

S water tank 'ftllt fittinl & connect to PLSS auxiliary 
..,. water tank Yent fittlftl · 

� I I • 
Water b iaittally olteerved ill ,_t flow e 
iDclic:ator due to prwioua entrapiNDt of 0 
vater :lJa Yellt tube. Aa pe 1a Yea ted . I water ie DO 1oaaer obeerved . Water 1a � Q asaia obeerved when pe ie C011p1etely � 'ftlltecl and auxiliary taak 1a full . ,.._. 

5' If vater clou DOt cliaappur withiD 10 if ':! 
1 Me after D!S B20 Y1Y - OP!R , there I Z: :1e DO pa ia auxiliary tank . Proceed .,. I-to aeat etep of procedure . � . •  

ICS 1 14, DES 820 YlY - OPIN 15. DES 820 dY - CLOSI 16. Diac:acmect uriaa traafer hoM fr• PLSS auxiliary 
vater tak ftDt fittiaa 6 etov. 

17. DES H20 Yb - ora for 5 to 10 Me, thea CLOSE I Step 17 tope off PLSS water taka .  

PLSS 1 18. PLSS ADZ B20 Slif1Vfi AMD ULIEP dY - CLOSE 

19 . Diacoanect all hoeu & iutall duet cape . 20. Secure PLSS • 

l I I 1 21 . Rec:oaaect water diepeaeer to water rechar1e hoae 

I• & etDW. 

! I I IICS  I zz . DES 820 Yb - OPIN 
.... 
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4 . 15 . 1 . 16 . 2  Feedwater Reaervoir and Auxiliary Tank Recharge, 
Gravity Bnvironaant (cont) 

PLSS I 2 . OpeD PLSS ther.al iaaulation flap & access door 

3 .  

to expose H20 fill & drain fittings & vent fitting . 

Uaatov urine traaafer hoae & connect to PLSS H20 
drain fittina • 

ECS I 4 ,  DIS 820 vlv - CLOSE 

5 .  UDatow water recharae hoae & cliacoanect fro. 
water diapaaaer . 

PLSS I 6, Conuct hoee to PLSS 820 fill fitti.na. 

DIS H20 Ylv - OPEN ECS I 7 .  

r«n'E 

Durina recharae. flov aay be verified 
by obaervina inte�ittent bubbles in 
urioe tranafer hoae flov indicator . 

8 .  Chaqe for alnt.. of 5 llinutea . 

9.  DIS 820 Ylv - CLOSE 

10. DiacOQDect urine tranafer hoae froa PLSS H20 drain 
fitting & cODDect hoae to PLSS primary tank vent 
fitttna. 

r«n'E 

Water 1a initially obaerved in vent flow 
indicator clue to previoua entra�t of 
water in vent tube . As gas 1a vented , 
water ia no lonaer observed . Water 1a 
aaain obaervecl When gaa ia coapletely 
vented ancl feeclwater bladder ia full .  

If water cloea not disappear within 10 
sec after DES 820 vlv - OPEN, there 
ia no gas in feedvater bladder . Proceed 
to next step of procedure . 

REMARKS 

Tille required to fill PLSS feedvater bladder. 

5 6 i �  
� --­
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LH 9� =-1 PNL N PROCEDURES REMARKS 

4. 15 . 1 . 16 . 1  Qxysen Re charse (cont) 

3. Unstow LH 02 rec:harse hose . 

4 . Verify : 
LH 02 recharse hose conne cted to HI PRESS QD • 

or 
LH 02 recharge hose connected to LO PRESS QD • 

5 .  Reaow dust cap & connect LH 02 recharge hose to PLSS 
02 fill u ttins. 

HI PRESS QD is to be used as noainal aode . 

LO PRESS QD is to be used as back-up or cont ingency aocle 
only • 

+Z2 7 , 6 . HI PLSS 02 FILL v lv - OPEN 
or 

ECS LO PLSS PILL vb - OPEN l iD  PLSS valve will provide 5 7% charge to PLSS tank 
if des cent oxygen quanti ty >35%. 

1. O.arge as required 1 While charging with oxysen. c revaan aay p roceed to Feed-
water Reservoir Recharse procedure (para 4 . 15 . 1 . 16 . 2) .  

+Z27 , 8 .  H I  PLSS 02 FILL v1v - CI.DSE 
or 

ECS I.D PLSS FILL vh - CLOSE l iD  PLSS valw will p rovide 5 7% charge to PLSS tank 

ll 
8 

9 .  Diaconnect LH 0 2  recharse hose froa PLSS 02 fill f1 t ting . 

10 . Replace dust caps on fill fi t tins & hose . 

ll . Stow LK 02 recharae hose . 

12 . C�e PLSS 02 access door & theraal insulation flap . 

4 . 15 . 1 . 16 . 2  Peedwater Reservoir and Auxiliary Tank Rec:harse. 
Gravity !nvi r�nt 

1 .  Five llf. n  be fore tr.nsfer o f  PLSS condensate : 
Cl BTR: URINE LIKE - close 
HTR COKT : URINE LINE sw - HTR 1 

i f  descent oxysen quanti ty >35% . 

Asauaptiona : (1) PLSS AUX 820 SHUTOFF AND RELIEF vlv ­
OPEN . (2)  PLSS aay b e  aoW�ted in recharge s tation o r  on 
• cent engine cowr • (3) PLSS PRIHARt 820 SHUTOFF AND 
RELIEF vlv - CLOSE .  and (4) all dust caps are tethered . 
and reaoved as required. 

� 
!il e  i �  Z w  
.,. , 
I 



r. =-1 PN. I PIOCEDUIES �N I I 14. 15 . 1 . 14 CooliDI 820 Oalllaeowr, PLSS 820 to LM 820 (LCG) 
"' 1 .  Looeea tono tiedGrD. 
Clll 
• � I laco 12 .  PUMP n - orr 
• t I I 1 3. DiaCDDDect PLSS 820 coauctor fraa PGA • 

... 

� I I 1 4. c ... ct LM LCC 820 COIUI8Ctor to PGA. ..., .... 

f 
' 

.., 
0 'i 

,.. . 

:r 
N 
CID 

I I 
16 1 5 .  Cl ECS : LCG .,.. - cloee 

4.15. 1 .15 Coolilll B20 Ol!!l!owr, LM 820 (LCG) to PLSS 820 

16 1 1 .  Cl ICS : LCG PUMP - opeD 

2 .  Diecaaaect LM LCG 820 cODDector froa PGA. 

3. CoaDect PUS 820 CODDector to PGA. 

I.CU 1 4. PUMP .., - «<I 

., ,,..... ... 

s.  Tiptea toreo tieclGrD u deetnd. 

4.15 . 1 . 16 PLSS .. char11 

Gn/GFI procedure• (PLSS b8ttery •d LiOB cartriclae 
n,1a..-t pncecluree) an Dot auppUecl ill LM ADB .  

4.ls . l .l6. 1 0!!1!! .. charae 

2 1 1. 

2 .  

ECS :  0 2  QUAHTIT'f 1Dd - >56% (descent t mlt  2 )  

Open PLSS theraal 1oaulat1oo flap & access door to 
espoee 02 fill fittiDI · leaove duet cap • 

REMARKS 

This ahould be perfomed by other en-•. PGA c:oooector 
1181 iDadwrtently lock , ill vhich cue it al8t be Wlloc:ked 
before LCG BZO coanector eaaa .. ..ut. 

Aaa.aptiooa : (1) CDil ad U. are ill their napectiw 
flipt atat1011a ,  ( 2 )  either c� ..,. perfon all or 
_, part of recharae procedures, ( 3) PLSS ..,. be ill 
doaoiD& atat1011 or 011 aaceDt eqioe cowr, ad (4) PLSS 
cootrol Wlit ia electrically coanacted to PLSS. 

Aaa.aptioaa : ( 1) PLSS 1181 be IMM.IIlted in rechar .. a tatiOD 
or 011 ucent enatDe cowr , (2) PlliM 02 sauron '#b - OFF 
( fvd) , ( 3) BI PLSS 02 fiLL Ylv - CLOSE , (4) LO PLSS fiLL 
'#lY - CLOSE, aDd (S) all duat capa are tethered • 

PLSS caDnot be fully charaed vith oxyaen if qullltity <56% 

i � � a ;  Z w  "' i � 0 • I 
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REW· MAN I PNL PIOCEDUIES 

4 . 1 5 . 1 . 13 Post-EVA Final Subsystems Con figurat ion (cont) 

2 .  Verify EPS Basic (Unstaged ) 

3 .  Verify C�unicat ions Bas i c  • 

� I CDR 11 1 4 .  CB S /C :  ATT DIR OONT - open 
.... "' ..... .... 

n 5 
i 
f 

i 
� . 
� 
I 

N 

8 1 5 .  

1 1 6 .  

3 1 7. 

ED :  
MASTER ARM sv - OFF 
STAGE sw - SAFE 

ENG 'niR OONT : ENG ARM sv - OFF 

S /C :  PCNS sw - OFF 

REMARKS 

Re f  para 4 . 1 3 . 4 . 1 .  

Re f  para 4 . 13 . 2 . 1 .  This verificat ion may b e  pe rfor.ed 
s imply by veri fying voice and telemetry reception by MS FN .  

..... �====��--------------------------------------------------��------------------------------------------� 
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I 





f .. ;;· 
i • 

N 
0\ 

fn 
.. ., " 

i 
• 
., 

.... "' .... .... 

n if 
t 
� 

l t 

MAN PNl I PROCEDURES 

4 . 15 . 2 . 6  Lunar Launch Cont ingency S towage (cont ) 

2. 

3. 

Pottt-EVA 2 
PLSS ( 1 )  - re charge stat ion 
ECS LiOH - jettison bag 
OPS (1)  - uppe r SRC rack 
SRC - lower SRC rack 
RCU (2) - I SA 
PLSS bat teries (2)  - jet tison bag 
PLSS LiOH ( 2 )  - jett ison bag 
Lunar ovenhoes - jettison b ag 
S tero cuaette - RIISSC 
Jetti80D bag - ISA 
TSI - ISA 
ISA - aft bay res t station fi t tings 
HSI (2) - aacent engine cove r 
PLSS (1)  - upside down in donning station 
OPS (1) - cein floor 

Po11 t-EVA 3 
PLSS (1)  - recharp station 
ECS LiOH - jettison bag 
SRC - upper SRC rack 
RCU (2) - ISA 
PLSS batteries (2)  - jet tison b ag 
PLSS LiOR - jettison bag 
Lunar owrahoea - jet tison b ag 
Coaaic: ray detector - lover LHMS SC 
Jettison bag - ISA 
TSI - ISA 
ISA - af t bay rest s tat ion fi t tings 
BSB (2)  - aaceot eqine cowr 
PLSS (1) - up11ide dOWD in doaning s tation 
OPS (2) - cabin floor 

REMARKS 

i 
0 

� � 5 �  
0 ' Z w M i 
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5 . 2 . 2  PRIMARY GUIDANCE & NAVIGATION SECTION 

TRACKER 1 t  

ISS wam 1t 

TEMP 1 t  

GIMBAL LOCK lt 

LGC wam 1 t  

RESTART 1t 

ALT 1t 

VEL 1t 

RNDZ RDR caut 1t 

NO TRACK 1 t  

LGC teat 

Basic Date 26 September 19 71 

Tab le 5-2 . PGNS Procedure Entry Sheet 

SYiftl) t oa 

Change Date -----

Sym Page 
No . No . 

1 5 . 2-R 

2 5 . 2-R 

3 5 . 2-9 

4 5 . 2-9 

5 5 . 2-9 

5a 5 . 2-9 

6 5 . 2-10 

7 5 . 2-10 

8 5 . 2-11 

Sa 5 . 2- 1 1  

SSR-1 5 . 2-12  

Page 5 . 2- 7 



LMA790-J-LM 

APOLLO OPERATIONS HANDBOOK 
LM3252, LM3259 

SYMPTOM l PRotEDURE 

1 (I II I� u f--.!..I 
TRACKER •RS£1 TRACKER LIGHT LOGIC 

TRACKER II- off' 
PROG It • on 1005151' FAILURE 

YRLOW 

Li&ht on if d1ll -pd is 
lost Of RR CDU fills wMe 
RR is oodor LGC control 

I 
I 
I 
I 
I 
I 
I 

1 I I I I J ISS ! 
RED 

Li&ht on �' 
IMU fails 
ICDU latls 

PIPA laols dunna tllrust 

I 
SYIImM I 

+YES YES 

� _F s l  Ck RR CDU 1 • 1  NO 
RR CDU FAILURE 

503 alarm Wltl\10 60 seconds ' • RATE ERR MON - RNDZ I .NO MOAB 
• V56E - termmate trac�-

in1 

(I E • V41NnE -RR coarse alogn 
• LOAD N73 T00500[ 

TRANSIENT CONDITION r00500E n J  Manual RR acqurstiiOn 
• PRO 

� • V04 N!2E 00006 00002 
•Perform P25 or AGS acqurs1t1011 • PRO 

• m NnE steering f •Verify perlormance With MSFNJ •RADAR TEST , MQN -� 
DSKY regoslers & FOAl error •RATE/ERR MDN- RNOZ RADAR 
needles dosplay onput shaft •X POINTER SCALE- as deslfed 

and trunmon angles? eRNDZ RADAR-SLEW 
Slew antenna uOtiiRADAR 

YES SIGNAL STRENGTH peaks 
•Perform srde - lobe check 
•RNOZ RADAR-AUTO TRACK r I •Perform AGS Manual Rondezvous � LOSS DF DATA G000 DIS- 1-- CDU fAIL DfTECTIDN Radar LM State Vector Update CRETE TO LGC CIRCUIT FAILURE I J 

j_tj I YES 2 1  Orsplay alarm code 
PROG It - on' .!.1 l I •VOS N09£ 

•Record a!arm codes eVenfy !allure l'l'llh MSFN • NO 

Ci: eRS£1 

ISS & PROG Its remaon oH' ��WEA OR LGC OUTPUT 
� .. ANSIENT ISS CONDITION 

before sw•ldHng to alt 
gu1dance s,s II MSfN rs 
unavailable. lroobleshoot 

HAN FAILURE 

� C!: 11 ICDU AID ck 
•Vl6 N20E 
•MnYr LM y,.. . o· Pitch - o• 

Roll - 0" 
•V� N20E - Zero ICOU's 
•Com4lare PGNS total all 

dispjoy with N20 d1spjay. 

PGNS FOAl & OSKY relisters 
acree' .Y!S a 121 ICDU D/A ck 

•MODE COif! IPGN� 
eV37E eY43E 

FL V21 N22 
•Load ICOO an&les R1+003� R2+0032S 

R3+0032S 

PGNS FOAl error needles 
.. loaded Vllues? 

rES Q: 
r LGC INP\11 CHAN 

FAILURE 

NO 

(i) �10 CON!-� 
04777 03777 eH thrustina. complete burn 

befO<e conbnu1111 10777 

Alarm code7 
13777 o{I!Ej � ...____. 

07777 loom 
9 J PIPA ck 

eVl6 N21E 

(4) (5) �  Any reg1ster zero or 
> 300 counts/ mtn' 

� YES ICDU AID 
SECTION FAILED. 

141 Stab 10011 ck 

•Establish all hold. 
•Vl6 N20E 

CDC! •Comt>are PGNS & AGS 
FDA I total all & OSKY 

� readou!J 
ICDU DiA 
SECTION fAILED . PGMS fOAl lotal •ll 0< Rl .  

Rl. R3 dnftin&' • YES

W 

� IMU FAIUO. 

PIOCEDUII£ 

WlthOYt SWitChing JUidance 

I 
7 & 9  

9 & 14 

1!1 � PIPA FAILURE · DETECTION 
CIRCUIT FAILED 

(4)Cl: 
.L1lJ PIPA FAILURI: I 

Q: 
� INP\11 CIWI FAILURE 

� �II ow MSfN to evaluole 
power-down ecb(l l) PGNS: 
IMU OPR -� 

Basic Date 28 September 1971 

PRIMARY GUIDANCE &. NAVIGATION SECTION 

Cnange Date ------

REMAIIKS 

lCD NO !RACK H may also be on. but 
does net represent malfunchon rt I oc�-on has nat been achteved 

0 il<:cu" w1thout NO TRACK It LGC 
w1ll not process RR data 

CD Subsequent ISS malluoct1oo indi-
catiOOS lost 

0 FoHowmg alarm codes are aener· 
ated b' listed ta�lures 

04777- PIPA and ICDU faolure 
10777 · PIPA and IMU faolure 
13777 • IMU and ICDU faolure 
14777- PIPA. IMU. and ICDU faolure 

If an, ot these alarm codes occur. 
proceed sequentially to each of 
steps losted A ··t;O" answer to 
each step md•cates that trans1ent 
d1screte was generated 

(D Alarm may blank N20 drsplay. H 
"'· reset alarm and key Vl6 N20E 
for comparison w1th total attitude 
dispjay 

(D cb Ill) SiC. AEA • close 

® 
Funct1on AiD 0/A 

Rema�nin1 Failure Fatlure 
Fine alip NO YES 

Coarse alip NO NO 
All error �pi NO NO 
Total all to FOAl YES YES 
Gimbal arcf., to LGC NO YES 
IMU sllb 10011 YES YES 
Ca&e mode YES YES 
IMU faolure-<letection 
CirCUit YES YES 
""""" olip on NO YES pmballock 

(!) LGC can perlorm tunct1ons 110t re-
quinn& IMU 1nputs. After ucll 
thruston1 maneuver. state vectors 
must be updated '" P27. 

Q) LGC moo1lorin1 and control ot 
thrustonJ lost 0 s.itdl pnl ..., bt I1IOOid to 
Side polition tO< durltioo <If litnl 
S/C, PGNS sw - CH. 

E--102• 
IOUIU 

Page 5. 2 - 8  



LM 3232 

SYMPTOM 

liiht on 1f IMU 
temp out of limtt5 
<126 F 
>13-4 F 

Light 00 If MGA >70 

Ltgt1t on tf 
LGC pnme power fat IS 
Scaler tatts 

Counter tarls. 

SYMPTOM 

Basic Date 26 September 1 9 7 1  

LMA790-3-LM 

APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

7 •KEY REL 
•Monrtor OSKY- 'hs.pjayed 

angles to avo1d grmbal lock 
or •Monrtor FD"-1 bel ly band 

wtth resptct to color band 
on roll bezel . to avord gtm­
bal loco 

LGC VOLTAGE FAILURE 
IPOSSIBL Y TRANSIENT' 

PROCEDURE 
PRIMARY GUIDANCE & NAVIGATION SECTION 

IMU perfonnance with 
K MSFN ,. u111Vailable or 

confirms IMU unusable: 
•GUID CONT-AGS 

to establiSh ott 

If t11ne perm1ts. 
•Perform LGC self-test to 

determme whether any 
LGC capablltty remains. 

LGC TEST 

Change Date -------

CD 
REMARKS 

R1 readM of 0, 1. 2. 3 iodicatts 
IMU temperature IS within lrmits. 

GN & CS perfOOIIIIICe will be unaf­
fected by IMU out-of-tolerance 
temperature far at least 15 min­
utes. Cnbcal maneu•ers can be 
conducted wtthin thts t1me. IMU 
s!Jb loop and W!lac•ty measure­
lneflts will be de(raded aftor this 
time. 

Subsoquont IMU out<>f-tolerallCe 
temperature indications are lost 

LGC commands coarse ahlfl when 
MGA � 85' 

GIMBAl LOCK II unusable for 
monttortng 

Belly ban-d covers separatiOn be­
tween hemispheres of FOAl ball 
Belly bond, '" color bands oo eoch 
side of FDAI roll berel.would indi­
cate IMU m1ddle g•mbal ancle � 
75" 

CD Transtent contiltton could have extS· 
ted Olther m lGC or CWEA 

(!) DSKY relay that turns on LGC It dis­
ables flrD torqumg and PIPA capa­
bility Hence. LGC morutonng and cootrol of both TVC ond RCS at­
Illude maneuvers lost 

Q) Attempt rtpowenng lGC by open­
mg and reclosmg cb (l]J PGNS 
LGC/DSKY 

0 Readout of 0. I. 4. 5 1nd1cates LGC 
fall Signal to CWEA. 

(!) cb ([]) S/C AEA - close 

Alarm Source Channel 77 
Code iOctali 

"Panty fa•I IF -memory) 001 
•Panty tail (E -memory) 003 

TC trap 004 
RUPT lock 010 
N1ght watchman 020 
Voltage f01l 040 
Count01 f01l 100 
Scaler f11l 200 

Scaler double freQuency alarm 400 
"Allowable cambmalloos of Oclal sum of 
above alarms above codes 

•Panty f01l Will ••thor be 1n E -
memory or f - memory but not 
m combm�t1on 

REMARKS 

P 
5. 2 - 9  
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YEllOW 

Lreht on steady rf 
LR range data-good 
d•screte not presettt 
when LGC tnes to 
read LR altrtude iR201 
E•oected at. 

High altrtudes 
Off·nomtnal atti­

tudes 1,•ndudrn1 
'belly down") 

Zero Doppler 
Lrght flashtng rf· 

lR a lhlude reason­
ableness test fa1led 
below hrgh-galt IRI21 
E•pected at 

Lura1n dJscontmuittes 
Zero Doppler 

7 a: I I  VEL I 
YELLOW 

Lrght on steady rf 
LR velocrty data­good discrete not 
present w�n LGC 
tnes to read lR 
velocrty IR201 
E•oected at 

Hrgh altrtudes 
Off-nominal atti­
tudes lrncludtni 
"belly down") 
Zero Doppler 

lieht on flashtng rf·. 
LR velocrty reason­
abient" tests fail­
ed iR121 
Expected at. 

luram d•s.continurty 
Near -zero Doppler 
LR antenna stuck 
between pos•t'•ons 
(at hrgher altr­
tudesl 

! liJ -1 Condrlron' 
I flASHING 

STEADY 

LMA790-3-LM 

APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

cz.: 
2J 

YES f.!J 
Preceded Oy steady VEL It r- POSSIBLE CROSS-'.OBE 
or All It also tlashrng' LOCK-ON 

NO 

5 I Do LR Self Test 

:�i�E ERR MON - LOG 0 G: ROR CMPTR - ft: 
•MOO£ SEL - LOG RADAR 
•RNG Al T MODi:r •RADAR TEST - Qff 

All RT 
- eV57E 

•RADAR TEST - lOG r;-, 
Altrtude rate and . or har1- l� 
Ion tal Yeloc,trts 1on ALT, Pf{l 
AlT RATE and/or X pornterJ 
obvrously bad' R VELOCITY fAILURE '----'---J 

� 
- Achate forced tracller 

search 

•RADAR TEST - \Qg 
•W.a,t l sec 
•RADAR TEST - Off 
•VEL '\ - oo steady 
,· "'="b s.ecl then off 

�Before avera1e g in P63'r �RNG • ALT MOH - AlJ r 
ill!! -. 

I 11 I •cb PGNS LOG ROR - 1 !llo l  _r:- cycle NO J-:'. 
Symptom remains after 2u I P()SSIBLE ERRONEOUS LR 

YES •MODE Sfl - � �c? ... 
Lo

•
w
•

�
•

A
•

L
•
E

._ .... .., +YES 

f!J DSKY RELAY FAILURE J 
Altitude rate dtsplay 
changmg? 

YES �-•RADAR TEST /MON - VEL 
OOE -

.!21_ 
RADAR SIGNAL STRENGTH � LR VELOCITY DEGRADED 
> 2 I '  r--- OR FAIUD 

.!!J 
DSKY RELAY FAILED OR 
LRrLGC INTERFACE fAILURE 

141 Do LR Self Test 
eV58E 
eRAOAR TEST- !.!1§ 
•RATE ERR MON - LOG 

ROR!CMPTR -

Alt1tude rate and/or hon-

.__ __ ...... 

� � •RADAR TEST - QIT 
•V57E � p:ES zontal velocrtres lon Al T I 

LR VELOCITY fAILURE ALT RATE and/or X pornterl 
L-o_bv_ro_us�ly_b_a_d'------� 

PROCEDURE 

Basic Date 
26 September 1971 

PRIMARY GUIDAl'ICE & NAVIGATION SECTION 

C�ange Dole -------

0 

CD 
CD 
CD 

0 
CD 
CD 
CD 

® 

REMARKS 

ElpecteC: zero Oopo:er reg10r 
LR an�enna pos•�10n No 1 -

a�otJl '000 to SOOG feet 
LR a'1tenra pOSI�·on No 2 -

aooul JSO 10 ISO feet 

Alt �ude ·easonabeleness test ,s 
aerl�·rned orlv J'ter tugh �ate 

��me IJmf�.at10ns below h�gh 
gate 'nJ) nor �erm1l :esf 

LR se!f- re:;t �arnot determme 
cause Symptcm may· :>e temo­
orarJ' due to  ·:allses 5c;Ch as 
�hos.e liSted I n  sv-...PTG� col­
t.:mn 

Cc�·abti:ty of updatmg LGC wrth 
LR data 1s lost 

':Orona I� SIJS· 
LDG RDR - orcle 

If r·:tr�m:tter :JC"''er or •e·:e:�er 
sensrr •·.· , ' t  lc beam� No l 2 
or .! - s  3tt·tu1e jata-
good mav i ate 

Expectea z�ro Oooorer re�-ors 
LR antenna oos,fron No I -
abnut 700(1 to  �::oo feet 

lR an1en11a po�:t:on /'to 2 -
abod 350 to !50 feet 

Veloc:h reasonableness test JS 
performed when �eloc1!� < 5000 
Ips al l the trme 

LR se1Ltest cannot determme 
:a�.,e Symptom ma� be lemp­
or,H'i due �:; :Juses such as 
tt·ose ':sted :n SYMPTOM :o:­
umn 

Posstble data nteriace fH.He 

Posstb!e rmp�ct on ab1 l tty to use 
altrbde data 

Assumptton R04 rs not runnmg 

If transm•tter power or rece�..,er 
sensrtl'llty for beam No 1 2. 
or 3 rs degraded veloc1ty data­
good mav be late If beam No I 
and · or 2 �s CJtfected alttlude 
d1ta Wiitl! also be 1ate 

If !ransm1tter corona IS sus­
Dec!. cb PGNS LOG ROR - cycle 

T1ere 1S no onboard capablt1ly 
for dtsttngUishmg between f<ul­
u·es Contmue and momtor 
o•her data sources If data-good 
·d1screte mt erface fatled. LR 
data are not processed 

Unless results are obvtous test 
ts tnconclustve wtthoot report 
ol 1ownhnk lrom MSFN 

C. 3CXILM5· I CU 

Page 5 . 2 - 10 
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LMA790-J-LM 

APOLLO OPERATIONS HANDBOOK 

SYMPTOM l PIOCEDURE 

I 
I 
I 

I I  I ' I Ill NO 2 
' YES 

� RNDZ RDR NO TRACK It - on' eRNDZ RADAR - SLEW p;. 3 RR FAIL DETECT CKT l f i1 YES L RNDZ RDR I I  - off' NO TRACK It - on' FAILURE I 
YELLOW NO ct: .NO a.: Lrght on rf 

RR loses data goo<l 1n pl (!J NO TRACK LT FAILED OFF AUTO TRACK CWEA FAILURE 

Ia a r - - - - - - - - , NO 
1 NO TRACK : 7 8 I RR xmtr ck 

: @ . Range rate diSplay OK' I eRADAR TEST /MON - XMTR cc: 
IAGC > 0 6 •de) PWR � L - - - - - - - .J  

YELLOW YES Srgnal strength >1 6' DEGRADED DR FAILED 
lrgtlt on rf fYES 
RR loses dala good 
1n AUTO TRACK & LGC r CSM ATI OR NO I t  CSM •er1foes a N  & modes XPNDER PROBLEM xpnder 011' 

� NO f YES G: (4: 
p NO 13 CSM .enf"s att & ,!!1 � Range drspla� OK? xpnder OK' RR fAILURE. 

•Request CSM RNDZ 
YES t_m __G: XPNDR HEATER 

•RADAR mr.TfNDZ l!!l (wait 15 sec) 

•Request CSM RNDZ 
ill1--- XPNDR HEATER Range & range rate dosplay 

•RADAR TESHNDZ OK' 
(walt 15 sec) t m YES 

TEST OK' f--{,111 •RADAR TEST - OfF J 
I 

t NO C• •Request CSM RNDZ 
I �A XPNDR PWR 

I t I 
NGE TRACKER FAILURE 

I I!J 
Mode' I LGC 201 ReacqUire 

I AUTO I •Attempt LGC acQulsttmn I TRACK voa P10 
I NO TRACK It - off? I � 22[ Reacqulfe I ru GUID CDNP 

YES t NO a: •Attempt AUTO & MAN AGS acQUISition v1a P20 � 
RNDZ RDR & NO TRACK Its - � NO AUTO TRACK ENABLE 

24[ ReacQutre off? FROM LGC 

•Attempt AGS acQu1S1:10n t NO 
sleermg & manual lock on 

RNOZ RDR & NO TRACK Its - � RR FAILURE ofP 
I VES l2S 

LVOMENTARY lOSS Of TRACK 

ru Mode' I AUTO TRACK 28] 
I 

LGC 

I 1:. Rout one at lemptong to I NO 
read RR' 1 

F 

SYMPTOM L 
Basic Date 26 September 1 9 7 1  

YES 

1 1£5 TRACKER It on' J 
NO 

•RNDZ RADAR - SLEW 
then AUTO TRACK lwa�t 
15 se-cl ___ 

!.mJ Range diSplay OK' 6 

r
ES 

� NO TRACK It -off? � f!!l 
RNG CKT TRANSIENT lAND, • NO OR RNDZ RDR l T FAILED 
Offl 

i• f.!!1 •Vll N11lf 33E 
Rl ABCCE 34 NO I 0 = 0. 2. 4, or 6' DATA GOOD CKTRY fAILURE rES Ci:: 3� 

DATA NO GOOD/NO TRACK 
CKT FAILURE 

PROCEDURE 

PRIMARY GUIDANCE & NAVIGATION SECTION 

Cnange Date -------

I£IIADS 

CD RHDZ ROR C/W moflltor capability 
lost. Use NO TRACK It 

CD Contonue trooblesl!oot�n& 

<D H antertna is dnttme or OSC1IIatmg 
lllnorm•lly, a �net< gyro has far led 
Rfl GYRO SH - SEC and reacquue 

CD To check for IIOS5ible rndz radar 
corona P<oblem or frequency 
!rocker lock-on to spunous ra-
do1ti011 . cycle cb 1111 PGNS RNDZ 
RDR aff for "' !0 sec 

0 Key Y95E tin LGC model before in-
ollatong self-test or go to AUTO 
TRACK 

Q) RR will mamtam trackrng and pro-
vode goo<l oange rate data, shaft 
and trunnooo angles lo FOAl error 
needles. and arrmuth and elevalron 
anal• rates to X JXHnter ond 

(D LGC cannot read Rndz radar 

Q) 

0 

All Rndl radar data 011 but RR data 
good mts.smg ••d LGC w1ll not 
1ccept data 

Oat• 011 to LGC and d1Spla1 Use 
RNG/�ll pwr/sog fail it. TRACKER 
It, and AGC > 0 6 vdc as substotute 
track mdtcatlon 

C-300\.M..S-1032 
REMARKS 

Page 5. 2 - 1 1  
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SI'£CIAL SU1118U1111£ 

Basic Date 26 September 1971 

LMA790-3-LM 

APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

PRDCEDUII£ 

•Record· 
RI IERCOONn 
R2 1SCCUNn 
R3 ISCOUNT + ll •VOS N09£ Verify proe:ram alarm 

01102 
•'105 N08E 
eRe-cord: 

R I IALMCADRI 

PIUMARY GUIDANCE &. NAVIGATION SECTION 

Change Dote ______ _ 

•VOl NOIE 
1374E 

•Record R I r SKEEP 4) 
•E 
• 1 377E 
eRetord. R1  'S�EEP 7 i  
•Trans.mtl t o  MSfN 

ALMCAOR 
SKllP 4 
SKEEP 7 

eTermmate use of LGC 

ll£lWlS 

(D R2 - 00001 for at least 1 3  
seconds 

R2 00002 fO< at least 52 
secllflds 

Q) Suosequent use of LGC depends 
upon MSFN evaluaiJon of succfed. 
tng steps tn setf.test 

(D cb 111 1  SiC AEA - clo5t 

0 All LGC t .. mcttoos lost 
Q) lGC self test ch�cks only erasabte 

and ftxed memor, Other mtern.al 
problems cannot be delermrned by 
self tes.t 

0 P·oblem ts to erasable memory 

G) Problem tS 10 f11ed memory 

(!) Do not JSf LGC control for attttud! 
maneullers 

0 RCS DAP �nusable because T6 
counter :ontrols set lwrg !1mes 

@ LGC control oi RR iost 

@ LGC :�ol rnk 1ost 

@ tMU carnot be fme aiJgned 

@ IMU cannot be ca.arse all��:ned Allan 
b� cag1n1 and/or ftne al1gn 

@ IMU usacle as altitude reference 
only 

REMARKS 

Page � 



5 . 2 . 3  ABORT GUIDANCE SECTION 

AGS warn lt 

DEDA reaponae abnormal 

la•ic Dote 26 September 1971 

Tab le 5-J .  AGS Procedure Entry Sheet 

Symptom 

Change Dote ------

Sym Page 
No . No . 

1 5 . 2-14 

2 5 . 2-14 

Page 5 . 2-13 



LM3257, LM3258 

SYIIITOII 
1 ����_s---....., NO 2 

RED 
li&frt m W: 
ASA - supplies out af tollfiiiCI I 

I 

LMA790-l-LM 

APOLLO OPERATIONS HANDBOOK 

PIOCEDUI£ 

•MODE CONT (AGSJ -ATI 
!J2IJ1 -

eDEDA C 412R 
DEOA responds? 

1 
' NO 

1.!.1 A£J. POWER SUPPt. Y 
fAILED-

ASA huter fails 111 (KI­
inted II 15G" '* S"f) 
A£A toas to complete 
minor cycle within 
20 m�liseconds 

f YES 1��----�-----rNO �, ���AEA�se-H�-IH-1--� 
+ 10000 displayed wtthin 1 •DEDA C 412+IXXXXIE 30 sec? eDEDA C 412R .!J A£A test mode discrete 

sipols flilure conditian 
YES + 10000 displayed within ..!..J AGS SELf-TEST DETECTED 

30 sec? ---J fAILURE 
lilht lllclles on wtleft  AfA flilure is detected. 02/Ha.O QTY MON must 
be set to C/WI � positim to un o  . 

+ YES (4) .._ ___ � 

l!f Ck lor AEA-1nduced latchup � YES •1111!1!111 ----.. •Ol.j�O OTY MON - C/W f.- � TRANSIENT CONDITION 

2 

NO 

•�O QTY MON - rJJ! _RESt_ I TRIGI:ERING SElf-TEST 
AGS It - off? fAll DISCRETE Ly;sfAG::.S .::.." �- otfiii'c:�:.._ ___ 
' I NO VES t NO t 

12 
• DEDA C470R 

f DEDA roads minus 8000071 
Y£S 

l1!f AEA MAY HAVE EXPfRI-1 iNCED A REST ART 

FUpdate & allen AfA 
Reconfi&�lfe 400 & 410 
throui,t1 417 as requiTed. 

�-
ln-fhiht cro & accel cahb 

•DEDA C 400+600001. 
or 
If PGNS unavailable: YES eDEDA C 400+ 70000E ...- 11144 J 

1---"=iA�SAi'-pe.:.rl-:'o�rm..:.s.:.;OK;,::::' ::_...;-r CWEA fAILED. 
'--_;_:;..;...,.=.:;_;___J tHO 
.!!1 

MSFN venf11s ASA heater operotion �7j 
ASA heater OK' -[ ASA HEATER fAILURE 

f YES 0: �-1!!1 ASA PO
_
WER SUPPLY L.!J I fAILED 1 ecb {16) SIC ASA -� 

(7: [!jf 22 I Unlatch T MJ. - � mov hove f>iled to com- 1-- • DEDA C41?+5 -��1��� cycle w1lh1n 20 e DEDA 572R +0 
• DEOA C412 +0 

'-----11--.+-I I:...�I I R.-..- . b1 k' 11-YE�S;...._ ___________________ p (2j .- · 1  .... � •• .--n on . l  I DEDA fAILURE 

'No 
OPR ERR II · on' 

NO 

� DEliA Cllllrols frllzt. YES W 
but can be rllumed to f. OPR ERR l T FAILED Off 
narJIIII vii CLRpiJ' 

1.!!1 I I � fAILURE 

I 
YES 5 I "2J.!J •Dilil pb-� I CLR P8 FAILED OP1'N 

���D�i��-t�di�$11���1---1] �YES (1: 
� OPR ERR LT fAILED Qlj_ 

ABORT GUIDANCE SEC'nON 

Basic Date 
28 September 1971 Change Dote ------

I 

Q) AGS lost 
0 AGS self-test st.tus 

412+ XOOOO 
X = 0 T HI not complete 
X = 1 T ost successful 
X =  3 LO&it: test failure 
X = 4 Memtl!Y test f�tlur! 
X = 1 l"''C and memory 

test fa1lure 

0 AGS operations not recommended 

0 OziHzO CTY M()lj performs lalcb­
up release when set to C/W RESET 

Q) for PGNS unavailable 
C 400+ 700Xl ch&ks accelerom­
eters only 

(!) AEA restart chaniJI!S· 
470 to - 80000. 400 •nd 410 throoch 
417to � OOOXl, 470 1S mcremented 
by accumulated 6V1 from an in­
lltal value at AEA start-up of 
- 8(00 0 Ips 

CD Test Mode Fail rr M f I must be 
reset to permit the a�arance of 
the AGS •arning Iicht '" tilt Mnt 
of future AEA detected fatlures. 

Q) Readoot and entor tun<11ons are 
lost. AGS fh(ht displays are avlll­
a�e. but w11/ become less and less 
reliable due to 1n.abilily to be "9-
d•ted, ahllled or calibrated. 

0 OPR ERR display lost 

0 MSFN can confirm � reldouts. 
a For followin1 fodurH, AGSI DEDA capability I S  unolfected: 

El seements 
HOLDpb opeo  

b. for followinl failure. reldout 
and enter coplbility IS lost, 
CtR pb clased 
Dilit pb ctased 
ENTR pb ctOIIId 
HOI.O pb clased 
READOUT piJ ciOIIId 

AGS flii,t11 dispoys oro l¥lillillt. 
but will becm. less Inti less re­
liable due to �nobility to be ,..._ 
dated, alillled. or calibroted. 
c The pb capability IS lost for fol­

lowina flilures: 
Di�t pbopeo 
OOR pb-' 
+ or - pb-' 'AGS can no llllpr be 11hped, 
updated. or colibrlled. A£A 
rootinH vii SXX entry are lost. 

1-)IJI)I.MS..IOll 
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5 . 2 . 4  CONTROL ELECTRONICS SECTION 

5 . 2 . 4 . 1  Abnormal Vehicle Dynamic• 

• Abnonual vehicle dynamic& durinR c:outing flight u defined u ..llncom­
aanded vehicle acceleration by RCS , including limit cyclinR on edRe of 
deadband.  Abnormal vehicle dynamic• during thruat includes unexl'ected I 
acceleration or oacillation , or exceaaive RCS firing . AbnormAl dvnam­
ica may not alwaya be recoRnized on vehicle diaplaya ; it aa� be necess­
ary to verify the aymptoa uaing other available cuea . 

Table 5-4 . CES Procedure Entry Sheet 

Symptom 

Abnormal vehicle dynamic& (non-MPS) 

LM drifta out of deadband 

PGNS minimum impulae (V76) cmda abnormal 

AGS pulae or direct cmda abnormal 

Prop cads abnormal 

TTCA cmda abnormal 

Abnormal Dynamica during MPS thruating 

ENG GHBL caut lt 

No MPS ahutdown 

Premature UPS ignition 

No HPS ignition at TIG • 0 

ENG THRUST & CHD THRUST ind do not agree/off achedule 

PRE AMPS caut lt 

CES AC warn lt 

CES DC warn lt 

Basic Date 26 September 19 71 Change Date -----

Sym Page 
No . No . 

1 5 . 2-16 

2 5 . 2-17 

3 5 . 2-17 

4 5 . 2-18 

5 5 . 2-18 

6 5 . 2-19 

7 5 . 2-19 

8 5 . 2-20 

9 5 . 2-20 

9a 5 . 2-20 

10 5 . 2-21 

11 5 . 2-21 

12 5 . 2-22 

13 5 . 2-22 

14 5 . 2-22 

Page 5. 2-15 



LM3253, LM3260 

Stabilize lM. 
·�·hlfdom. rt required eGUID CONT - �� 
•MODE CONT 12)-� 
•�"CONT (3)- g 
• �11WISI.121-Jm­
.W !Wil-W 
·� - -· 

Basic Date 26 September 1971 

LMA790-3-LM 

APOLLO OPERATIONS HANDBOOK 

eA IT CONT I affected uisl 
- MOO£ CONT 

PROCEDURE 

• ACA/4 Jfl - EM8L£ m­
divfodualty, to tsolate tailed 
ACA 

CONTROL ELECTRONICS SECTION 

Change Date ______ _ 

encAITRANSl - � 
tndtvtdullly, to �� 
IJtled ITCA 

REIIIAIIS 

CD For abnormal �ntcs dunnr com­
manded mJnewtrs. refer to symp­
tom for assoctated mode 

Q) Sm�e RCS tel IJI!ed on. when com­
penuted fOt by oppos.mc 1ets. con. 
sumes 0 12'1.isecon<l of total RCS 
propellant 

0 AGS attttude nold ca,.bdtly te­
mams only m automattc mode 

0 Alternative ts to replace defecttve 
ACA wtlh short1n1 pluj. See CES 
sy111ptom flo. 5. rrmark No 6 

0 + X  TRANSl pi>, nardovrr. OJRECT 
mode. and PULSE mode lost. 

(!) Hardowr mode rs lost 

Internal fatlure may be con1med to 
LGC tnput/Otttput channeL whtch 
can be determmed from RCS cold­ftre check 

(!) AGS role command and fOAl role 
monttorinl lost. If roll or ptlch. 
AGS OPS bum c.,..thty lost 

(!) Perlorm All. self-lrsl 

® AGS MOOE CONT lftd 1J0SS1i11J 
PULSE mode lost. OIRfCT mode 
rs unaffected 

@ 0/II(CT and PUlSE modes lost lor 
affected uts PGNS mtrumum m­
polse mode mry bt lost '" affec1-
ed IllS. 

D-3CIOLM.S-102l 

IEIIAHS 

P 5 , 2 -18 age ___ _ ) 



LM3254, LM3255, RC1608 

SYMPTOM 

SYIIPTO� 

Basic Dote 26 September 1971  

LMA790-3-LM 

APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

£liABLE VOLTAGE TO 
PRIMARY PREAMPS LOST 

•DEAD BAND - .MJ!! 
•MODE CONT IAGSI ­
Alli!QUI eA'f'fCOliT 13) - MQllf 

e�t fllAI'S on alt 
sources 

•Observe att errors 
•ACA - cmd  + & in all 

.... 

PROCEDURE 

CONTROL ELECTRONICS SECTION 

Change Dote -------

e\75 NC7E 
Fll71 NC7 

•Load Rl 
1257E Iii vertiCil jet) 
12!ill (if honzontal jet) 
FL \72 N07 

•Load R2 with octal cocle 
of foiled jet 
FL 173 N07 

•Load R3 
IE (to drsoble) 

•V48E 
•PRO 
eV34E 

Q) RCS control lost for affected lXI' of Gt/ID COHT sw. ij ATCA CirCUit 
bruker for ISS<ICioted &UHIInct 
system opened, 1 retum to that 
syst .. for control IS impossible 

0 Only AGS PULSE ond DIRECT con­
trol are J¥oiloble m affected uis 

(!) AltematM Pfocedure · 
Affected system, RCS, SYS !affected qUid) -

�; t!J - bp  
Thruster drsoble discme to LGC 
may be rnet by recycling RCS SYS (affected <i"odl - OOBU; 
11> - &I'IY 

--

CD Octal cocle ol failed jet 
lU - IOOE 4U- IE 
ID - 200E W - 2E  
IF - 4£  4F - 2E  
ll - 200E 4R - IOOE 

21J - 20E  3U - 4£  
20 - 401:  30 - IOE 
2A- Ul 3A - IE 
21 - 20E 3R - 40[ 

(!) If problem rs rn �lch or roll, LPD 
IS lost 

0 LGC minimum rmpulse LP!l. AGS 
PUlSE, ond one-hoij of DIRECT ou­
ttlonty lost 1n one direction for 
affected ACA. 

IIEJIAHS 

Page � 
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LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

LM3251 LM3255 RC1608 . . 
SYMPTIIII I PROCEDURE 

.. � AGS pUH or 1 YES 2 F 31 Prop mnvr 

direct cmds Exceuive or uncommanded Symptom occurred m? •ATT CONT 131 - MOOE Ci: allnormol rates! 
•� cmd mnvr-

NO OIR 
Response norm' � ATCA FAILURE 'YES 

- � 
ACA 2 5 SW FAILED �•ATT CONT laffrcted 
CLOSED "'" - MODE CONT 

P •AJt ACA-cmd mnvr 
YES I r-� Symptom occurre-d '"' C! eATT CONI 131 - PULSE I I .PULSE •Orig ACA - cmd riiiiYr Response norm' __Q: �c NO 

Response norm? sw fAILED OPEN I � A 2 5 

I NO 

ACA 2.5 SW FAILED OPEN. 

p!1 !PULSE 131 Prop mnvr <:4: Symptom occurred m? I • ATT CONT 131 MWE 'DIR CQt!T � • OEADBAND - MM 
YES PULSE MODE ENABLE • ACA - cmd mnvr 

RELAY fAILED ITYP Kl9i r JET FAILED OFF ISECI J Response norm fNo (1 
lli JET DRIVER/PREAMP 

FAILED OFF. 

5 I Prop cmds abnonnal H--WJ 
•ACA - hardovtr, 1! required (i)(! •ACA PIIOP -l!!WLf. 
•AJt ACA - cmd prop mnvr � I YES _1 3 1  

Response norm? Qqg symptom no mnvr? I -. ACA PROP CONI fAILED 

NO NO 

w 
PROP CON! TRANSDUCER HUNG 
UP OUT OF NEUTRAL 

a: � I YES rr Cross coupled mofion1 r � 
eGUID CONT - � iPGNS) � NO 
•ACA - cmd + & - m affected 

aXIS PGNS - RCS JCES RCSI INTERFACE 

Response norm? � FAILURE 

NO (i! 
l• JET DRIVER fAIL£0 Off I (2X7Xi'XI 

ru IPGNS •tl GUID CONT sw' I S & C CONT ASSYS RELAY FAILED 
OPEN OR LGC PROP INPUT PROB-

AGS LEM OR OPEN CIRCUIT IN ONE ACA 

C2.(7 Ptl I YES 1ff Excess1ve rates? r � 
eGUID CONT PGNS � • Perform rate gyro test NO 

SUMMING AMPLIFIER SHORTED 
Successful? F-. (i) (iXiXI NO c.: �-

S & C CONT ASSYS RELAY DR 
SUMMING AMPI.IFIER FAILED OPEN OR OPEN CIRCUIT IN ONE ACA. 

SYMI'Tllll I 

Basic Date 26 September 19n 

(15 
I 

PROCEDURE 

CONTROL ELECTRONICS SEC'nON 

Change Date -------

RGA FAILED 

REMARKS 

Q) Affected a.:ts may be avatlab!e m 
PGNS (If preamp fa1ledl 

0 One-ha lf of DIRECT authority lost 
m one dtrectton for affected ACA. 0 LGC m1n1mum 1mpulse LPD, AGS 
PULSE, and one-ha lf of DIRECT au-
thonty lost m one d1rectton for 
affected ACA. 

CD AGS PULSE mode lo5t for affected 
alCIS 

Q) Prop control lost for affected ACA 

0 Fa1lure ma� be srngle or muHtaxl. 

0 Fallure could be ooen LGC output 
channel. summmg ampl1f1er. pulse 
rate module. or j)reampiJfler 

CD Proo control lost lor affected gwd-
ance wstem DIRECT and PULSE 
control unaffected (!) II s�mptom IS present 10 !loth 
gu1dance modes maHunctron may 
be open c1rcwt m one ACA 

CD To rem�e ACA and replace w1lh 
5hortmg plug 

ecb 1 1 1 1  S/C 
ATT OIR CONT - CJ!)en 

ecbAI;�� tg"fffcA�Si - o en 
•cb i I I) COMM, CDR - open1r.'r CDR ACA) 

or 

•�C��R���� -�ISAii' lfor LMP ACAI 

•AUDIO CON1 121� 
On suspected ACA -
•P & J 709 - diSconnect 
eP & J 708 - do .connect 
•Install JUmper plug on J 709 
•Install dust cap on 1 708 
•Close above cb's & recoof1gure 

swrtches 
Smce veh1cle att1tude control 1s lost dur-
mg sw1tch over. use of th1s procedure dur-
me controlled flogllt " not recommonded 

0 PGNS and DIRECT control una!-
footed. PULSE control may be ava�l-
able 1n AGS 

CD DIRECT contr� unaffected PrCJ!> 
.:ontrol may be OK 1n alternat1� 
gwdance system. 

(!) FOAl rate displaY' lost 

@ If PGNS guid•nce desired, 
mh1bot 1et per CES 3, step 
7 (.J(XM.M5.101 .. 

REMARKS 
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LMA790-3-LM 

APOLLO OPERATIONS HANDBOOK 
LM3260 

l __ �n�M�n�O�M ____ IL-------------------------"�OC�ED�UR_E ________________________ �-------�--------� 
I 

6 � l I TICA cmds abnormal rt 
I 

7 

I Abnormal dynamiCS 
dunng MPS thrust1ng 

I 
I 
I 
I 
I 

I I Gam cont & apply tJ.V 
•ACA-gain att cont 
•Ait TICA- apply tJ.V 

as needed 
Response nofm? 

� � NO eACA-gain att cont •GUIO CONT - PGNS IAGSI f'-- eGUIO CONT -AGS IPGNSI •MOOE CONT 12f:1TI 
•TICA-apply tJ.V as W -

noeded eAT'ICONT 131 - !!!QQf. � 
YES 1---..,-----:----t m crun 

Response norm 1 � •JtA.. cmd smgle - ax1s 
,_ ___ "T"" __ __,· � prop mnvr + NO � .,_ _ 

_,R,...es-p-on-se""''---tr:, 
ENABLE VOlTAGE TO PRI­
MARY IABORD PREAMPS 
fAILED 

f m  S f  Cold - ftre TICA. 

ecb RCS SYS A & a, QUAD 
1 2. 3. 4-� 

�J JET DRIVER CKT fAILED 
OP£N � failure occurred '"' 

(i) PGNS I"!'I ... •
L
•GC•

PRO
-B•

LE
•
M 

... 

•VII  NlOE 31[ 
Rl � �BCXJI 

eTICA-cmd + & - trans-
latton 1n each dJrect1on 

Up �76�� 
Down �75:0: 
R1ght �lJXX 
leN X67XX 
forward X57XX 
Aft X37XX 

ecb RCS SYS A & B QUAD 
� 2. 3, 4 -close 

ecb !l61 INST CWEA-ope� 
tnen � - f!!-1 1----------1 YES RELAY BflWEEN TICA & 

Rl  correcl on all dtrect•ons' r-- CES FAilED. 

f AGS (!: 
� OPEN CKT IN � l5V LINE 

fROM ATCA 

12:.J L Jt3 l 
rtTCA SW FAilED OPEN �------------+•;.;;.JUse all TICA for transla­

tions 

RCS TCA It-on' 
.- eACA- hardover if requ1red 

NO � - •GUID CON!-� 
Can LM be controlled' 

Stab1111e lM 2 ]  CD NO lj L ENG GMBl lt-<Jn1 

NO 

w YES I �------------�· 
I OPS 
'--�--,---,--...J tAPS 

Eng ? 

YES r-4::-r-----�� 
Cont bemg regamed' 1 

L!J PGNS 7 I Stabilize lM 1 1  1 L-- 9 J Reset light l,_ __ c_ui_D .... co_N_T_sw_' _ _, I •ACA . hard over. it requiTed. � T .. __ 
LG

·
C
-f

A
"I-L

U
_
R

_
E 

__ : ... -+ ....... -EN_G_G_M_B_L-""0-ff-. -tn.-n-1 
AGS 

L!_1J I PGNS allalta!:lle' 

NO 

15j StabiliZe LM 

•ACA hardo'ier, if  reQuired 

LM stable' 

•W O O  .. HO � '"'" -

LGC T�ST � .. 10 __ _ 
G
.
OA .. fi"A•ILU•R•E-·�-

YES 12j StabiliZe lM t 
eACA- hardover. if requ�red l...-1 13 1 
•GUID CONT-� I - r::_ AGSICES FAILURE 

14 L Regam control 

� 
AEA SElf - TEST 

1 7 j Select DIRECT mode. 
•An CONT laftecte<! 

a�isi - DIR 

•ENG GMBL - QIT 
eGUID CONT - PGNS 
•Reduce ttlrotti"e'Dr termi-

nate thrusting 

fOAl on backup chart �II I tra1edory' � .. ___ RGAO..f•A•ILE•D
-..1 

NO 21 
I � + X-THRUSTER fAilED 120 I r::_ AEA'ASA fAILED 

•Manually cootrol affected 
3115 

I 
I 

nMPTOM I 
Basic Dote 26 September 197 1 

P110CEDUAE 

CONTROL ELECTRONICS SECTION 

Change Dote ------

Q) Abnormal response wrll bt lack of 
(Of subnormal) tJ. Vm or abnonnal 
limit cychne. 

Q) RCS control for affected g1JJdance 
system lost 

0 Resettmg ell 116) INST, CW£A 
c.uses MASTER ALARM -on 

@ ff filled dnver " fD< Y or I jet. 
translation ttme w11! bt at least 
tw1c.e normnal smce translation 
is sinele-1et 

(D LGC protHem may be confme<! to 
mput/output channel fatlure. wtuch 
can bt detenm1ne<! fr0111 RCS cold­
fire test m step 5 

(D T ranslahon capab1hty m AGS lost 

Q) Applicable to AGS cootr� only 

Q) Assumpt•on All DPS burns are 1n 1 -
t10ted 1 n  PGNS 

Q) PosSible RCS TCA It 

C-3()(JtMS.l018 

REMARKS 

Page s. 2-19 

I 



Licht on if there is dis­
crep�ncy between aimbol 
drift si pta! & &ifllbol re­sponse sipll 

9 
I I Moooal shutdown 

:�t��� 

LMA.790-l-LM 

APOLLO OPERATIONS HANDBOOK 

TRANSIENT DRIVE SIGNAL 

NO _ I  z I I APSJ 3) Remove power I 
I 

En&' 
I 

ecb s/c AELD :21 - open I � M� sh� � 
.� •Verify A� (A� STAGE! pb - reset 

+ Eng shull down> 

Y£S 

9a (1 CD I Pretn�ture !IIPS J I I  GU!O CONT sw> 
·lanition I 

PGNS 

131 Ck lGC en( status. 
• VOl NUE 

!IE Rl = AXXXX 
A � 2' 

NO 

� 
ENG ON -OfF CMO 
PROBLEM 

Basic Dote 26 September 1971 

p: 

Y£S 

4 1 Remove power I s J  
ecb ! I ll S/C, DECA PWR -

•�6) SiC DES ENG 
OVRD - �  

� 
Ck AEA "'' status 

•DEDA C 343R � ISSUING ENG - ON CMD . .... Readoot + or -' 
+ 

�-II � •An MON - �  
Orig symptom premature •MODE CONT (AGS) - AI! 
linituln� !lQl.l1 

Y£S Att errors zero? � �NO 

f!!l � S&C ASSYS RELAY fAILED. 

(4') � 
Sobsequent PGNS bum" 

•Use ENG ARM as off-on 
en1 cont. 

PIOCEDUI£ 

CONTROL ELECTRONICS SECTION 

Change Dote -------

DOUBLE fAILURE IN CES 

� Subsequ<nt AGS burns 

•Use ENG ARM as off - on 
eng cant 

_ill 
� 

AGS ENG fOUOWUP DIS-
CRETE fAILED 

151 Subsequent burns 

eUse ENG ARM as oo-off 
eni cont 

RDIAIIS 

(D lreht IS rnhib<ted when ENG ARM -
!lEE 

(!) Missmn rules doctate crew action. 
Continuation of powered de-scent 
wH! result 1n abnormal RCS fuel 
consumptJon and poss1ble vJola­
tllln o1 thermal constran11s. 

CD It " llOSS!ble to dtSt!OJIUISh be­
twten these fa1lures by resett1n1 
ENG GMBL It !ENG GMBL - Qff, 
thon ENABLE I 

0 C IW moni!Onne o1 GOA lost 

(!) It "ay be posSible to reset g1mllal 
positron, USJnl alternatiVe (U�dance 
system and MSF'N 1nfo.rmahon 

(!) Assumption· B�rn was termmate'd 
on aremature lifi!IIOI'I (eJ.cept dur­
tng lunar ascent) Whether crew 
wdl reattempt burn at T IG ,.,11 be 
m•ss.1on rule 

G) fatlure o1 MPS lo shut down aulo­
matlcal!y w•ll also result from fall­
ore o1 cb 116) SIC ENG ARM If 
ttus CJrCUlt breaker 1s open. man­
ual starts and stops wtll be requtred 
for subseGuent burns Delay armtna 
engu-.e unt•l T IC  

CD AGS aHrtude hold and aulomatrc on 
- off capab1hty lost 

0 AGS - cant roiled burns unaffected 

1-JCIOtM5. I 02' 
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SYMPTOM 

10 

> 7% 

SYMPTOM 

Basic Dote 26 September 1971 

Manual slart 

LMA790-l-LM 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

AUTO ON - Off CKTRY f AllURE 

ENG ARM SW CKTRY FAILED. 

Subsequenl DPS burns 

CMD sloll fTP' 

NO 

AUTO LOGIC FAILED TO 0 

TICA FAILED 

PROCEDURE 

CONTROL ELECTRONICS SECTION 

Change Dote -------

BOTH one! -I 0% 

Q) holure of lltPS lo s!arl one! slop 
automoloc.olly will lisa rosull from 
f11lure of d> !16) SIC, ENG ARM. 
H 11us cutu� bruker os open, m.on· 
ual slorts lnd slops will be required 
for subsequenl bums. Dell)' armina 
encine until TIG 

(!) MSFN will ldvise d m11imum 1hrus1 
/fited pnbll DPS slarls are ex· 
peeled. No APS burns oro possoble. 
due lo double CES faolure K de­
Steftl 11111ne OYernde os used lo 
slart firs! OPS burn. supercrolical 
htlium may not be pressumed 

Q) OPS 1hroa1 erOS<on os etpecled lo 
decrease command thrust •1% be­
low timelone and enfne 1hrus1 '" 
5% below luneline Wi1h ma11mum 
allnormol propeilanl pressures. 7% 
diffOfence coujd be nominal 

(!) Desired IU1o 1hrollle dosploy 
IVIoloble on DSKY on Rl of N92. 

(!) � monilors OPS performonce. 

(!) DPS should not be operlled for 
more !hon 25 seconds on nonttuo1-
11ubte ronp. 

A-301Jt.MS.I021 

IOWKS 

Page s. 2-21 

I 



SYIPTOII I 
11 

I PRE AMPS I 
YELlOW 

Li!lht on ij either -4.7-
vdc -r supply is out 
of tolerance 

1 3  (i' 

I I w i CES AC I Reset hflllt & perfD<m rate 
uro test. 

RED I eGUID CDNT-� 
li!lht on if ATCA a-c I •GYliO TEST PQS RT -� 

I •Observe rate needles -r supplies ore out ol I fipt. tolt<IIICt 
I CES AC It rorurns on' 
I YES I 
I C4: 

PJ CWEA FAILURE 

1"' 

I I� ' I  Resot haht. 

CES DC •GUIO CONT -� 
•GYliO TEST PQS RT-EQS 

liT 
RED CES DC It remains on' 

Li!lht on if ATCA d-e YES 
power supplies are oot ol 
tolerance 

(4 
� CWEA FAILURE 

SYIIPfllll I 
Basic Date 26 September 1971 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

PIOCEDUIE 

PJ CES AC It-on' r 
YES 

(i)(i 
� � � Rate displays null' 

StNGlf..PIIASE ATCA POWER 

� 

NO SUPPLY FAILED. 

• Ci: 5 I Remrtrahze CWEA w :. ecb 116) INS! CWEA - '!!!!!· •Make small mnvr v1a PGNS 
then � rate mode r::. CES AC It remarns off' Rate rnds >0' 

YES NO(i)(J � � 
TRANSIENT CONDITION PQWER TO RATE GYRO 

FAILED 

CI 2J Reinitialize CWEA. 

ecb 1!6) lfiSTo CWEA-�. 
then � � Staied' -� CES DC It remams ott' 

YES NO 

J -� Enable throttle actuator 

<I •En1 STOP � 

�RANSIEHT CONDITION 

•ENG ARM-

MSFN reports throttle at � 
max! 

rs illG: 
II 
xl5V OR +4 3V ATCA 
PQWER SUPPLY fAILED 

PROCEDURE 

CONTROL ELECTRONICS SECTION 

Change Dote -------

CI 
� 

ONE OR BOTH - 4 7- VDC 
PREAMP BIAS PQWER 
SUPPLIES fAILED 

Ci: 
lJ 
POWER SUPPLY VOLTAGE 
OUT Of TOLEIWICE I I </>  OR 
3.;) OR l<b OF 3<1> FAILED 

(z)Ci: 
� 

ATCA POWER SUPPLY 
(=l5V. ""'6V, AND/OR 
+4 3'1\ fAILED 

0(! 
� o=6Y ATCA POWER SUP-

PLY FAILED. 

RnlAIIIS 
0 SporadiC ;et f1nnrs are po.s-

s1Git •f both power sup-phes 
farled. 

0 If AGS is rn control. true CES a -c 
fatlure causes loss of damptni 

0 AGS control of LM lost but AEA 
remams for compotatron purposes 
only 

CD RR usable only '" LGC mode Shaft 
aoo trunn ron power lost rn SLEW 
and A liTO TRACK. 

0 Subsequent CES a- c monrtonn1 
lost. 

CD Resettrn1 cb 116) INST. CWEA 
causes MASTER ALARM - on 

0 Rate nro assembly w111 probably 
not restart after shuldown 

0 FOAl rate needles are rnvalrd, but 
rates may be displayed on error 
needles vra V60E lfull-scale doflec-
t1on = "' I 25' l stc)_ 

0 Resettrng cb : 161 INS! CWEA 
causes MASTER ALARM - on 

0 AGS attilude control lost 

Q) Subsequent APS burns should be 
started manual!� 

0 Subsequent CES d - c monrtorrng 
lost 

CD nus trans1ent condJtJon may 
have caused throttle to lock '" 
100% postron Cycle cb AC BUS 
A. DECA GMBL and1or checo 
throttle posrtron •rth MSFN. 

(!) DPS and APS !JI)eratron rs normal rn 
PGNS. 

0 OPS f1xed at max1mum throtlle wtth 
grmbal locoed 

�)IXJl.MS. IOI:J 

REIAIIIS 
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RC 96 

5. 2 . 5 DESCENT PROPULSION SECTION 

5 . 2 . 5 . 1  General 

• Double failures are not considered . 
• During descent engine burna , continue the burn unless it becomes 

·��rent that an explosion could occur . 
• The nPS is loaded with helium and pro�ellants according to prescribed 

values. 
• The DPS has been checked before use . 
• The status of all tb ' a has been checked and verified before entering 

the tb malfunction procedures . 

5 . 2 . 5 . 2  Assumpt ions 

5 . 2 . 5 . 2 . 1  Off-Nominal Helium Pressure. or Pro�ellant Temperature or Pressure . Indication 

• Large leaks are not considered . 
• .These are troubleshooting �rocedures intended to locate,  identify , and 

isolate off-nominal conditions that do not trigger the CWEA or provide 
discrete malfunction indications. 

• The crew does not enter into this symptom unless they have had an 
obvious off-nominal condition . 

• Heat or cold-soak is not a malfunction . 

5 . 2 . 5 . 2 . 2  DES R Er.  1Jarning Light 

• The DES REr. warn lt CWEA logic has been enabled by the first descent 
engine arming , since CB INST : CWEA has been closed . 

5 . 2 . 5 . 2 . 3  Deleted . 

• The Ul has not staged . 

5 . 2 . 5 . 2 . 4  Abnormal PQr.S Indication 

• Quantity indications are not reliable until after ullage settling . 

DES REG warn 1 t 

Table 5-5 . DPS Procedure Entry Sheet 

Sym�tom 

Fuel/oxid press abnormal 

Fuel/oxid tenp abnormal 

He press abnormal 

DES He REG 1 (2)  tb - bp 

DES He REr. 2 (1)  tb - gray 

DES QTY warn lt 

PQGS ind abnormal 

FUEL VENT (OXID VENT) tb - abnormal 

laaic Date 26 Sep tember 1971 Change Date ------

Sym Paae 
No . No .  

1 5 . 2-24 

1a 5 . 2-24 

2 5 . 2-2 5  

3 5 . 2-25 

4 5 . 2-2 5 

5 5 . 2-25 

6 5 . 2-26 

7 5 . 2-26 

8 5 . 2-26 
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LM 2005 

SYMrTDII PROCEDURE 

1 G:: l 
l
l!

'
==o=

E
s=R£=

G
=�

� � ... 
' 
__ o_PS_fi,o

r
in
-:::
�

:-
1 _ __.lYE

s 
2_jS'Ir recs &ck prplnt press. NORM _l3j 
•DES He REG 1 111 - CLOSE; -� DES REG It - off' 

tb - bp  
-

•DES He REG 1 111 - OPEN; YES 

lf!l_ !.I r- CWEA/INST IDES REG PRESS) 
FAILURE 

RED 
li&llt on 1f reeulated He 
press < 220 or > 260 pSII 

1a 

tb - gray 
� 

•PRPLNT TEMPi PRESS MDN 
- OfS.l& llES.2 

Prplnt press' 
LOW 

HIGH 

w � REG 1 12l FAilED I Press returmna: to normai1 � 

l!.J I He/ PRPLNT LEAK 

� DES He REG 2 FAILED 
CLOSED 

13_1 Ck prplnt press. 
ePRPLNT TEMP/PRESS MON 

- DES 1 & DES 1  1--------,--1 NO 
.!!1 

He LEAK UPSTREAM DF 
CHECK VLVS Prplnt press low or deer' � 

YES 
._ __ .,..1 __ .. 

a:: ' (]: 
He/ PRPLNT UAK �- Prplnt press' Jt-L_ow _______ .,.{�'!J 

NORMAL IHIGH ._ _____ _. �-ore DPS burn I !"�ES He REG 1 11J - llru!  

P!&
s 

Ht REG I 11J - QfEil 
while moo1tor:n! �nt 
press. tllen C!.!m YES 

Prplnt press ili&ll! -
lNO ' C!: 

.!J 
CMA/INST FAILURE IDES 
REG PRESS) OR He UAK 
UPSTREAM OF CHECK VLVS 

f!!J DES He REG 1 111 FAILED 
OPEN 

��---------,YES ����� ��S --� I K- 211 Ck ind 1 
YES I.!!J 231 Close He recs I 

Fuel/lllod press Ill>- •PRPLNT TEMP/�ESS MON �El & OXIO PRESS a1ree' I •DES He REG I (1) - CLOSE J NO � nGIIIIII - ASC NO 1 Supcrit squib blown? �S He REG 2 FAJLED OPEN 
Pressumed, 
> 255 psia 
< 235 psia 

Unpressurized, 

ASC temp & press nonmal .  

Fuel < 6011$iai@50"Fl l)lid < 35 I!SII I@ 50"Fl 
Fuei/Oiid .1P, 

>50 psid 

Basic Date 26 September 1971 

IND FAJLURE 
,..---'L-----, NO [!_ Prplnt press doer' 

YES 

U!J I He I PRPLNT LEAK 

@ �----_, NO ��--------t 
27 � FUEL/OXID PRESS INST I 
Has DPS bten pressurized? I (_ FAILUR£ I !YES NO l3ll Ck amb He press. ---a.lll FUH/OXID PRESS INST 

!•HELIUM MON - AMB PRESS. I I FAilED 
I Arnb press >!Dl psil? J .. ______ .. 

PROCEDURf 

DESCENT PROPULSION SECTION 

Change Date ------

REIWIS 

Q) Liaht " enabled when unstapd and 
after ENG ARM -m for first tome, 
or ABORT pb has bten pushed (en-
1'"• -arm soanal-enablinl l(ltic 
delayed unt1i 6 seconds after en­
cine-on command " •ssutdl 

(!) If descent re11Jiator f11is open 
(pressure >260 psoo), rtiiJiotor SO'I 
must be closed wothon 5 seconds to 
prevent SOV from freezinc open or 
dama�t to sui. 

CD Helium reeulator redundancy IS lost 

Q) If there w1il be second DPS burn. 
close both reculators un!ll tust be­
fore burn. to prevent possible loss 
o1 heltum throogh relief valves 

(!) Assumptwn: Ambtent hehum 
SQUib blown. 

(!) If DES REG It remams on after •mtili 
ambtent helium pressunzat1on . ICM 
propellant pressure may have been 
cause. Venfy w1th MSFN before mak • 
mg OPS burn 

G) Source of leak connot be 1dent1�ed. 

(!) Descent heltum wtll leak whenever 
reeulators are opened Venfy wtth 
MFSN before seleclln& re1ulators 

(!) MSFN and crew can diSioniiJish 
between tllese two f11iures. Crew 
can determ1ne failure by monot-��� ��frWu

M 
��ss and AMB 

@ A  slow leak may appear as an inst 
failure. Consult MSFN 

1- :ICIOIMS-1026 
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I 
mii'Totl I PIGCEDUR£ IDIAIIS 

------�.�--------------��----------------�---=�--� 
l I � I I fuel/oxid temp tr 1 I c� md rftES 2 :  

abnormal •PRPLNT TEMP /PRESS MON >t between both fuel loxidl 
-AS!; ind <10' f7 

>75'f (unpress) l ASC temp & press nOfm' L. ............... ,...,.INO.----, (i"i',..J 
��:�(press) I t NO 
fuel/oxkl 6t I 1.!1 
>IO'f I IND FAILURE 

� FUEL IOXID) TEMP INST 
FAILURE 

\'£S 3 � - �  HEAT SOAK OR COLO SOM r- ·� possible, reorient LM to 
brina affected temp withm 
limits befOfe DPS bum 

3 I lie press abnormal 

Ck 1nd 2 1 Close rei' lr tl 
•HELIUM MON - cycle thru � •DES He REG I (2J - CLOSE; 
� r-- lb - bp 

--

Supc:nt· >or < t1mehne 
Amb, >1750 psia 

4 

<1300 ps10 lunpress) 
<200 psia (press) 

i 

ASC press & temps normal? Abnormal sys? I NO 
' � AMB 

l!J r IND FAILURE 

Press? �. j:p I ��T H
5
���sT FAILURE oR '----------1 

He TANK LEAK 

SUPCRIT UJ la:;N::..,O ----. 
Supcrtl squib blown' r �YES 

YES I 
He LEAK OR INST FAILURE He press dec r? 

1 I c� prplnt press 
•PRPLNT TEMP/PRESS MON -.llfSJ ' w.z I m l!J 

fuel/oxid press deer' �1.-•H•e/•PR•Pl
-

NT•L•EA•K--' 
;No (4 

� He LEAK UPSTREAM Of 
CHECK VLVS & BELOW SOV YES 13( c� prplnt press 

LOW U 
•PRPLNT TEMP/PRESS MON 

Amb squib blown' I \'£S 1--..:llfil:;:::..:':.:Wl=:........,--1 L-----,...,,-----1� Fuef/oxid press decr1 

fNO f NO Ci: 
YES 15 He press deer' 

3 He TANK LEAK, 
AMB He INST FAILURE, 
OR COLD SCM 

� 
He LEAK OR WB He INST 
FAILURE 

II 
Just befO<e burn• 
•DES He REG I (2) - QW  

IDES He REG 1 121 tp _ bp LJ._ J.!j •DES He REG 1 111 - CLOSE. u "I l -
then 2IDi He REG 1 121 SOV FAILED 

BP abna<mal when reg '" r-----,T�B�st�,ll�bp-,,�---l YES CLOSED OR TB FAILED. 
l-t3 I ReconfiiUre "�' I 

•DES He REG 2 (I} - OfEil l •DES He REG I 12J - Wli( 
use 

�
NO 

� He REG 1 12i SOV INADV£RT ­
ENTLY UNLATCHED. 

5 � I DES He REG 2 111 tb - L_j___ J.!j •DES He REG 2 Ill - OPE�. 
K"Y I! then � u He REG 2 (I) SOV FAILED 

1---=--,--:----11 YES OPEN OR TB FAILED 
Gray atmormal when reg TB st1ll gray? 
not '" use �NO 

SYIII'TOM I 

� He REG 2 1 11 SOV !�ADVERT­
ENTLY UNLATCHED 

Basic Dale 26 September 197 1 

PROCEDURE 

DESCENT PROPULSION SECTION 

Change Date -------

CD Descent tJnks No. I ore 1ac1tec1 
lt + Y & - l. 
Descent !Jnks No. 2 lrt IDCited 11 
- Y & + l. 

(!) Use urllffected temp to estimate temp of fliled IJnk sensor. 

CD MSFN con distiniUish between 
these f1ilures. 

D£S REG It and fuel/oxidizer pres­
sure 1re only indications of lb­
nonnal helium pressure. 

(!) Source of leak cannot be identified. 

(!) He supply wrll not be depleted with 
descent rep closed ()pen descent 
rep just pnor to burn 

(!) K DES REG It comes on, failure is 
helium lea� upstream of chtc� 
alves 

(!) � lll!bient helium squib valves ore 
fired, supercritical helium will be 
lost throu&f! Sllllt leak 

Q) Verify with MSfN before select1n K 
re�rulaiOfs 

CD Helium rtlulotO< redundancy may 
be lost flilure can be conf1rmed by 
decreasinl fuel/oxidiZer pressure 
durilli bum if DES He REG 2 IS not 
opened, 

(!) DES He REG 2 SOV is Q!M!n � 
lmtwent hehum tank pressure is 
-oxrmately equal to super­
critical helium pressure after 
first descent enline bum has 
been initialed 

c ·liOOLM.5·, 031 
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SYIIPTOII I 
I 

<I: 6 I I 

I I I+ I I Reset low l,..l 51!nsor YES 
DES QTY When llflllnbseltle, r-•PRPI.NT QTY MOll - cycle 

RED 

Upt .., d burn time to 
prplnt depletion < 2 min 
at 2511. thrust 

7 u:: 

Qff, thenmJ 

DES QTY it - on' 

NO 

l:_ TRANSIENT COfiOITION I 

I PQGS 'nd .�-� Ll..J!.1 � ��·- l!l DPS firtnl' 1 
L-----,..,ND,---...1 

PIGCEDURE 

2 I Ck prplnt qty. 
ePRPlNT QTY MON - Dt:S I � 

& DES 2 
-

PlNT LEAl! OR DEGRADED 
Fuel or oxtd qt, � 7%' NG P£RFORMANCE 

r 
� 

CWO OR LIQUID LOW­
LEVEL SlNSOR IN PRPlNI 
WIK FAILED ON 

2 I Ck all soorce. 
ePRPlNI QIY MON - 11!!!!! �� � IY PROBE IN

. 
AFFECTED 

Fuel & O>td qty noom' ANK FAILED .NO 

,.U YES f!J 
Both fuel links > 5% dol- .... PRPlNT LEAl! OR DEGRADED 
ferent from both o"d tank� ENG P£RfORMANCE 

.2.J 
•Continue OPS burn 

BLANK ION£ OR BOTH! � Abnormal tn<llcat•on' I ONE ZERO 'l.!.J 
BOTH I 
ZERO (4: t 

L PllGS IND fAILED 

�_.. ........... U!J 
PllGS CONT UNIT fAILED. 

I 

I fiJEL VENT � 
IOXID VENn Abnormal dunn1 vent1n1! tb - abnomlltl L...----.... 

YES 
Altnorml! if, 

BP - before first 
ventine or durin1 
ventin1 

Gray - liter first 
ventina 

f!!!_ •PRPlNT QTY MON - other ��� 
� 

-
lY PROBE IN AFFECTED 

PllGS norm' ANK FAILED 

SIG TO INO LOST 

2 Recycle SOV. 
•FUEL IDXIOI VENT - !!ll!l!li! *

E 
� YES fUEL IOXIDI SOV TRANSIENT TB -,�al ' .. _______ .. 

Have vent squtbs been Fuel (axtd) press <20 pssa 
blown ? or deer? 

4 
ePRPlNT QTY MOlt - �  

� 

ll 
ePRPLNI QIY MON good 

sys 

� 
FUEl tOXIDI VENT SOV FAIL­
EO OP£N L: YES S �ES 

..._ _ __,t"'!NO.,......--' NO ._ _____ .. 

7 1  Cycte SO\' 

•Affected vent FUEL iDXIDI 
VENT - �. then !HI! 

.!J 
Check vent vlv Jfter SQUib rs tHown 

She or fuel IO>tdl press NO •PRPlNT TEMPIPMSS 
MON - QESJ & QfU deer? 

YES 

� 
TB FAILED OR fUEL IDXIDI 
SOV TRANSIENT 

I 
Basic Date 26 September !971 

•Monttoiliiei loxid) press 
YESL!J 

fuel lootdl oress deer' � TB fAIL!HlE 

lNO '-' ' \.!. 
� • fUEl iOXIDI VENT SOV 

FAILED CLDSlO 

PROCEDURE 

DESCENT PROPULSION SECTION 

Change Date 

CD Ltpt IS .nhtbtted wllen PRPlNT 
QTY MON -gff or when staled. (D DES QTY It shnuld 10 on when PllGS 
rudm( ISm 4% to 1% rani• 0 If PllGS It turned on before pn>­
pellants ore settled. DES QTY It 
wtll come on 1f a low level HftSOf 
IS tJPI)Sed 

(I} ltM'-Iml mdtCit!on IS erroneous 
Mon1tor tuei/Ottdtzer numencs 

CD Ou�ntity readouts 1re reltU.e only 
under +X·acceleratton Fuel read­
me m.illy tndiC.illle "" to S% low for �����:10 mmutes after anttlll turn­
on PllGS dut, cycle " 45 m1nutos 
on, 15 mmutes off 

0 Use l[ood ststem to est1mate QUlll­
!lty of fa1led tank 

0 DES QTY It ts uoaHected 

0 DES QTY It may be rnoperat1ve 

(D Use luel 'oxu21zerJ to est1mate 
q:;anttty of htled syslem 

(!) �ot applicable to zero - g coodl­
ltons 

0 FractuJe mechln1cs hmtts may be 
eoceeded due to heat soakback 
after lone burn. 1f f�l (o•td'J tantl 
1S not vented 

RUIAilS 
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5 . 2 . 6 ASCENT PROPULSION SECTION 

5 . 2 .6 . 1 General 

• Double failure• are not conaidered,  except that in the ASC HI REG caut 
lt malfunction procedure a double failure (aeriea-parallel regulatora) 
cauaea the ASC HI REG caut lt to go on . 

• During ucent engine burna , continue the bum unleaa it becomea appar­
ent that an exploaion could occur. 

• The APS ia loaded with helium and propellant& according to preacribed 
valuea . 

• The APS haa been checked before uae . 

• The atatua of all tb ' a haa been checked and verified before entering 
the tb malfunction procedures . 

5 . 2 . 6 . 2  Asaumptiona 

5 . 2 . 6 . 2 . 1  Off-Nominal Helium , or Propellant Temperature or Preaaure , Indication 

• Large leaka are not conaidered , 

• Theae are troubleshooting procedures that cover off-nominal and 
anoaaloua conditione that do not trigger the CWEA or provide discrete 
malfunction indication& . 

• The crew does not enter into thia aymptom unless they have had an 
obvioua off-nominal condition.  

• Heat or cold-soak ia not a malfunction . 

5 . 2 . 6 . 2 . 2  ASC PRESS Warning Light 

• If thia light goea on during a non-miseion critical burn , immediately 
shut down the engine . 

5 . 2 . 6 , 2 , 3  ASC QTY Caution Light 

• A malfunction doea not exist if this light goes on at the nominal ti .. .  

Table 5-6 . APS Procedure Entry Sheet 

Symptom 

ASC PRESS warn lt 

Fuel or oxid temp abnonul 

Fuel or oxid preea abnonul 

He press abnormal or deer 

ASC QTY caut lt 

ASC HI REG caut lt 

ASC He REG 1 (2)  tb - bp 

Basic Dote 26 September 1971  Change Data ------

Sya Page 
No. No . 

1 5 . 2-28 

2 5 . 2 . 28 

2a 5 . 2 . 28 

3 5 . 2-29 

4 5 . 2-29 

5 5 . 2-29 

6 5 . 2-29 

Page 5 . 2-27  



SY11PTOM 

1 
I ASC PRESS 

RED 
Li&f!t on if either He prm 
< 2775 ps&o (before staline 
only) 

1 
=.: olld t""" ab- ��-r-­

> !IO"F 
< SO"F Fuel/oxid l:>t > 10" 

l'msufilld: 
>203 psia 
< 170 psi.1 
Unpressurizod, 
< 110 psla (fuel) t850"Fl 
< 70 I)Sll (Oiidl t850"Fl 
Fuel/olidi:>P >10 psi.1 

LMA790-l-LM 
APOLLO OPERATIONS HANDBOOK 

NO 

PROCEDURE 

CWEA fAILURE 

INS! fAILURE OR COLD 
SOAll 

He l£AK B£TWEEN REG 
SOV'S & CHECK VLVS 

TEMP INST FAILURE OR 
COLD SOAl( 

Ascent fuel or OlUd t""" 
abnormal? 

NO 

If unpreswmed. select 
eooct tank 

eASC He S£l - Wlli or IA!lU leooct tank) 

He/PRPLNT LW 

PRESS INST fAILURf OR 
Ho LW DOWNSTREAM 
OF CHECK VLV. 

He lW UPSTREAM 
OF RfG SOV 

RUWIS 

Lr&f!t may olso hne been tne­
eered as • result of m preu­
unzahon MSFN can dtshn1u•1-h 
th-ese causes 

(!) MSfll can distineui111 behllln 
the failures 

(!) Holi110 supply "'" doplete if balll 
squibs were firod 

Q) Verify writ! MSfN beforo selocltnl 
rep. 

f.:IOOLMS-1015 �---HM�.mM�----+---------------------------------------------------------��--------u·---·----
.,,...,_ PROCEDURE �"" 

Basic Dote 
26 September 1971 

ASCENT PROPULSION SECTION 

Change Date ------- Page s. 2-28 
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SYIIPTOIII I PIIOC£0UR£ 

I � 
I He press abnormal or 1Lti1 .-.lf-1:..JJ�;-:::::O::C:;;k ::;'"d:.......-.--+Y-tE•S

P 
1 2 I 

Press' lj.: IH.;;:IG::;H _______ _.,�II-J:..JI J  PRESS INST FAILURE � 
deer r -r- •HELIUM MON - � ._---r::-.----'1 I HEAT SOAK 

lnd responds' � 
4 I I 

>3300 PSI! lNO < 2900 pSia J 
l!J PS• 
I IND FAILURE • 

l l  1 11 AI'S f1ring? � � ASC QTY Termmate APS/RCS inter-
connect 

YELLOW •SYS A & B MAIN SOV -

� ffi � After APS bum completed. WL1 OR LOW LEVEL SEN-
close regs & ck for luk SO!! FAILURE 

eASC He REG 1 & 2 -r LiR!lt on when burn lime G: Qruj; tb - gray 
eSYS A & B ASC FEED 1 & 

Cl.Q&; tb - bp 
< B sec. 

PJ CWLI F AlLURE 
2 - � 

•SYS A & B ASC FUEL & 
Fuel or oxid press deer? I 1 I 

OXID tb - bp YES �----�-L.�.:PRO
:�:U»ff:::UAK:..J 

5 ! 1�..==::1 ASC
=

HI RE
===.J
G I� 

YEllOW 
L1R11t on if He manf press 
>220 p$13 

1 1 Close rees 1 2 1  YES f-'-1 
eASC He REG I & 1 - � tb - bp r-- ASC He REGS FAILED OPEN. 
ePRPLNT TEMP/PR:SS MON - � !DOUBLE FAILUREJ 

��F�ue-l &_o_"_d p-re-ss�>�2-20_p_Sia�' � �NO 

� 1----� When fuel & oxod press < 220 psia 
eASe He REG 1 & 2 - QW; tb ­

gray indrvrdually t o  osolate failed 
leg 

I CWL\IINST FAILURE 
1 l5J Open ASC regs 1 

! 6 I ASC He REG 1 121 U___ WJ 
tb - bp r! eASC He REG 1 111 - �  

L....
------J TB - gray' 

SYMPTOM I 

+NO (i 
� 

TBIINST FAILURE OR He REG SOV 
FAILED CLOSED 

--
•ASC He REG I & 2 - Qru!. tb - gray 

YES _ljj 
rl He REG SOV UNLATCHED 

PROCEDURE 

Basic Dote 26 September 1 9 7 1  

ASCENT PROPUUliON SECTION 

Change Dote -------

CD MSFN can dettrmme wllich condi· 
bon exists. 

CD CIW inditllion of wllen to close 
ASC FtiD VIMs lost. 

CD MSFN c.on distonpish be-n 
these twa failures 

C-3001..M.5·1027 
I£111ARKS 

I 

Page s. 2- 2W5. 2- 30 
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5 . 2 . 7 REACl'ION CONTROL SUBSYSTEM 

5 . 2 . 7 . 1  Gene ral 

• The intearity of the RCS is varified before enterina the off-nominal 
condition indicated in the "s:r-pt011" col\al\ of each RCS aalfunction 
procedure . 

5 . 2 . 7 . 2  Aasu.pt ions 

5 . 2 . 7 . 2 . 1  RCS Caution Light 

• An RCS propell�t leak c� cauae the RCS caut lt to go on ,  but thia 
will on ly happen if a leak occurs when the propell�t quantity is ve ry 
law or if the propell�t t�u rupture . (The prabeility of the pro­
pell�t tmks rupturing 1a ve ry re110te . )  

5 . 2 . 7 . 2 . 2  RCS TCA Warning Light 

• A tr�lation aaneuver .us t be co-,leted before �Y action is taken 
regarding the RCS TCA warn lt , except i f  two or 110re red tb ' s  appear 
for the . ... RCS syste• (A or B) . Appearance of the red tb 's would 
indicate that the •ain SOV ' s  or as cent feed vlva unlatched or failed 
closed . 

• Croes feed vlva are not open . 
• Aacent feed Ylva are not open , except during +X-trans lation , 

5 . 2 . 7 . 2 . 3  Talkback Anomaly 

• The statue of all tb ' e 1a checked �d va ri fied before enterina the tb 
ano .. ly .. ! function procedure . 

5 . 2 . 7 . 2 . 4  PQMD Off No.inal 

• Temp co8pens etion of the PQMD pressure xducer haa cona idereb le u- lag . 
During periods of high propellant ••· the PQMD uy indicate 5% to 10% 
low for sewral .tnutes . 

• The PQMD .. uunction procedure is pri .. rily for detection of lults and 
xducer fai lures . It 1a not appliceb la to off-noadnal perfor.ance of 
the thruatera or diaital autopilot . 

5 . 2 . 7 . 2 . 5  Off-Noainal RCS Propellant or Reliu. Indication 

• A heliu. raa failure is not considered in this ulfunction procedure 
because the RCS : A & I PRESS ind are not sena itiva enouah to re flect 
replated heliu. pressure chanps less than 20 pa ia. Bawevar ,  the RCS 
A & I REG warn lt alerts the crew to h igh and law reaulated heliu. 
pressure . 

RCS caut lt 
He press low or deer 
PQKD llbnorul 

Teb 1a 5-7 .  ICS Procedure lil t  ry Sheet 

S:r-ptOII 

RCS preu or ca.., ebnorul 
RCS A (I) REG warn lt 
RCS TCA wem lt 
Tl .a,nor.al (QUAD) 
Tl enor.al (MAIN sov, 

Boaic Date 26 Sept .. ber 1971 

CRSP'D , ASC n�D) 

Change Date -----

Sy. Pqe 
No. No . 

1 5 . 2-32 
la 5 . 2-32 
lb 5 . 2-32 
2 5 . 2-32 
3 5 . 2-33 
4 5 . 2-33 
Sa 5 . 2-34 
5b 5 . 2-34 

Poge 5 . 2-31 

I 



SYMPTOM 

1 G: U Ck He press. 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

I I RCS IH-
YELLOW 

•TEMPIPRESS MON - !l!  � MD Z 
Either He press < 1700' 

...__.....;..,llY""ES:----' 

CWE/, fAILURE � 
liaflt on 1f He tank press 
<1700 psi {SY' A 0< 81 

1a I He press low or doer I 1 . I 3 RCS qly norm' 

If sy>tems are decreastna 
at abnOfmal rate. refer to 
Abnormal Vehicle Dynam­
ics procedure 

1b 

• YES 

12-Je PRESS TRANSDUCER L FAILED 

Shut down ta�led sys whon 
manf press reaches 100 
ps1a 

MD 4 YES P'!!5 .. -----• .. L-. •failed SY' MAIN SOV· 
He press < 141XF He LEAK .-- ilQSE; tb·b!l 

L...---.,.N"'O,..----J ... •_C_R_Sf_D..:·O;;:PE:;;;N;_; t_b.::·gr_ay;____. 

I I f1nd leak 

Affected sy>: 
ecb RCS SY£ QUAD I. 2. 

3, & 4 TCA - QI!!!! 
eRCS: SYS QUAD I. 2. 3. rtf 

� 
AHested sys, 
•MAIN SOV - QfE!j, tb -gray 
ecb RCS SYS. QUAD I. 2. 

I PQMD abnormal ·�4-t"llj_, Ck POliO wilh He press � I 
& 4 - �; tb - bp YES � eMAIN SOV - � tb - bp � He/PRPLNT LEAK ABOVE f.­

He press decr1 
MAIN SOV 

3 & 4  TCA - >!.2H 
eRCS. SYS QUAD I. 2. 3 

& 4 - E!!ABI.t; tb- gray 

� SJ'Ietm are decreastng 
at abnormal rate. refer to Abnom�ol Vehiclo Dynam­
ICS procedure. 

• TEMP /PRESS MON - He 
eCk affected SJ' 

He press nom�' 

f1!J PQMIJ FAILED IN AFFECTED 
SYS 

Basic Date 26 September 1971 

'NO � 
f!!J YES � 

•TEMP/PRESS MQft - fUEL � PRPLNT LEAK BELOW 
!M!!f & � MAIN SOV 
Prplnt manl press deer' "'---... --... 

NO 

I!!JBNORMAL USE OF SYS A I �� PRPLNT 

+ 
.!!..1 

Affected '"' 
•MAIM SOV - QW; tb -

a ray 
ecb RCS SYS QUAD l. 2, 3 

& 4 TCA - close 
•RCS SYSDllAo I, 2. 3. 

& 4 - ENABLE; tb - II'IIY 

� 
Shut down failed SJ' whtn 
fuel 0< oxid manf press 
rmhos lOO fl$11. 
efailed sys MAIN SDV ­

CI.OSE· tb - b!>  
•CRSFO'-�: tb - IT'Y 

r--1 CAUfiOH 1-
CRSFD must remain closed 
to avoid loss of prplnt from 
good sys 

11 1 Relieve prplnt press 

Affected sys, 
ecb RCS SYS. QUAD l, 2. 3. 

& 4 TCA - close. 
eRCS: SYSOUAD I. 2, 3. 
& 4 TCA - ENABU; tb -
ITIIY 

•Fire thruster in aHected 
$J'. 

ecb RCS SYS: QUAD I. 2. 3. 

.�c�T�� 1. 2. 3 & 
4 TCA - DISABLE; tb - b!l 

I'IGCEOUIE 
REAC'nON CONTROL SUBSYSTEM 

Change Date -------

.!!.� 
Shut down failed sys when 
fuel or o"d manf prm 
re1ctles 100 ps1a 

•failed S'f'J MAIN SOV 
C!,QSI,; tb - bp 

eCRSrn - OPEN; tb - gray 

REMARKS 

CD The d1rect and ACA hardover 
modes should not be used wh1le 
trouble - shooting wrth this pro-­
cedure 

CD Ltfht IS 1eset when TEMP /PRESS 
MON IS cycled to !!! 

(!) If hel1um pressuro < 1400 ps1a 
leak rs hel1um If > 1400 P'Sia, 
source of leak cannot be 1denti­
f1ed ont1l system stab11izes 

(D Translal1on capability lost in fol­
lowing axes for loss of RCS sys­
tem A or B 

System A System B 
Lost Lost 

I l l  PGNS loses + l. - l + l. - l 12l - Y  + Y  
131 AGS loses + l. - l + l. -· l 
(4) - y + y 15) - X  + X  

Fo!lo.ini condrtrans apply to above· 
ill PGNS will not comman<l eng-

me t<J fire 
121 TranslatiOn totally lost 
131 RCS thruster w1ll f�re. but LM 

will rotate and translate 
141 T ran�at1on totally lost 
151 Translat1on lost unloss 

ATT.ITRANSL - !.lill. then. 
two- 1et translation wrl! result (!) Use RCS quant:ty '" unaHected 

system and helrum pressure in 
aHected system to estimate af­
fected S'f'Jtom quantity 

CD PrQII!IIIflt !'""perature " indicated 
only '" PRPLMT poSition. {Pointer 
droPS to 1l!'rin other positions I 
Use RCS It fO< low helium pressuro 
and RCS A and 8 REG Its f0< hifh 0< 
low manifold pmsure 

CD Use t�mperature of unaffected 
system to estimate temperature of 
failed senSO<. Use PQMO to estl­
mato He pressure Use alternato 
pressure (prplnt, fuel 0< oxid mont) 
to estimate pressure of failed sen­
sor 

Page s_ 2-32 
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L1(ht 011 1for assocrated 
sysJ 1f 
He press 

>218 psra 

< 165 psra 

L1(hl 011 " 
One or more thrusters 
fill off 
Colhnear thrLJsters are 
ftrtn£ stmultaneoosly 

SYMPTOM 

NO 

12 Isolate affected svs 

eRGS SYS A IBJ QUAD I 
3.4 ·DISABLE; tb bp 

eTEMP 'PRESS MON· [lW. 
MANF & OXID MI�F 

tfnotinterconnectmg 
•Affected sys 

MAIN SOV-Qruj l b - groy 
If mterconnect1ng 
•Affected sys 

ASC FEED I or 1-Q!l!! 

Affected sys 
•MAIN SOV-�. tb-bp 
eCRSFO-Qru!. tb- groy 
eRCS SYSOUAO 1. 2. J. 4-

ENABLE. !�gray 

Basic Dote 26 September 1971 

LMA790-3-LM 

APOLLO OPERATIONS HANDBOOK 

I'IGCEDURE 

Reconf1gure. 

•CRSFD · OPEN. lb · groy 
Affected ,y,:-

If rn PGNS 
eMOOE CON! · AIT HOLD 
•V77E 
H in AGS 
•MODE CONT m....tlQUl 
eAIT CONT I3f� 
Affected quad 
•RCS SYS QUAD DISABLE lhen .rnAID1 --
•ACA · cmd farled 1et 

TCP SW FAIL£0 OPEN OR 
JfT FAIL£0 OFF 

•ASC FEED 1 or 2 · ldlill 
eRCS SYS QUAD I .  2. 3. 4 .  E!JAlli; tb-IJIY 
When APSIRCS intercormectmg 
terminated 
•CRSFO · CLOS£. tb bp 

l'ltOCEDURE 

REACTION CONTROL SUBSYSTEM 

Change Dote -------

Shut down failed sys wflen 
manf press reKhes < 100 
ps.il. 
•Failed sys MAIN SOY· Cl.llSf · tl>bp .em' . m, tf>cray 

eV25 N07E 
Fl V21 N07 

•Load Rl 
1257[ (11 �erttCII jet) 
1260£ �r1 honzontal Jtt} 
Fl V22 N07 

•Load R2 w1th octal code of fa� led tet FL V23 N07 
•Load R3 

IE llo disable) 
•V48£ 
ePRO 
eV34£ 

CD Li&41t is inllibitll<l d main SOY is 
dosed. 

(!) TEMP/PRESS D - l!fLIIJ and 
monitor retulltor pressure. 

Q)!'!!MI positi011 of TEMP/PRESS lrlOifTs inoporotM! Ust fuel and 
Dlldi.�r maniftfd PfHSIJft to mon· n« RCS system pressure 

CD Pracedure " f« pnm.ory cool fail­
ures only. Secondary coil failures 
1re covered 1n Abnormal Veh1tlt 
llynam1es. 

0 Failure m.�y lffect PGNS only, AGS 
only, "' both. H desrred. sw1tch to 
altern�trve au•dance system, re­
enable tailll<l quad. and see wflether 
symptom still exrsts 

Q) AltematiYO fi'OCO(Iure­
Atocted system 

RCS,SYS loffected <i"adl QUAD 
�. tb-bp 

ThrusterdtiltNe d1screte to lGC 
may be reset by recychna RCS.sys 
(affected Quad) QUAD ENABlE; 

tb-lfay 
--

0 MSFN can detemune failure. TCP 
swrtdl fat lure affects talkblck and 
RCS TC.I It 0<1ly 

0 Octal code of failed jet 
IU-100E 4tJ - 1 E  
JD-200£ 41l-2E 
1F-4E 4f-2E 
lL -200£ 41HOOE 
2U- 20t 
20-40£ 
ZA-10£ 
2L- 20t 

JU-4£ 
30 - 10£ 
lA-lE 
lR-40£ 

0 CB must be closed befO<e switcll­ina: to alternate auidance system 

Page � 
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SYIIIPTIIII I 
' 

5a 
I 

I 18 al>n<J<mal � LIJ QUAD Ill red' r -r  
QUAD tHO 5b � I 18 al>n<J<mal H- •Cycle sw & ltM on des<red 

position. MAIN SOV, CRSFD. ra ..,ees? ASC fEED 

tHO 
.!J 

TB FAILIIRE OR FAILEO YLV 

SYIIIP11111 I 
Basic Date 26 September 1971 

Ci: 

LMA790..l-LM 

APOLLO OPERATIONS HANDBOOK 

Lm r 

m 

PIOCEDUIE 

J.ZJ 
QUAD 18 fAili/Rf ----. 

� �V IIIADVERTENTl Y OPEftfO OR 
CLOS£0 OR STICKY TB 

PIIOCEDUIE 

REACTION CONTROL SUBSYSTEM 
Change Date ------

IEIWKS 

Q) When termonot•na APSIRCS onter 
connect 
If SYS A 181 MAIN SOV tb-11!1. 
lemCRsrom 
If SYS A I BJ fUEl or ASC 
OXID tb-aray, SYS A 181 ASC fEED 
I �. SYS A IBI ASC FEED 1 
· �  

F-300l.M5-1015 • 7 
RDIAIIS 

P 
5. 2-34 age __ _ 
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5 . 2 . 8  

5 . 2 . 8 . 1  

!L!CfRICAL POWER SUBSYSTEM 

Aaauaptiona 

• Trowleahootina will be pe rfor.ed when lliaaion phue •d tuk loadina 
perait . Accordinaly , certain ulfuoction p rocaduraa will not be per­
for-ad until a .. in enaine burn or criti cal aeneu.er ia co.pleted. 

• Mal function procedure• are ante red frn noraal operational .odea . Pro­
cedure& for checkout .odea are not included . 

• Inve rter No. 2 1e on line . 

• No a-c circuit breaer opened before antenna th•• p rocedure• . 

• In the cue of loaa of bua • rec:onry procedure& for equip-nt other 
th• EPS are not included (except for certain critical ECS recovery 
procedure& indicated in ayaptc.a 1 •d 2 •d for a rec:ove� procedure 
for re gaining II. lilhtina in ayaptn 4) . 

• A partial abort .. re ferred to in theae procedure& : ( 1) Affecta either 
CDR or SE bua in auch a way u to ceuae the bua voltaae to drop below 
26 . 5  volta ; ( 2 )  Doea not dr.v current of aufficient .. lftitude to actu­
ate the Ma ociated ECA cwercurrent relay ( 1 50 to 200 upa per ECA) . 

Tab le 5-8. EPS P rocedure ED try Sheet 

Sya 
No. 

Pqe 
No. 

DC BUS wam lt (UNSTAGED) 1 5 . 2-36 

VOLTS - lov 

DC BUS wam lt (STAGED) 

BATTERY caut lt ( STAGED or UNSTAGED) 

Deleted 

Bat tb abnoraal ( STAGED or UNSTAGED) 

5 BAT tb abnoraal (UNSTAGED) 

5 Bat tb abnoraal (UNSTAGED) 

INVERTER caut lt 

A-C volt•a• hilh 

Bua function• loa t 

Basic Date 26 Septelllber 1971 
Change Date -----

l a  5 . 2-36 

2 5 . 2- 38 

3 5 . 2-39 

4 5 . 2-39 

Sa 5 . 2-40 

5b 5 . 2-40 

5c 5 . 2-40 

6 5 . 2-41 

6a 5 . 2-41 

SSR-1 5 . 2-42 

5 . 2- 35 
Page __ _ 
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S111PTOII I I'IIOCEDUIE 

1 UNSTAGIDC!), (2) Ci: 
l' I I  �l • .11 1 l BAT 3 !41 - BP L2 � OC BUS T C hll blt t!l's r J SliORT BfTWEEN BAT 4 31 & 

R£0 I BAT U or LIJIIAR - BP 
!See sheet Z! ECA 

23 • 
ll 1} CJ: BArmY B -

:Is i l!.f � YELLOW l�T BETWEEN BAT 1 fli � •Power 6own AGS 
� i •LMP BAT 1 11 HI I') - OFF/ 

uent on ,, ""'" 
AHO ECA 

RESET: tb - bp 
or both buses � � < 16 5 .oils --" 

.., i 
Bltovertempet"tture 
;, 145" 
Bit r,..,. current 
> 10 1111!1 1or 4 to 6 sec  

Bat overcurrent > ISO 
to 100 ..... 

' (i)(i �erdownAGS 
•LMP BAT 1 HI V & 1 or � 

LUNAR LMPBAT - Off /RESET 
ecb 116) EI'S: BAT fEED TIE 

12l - -
I OC ftOO fMJLT It - on' I +NO I I ;ill I � I •POWER/TEMP liON - BAT I 1. 1. LUNAR BAT I I Voltap •or•lll' 

I YES I I I 

f!!l, eLMP lUNAR BAT - ON 1!. 
I Tb - lMP' l 

YES 

p LMP BUSSH<li!T 

ztl Reconfipre 
•SUIT FAII - I  
eBAT 5 BACK UP CDR fEED 

- QII, tll - aray 
ecblll) Ef'S, INY 1 - t:lall 
eiNYERTtll - 1 
•S 80 XMTR/RCVR - m; 
eS 80 PWR AMPL - SEC 
eS BD VOICf - � 
enM BIDM£0 -

� 
BUS fUP«:TIONS LOST 

SYMPTOM I 
Basic Date 26 September 1971 

•LMP BAT 1 HI V 111 - Off/ 
RESET. l1len ON: tb - 1ray •Power up AGS 

� CONTROLLED SHORT • f!POWERITEMP MON- I>ats 
BETWEEN BAT & ECA oo low bus 

•Power down BAT w1tll BAT 
fAULT It 

� 111 Restore bus 

LMP ASC OR DES STAGE � ecl)tl61 LTG: FLOOD - 0110n FEEDER SHORT ANUNIDOCKICOMPNT -
open 

ecb 1161 SIC. AEA - 0110n 
ATCA - -

ecb 1161 COMM: VHf A 
XMTR - ooen P!IIM SBD 
PWI! AMf't - 0110n PRIM 
SBO XMTR IRCVR - 0110n � •cb 1161 EPS. INV 1 - 0110n 
CROSS TIE BUS - close 

SHORT BETWEEN ECA & BAT •Power uo AGS 
1 121 WITH LOW VOlTAGE •cb il6)- close above cb's. 

as reQuired 

G:: 131 Reconficure � 
ecb :161 EPS. BAT fEED TIE Oeterm1ne 1f short l'i QoO NO 

121 - close ASC or DES l•f!der • 
•BAT 2 OR l l lNAR BAT 

1 1  Hl l'l - ON 
•Power up A.GS 

<I 
.!!1 

ecb ( 1 6) EPS ASC ECA CONT 
- close 

•BAT S BACK UP COR FEED 
- ON: tb - rrav 

•BAT 6 NORMAL COR fEED 
- ON: tb- gray 

•DES BAT - OEAOfAC£. tb -
ECA CURRENT MONITOR bp 
fAILED DC fEEDER FAULT It - on' + YES 

�SC STAGE FFEOER SHORT 
BETWEEN OFR BUS IBAT 1 
& 1 OR LUNAR BAT LMP 
fEED LOST) 

' � 221 Reconfi111re 
•DES BATS- CONNECT: tb -

.fA� 5 BAr.ll U P  CDR fEED 
-OFF/RESET. ttl - b11 

•BAT 6 NORMAL COR fEED - Off/RESET: tb - 111> 

I'IIOC£DUIE 

ELECTRICAL POWER SUBSYSTEM 

Change Date -------

� 
�ower down i'(;NS 

•COR BAT 4 HI V :31 - Off/ 
RESET. tb - b11 

• CDR BAT 3 14 HI Vl- OFF/ 
RESET. !11en ON: ttl - eroy 

•Power up i'(;NS 

fJ1J DES STAGE fEEDER SliORT 
BETWEEN ECA & DfR IBAT l 
& 1 OR lUNAR BAT LMP 
fEED LOsn 

+ (ij 
.. , Reconfii'Jre 

eLMP BAT 1 HI V & 1. CDR 
BAT 3 & 4 HI Y - Off IRE-
SET: tb- b11 

•cb 1161 EPS BAT fEED TIE 
IZI - dm  

•BAT 5 BACK UP COR fEED 
- OfFIRESE1: ttl - ill> 

•BAT 5 NORMAL LMP fEED 
- ON: tb - grty 

ecb 1161 EPS CROSS TIE 
BUS- '!11!'1. 

REIWU 

Q) Assumpt1ort 
CROSS TIE IS 0110n II COR BUS 
votta1e IS lost fOI' .> 20 mmutes 
sublimator freeze up occurs. 

(!) OC fEEDER fAULT It may or may 
not be on 

(D Short IS on l>attery whose talkback 
IS not bp Good l>attery was diS-
conMCted by overcurrent 

@ Allow 5 mmutes before clOStnl cb 
P(;NSJMU OP!I IIMU oro coo-
str1mt) 

0 t1 failure occurs after POl. refer to 
emeraency procedure for COR 
1LMPJ BUS l01lure 

0 COMM w1ll be lost tor time re-
quired to brme up Se(ood.ary S-
band or wh1le troubles.hootmg Op-
lion of re-m;unme: on pnmart 
S-Sand. Without COMM, until LMP 
BUS status 1S ascertamtd may be 
elercised 

(!) Remow 1_5 ampere-hours from 
eac-h ascent battery Defore dud-
f�tma: 

CD BAT 1 con not be placed ON 

CD BAT 5 power is av11l1ble throuen 
normal feed when deadf1ced 

® BAT 6 (if CDR fEEDER shorted) or 
BAT I lot LMP fEEDER shorted) 
power IS avalllbte only throup 
back-up feed and should be so 
used t»efore abort stare to pre-
elude �ac1n1 BAT 6 IS) 011 shorted 
Ieeder 

J()(ll..¥.10.9021·1 

RUWIS 

P 
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STIIPTOII I I'IIICEDUIE 
I ���II I I (4 I I � I I •SUIT FAN - 2 . 1NV- 1 I •Power down PGNS 

� I PI COR ASC OR DES FHDEII I SHORT 

251 Restore bos --.. ecb 1111 LTG: 
IITIL - 111!!! 
MUIHDOCI(/COMPIIT I •CDR BAT 4. HI V & 3 0< 

I LUNAR COR BAT - OFF I 
R£S£T, tl> - ill> 

ecb 011  EPS BAT FEED TIE (2) - open 

DC r££0[11 FAULT II - oo' + NO 

21 
LUNAR BAT COR r££0 oo 
prior to malfunctron? + NO 

.!] 
•POWER !TEMP MON - BAT 3 I 14) 

Voltage normal' • NO 

� 
SHORT BFTWEEN ECA & BAT 

3 14) WITH LOI'I VOL TAG£ 

• 
341 Reconfigure 

ecb 1111 EPS BAT FEED TIE 
121 - close 

•BAT 4 HI V 13' - ON, tb-
gray 

•SUIT FAN - I 
•Power up PGNS 

I I I I I I I 
, 

STIIPTOII I 
,osic Dote 26 September 1971 

YES 

YTS 

%7 
•COR LUNAR BAT - �  

F 

tb - COR' 

YES 

COR BUS SHORT 

j.: 

@; 
35 Reconfigure 

ePRI EVAP FLOW :!1 vlv -
CI.QSf 

•BAT 6 BACK UP LMP FEED 
- ON. tb - gray 

ecb 1161 EPS ASC ECA CONT 
- tim 

eGL YCOL - INST ISECI 
•WATER TANK SELECT vlv -

SEC 
ecb ECS GLYCOL PUMP SEC 

- ®g  
•SEC EVAP FLOW vlv - QJ11j 

a lmmed•ale!'f 
ecb ECS LCG PUMP -

•� OI'£RRIOE INTE-
GRAL - ON 

•cbiAC BUS A - TAI'f 
RCDR - '!!!!" 

ecb/AC BUS B NUM 
LTG - '!!!!" (except 
durim! encl! burn or 
mdz & dock'"� 

•cb (ll  & 16l LTG 
MUN IDOCKICOMPNT 
-l!l!!!! 

b. for subseQuent master 
ala-rms: 
ecb (161 LTG· AN UNI 

DDCKICOMPNT -close 
c. Within 2 hours· 

ecb/AC BUS � GASTA 
- �  

� 
BUS FUNCTIONS LOST 

Cii: 
21 

ECA CURRENT MONIT!M! 
FAILED 

(1 
f.!J 

Detenn.r� rf short rs on � 
ASC 0< DES Ieeder 

ecb 116) EPS. ASC ECA C� 
- dose 

•BAT 6 BACII UP LMP r££0-
�: tt> - gray 

•BAT 5 NOI!MAL LMP FEED 
- �: tl> - groy .: •DES BAT - OEAOFACE 
tt> - by 

DC FEEDER FAULT It - on' 

fo 
� 

DES STAGE FEEDER Sll!M!T 
Bnw£EN ECA & DFR !BATS 
3, 4 & LUNAR BAT COR r££0 
Losn 

f NO (ti' 
•I Recooftgure 

eLMP BAT I HI V & 1. COR 
BAT 3 & 4 HI V - OFF/RE-
SET: tt> - bp 

•cb 011 EPS. BAT r££0 TIE 
121 - close 

•BAT 6 BACK UP LMP r££0 
- OFf/RfSET: tt>- ill> 

•BAT 6 NORMAL COR r££0 
- ON. tb- gray 

ecb 1161 EPS CROSS TIE 
BUS - open 

PIDCEDURl 

ELECTRICAL POWER SUBSYSTEM 

Change Dote -------

--
•ell 1111 ECS, 

GlYCOL P\JIIP I - '11!!!! 
GlYCOL PtJMl' 2 - 111!!!! 

•cb(111 COMM· 
SEC S 80 XIITR IRM -
;"s 80 PM AMP!.-

\Ws XIITR - 111!!!!. 
•ell 1111 PGNS, 

LOG ROR - '!!!!" 
RNOZ ROR - 1!1!!" 
LGC/DSKY · 1!1!!" 
IMU O!'fl -w; 

ecb llliEPS I -f'r! 
ecb 116) EPS· CROSS I 

BUS - �  
•Power u p  PGNS 
•cb 1111 - �  above ell's 

a:s required 

@ 
l!!l 
ASC STAGE r££0EII Sll!M!T 
BETWEEN ORF & BUS 

' J7l Reconfiguro 

•DES BAT - �NECT; tt> -

er:1 6 BACII UP LMP r££0 
- Off /RESET. tb - ill> 

•BAT 5 NOI!MM LMP r££0 
- OFf/RESET; tt> - ill> 

IIDUIIS 

® BAT 3 .,.. not be ploc:ed � 

® PRIMARY GLYCOL LOOP IS lost 

@ BAT 6 -r is IVIilable throop 
normal Ieee! when deaclfaced 

A...JIXIILM10-902a-2 

IIOIAIIS 

Page s. 2-36A 



LMA790-l-LM 

APOLLO OPERATIONS HANDBOOK 
LM2022A, LM2025 

SYW1GM 1 PIOCEDURE 

UNSTAGID l9l (Z 

I I  I I  1J Ck bus valtap lJ 
DC BUS e!'OWER/TEMP MON - CllR NO 

! CW£A FAILURE J BUS. lhen lMP BUS 
Bus 'IGI1s low! UIP BUS LOW 21 RED 

Utht on if lflfler  .CDR BUS 1See sheet 2) 
LOW or bottl buses 

< �.5 valts s I CUATS3&4  YES � --I Battery lilht not •POWER/TEMP MOll - BAT � ECI OPEH I I  
011 1 3, tlloft 4 

Blt valts < 20 11dc? � .I«) C3: I S I Verilycontiprttitln JNO If Cl<BAT 3 & 4 amps 1 I Powtr down CDR BUS rr LUNAR BAT CllR FEED on� ePOWER/TEMP MON - BAT � =�:e;:.:nj�- 2 CDR BUS SHORT 
prior to lllllfunctron 3, tlloft 4 eCDR BAT 4 HI V & 3 or 

YES Amps hill!? 

. NO 

I I CK LUIW! BAT - [lc •POWER/TEMP MON - DC FEEDER FAULT It - on? 
LUNAR BAT � NO fYES 

Amps hilfr' r DFR OPEN NO 

(2 l' � lunar btl 'IGI1s normll! CDR BUS VOLTS SIG CONDR 
FAIUD 

CDR LUNAR BAT - Orf/ 
B_Ufl; tb - bp -

ecb 1111 EPS BAT fEED TIE 
12)-opon 

DC FEEDER FAULT IT - on> 

f
ES 

1 r CDR ASC DR DES FEEDER 
SHORT 

111 
•cb ill) 

' 
Restore bus 

���N�ICOMPNT fo m G.: -rm •cb ECS, 
GLYCOL PUMP l -open llj_ Reconfiaure p!J_ r«l GLYCOL PUMP 2 - !!!!!!! 

eSUIT FAII - Z. INV - 2  • DEAIJFACE RELAY FAILED •cb illl COMM, 
ePowtf down PGNS OPEN SEC S BO XMTR/RCVR -
•CilR LUNAR BAT - open 

Off/RESET; tb - bo ' SEC S BD PWR AMPL -
•CilR BAH HI V -Qll, tb - Cl: open 

VHF B XMTR - open .., 111 Reconfleure •cb ill) PGNS, -Bus - normll? •BAT 6 NORMAl CDR FEED LOG ROR - '!!!' 
YES RNDZ RDR - open - ON; tb - iJIY ���=�-� •Power up PGIIS 

•cb lll) EPS,1RV l -Tr 
ecb I!G) EPS CROSS 11 1  CK LUNAR BAT valtop tr. � BUS - close 
•Power�NS 

ePOWER/TEMP liON - •cb (Ill - clo,. aboYe cb's 
LUNAR BAT 

LUNAR BAT LOST as requ"treo-

Yoi!JJe norm.�l' • 'YES Ci: 
� Determine if ASC or I Z2f LUNAR BAT CDR- Qll YES D DES feeder short NO 

tb- CDR? TRANSIENT SCA FAILURE •cb (!6) EPSo ASC ECA r-

I NO 

@ 
rUNAR BAT CDR ECA FAILED 

S1MPTIII I 
Basic Dale 26 September 1971 

CONT - close 
•BAT 6 BACK UP LMP 

FEED - ll!!. tb-eray 
•BAT 5 NORMAl LMP 

FEED- ON. tb - bp 
•DES BATS - DEAOFACE· 

tb - bp 
OC FEEDER FAULT It - on' 

.
YES 

@ 
fiD 

ASC STAGE FEEDER SHORT 
BETWEEN OFR & BUS IBAT 
3. 4. AND LUNAR BAT CDR 
FEED LOsn 

CiXiiXE • 05: 211 Reconlipre 1 301 Re<onfieure 
•CDR BAT 3 - ON tb - gray .. •OES BATS - CONNECT; 
ePower up PGNS tb - rray 

PROCEDURE 
E LECTRICAL POWER SUBSYSTEM 
Change Dole -------

t1 Il l Reconfi(Ure 
ePRI EVAP # l vlv -

CLOSE 
•iro'fBAC� UP LMP 

FEED - ON, tb - gray ecb 1161 !l's, ASC ECA CON! 
- close 

eGl-mL - INST !SEC) 
•WATER TAr«mffi �v -� 
ecb E , GLYCOL PUMP SEC 

- �  
•SEC EVAP FLOW vlv -

OPEN 
aliiimed�ately 

•cb ECS LCG PUMP -
•�OVERRIDE IN-

TEGRAL -Q!! 
ecbiAC BUS A· - TAPE 

.::?:c -m. NUM 
LTG -open (except 
during eng bum Of 
rndz & dockmg} 

•cb(l! & !6i lTG 
OOCK COMPNT - open 

b. For subs.l"Qtltnt mast!r 
alarms: 
ecb (l6) LTG ANUN/ 

OOCK/COMPNT -
close 

c. Wiililrl2 hours 
ecbiAC BUS A GASTA 

- �  

BU�� 
FUNCT[�� SSR-l 

i!l 
@ 

DES STAGE FEEDER SHORT 
BETWEEN ECA & OFR !BATS 
3, 4, & LUNAR BAT COR FEED 
Losn 

1 _@ Ill Re<onfieure 
eLMP BAT I HI V & 2 COR 

BAT 3 & 4 HI V - OFF iRE-ill; ttl - bp  ecb !Ill EPS· BAT FEED 
TIE ill- close 

•BAT 6 NORMAL COR FEED 
- ON ,  ttl - gray 

•BAT 6 BAC� UP LMP FEED 
- OFF iRESfT. ttl - bp 

•cb ! l6J EPS CROSS TIE 
BUS -open - -

REIIAHS 

(D Assump1ron· Crass he CirCUit rs 
open prror to entenne thrs proce-
""" 

CD DC BUS It remains on and subse-
quent I<M bus �oltage C1W mDm-
toring rs lost 

(!) If failure occurs after POl refer to 
emergeocy procedure for CDR BUS 
failure 

0 PRIMARY GL YCOL IOOC IS lost 

0 BUS wdl lose power when LUNAR 
BAT Off 

® DE FEEDER FAULT II may or may 
not be on 

CD COR BUS OK BATS 3. 4. and 
LUNAR BAT CDR FEED lost LUNAR 
BAT LMP FEED still available 

® Allow 5 mrnutes from lime of PGNS 
power down before closing cb 
PGNS, IMU OPR IIMU GYRO con-
straintJ. 

(!) Remove 1 5  ampere-hoors from 
each ascent battery befOfe dead-

® 
® 
® 

® 
® 
@ 

facinJ 

BAT 6 power rs avat!able throufh 
normal leod only after dea<lfacmg. 

LUNAR BAT CDR FEED lost LUNAR 
BAT LMP FEED strll avarlable 

BAT 6 power is avatla�e onl¥ 
throolfr b.lck-up food and slloold 
be so used before abort state to 
preclude automatically pl�eine: BAT 
on the shorted Ieeder. 

0 C RElAY failure prevents BAT 3 
from beme placed on 

LUNAR BAT is lost 

To power both llllses wrth descent 
batterie-s only. remove nonessen-
t1al eqwpment untJI total load 
50 amps. 

4 JfJCJri.M.I0-9029·1 
REIIAHS 
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SYIII'TOM 

� 

� lfrom shoot ll 

� Y£S 
BAT lYoltal! < 20 vdc' 

;No 

M +: llllWi BAT LMP FEIO oo 
PJior to malfunction ' 

NO 

311 0 BAT 1 & 1 amps  

ePOW£RITEMP MON-BAT l .  
then 1 

Amps h1jh' 
NO 

PIOCEDURE 

3% I Dl RI!COilfieure 
ECl #HAILED Of'EN r • POWtr down AGS 

e BAT 5 NORMAl LMP FEED 
-ON: tl>---fray 

351 CK LUNAR BAT amps 
. ,_, UII AGS 

•POWEll !TEMP MON -
LUNAR BAT � Amps hilh' 1 

(i)@ f No 

f!MNAR BAT voltap nonn•l' t: f!J •I ReconfillJre 
SHORT B£TWEEN LUNAR 1.- •LMP LUNAR BAT - Off/ 

YES BAT & ECA RESET Ill - llf> 
•LMP BAT I HI V & 

BAT 2 - ON, tb - rrOJ 

(5 (11 
� � FEDlER FAULT It - oo' 

NO 

� � •Power down AGS 
•LMP LUNAR BAT - Off I MP LUNAR BAT ECA FAIL-

R[S£1' tb - bp 

SYMPTOM 

0: 

PM rr� FEEDER FAULT It - on' LMP BUS VOl !AGE SIC 
YES CONDR FAILED 

@ I 
•LMP BAT 1 HI V - ON, 

tb - gray 

Bus voltage normal? 
NO 

r 47 1 Recor'lfigure 1!1 DFR OPENED OFR OPENED 
ePower down AGS 
eBAT 5 NORMAl LMP fEED �®@ - ON: tb- gray 
•Power up AGS 

- 41 1 Power down LMP bus 150 LMP BUS SHORT I 
•Power down AGS -. I 
elMP BAT I HI V & BAT 1 -
Off I RESET tb - 1>p 

ecb 1161 EPS BAT FEED TIE 
(2) - 0!>'" 
DC FEEDER FAULT II - on' � 

fm 
� LMP ASC OR DES STAGE 

FEEDER SHORT 

� @ 
531 R�tDre bus � NO � 
ecb 1161 LTG � O.termme if ASC or DES � DES STAGE FEEDER SHORT � 
FLOOD -O!><n ANUNIDOCK feeder short BETWEEN ECA & DFR (BAT 1, 
COMPNT - 01>0n 1 & LUNAR BAT LMP FEED 

•cbll61 SIC ecb 1161 EPS ASC ECA CON! wsn 
A[A - 01>00 ATCA - 01>0n - close 

ecb 1161 COMM •BAT 5 BACK UP CDR FEED 
VHF A XMTR - ooen PRIM - ON: tb - ITIY 
S - BO PWR AMPL - ooen •BAT 6 NORMAL CDR FEED 
PRIM S - BD XMTR IRCVR - - ON: tb - grav 
O!>On eDES BATS - DEAD FACE. 

ecb 1161 EPS INV 1 - 01>00 tb- bp 
CROSS TIE BUS - close DC FEEDER FAULT It - on' •Power up AGS 

•cb f16, - close above cb's ' YES en (i5 as required 

� Iiiii Reconfirure 

ASC STAGE FEEDER SHORT H•DES BATS - CONNECT; tb -
BETW£EN DFR & BUS IBAT l. gray 
2 & LUNAR BAT LMP FEED 
Losn 

PIOCEOURE 

ELECTRICAL POWER SUBSYSTEM 

�sic Dote 26 September 1971 Change Dote ______ _ 

' (17 lcsl Reconfigure 
etMP BAT 1 - ON, tb- erav 
eP.,...r up AGS 

51 1 Reconfigure 
•SUIT FAN - 1  
eBAT 5 BAC� UP COR FEED 
- ON. tb - r<OJ 

ecb 1111 EPS: INV ! - close 
•INVERTER - I 
•S - BD XMTR/RCVR - SEC 
•S - BD PWR AMP - SEC 
•S - BD VOICE - ON VOICE 
BU 

• TLM BIOM.ED - OFF � ��IONS LOST 
511 RecoofillJre 

•LMP.BAT 1 HI V & 1. COR 
BAT3& 4HI V - Offl 
RESET: 1b - bp 

ecb 116) EPS. BAT F£ED TIE 
121 - close 

•BAT 5 BACK UP CDR FEED 
- OfF I RESET. tblbp 

•BAT 5 NORMAl LMP FEED 
- ON: tb - erav 

ecb 116) EPS: CROSS TIE BUS 
-

@ LlllWi BAT LMP f£ED lost LUNAR 
BAT COl! FEED stiii iVoillble 

@ 0 C RELAY ftiluro pr....,ts BAT 1 
frc111 being ploced on 

® LMP BUS OK. B.IT l .  1. and LUNAR 
BAT LMP F£ED lost LUNAR BAT 
COl! FEED still IVIilable. 

@ COMM will be lost for time re­
quired to bring up SEC s-BD or 
whoe trouble sl\oohng Option of 
rtm11n1n1 on �� $-80 without 
CDMM until LMP BUS status is 
acortaine<1 1111y be mrcised 

@ W foilure occurs ofter POl. rmr to 
emergency procedure for LMP BUS 
failure 

@ BAT 5 - is mitlble ttmrugh 
nonr��l feed only when deadfoced 

@ BAT 5 power is miltble only 
through boc>-11!1 leed end shoold 
be so used belore obort st•re to 
preclude outometiuly Dilc'ne BAT 
5 on the shorted feoder 

IEMARKS 
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RED 
U.,t on d ti1ller 
or boUI -< 26.5 oolts 

I 

I I 
I 

S'fllmM I 

LMA790-3-LM 
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PIOCEDUH 

Ci (! 1 
BATIERY It - on '  fR f C fHDER FAULT It - oo' 

l l Ck bus volta,es. C4: ePQWER/TEMP MON- Clll! 
l!l!S. then � � YES YES 

� 1 

(i) lT Ck bit tl>'s 
eeb EPSo ASC ECA CONT 

!Good brlJ-&. 
•BAT 15 & 

FEED t1> - t<IY' 

fNO � •BAT 5 161 NOI!MAL LMP 
ICDRJ FtED - Qff�. tnen QJl 

TB remams gray? 

�
YES 

!ill 
BAT 5 161 INAGVERTENT 
DISCONNECT 

Bus voltqe low' CWEA FAILED .YES 
s J  Ck amps oo low bus. (4 
ecb EPS, ASC ECA CONT 

!Good bust - dW 
•

�t�(.!:! 
MON - NORMAl ff�S VOLT AGE SIG CONOR 

FAILED 
Amps' LOW 

' 
re i Ck bat ooltap l !W  

:HORT BITli'EEN BAT & ECA 1-� Voltage oormal? 

f YES 

� � � 
Ck for norm fee<l open or BAT 5 io' NORMAL 
ECA failed FEED FAILED 

� •BAT 5 16) BACK UP CDR 
ILMPJ FEED·Q!j; tb·aray 

Bal current >01 
.NO 15 Reconf1gure 

r ePower d.,.n AGS iPGNSJ 
ECA FAILED eBAT 6 i5i NORMAL CDR 

lLMPI FEED - OFF /RESET. 

(i) 5 (6) CiX• tb-bp 
•BAT 6 15.' BACK UP LMP 

!CDR· FtED·Q!I II> gray f!!l Ck BAT 5 & 6 tl>'s. 

BOTH 
GRAY 

coo: 
!I 

BAT OVERTEMP OR 
RE'IUSE CURRENT 

f � • BAT �61 NORMAL LMP 
ICDfll ftEO ON 

lll t<IY1 YES 
24( Reconfill're 
ePRt E'IAP FLOW #I  vtY -
.m BACK UP LMP FEED 
e;b�,6� El1sc ECA 

CONT - g 
eGLYcot -

M •WATER TA v!Y - �  
•cb ECS, GlYCOl 

PUMP SEC - �  
eSEC EVAP Fl vtY -

QfE!! 
a. lmmediatelyo 

ecb ECSo LCG PUMP -
ern;' OVERRIDE IN-

TEGRAL - �  
•cb/AC BUS - TAft RCDRBJn 
•cb/AC , NUM 

LTG - � (� 
durin! 1 burn or 
mdz dacllinl) 

•cb Ill & 16) LTG, 
ANUN/DOCII b F�=;�ter 
1larms.: 
ecb 116) LTG, AH�I 

DOell I COMPNT -

-� c. Witllin hourso 
ecb/AC BUS A, GASTA 

estfflAH 2  

f-IT] I BP  1 1( Ck  bus short •Power up AGS IPliNSI r ecb EPS, ASC ECA CONT 
!Good busl - dW (1)" •I Bad bat) - OFf I RESET, 

� 1 CDR t9T tb - bp Reconf1gure 
ecb EPS. BAT FEED TIE FEEDER SHORT I (2) (bad bu� - QPtJl •Power down P(;NS 

•BAT 6 BACK UP LMP rEED 
DC FEEDER FAULT It - on? t LMP · Q!<o tb - gra, 

ecb 1 1 11 LTG IW 211 Reconfigure ���N �K.'COMPNT •Power down AGS. 
•BAT 5 BACK UP CDR •cb �.?TITcs FEED - Q!l; tb - 1"1 
ecb 1161 LTG GLYCOL PUMP I - Of'!!! 

���
D
, oOW COMPNT GLYCOL PUMP 2 - Of'!!! 

ecb , l l: COMM· 
5EC S BD XMTR.'RCVR 

ecblr¥1c J-!.p �
T 5  - �  ECA FAILED AEA - � SEC S BD PWR AMPt -

BAT 6 

1 
1!1 � BUS SHOfiT 

LMP 

Zl( Recoofipe. 
•BAT 5 BACK ill' COR FEED - Q! lll- t<IY 
•BAT 5 NOI!MAl LMI' FEED - oTr� tt> - !lp 
eeb I lJ dNv 1 - close 
•INVERTER - l 
eLMP AUOIO CONT � 
eS BAND XMTR/RC - � 
•S BAND PWR AMPt - :W:, 
eS BAND VOICE - �  1111 ·��� ��ME

1
D - Qff 

� BUS TI!.:ll FUNCTIONS 
LOST 

• 

•cb�r�co� vWPB XMTR - "!'!" 
�iM\x��Pt 

•cb 1 l l i  PGNS 
LOG RDR - Of'!!! 

PS!rs BD XMTRiRCVR 
RNOZ ROR - "!'!" 
LGCIDSKY - !'!!!!' 

•cb(3s •cb1m� -�� L 
ecb 1161 EPS CROSS fir ��-f&lus - close BUS - close 

•Power up AGS. •Power up PGNS 
ecb (16) - close as required ecb (ll) - � a-s reqwred 

� EPS ASC EtA CONT � 1-!Good bust - dW RespectiVe bat lost. 
ePQWER !TEMP M(}f(-BAT 5, � 

6 to dttenntne failed bat TBAT 6 1BAT 5 

� (D r ' 
Zll Reconfi111re 

•Power down PGIIS. 
•BAT 6 NORMAl COR FEED 

-
�{{REF; tt> - bp •cb ) - pen all ell's in 
rows 3. 4, & 5, excopt 
cb EPS, 
BAT FEED TIE 12) 
CROSS TIE BAl. LOADS 
CROSS TIE BUS 

•BAT 5 BAC� ill' CDR fHD - Qll; tl> -lfiY 
ecb 116) EPSo CROSS TIE 

BUS - closa 
•P<Mtr U9]1GNS. 
•cb (11) - � as  required 

:111T Reconfip�re. 
el'owtr down AGS. 
•BAT 5 NORMAl LMP FtED -

�
tl> - bp  

• n all cb's m 
rows 2. 3, & 4, exc•pt 
cb EPS BAT FEED TIE 12) 

•BAT 6 BACK UP LMP FEED 
Q!l; lll - aray 

eel> 116) EPSo CROSS TIE 
BUS - �  

•Power UP' AGS 
•cb 1161 - close as required 

PROCEDUH 

Basic Dote 26 September 1971 

ELECTRICAL POWER SUBSYSTEM 

Change Date -------

REIWIS 

G) If COR bus voltage ts lost for > 20 
mmutes. subhmator freeze-up 
occurs 

0 8A ITERY �t may not a:o on mstan-
taneously w1th DC BUS It 

G) It CDR bus f01lure, SUIT FAN·2 

(D DC BUS II remams on and subse-
quenl low bus volta,e C/W mon-
ttanna: capab1lrty ts lost 

{!) �f fatlure occurs atter POl Of dur-
tng ascent mtsSt<Xl pt!ase, refer 
to emergenq procedure fOf COR 
ILMPI bus failure 

0 �muntcat1ons wtll be lost for 
ltme reqwfii to bnne: up second-
ary S-band or whtle troubleshoot-
1ng l)ptlon of rema.nmi on pnm1ry 
S·bancl. w1thoot communJcatiOOS 
until LMP Dus status •s ascertamed 
may tJe e1erc1sed 

(!) Allow 5 mmutes for pros to stop. 
before cloSini cb PliNS IMU OPR 

0 DC FEEDER FAULT l1ght may or 
may not be 04'1 

0 Reverse current only tl l>uses are 
hed 

/ 

f.lOCJt.M.5.t007 
I(IWIS 
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U&flt on rt, 
Bit <Ntrtemperature 
> 145" 
Bat reverse current 
> 10 1111P tor 4 to 6 sec 
Bit <M!rcurrent > 150 
to 200 amp 

4 STAG� 

STIIPTDII 

Basic Dote 26 September 1971 

LMA790-3-LM 
APOLLO OPIRATIONS HANDBOOK 

I'IGCEDURE 

PROCEDURE 

ELECTRICAL POWER SUBSYSTEM 

Change Dote -------

R stalinl required, 
• C8 (II & 16) [PS, DES 

E� 
• C8 (16f!PS, CI!OSS TIE 

� 
• W time permits OES SAT 

OfF It 5 sec inteNils 
• Good ASC SAT bldlup 

fEID Cil  

CD a.t ctw noonitorinc CIPIIJitity 1s 
lost 

Q) Suluqueftt bltlery llllfunction 
nmtortn1 capajJility is lost. 
lloonwr, SAT FMA.T h ape!IIIS 
namurlty. 

0 Fllllty bat lillY hive tripped OFF -
UNE. 

0 Hold bltlery llrildl to OFF I R£S£T few II lust 4 -.cis to ensure 
nosettinc ol BATTERY C1U1 It 

(!) Functions lost 
I. R f1ilure assacille<l witll SAT 1, 2. 3 or 4 - SAT l, Z, 3 or 4 

Is lost. 
2. R tlllure ossociate<l witll 111111r 

bat- lunor bat is Milable on 
D!IIIOiit• feed path, 
Batt wamina liaflt may remain 
011 lOCI oilier battery mlltunc­
tions will be inllibite<l. 

CD Oeleted 

F..JCICIC.M4..1009 

IIUIAIKS 
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RC97 LM2017 , 
STW'fllll I 

Sa. STAGID OR '  
UNSTAGED H-- 1 1 Ck 1111p1 

One bet til ......., (Iiiii ePOWtR/TEMP liON-
I!!JmOII. 

Amlls zero? .NO 
� ECA RElAY CONTACT 

OR TB FAilURE 

Sb. UNSTAGED 

Ci: 
� 5 DES BAT - tb - llll H--DES BATS - tll - 1111 DID fAII.UR£ OCCuti WH£11 

and ASC BAT - BAT 5 or 6  TIJRft(I) ON? tii iSJ - cm  
�

�T 
flilure occurod 
...... ISCtlll blltiiY w RELAY 1<2 CONTACT 
WIS turned on. 

f AILID ClDSEl> 

Sc. UNSTAGID 1 ([ 
5 DES BAT - tll - 1111 l.!!1 r+-DES BATS - tll - 1111 lGC AND ACA ABORT and 2 ASC BAT STAGE DISCRETE PII£SOO"' 
- til - em .NO 

14 1  To reslort DES bets 
ecb ill) EPS: DES ECA-

&BAT I HI V -
llll 
lMP BAT tll - llfayl +YES 

.!!.I , RELAY K20 CONTACT 
f AILID ClDSEl> 

t 
I 

�LMP BAT2 - llfl or  
l\JWIBAT UIP BUS - !lf! eCDR BAT 3 - ON or l\JW BATUoii'BUS-'� 

eCDR BAT4 HI V-
ecb (16) £PS, ASC cont -g 
eDES BATS - �  
ecb (16) £PS, ASC 

ECA COIIT - !!!!! 

m.rll I 
Basic Date 26 September 1971 

� 

BAT � 

r-

� 

NO 

... 

LMA790-l-LM 
APOUO OPERATIONS HANDBOOK 

PIOC(DUI( 

z I Artempt reset 
eF111IIy bat - OFF IRESfT. then Q!! --

Mitis zero' �YES 
� ECA FAilED 

�RElAY K1 COO ACT 
FAILID CLOSED 

11 I To put DES bets on lint 

• BAT 5 NORMAl. LMP FEED-ON �&-tray 
ecb Ill) EPS; DES fCA 

CONT -� 
ecb llil : ASC ECA 

CONT -� 
•DES BA - �  
eLMP BAT I HI V & LMP 

BAT 2 - � 
•COR BAT & COR BAT ( 

HI V - �  
•cb 1 1 11 , ASC ECA 

CONT - 3!!!! 

� ABORT STAG£ 
SWITCH CONTACT 
CONTAMINATED 

· �RAGE 

� 
PCM ABORT 
STAGE DISCRETE ON' rrs 

� 
•cb llll STAB/COO: 

ABORT STAGE - �  

I 

1!.J RruY KIO CONTACT 
FAILID <M'£11 

� 

r-

� INADYERTEIIT BAT 
TRIP OR TJIANSJEIIT 
ECA FAII.UR£ 

l_l To put DES bats on line 

• BAT 6 NORMAl. COR FEED-
ON th--eray 

ecb 116) EPS; DES 
ECA CONT - � 

•cb 116) EPS, 
ECA cont - �  

•DES BATS - ECT 
elMP BAT I Hi"V"'1RP 

BAT 2 - �  
•CDR BAT & COR BAT� 

HI V -� 
ecb 116l , ASC 

ECA CONT - 3!!!! 

NO MSFN COVERAGE 

� � ecb (16) STAB/COIIT 
ABORT STAGE - !!!!! 

� r- ecb 1111 EPS: DES ECA -

•�61 EPS: DES ECA-
•�BAT I HI Y - llfl  
•LMP BAT 2 -t� or 

LUNAR BAT BUS -llll 
•COR BAT 3 -� or 

lUNAR BAT BUS - llfj  
eCOR BAT4 Ht V -� 
ecb 1161 £PS, ASC 

CONT -� 
eDES BA -
ecb 1161 EPS: 

ASC ECA COO- !!!!!! 

I'IIOC[JIUI( 
ELECTRICAL POWER SUBSYSTEM 

Change Date -------

� •cb 1161 STABICONt 
YES 

ABORT STAGE - � •LMP BAT I HI V- : 
tb - ,,.,, 

f
NO 

W!J 
ecb 1161 STABICOHT 

ABORT STAGE� 
•cb !Ill STAB/ : 

ABORT STAGE - !'!'!!! 

J 
2l I To restore DES BATS 
•LMP BAT 1 HI V - llfl  
•LMP BAT 2 - �or 

LUNAR BAT. lM BUS -.Q!l 
•COR BAT 3 - l1!1  or 

lUNAR BAT COR BUS -Qlj 
ec0R BAH HI Y - llfl  
•cb 116) EPS: ASC 

ECA CONT -�m 
•DES BATS -
•cb(l6) EPS: 

ECA CONT - �  

REIWIS 

Q) One bus wrrr be lost rf fadure 
occurs when f11st ascent batte-ry 
is turned on Possr!Me DC bus 
warnrne hettt 

Q) On ltle lunar Surface wllen ltle 
ABORT CB's are open and com-
puters are off, the fatlure could 
only be K10 or K20 relay contacts 

C-JOOIJOA.IOIO 

IIDIAIIS 

Page s. 2-40 

I 

t 



1 
LM9B6A 

SYMPTOM 

6 I I  INVERTER I 
YELLOW 

li&hl 011 if 
Bus A a· c voltage 
<112 volts 
Frequency <398 
cps or >ol02 cps 

6a l I i A·C voltage h1&h. J 
(out of green band; 

SYMPTOM 

(i) 1 
EL !aile<l' 

YES 

-;!b/AC BUS B BUS TIE 
INV l -� 

•cb/AC BUS A, BUS TIE 
INV l ·lmf!! 

INVERTER I t-off' 
NO 

lj Select all mverter 
• cb/AC BUS B BUS TIE 

INV 1- close 
• cb/AC WSA BUS TIE 

INV ! - close 
•cb l l l i M' INV 1-close 
•INVERTER ·l 

INVERTER II · off? 
NO 

.!?-1. ecb /AC BUS B BUS TIE 
INV I & 2 - QW! 

ecb/AC BUS A BUS TIE 
INV 2-gw 

INVERTER II - off' 

NO 

ill . ecb/AC BUS B BUS TIE 
INV ! - close 

ecb/AC BUSA BUS TIE 
INV 1 -!mt!! 

� 

Numenc Its bnghten' 
YES 

A-C BUS A SHORTED 

� 1 

BUS FUNCTIONS 
LOST 

Basic Date 26 September 1971 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

f. �J � 3 I Select all irM!rter r:. f.!.J INVERTER NO. 2  ePOWER/TEMP MON- ecb (ll) EPS, INV l- Q2!! FREQUENCY FAILURE AC BUS •INVERTER-! 
VOLTS- 1feen band' INVERTER It- off' 

NO NO 

� � CWEA OR SIG 
YES INVERTER NO. l FEEDER COND FAILURE � SHORT 

� 0G: I I  Reconfi&Ure 
eiNVERTER·.l_ 
ecb 111 1 EPS. INV l-� 

YES 

10 I Select all mverter 
ecb II II EPS. INV 1 -c� � M-e •INVERTER -1 � INVERTER NO 2 

A-C volts norm' VOLTAGE FAILURE b 1161 EPS INV 2- � 
NO 

f!!l 
YES e cb/AC BUS B BUS TlE � INV I-� INVERTER NO. 2 YES FEED£R SHORT 

INVERTER II - off' ... 
.

NO 

� ..!!.1 CWEA OR SIG ill 
�b COND FAILURE 

� 21 1 Reconfigure 
eiNVERTER-2. 
ecb/AC BUS A, BUS TIE 

INV l-d2R 
ecb/AC BUS A & a,  BUS 

TIE INV 2-d2R 
ecb(!l l  EPS. INV 1 - !!1!!! 

PROCEDURE 

A-C BUS B SHORTED. 

221 Reconfi&Ure 
ecb lAC BUS B BUS TIE 

-��
V
:lcWifS\ BUS TIE 

INV 2-d2R 
eiNVERTER-2. 
ecb Ill) EPS· INV I· !!!!!!' 

� 4 

BUS FUNCTIONS 
LOST 

ELECTRICAL POWER SUBSYSTEM 

Change Date ______ _ 

b (16) EPS INV 1 - !!2!!! 

(D �' lrMrltr No. 2 ts ott 
K imerter No. I IS operoting, re­pjace 111 references to ttNtrter No 
2 wiltl inwerter No. l 

0 INVERTER II rem1ins 011. 

0 Moni!Of 1>-c voltage oo VOLTS tnd. 

REMARKS 
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LM 9ti8A 

, ...... Int i  
AC IUS I 
AC BUS & SE WIND HTR 

AC IUS A 

Ho/I'Q&S 1'!101'11. OISP 
Ho llON  
D£S QTY 

s 110 AliT 
_,_ ... .... 

OIIWl 
AGS 

AGS on - & AGS IIIII RAT£ 
ACT WI' !Ia 
SE FIW  
NIII LTG 
BUS TI( Ifl¥ 2  
BUS M III¥ 1 

AC BUS A, BUS TUIV 2 
BUS TIE lfiV I 
AC BUS VOLT 

CDI IIUS 

AC bus .otor  
COR WINO HTR 
TAl'£ RCOII 
AOT WI' (R)  
RNDZ llllfl Auto/- lilt slow 
DECA GIIIII. 

GOA locl-1111 
Limilld iiiiiiUif tflrot1lt CIIIIIIillty 

INTGL LTG 
COR FnAI 
GASTA 

PGIIS att & PGIIS 0118 RAT£ 
RNG/RNG RT ALT /ALT RT ind 

FlT DISP, CIIDEAL 
COAS 
COR FIW & IIt ....... 
GASTA 

PGIIS Ill & rile ....... RIIGIRIIG RT ALT /AI.T RT lllllor 
COR X - PIITR 
MISSlON niiEII 
Tliii\JST -

11:5 SYS k ASC FEED I 
lui �  

oiSC FEED 2 
LIS! � 

QllAO I TCA I :i: Thru.lln lolt 
QUAD 4 TCA 
IIAlN 'SIN WI position 

Basic Dote 28 September 1971 

LMA790-3-LM 

APOLLO OPERATIONS HANDBOOK 

CDI IUS (UII) 
HTR, UR1NE LINE helltn 

• - RNOZ IIIJQ ST8Y heatm 
RNOl llllQ OI'R heltln 
lDG llllfl lleator 
DOCK lri- halll 
AOT IIUter 

INSl SIG CONOII I 
Propellant lb's 
Same ind 
Same CW£A lis .,_ ... 

STABICOIIT ABORT STAGE IR. m:ept no IIIIo 101 1nnl 
ATCA PGNS 

LGC controlol RCS 
.�lily to switch from AGS to PGIIS AflD (R)  

ENG COIIT 
DPS .., CIJ>Ibility m:ept .,.rridt ENG 
STOP for DPS & APS AGS GMBl Trim 

A TT DIR COIIT 
Slconcllry Coils AGS ""1st mode 

ENG START OVIIO 
MIOUII s!Mt lOPS & APSl 

DECA PWR 
Auto & Maoual DPS "oo" & "alf 
!Override ooly a .. iiatMe) DPS 
tflrott!e ll�l 

ED· LOG GEAR FLAG 
LOGIC PWR A 
UTIL 

LTG, AIIUN/DOCK/COMPNT 
Ulfllini iRl 

PGN£ IMIJ OI'R 
IMU STBY LGC/DSKY 
RNOZ ROR 
lDG IIIJQ 
SIG STR DISP 

CQMM, CDR .WOfO cooter 
VHF A RCVR 
YliF B XMTR 
src s 110 PWR AMPl 
SEC S 110 XMTR/RtVR 
UP DATA llNK 

ECS GlYCOl PUMP AUTO TRNFR 
GLYCOl PUMP I 
Gt YCQL PUMP 2 
CABIN FAH 
SUIT FAH I 

HTR RCS SYS AI B L QUAD 1 heller 
QUA0 2 -
QUA0 3 hatlr  
QllAO 4 heator 

EPS, DES ECA COIIT (I!) 
DES ECA (I!) 
oiSC ECA COIIT (R) 
oiSC ECA (R) 
!NV I 
DC BUS VOLT 

PROPUL DES lie REG/V£NT 
VUlT - lui positilll 

LMP BUS 

FlT OISP, MNT TIMER/SE FDA! & 
rate ootdles 

SE X-PIITR 
RCS SYS B, oiSC FEED 1 

last positiorl 
o\SC FEE0 2 

llst iiOSIIioo 

QUAD 1 TCA I QUAD 2 TCA Thrusters lost 
QUAD l TCA I QUAD 4 TCA 
CRSFO 

llsl positioo 
TEMP/PRESS DISP FLAG 
POOS DISP 

RCS qty 
MAIN SOY 

Last pasrtroo 

ELECTRICAL POWER SUBSYSTEM 

Change Dote -------

PROPUL DISP/ENG OVIiD LOGIC 
MPS ind inoperative 
POOS 

FU£l/ OXID qty 
oiSC He REG 

LISt i>OSitiOO 
INST SIG CONOR 2 

EPS tb's 
Some ind 
Same CW£A lis como oo 

PCM!TE 
TM XMT 

s1ci'���· 
CW£A 

STAB/CON! DES ENG OV1iD 
Override fuocboo 

ATCA lAGS) 
AGS stab cant tbillty to swrtch fr<n 
PGNS to AGS 

ABORT STAGE 
o1SC ENG "ON" & tnnio& 

ATCA 
RR SLEW & AUTO TRACK Modes 

AGS stab Cant 
FOAl Rtte nefdl" 
Auto ASC ENG "on" 
OPS Gmbl locke<! 
Throttle 100• to 100% 
AELD ll!l 

Auto APS commonds 
ASA 

AGS 
ENG ARM 

Auto enrine on/off 
lOPS & AI'S) 

AEA 
AGS 

ED. LOGIC PWR 8 
Descent Enrme override function 

LTG. MASTER ALARM 
ANUNiOOCK/COMPNT IRI 
TRACK llpt 
FLOOD llptrna 

COMM, OISP 
S-bd aot 

SE AUDIO 
VHF A XMTR 
VHf B RCVR 
PRIM S 80 PWR -MPt 
PRIM S BD XMTR/RCVR 
S BD AHT 

Auto/min ant sJew 
PMP 

YliF re> 
S-bd untr/r� 

IV 
ECS, SUIT FLOW CONT 

Tom-suit proteclloo 
DISP 
Gt YCOL PUMP SEC 
CABIN FAN CDNT 
CABIN REPRESS 

Auto repress 
SUIT FAH 2 
SUIT FAH .if' 
DIV£RT \'lV 

Auto ctase 
C02 SENSOR 

EPS, D£S ECA COIIT (R) 
DES ECA IRI 
ASC ECA CONT IRI 
ASC ECA IRJ 
INV 2 
DC BUS VOLT 
DISP 

V�ts/zmps 
Tb's 

CAMR, SEQ 
HTR RCS SYS A/B 2. S-80 AHT heater 

DISP 
QUAD 4 heotet 
QUAD l heater 
QUAD 2 heater 
QUAD 1 helt1t 
MESA hollers 

I-300Uf,..A..10l'P 

I 
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� ONIATIONS HAND100K 

5 . 2 . 9  COtotruNICATIONS SUBSYSTEM 

5 . 2 . 9 . 1  Aaauapt iona 

Lou of ICS 

• Troub leabootiDI procedures such u cbeckiDI aw ' a ,  cb ' • •  redundat 
PTT pb '• , redUDc!et IIOCie (VOX, PTT) alternative ateonu , etc. are 
perfor.ed before enterina ulfunction procedures . 

e These aalfunctiOD procedure& do DOt aaau.a a particular C�nicatiODS 
Subaya tea .., confiauration other thaa that required to operate the 
equip .. Dt before eatry iDto the proceduraa . 

• Malfunction procedure• are eDtered froa norul operational .odes . 
(Procedure& are Dot included for checkout .adea . )  

Table 5-9 . CS Procedure 11\try Sheet 

Sya Paae 
Mo . No . 

1 5 . 2-44 

One crewaa bu ab noraal (UDaelected) bot aika 2 5 . 2-44 

to . .  o f  VH F  voice c - with CSH 

Loaa of S-band voice ca.. 

S BD RCVR caut lt 

Cannot acquire pbuelock 

HSPN reporta 1o .. of PCM. S-bad voice 0� 

Lou of voice co.. with !VA (one IIIID !VA) 

CSH infor.e Uf of VHF raaaina loea 

Boaic Date 26 Septellber 1971 Chanoe Date -----

3 5 . 2-44 

4 5 . 2-45 

5 5 .2-46 

Sa 5 .2-46 

6 5 . 2-46 

7 5 . 2-47 

8 5 . 2-48 

Poge 5 . 2-43 



SUIPTCIII I 
1 I lDss ai iCS  l.l. -� 

I • Use PTT buttGn 

ICS 0111 NO 
5 1 EstJblisll intercam. 
Cri!Wmlll .tlo cannot Irons· 
lllil: 
eAUOO. com · BU  

ICS 011' NO 

f!J 
COIIM UMBILICAL FAILURE 

+ 
j.c Ck cable cOili!OCiions 

I 

1 1: a-M his �H-� ::.-' (llftY!ectod) hot eAUOI(), MOOE-ffi 
•T ... witllaut kiYinc. 

He1r younelf ' 

NO 

� 'lOX CKT fAlURE 

i 
I 

3 I� al � YOico CCIIIIII .LIJ lntercam' wiiii CSM I 

STIIPT1III 

L 

I 

\'£S 

2 I lllckiiP M11io cent1r 

•AOOIO CONT - 1111 
(affected crewllllll) 

� - 011' �NO 
4 Repi<l voice COIIIIl 
eRoconli..,. for ,......, 

A &B. 
VHf voice 011' YES 

Basic Date 
26 September 1971 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

4 � vox 3 
AIJOIO, MOO£ sw7 YOX CJ<T F AlLURE eAIJI)Ifr 1100£- ICS/PTT tiCS/PTT <D 

f1 HOT Mil<£ FAILURE 
1 Troubleshoot. 

Each crewman individually: 

\'ES •Chlcl camm with MSfll/ 
CSM, USinl own IUdio c ... 
ter witll oilier crl!llllllll 
hstenine on bockllfl. 

NO XMIT: NO RCV: 
RCV OK 

Rosults al conwn ck' XMIT OK i i 'RCV & X  MIT OK 

.!J � .!.!J 
Mil<£ AMPLIFIER fAilURE AUOIO CENTER OIOOE SW HEADSET AMPLIFIER 

fAILURE fAILURE 

+ + l 
i P:!J. F F01 intercom: •AUDIO CONT- � 

eALIOI(), CONT · 1111 eALIOIO CONT- I!!! 
For VHf /5-blnd c...., 

•AUOIO CO!IT · BlJ or /!!liiM 

f!J �UDIO CONT · !!ll •C�tle PTT swttches 1nd1 
\'ES viduolly •AUDIO. MODE · IT! lalt 

• Talk w1tlloot keymg YES 
cr!Wman) 

•Talk w1thout koyine � PIT SW fAilED ON Hear yourself? 
Heor yourself' r t j_ .fi: 

� .2J I J Affoctl!d audiO center 

•AUDIO: CONT · 1!0BM INTERMITTENT Pn SW AUDIO CENTER MIKE 
AMPlifiER CONTINUOUSlY •AUDIO VHF 11) Off 
KEYED •AUDIO S BAND T /R Off 

INO JJSl LOSSOf 

\'£S 
.. 

� 

L2...L!..J ICS 

_(Q 
� 

SIG PROCESS04l fAilURE 
IN AFFECTED ALIOIO CENTER 

� 
•Esllblish S-blnd voi<e � conwn with MSfN. 

S-bond v<Hce 011' lYES � 

I I Re1ain voice on uplink. 

•Request in blind or trans -
m1t on EllER KEY - MSFJI 
confirure tor up voice 
backup. 

•UP DATA liNK - �  
•UPLINK SOUELCII -

•� MOO£ !CDRl -ICS/ 
PTT -

S.flond YOICO 011' � rES 0 
� .!J 

CSM OR LM VHf XMTR DR PMP SHORT !REG 2 & 3 
RCYR FAilURE OUTPl/Tl 

PROCEDURE 

COMMUNICATIONS SUBSYSTEM 
Change Dote -------

CD 
f.!..J UNRELATED OOUBI.E 

fAilURE 

REIUIIS 

0 YOX mode may be avatlabif. 

0 Hot m1ke m all modes Continuous 
keyme of S·band and Simpler Yllf 
whon seloctl!d to T IR Duplor'VHF 
" available at erpenso of '" 

creased powor OSEA should be 
turned off when not recordmr 

0 Affocts particull< T /R function 
only. 

(!) All roc!!Nod VHF and S-blnd voice 
lost. 

(!) loss of VHF transmission trcn lM 
may be due to corona 1n the VHF 
lran...,rter VHF A 181 XMTR - Off 
for a penod al 20 seconds and then � may e1t1nprsh cortN and re-
store use 

(D Gapabtl1ty of snultJneously re-
cttVlnl up da!J and up voice lost. 

.t.-3DIJIM.6.1000 
IEMARIS 
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SYIIII'TOII PROCEDURE 

• I _ill I loss af S"band •o1c. I Ci: I J 1 1 � �OMM Am" SIGNAL 

3 I BKkup oudio center 
Intercom OK' � cornm j I •AUDIO CONT " � (affected � nED STRENGTH - > 3 7 (steer- crewman) YES SIG P!!OCESSOR FAILURE IN 

MSFN not within VHF oble)> 2"5 (omnil' 
S-bond .oice OK' .... AFFECTED AUDIO CENTER j r1n1e 

NO 1 
LOSS 

OF ICS �:OT 
ACQUIRE 5 I Switch tronsuiver's �ORIG XMTR/RCVR 

PHASELOCK 
eCQMM, S BAND XMTR/ 

NO 
Rti'R - 11t tr1nsce1ver YES FAILED 

S-bond ""'e OK' � 
I CDC! 

..!}COMM S-80 XMTR/RCVR 
YES � I!!J Reea�n �band '"'" on r- � PMP SHORT (REG 2 & 3 

� uphnk. •Estllblish VHF ""'ce comm 
- ill with CSM" NO •Request '" blind tl\at 

Withm VHF range of CSM' VHf •oice OK' � OUTPUT) 
MSfN configure for backup YES VOICe. 

•UP DATA LINK - VOICE BU NO 
•UPLINK SQUELCH · 

E&Bll 
•AUDIO MODE !COR) - jill 

m 

� _(s • 11 1 Regain S-band up •orce" � � � � .!!1 
eUP DATA LINK )QJ� 

XPNOER RCVR OUTPUT •Request MSFN conf1gure •Requests CSM detenmne •UPLINK SQUELCH - fAilED for btckup •orce LM/MSFN S-band status E&Bll eup DATA LINK- VOICE BU I- Stlltus' •AUDIO MODE ICDR) - !ru eUPtiNK SQUELCH - ENABLE m •AUDIO MODE !CDR) - NO UP VOICL NO DOWN VOICE 
Tone' ICS/PTI DOWN VOICE OK UP VOICE OK +YES CD S"band •orce OK' 

YES � E 
•Request 1n blind MSFN � con1igure tor backup v<Hce. 

I � 30-KC DISCRIMINATOR 
VOICe �? FAILED 

NO 

YES lt!J 
PCM' I 

a: I I 
NO � Attempt voice COinhl wia PM 

mixer 

•S BAND VOICE -ON VOICE (i) 
201 Try fM" a: BU fill •1'0.1 BIOMED - LEfT or 

RIGHT DOWN VOICE SUBCARRIER eS BAND MOOULATE • [M � J Vorce OK' � LOST Voice & PCM OK' PMP PM CKTRY fAILURE 
NO NO 

(!: _(!; � 
Attempt VOICe comm thru � 
speech processor Attempt voice comrn thru 

Ci: speech processor 
eS BAND VOICE - ON VOICE 

•S BAND VOICE - ON VOICE BU � •�M BIOMED - Off � •11M BIOMED -QEf 
� VOICE & DATA AMPLIFIER � PMP REG •I POWER 

Voice OK' ANDIOR PM MIXER FAILED Voece OK? SUPPLY FAILED • NO (iXii: t �NO 
:ill UNRELATED DOUBLE �_271 To obta�n raneinl J J;PLEXER TRANSMIT fAILED. 

1211 To obtllin ra�n& J 
FAILURE 

SYMPTOM 

Basic Dote 26 September 1 9 7 1  

eS BAND MODULATE · fli! 
eS BAND VOICE - Qff 

PROCEDURE 

COMMUNICATIONS SUBSYSTEM 

Change Dote -------

•S BAND MODULATE - PM 
•S BAND VOICE - Qff -

Q) loss or ne1r l1lss of 1111voice is in­
diCited by COIIM ANT SIGIW. 
STRENGTH - <3 7 lstltflblel or 
<2"5 (-ij lnd noise in hudset n Slllnd squeldl is oft 

(!) Affects porti<ular T /R function 111ly 

0 Allow 30 soconds to re�cquire 
phnelor:k 

(!} All S-bond up voice is lost Vorce 
contllct w1th MSFN " 1¥11llble 
throolh CSM rel1y morle 

Q) Requtres ,..3 m�nutes 

(!) Up voice is Wllilble throolh up 
datll link 111ly Simultaneoos up 
""''• and up dat1 capobllity lost 

Q) Ran11•1 lost Mlile in Flot 

Down VOfte subcamer operational 
instrumentlltlon, PCM data, PM 
control, and FM control lost 

Biomed data los! 

@ Emereency key1n1 is still 1¥1illble 
(cb 116) CQMM, PMP must be open) 

&-30CII.M5· I 00 1 
IEIIIARIIS 
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SYIIIPTDII 

�nd comm retJined' 

NO 

Sipl stren(fh < 1.3 

Basic Dote 26 September 1971 

LMA790-l-LM 
APOLLO OPERATIONS HANDBOOK 

14 

PIIOCEDUI£ 

ANTENNA LOCKING MECHANISM 
fAILED T 0 RELEASE 

PMP FAILURE iPM MIXER) 

l'tlfTEA HeR (L8R) CIRCUIT 
FAILURE 

PIIDCEDUI£ 

Rowt liP! 

•S BAND RANGE-Off/RESET, then 
T'lic:w£J, ENA8� 

If ltall t not otto 
•S 8AND RANGE -OFF /RESET 

When ran&tnl destred: 
eS BAND MODULATE · fll! 
•S BAND RANGE · !WS: 

COMMUNICATIONS SUBSYSTEM 
Change Date -------

CD Assumptooot VHF voiu contacb 
woth CSM were attempted 

(D All ... 30 seconds for phaselock a<­
QtnSihon 

(!) All 5-band functoons lost 

(!) Simultaneous rangong and PCM cap­
ability lost. 

Q) HeR !l8R) PCM lost 

(!) S-blnd telemetrt lost. 

lOOI.M$-liX 
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I SYIIPTOII 
7 G: I loss of '"'" comm 

w1th [VA lone-man 
[VA) 

I 
I 
I 
: 
� 

( 1 ( � I MSfN/LM comm 0!1' 

YES 

ii 

LMA790-l-LM 
APOUO OPERATIONS HANDBOOK 

I'IOCEDUIE 

�AUDIO CONT - BU � 
• cb COMM. AUDIO 12)-open 

BU au<l1o center - •Connect to alternate crew-
• RElAY ON IB 01 121 - man's umblttcal 

RELAY Off 
NO • cb COMM, AUDIO 121 -

Comm 0!1' � close � rs Comm 0!1' 

l)j() 
i.J_ J-!1AUDIO CENTER FAilURE 

� 
• Notify MSFN of problem COMM CARRIER OR SUIT 
BU aud1o center 
• RElAY ON 112 or 81 -

RElAY OFF 
Aod10 center 
• AUDIO VHF B - T /R 
• COMM VHF B 1VTR 

- VOICE 

Comm OK' .NO 

�-TOTAL VHF VOICE COMM 
FAilURE Of EVA OR lM 
ICOMM CARRIER, EVA PWR 
SUPPlY. DIPlEXER, ETC) 

I I I I I 
I 
I 

SYIII'TOIII I 
Basic Date 26 September 197 1 

YES 
... 

r-

HARNESS FAilURE 

G:: �M XMTR A OR lN RCVR 8 � .. lM may be reconfill'red to 
OR EVA XMTR B OR m backUj>- relay mode 1f 
RCYR A FAILURE desired 

f!!J. • If MSFN ong1nally report-
ed no loss of EMU data, 
return to norm3l relay 
conf1gurat10n 

I'IOCEDUIE 

COMMUNICATIONS SUBSYSTEM 

Change Date -------

IIDWIS 

Q) EVA will wa1t at lent 3 m1nutes fol-
lowmg communications los.s before 
cbongtng modes 

UMBiliCAl FAILURE I 
0 Configure-s lM for transmiSSion arM1 

recet>l•on on both Yllf frequenc1es 

(!) loss of EMU dlto relay copol>lity 

A·3011tM.S-1D.51 
IIEIIAIIIS 
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• 

Boaic Date 26 &lptember 1971 

et!oqde 'IHf A XMTR -Qff. tflen � 
eRequeSf51iiilllle 

ran&in1 reset 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

YES 

PIIOCEDURE 

CSM PROBLEM. R�ING 
TONES NOT TRANSMITTED 
TO LM 

PROBABU RITA fAILURE 

• 'IHf A XMTR -YQJg 

PIOCEDUI£ 
CO'MlruNICATIONB Sllli8YSTEM 

Change Date ------

•Reattempt a<quisiti"" 
when rate " rtduclll. 

CD 

ROWIS 

If RnA failure has resulted m l 00% duty cycle "" 1111tr A. 
ranatne: operation, in excess of 2 
min at temperatures > 67"f in­
dlcoted "" ECS, GLYCOL temp 
1nd, may result in xmtr damaae. 
67'f on ECS GlYCOL temp inc! 
eQuals lOO'f at ERA flanp. 

Sw1tchma oot ranae capability 
wtll enhance voice capability. 
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5 . 2 . 10 ENVIRONMENTAL CONTROL SUBSYSTEM 

Table 5-10 . ECS Procedure Entry Sheet 

Symptom 

H20 QUANTITY low or deer abnormally 

CABIN warn lt 

CABIN PRESS - low or deer 

CABIN PRESS - high 

SUIT /FAN warn lt 

SUIT PRESS - low 

SUIT PRESS - high (eareaa mode) 

02 QTY caut lt 

02 QUANTITY - low or deer 

ECS caut lt 

SUIT FAN lt 

H20 SEP lt 

C02 lt 

PART PRESS C02 - high 

GLYCOL cc.p lt 

GLYCOL ceut lt 

GLYCOL temp - hi&h or incr 

GLYCOL cc.p lt 

GLYCOL preaa - low or deer 

Basic Date 26 September 19 71 Change Date -----

Sya Page 
No . No . 

1 5 . 2-50 

2 5 . 2-50A 

2a 5 . 2-50A 

3 5 . 2-51 

4 5 . 2-52 

4a 5 . 2-52 

5 5 . 2-52 

6 5. 2-53 

6a 5 . 2-53 

7 5 . 2-54 

7a 5 . 2-54 

7b 5 . 2-54 

7c 5 . 2-54A 

7d 5 . 2-54A 

7• 5 . 2-54A 

8 5 . 2-55 

Sa 5 . 2-55 

9 5 . 2-56 

10 5 . 2-56 
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LMA790-l-LM 

LM 2008A 
APOLLO OPERATIONS HANDBOOK 

SYIIPTIIII 

1 Ci: 
H20 QUANTITY low or 
deer abnormally 

SYIII'rllll 

I PROCEDURE 

I 

I 
I DfS I j_IJ . �.!Jck ASC # I & :r 1 H20 ! -·1 Usong ASC or DfS H20 ' tanks 

ASC •02/ H20 QTY MON -
ASC 1 then ASC 2 

Both tanks <full decal' 

+
NO 

:. 

YES [ 5 1  •Ck H20 111n & line 

l Visible 1m' I 
I ra!. � • ASC tank < lull decal' ' NO  

'
NO 

.!J Ck ASC # 1 &  f.!.J ck DES :r1 & #1 H20 
#2 H20 tanks tanks 

•02 I H20 QTY MON - •02 /H20 QTY MON -
ASCJ then ASCl NO 

Q(SJ then � � + YES 
Both tanks low' 

w 
PRI EVAP fLOW :2 OR SEC 
EVAP FLOW �v LEAKS IN 
CLOSfD POSITION 

� 
� N2 OR H20 LEAK OR 

SENSOR FAILURE IN 
LOW TANK 

+ F� rlD One tank steady & other CLOGGI:D FEED LINE FROM 
YE

rr 
H20 1n cabm? 

ank de<reasm1' �!��:
E
TANK OR SENSOR 

f NO Ci: 
.!!J N2 OR H20 l£AK Dfi 

SENSOR FAILURE IN 
LOW TANK 

�E L 
EAK IN H20 GUN OR LINE r 

f1 •Ck H20 111n & line 
NO I Visible leak! � 

YES 

�EAK IN H20 GUN OR LINE 

1 1 1  Ck H20 2lJn 

•ASC H20 vlv - � 
•D1sconnect & reconnect 

gun: check noule 
eASC H20 vlv - Qrui 
If leak sttll present: 
•ASC H20 vlv - � 

�-Ck for lea� in feed ltne 
•WATER TANK SELECT vlv -

� 
DES H20 qty decreasinl' 

r

fS 

.!1 
H 20 LEAK IN LINE UPSTREAM 
Of WATER TANK SELECT VLV 

r 141 Ck for leak on H20 tk 
•WATER TANK SELECT vlv -

ASC 
DES H20 qty decreasong' 

+
YES 

f!!l LEAK UPSTREAM TANK 
SEL VLV 

I 

,m Ck for leak in manf 

•WATER TANK SELECT vlv -llES NO ePRI EVAP FLOW # I  vlv -
.. Q.QSl 

DES H20 qty deo:reasinl' .YES 
!!j MANf LEAK BE-

TWEEN WATER TANK 
SELECT VLV & PRI 
EVAP FLOW # 1 VL V 

NO � 

NO --

+ t _G: 21J Ck H20 gun •I Reselect DES HzO 31J Set e<t aft feedpath 

eDES H20 v1v - �  •WATER TANK S£LECT ePRI EVAP FLOW #2 vlv -
•Disconnect & reconnect vlv - ll(S  QfUj 

gun cfteo:k nozzle •When gl�col temp 1n- •WATER TANK SfLECT vlv -
•DES H20 v1v -QfEI! creases ill: 
� leak stoll llfesenl •WATER TANK SEUCT eASC H2D vlv - OPEN 
•DES H20 viY - CLOSE viY - ASt  

•DES H20 vlv - CLOSE 
•ASC H20 vlv - 0� 

I PROCEDURE 

Basic Date 26 September 1971 

ENVIRONMENTAL CONTROL SUBSYSTEM 

Change Date -------

• I  Cycle vlvs 

ePRt EVAP FLOW :1:1 viY -Qro! then � 
•SEC EVAP FLOW vlv -llffll 

then cum; 
eD2 I H20 QTY MON - A.:i(; 
ill 

•Monitor for decoy 

!!.! LEAK IN LINE TO 
SUBLIMATOR OR 
SUBLIMATOR 
BREAKTHROUGH 

(3)(4: 
f.\JT ART SEC GLYCOL LOOP 

2DI  Re<onfogtore 

•WATER TANK SELECT vlv -
QfS 

•When glycol temp increases 
eWATER TANK SEL vlv - ASt 
•DES H20 - Q.QSE 
•ASC H2D - Qf'EI! 

� � l£AK IN LINE 
STREAM Of 

PRI EVAP FLOW 
vtV 

(i)Q: 
� 

•START SfC GLYCOl LOOP 

IDWIS 

Q) Assumption· No indicator faillll'l. 
MSfN CJn "rify indiCJtor foilute 
by rudin1 P<essure sensan wia 
telemetry. 

0 MSfN CJn determine ,_ foil-
ure wllen WATfR TANK SflECT vlv 
- ASC for •1 hour. 

(!) Activate secondary fllycai iCJIII' 

•PRI EVAP fLOW # 1 v1v - Cl.lm: 
•WATER TANK SELECT v1v - SEC 
•ASC H20 vtv - lll'fll 
•GLYC04. -�"Yf£ 
•cb (161 EC : PUMP SEC -gm 
eS£C EYAP fLOW v1Y - !ll'fll 
a lmmedoately after activatin1 

seo:ondary KfycDI ICIIII' 
•cb ECS LCG PUMP-a 
ecb/AC BUS � TAPE -

eL'frOvt:RI!IDE INTEGRAl - 011 
ecb/AC BUS B: NUM LTG -

'!!!!!!· eJCept durin1 ... bum or rendezvoos or dodti •1 
manewers 

ecb {11 & 16l lTG: AHLIN/ 
DOCI(/COMPNT - :!' 

for � mn tr JIIIIIIS, 
one ANUN/DOCK/COMPNT ell 
must be closed momentarily to 
enable C/W iilf!ts 

b. At MSfN reqiJisl, 
•cb PGNS: 

I1U 01'11 - !'�!!!! 
LGC/DSI(Y - 1!2!1!.  

c .  Willrin 2 haun, 
ecb/ N:. BUS� GASTA - !��!!!! 
•cb fLT DISP: CASTA- .. 
ecb COMM: UP DATA Ll -

� 

@ Close DfS H20 valve pri« to 
sllfli,. 

:IOOlM' 0-9027 
DAIIS 
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LM 2001, LM 2008A 

l.Jpt on if cab<n press 
< 4.45 to 3 70 P"' 

l.a 

Slliii'TOM 

•Conne<:t 02 hoses R/R & 
BiB 

•Don helmets & �aves 
•PRESS REG A & B vtvs ­

� 
•CABIN REPRESS vlv -

CI.QSE 
•Verify SUIT GAS OIVERTER 

vlv - PUll EGRESS 
•Verify CABIN GAS RETURN 

vtv - EGRE� 
ecb ECS· CABIN REPRESS 

- "!'!!! 

Basic Date 26 September 1971 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

I'IGCEOURE 

ePRESS R£G A &  B vtvs ­
� ·  

•Verify SUIT GAS DIVERTER 
vlv - �  •Verify GAS RE11.M!N vtv -
EGRESS 

I'IGCEOURE 

ENVIRONMENTAL CONTROL SUBSYSTEM 

Change Dote -------

G) C/W IIICinilorini al tlbin priSSIIre 
is !C. lllanilor CABIN PRESS. 

Aalamltic tlbi!HIIIfiSSIIrilllion 
CI!Jibitily lost Aut-tic dosin& 
al SUIT GAS DMRT£R wtv lost. 
CABIN n "-rotivt. 

(!) H uns!Jpd, or if s!Jpd ond ascent 
02 quontity is sufficoent to 1111ke 
up Clbin pressure, 
•CABIN .R£PRESS vtv - MANI!Al un­

til Clbtn pressure IS non���l 
hot,confi111re to eams modo per 
slel> 14 

f-lOOI.MS-1033 

Page 5. 2-50A/5. 2-50 





LM2030 
miPTOII 

3 I CABIN PRESS - hip 

>5 ps•a 

SYMPTOM 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

I I'IIDCEDURE . I I I 1 I NO 1 2  r""f --lSUIT PRESS.., CABIN PRESS' f=---------1�1-'-'CASIN PRESS TRANSDUCER : ru � 
I ====== 
I PJ I DES 4 1 CUSC otv YESLU 
I DES"� Oz 1 I ASC 02 lW INSIDE CABIN •Jt':iz QTY MON -� lASC 

r-��� Do oot let cab.n press reach 
r- > 6 0 pSla wtth cabm dump vlvs clos.td 

Erltltr ASC 02 Qlj <JDO'l.' ' NO 

l l  ls�ote DES tank 
•moetl Dz hosn R/R & 

•Don helmts and gloves 
•LD PlSS D2 FlU �' -
CLOSE 

•HI PlSS 02 Fill vlv -
CLOSE 

oDES 02 �' - ClOSE 
•CABIN REPRESS vlv -
ClOSE 

o SUIT GAS DIVERT ER vlv -
PUll EGRESS 

oVerrty CABIN GAS RETURN �· -� •DUMPCAIDN to 4 8 osta 
CABIN PIUSS - mer' 

-. DES D2 LEAJ( INSIDE CABIN 

I 
•02/H20 QTY MON - lli.J  

IJ Return to �bm mode 

:mi�2Rr�E�- AUTO 
•Doff helmets & r!GYes­
•Connect 02 hoses R/9 & 
SIR 

1!1_ CK 02 press regs j NO 1 1  CK CABIN REPRESS vlv 
•DES 02 - Qff!j I+ oCABIN REPRESS vlv - M/IO ��BIN REPRESS l'l Y LKS 

SUIT PRESS - me• ' J AUTO POSITION 

� SELECTED REG FAILED OPEN 
IN CABIN AND ClOSE POSI-
liON 

0:1 � •OES 02 -� 
•Both regs - �  
oC�BIN REPRESS vlv - �UTO 
•Doff helmet ancl giOYeS 
oconne<t 02 hosos RIB & 
B/R 

•DES 02 vl11- cycle open, as 
requtr!'d, to mainliltn press 

CABIN PtUSS-mcf' 

YES -
rs <l 

I!!J C� 02 press regs m CLOSE 
oPRESS REGS I & B - vl.s -
CLOSE mdtv•duall�' 

SUIT PRESS - mer' 
' NO 

�02 press regs tn CAB IN NO 
•
= �riEcl�v�ota� ViliS -

SUIT PRESS - tn<:r� 

t m  
r-

�LECTEO PRESS REG FAIL} 
Of'[N 

CABIN PRESS - mer' j_ _a: NO 151 RecOflfi(IJre 
•CABIN REPRESS �v -

CLOSE 
oSffirGAS OIY vlv - PUll •=AS RET vlv � 

� 
CABIN REPR£SS Vl V OR 
PR£SS REG TEMPORARILY 
CR�CKW OP£N 

(2 
�- � oF.,Ied PRESS REG vlv - r- •Connect 02 hoses RlB & 

ld.QSl B/R 
•Good P'RESS REG >Ill - •CABIN REPRESS vlv -Allli)_ lli!!l •Doff helmtt & £101t'es 

22l lsolate ASC 02 taok' YES 1231 . CI ASC O. Qtv � I rs • _�.� olO PlSS fill vlv-!d.Qg �o02<H20 QTY MON -� ;2ASC02 lEAK INSID£ 002/HaO CTY MON - ASC l  
•H[oir

LSS D, FILL vi•- I Qty low " decr aboormallv' I C�BIN ·:;:,��'= � �8'" •� =2 � o. �vs-
f

NO •=aSc O, vlv - QID 
� When t2ASC 02 Qty < •CABIN REPRESS vlv-ClOSE JO'l. 

oventt SUIT GAS OIYERT£R Fc
A
: � :!.!) 

• t2 ASC 02 �v - MS! vlv -� l ASC O LEAK INSIOE eCabm relief & dump vlv •.:: l � Oz vh - OPfN oCabrn relief & dump vlv BIN 
2 

/fwd & ov!Jdl _ AUTO o02/HaO QTY MON - � lfwd & O<hdl - ClOSE o" 1 ASC 0 vlv _ � 
CABIN PRESS-incr' When "I A?t 02 QIY <10'< 

NO :�J �g: �: :� 
211  C k  CABIN R£PRESS vlv 
•
r�g1 

REG � &  B vlvs - � ei'T'Oi ::-2 ASC Oz vlv CABIN REPRESS 'fl'V LEAK- .. 

t:J-�
0
�f'[�N���===t!Y

£�S----------------�
��IN:G�IN�S:El�£C�T�EO�P:O�SI

�
TI
�
ON
1 CABIN PRESS - mer' 

NO 

•PRESS REG I & B vivo ­
W!J1 

•Cabm rehef & dumpvlv 
!fwd & ov!Jdl - AUTO e.:;I ASC 02 vlv - �  
� as requtred. to 
matntam press 

ni CI - �  a 
oPRESS REG A & B vlvs - l!!J f.�· tj
CA
�
B
�
IN
�
rn

�

d"'

�

du

�

a!
�
''
!2:=J..!!

Y£�S--------
--------�

� I EJ 
�!El�

EC
�
T
]
EO
�
P
!
R
�
ES
:
S
:
R£
�
G

-J 
eFatled PRESS REG vlv -

CABIN PRESS - mer' FAILED OPEN CLOSE 
oGOOif"PRESS R£G �' -NO � 

j1!J L---------------------------t-t--;l£MPOR�RY 02 lEAK IN 
CABIN 

PROCEDURE 

t 
•Cabm relte1 & dOOJp vlv 

!fwd & ovfldl - AUTO 

Bos.tc Date 26 September 1971 ENVIRONMENTAL CONTROL SUBSYSTEM Change Dole _ _ ____ -�� 

(}) In Clb•n �· SUI I preswre can be 
used to 110111tor cabin pm,sure 

(!) .. plocinc PRESS R{G A md/01' 
8 wfv...Ct.OS[, ensure hlncbe 1s ro­
l.ltld to full lion! stop /lOSibon 

0Autlmlt1C cabm-repres.sunzatJon 
c.patMhty not wa4�able Don hel�n�t 

... � ... , 

0 cabin puncture protectton auto 
repress not automatic when DES 
02 v1v - CLOSE 

llt:MARKS 
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LM 2001 

RED 
Liaht on it 
S.ot press <312 psoa on 
ecress 111Gde 
S.it 1an Nil. 2 1ails whole 
in use 

LMA790-l-LM 
APOLLO OPERATIONS HANDBOOK 

•Ck PGA cuff raee. 
•SUIT ISOL vlv !COR & LMP) 

- Slilll!.QW (llcld) 
•cb�SUIT flOW 

CONT - �  

• cb  061 ECS SUIT FAN 2 -

•�161 ECSc SUIT fAN 
AP - Qj!!!l 

•Doff helmot & r!O¥es 
•PRESS REG A & B viYs • 

� 
•CABIN GAS RETURN Ylv -
All!2 

•SUIT GAS OIV!:RTER �y -
� 

•cb ECS CABIN FAN -
dRB 

•PRESS REG A & 8 vlvs ­
DIRECT 0� peroodically, to 
purge cabon of C02 

•Close & latch fwd halch 
•CABIN REPRESS vlv - MAN­

UAL unltl cabm pres.s tS 
4 6 lo 5 0  psta . !hen Mill! 

•PRESS REG A & B vlvs -� 
•Doff helmets & fiO¥es 
•Connecl 02 hoses RiB & 

B/R 

5 CI: 0 _a: I J ll  PGA cuff pross >4.0 PSI' 
I YES J 2 1 Ck 02 press roc. .!.! SUIT PRESS - hop I I I •PRESS REG A vlv - W& 

(ogress 111Gdel � PRESS REG A VlV REGULATING HIGH NO I SUIT PRESS-deer' OR FAILED OPEN 

>4 0 1JSll � 
j_NO 

CJ: 
.!J 

SUIT PRESS TRANSOUCER OR SIG 
COftD FAIL£0. 

Basic Dote 26 September 1971 

f.!J liJ 
PRESS REG B VLV REGULATING � HIGH 04l FAILED OP£N. 

ENVIRONMENTAL CONTROL SUBSYSTEM 

Change Dote ------

Resot PRESS REG A Ylv. 
•PRESS REG B vlv -m 
•PRESS REG A vlv - EGRE S 

CD As'loumpt10ns � l l  SLHt warnmg su1t 
fan No. 1 tS '" operation; and (2) fan warnin& su1t fan No l 1S tn­
operatrve 

0 No swt!fan C/W rnputs to SUIT 
FAN camp II ECS It, and SUI!/ FAN 
warn It 

<}) 02 flow ts �ly mdtcatlon of fa_n 
operatton C W ma-n1tormg of su1t 
protect1on 1ost SUIT . FAN warn It 
rnoperattve Use SUIT,·FAN camp 
It as md,r:atiOn CJI fan fculure 

CD Assumption Cabm I) depressur zed 
and CABIN REPRESS 1 lv - CLOSE 

0 Su;t :oop pressure 1 5  i1m•te1 to 4 3 
PSI by SUIT CIRCUIT RELIEf vlv 

Q) When placmg PRESS REG A an�! or 
B vlv-CLOSE. ensure handle IS ro­
tated to full ha·d stop POSitron 

0 SUIT PRESS IS erroneous Use PGA 
cuff pressure gage 
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LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

LM 2001, LM 2003 

SYIIPTOII I PROCEDURE 

I 
I I 

lirll====:;,l I J 1 )  
' YES 2 1 Ck ASC O. # I  (lt1) 1'7' 

02 QTY IIH!r.�t"I �--
Sta

...,
ge
...,

d
,.,.
' _ _jl .,_,.----•'-��o''·'l� . - ·�t�f ���ON -

NO l!=�====::J NO ...,_,�...,.;;;.___, _ _,..-+..,_t+-'3_,j CWfA FAILURE •Ozi.!!,zO QTY MON - C/W 
YELLOW ASC # I < 10% or either -. .__

RE
_
:sET

_ 
.. the_n �_A_I __ _, 

ASC Tk abnormally low' lr£ilt on rt 
DES02qty <5% 
Either ASC 02 qty <80% 
before stagrng 
# I ASC 02 qty < IO% 
after staeing 

6a I 02 QUANTITY - low or 
deer 

SYMPTOM 

: 
I I 
f 
I 
I 
I 
I 
I I 

�CABIN PRESS hrgh' 

� 
LN!._� l # H # 2J ASC 02 LEAK 

OUTSIDE CABIN OR 
TRANSDUCER FAILURE 

f.!J f-- •Use low !Jnk to depletion 
!!len, 

I I Ck DES qty 
•O,.IH�O QTY MON-!ru 

l & Q.tU NO 
Erther DES 02 qty abnor-t--­
mal ly low' 

l_leck ASC 02 #1 (#21 
•Oa/ HaD QTY MON -

ASC # I  1#21 
Eitller ASC 02 qty <100% ' 

YES 

NO 

p!1 CABIN PRESS hrgh' �=---'-----, NO 
NO CABIN PRESS hrgh' 

15 1 Isolate DES tanks CABIN IYES 
rTcS PRESS 

• DES Oz vlv UQg HIG/l LU2. 

I 

•Low ASC Oz Ylv - ClOSt 
•Good ASC 02 vlv � 
•02/ H20 OTY MON -

GOOD TK 

CWfA fAILURE 

•CABIN REPRESS vlv � -p;;;;;.----iiiiiiiiiii 
eventv SUIT GAS DIVERTER � rF � � .�;r;,�LM��ras RETURN YES DES D2 LEAK OUTSIDE Both DES 02 qty DES 0� LEAK UPSTREAM 

vlv EGRESS � CABIN abnormally low' Of CHECK VLV 

Erther 02 oty deer' '----r� \Y:::E::-S __ _, •----,----' f NO BOTH .c 5% j I.!!.J..,.,.,t9 --J-...--,L 1211 1 [ 02 QUANTITY' l � 
DES 0 LEAK OUTSIDE 

� 1- 221 Reconfrgure 

DES Oz LEAK DOWNSTREAM •PRESS REG A & B �vs-
., 33'1o >5% ONE CABIN 1fROM TWO TANKSI h 

ISTABW 
<� 

5% .. _____ ... 1 L 
OF CHtCK VLV � 

•Reselect O£S Oa per 

� 

_(I I... -�2:-;4,.---::R-ee-on"':'h-gu-re�....., IP.!'!.------� •Connect 02 hoses R/R & !!J BIB 
--- DES 0 LEAK OUTSIDE eDoo helmet & gloves 

- CABIN dfl DES 02 SENSOR •PRESS REG A & B vlvs -
fAILURE EGRESS rf DES O, lk out­

SldeCahin ::I ASC 02 -

t � •CABIN REPRESS vlv- Al!IQ 
•Oi l_!!,zO OTY MON - CiW !!tdlf. then good tank 

OPEN 
•02/H20 QTY MON - C/W 

RESET. then ASC I 
ff Cabin leak 
•Reseleet DES 02 per step 

33 When l>oth DES 02 
< 10% 

eOES 02 - �  
•CABIN REPRESS vlv­

CLOSE 
•�C 02 vlv · OPEN 
•02/HaD QTY MON - ASC-I 

step 33 
:"�� �oth���� .: 10% 

•CABIN'J!EPRESS vlv-WS[ 
e ;: l  ASC Oil.. vlv-Qa;N 
•Oz!H20 OIY MO� 

RESET. ASC # I  

27 elnd•vtdual!y close cabm 
relief & dump vlvs. YES 1211 

CABIN LEAK 
L----+::zs

::
:J
T'""

CA
-

B
-

IN
-

PR
-

E
-
SS
-

de
-
cr
-

,
..., YES 

CABIN PRESS strll deer> I 1._ ______ _, ' NO 
NO 

BURST DIAPHRAGM RE­
LIEVED & RESEAlED 

.!!.J 321 Recontrgure. 

SELECTED DUMP VLV LEAKS f.- •DES 02 YIY - !lflli 
IN AUTO POSITION •CABIN REPRESSvfv - AUTO 

33J Reselect DES 0 2 1!J 
•CABIN REPRESS vlv - A!llil f.- •Oi!l�O OTY MON - fJJ!_ 

'--------------� •DES 02 vlv - OPEN _Rt_su_ ., then .QfU 

PROCEDURE 

ENVIRONMENTAL CONTROL SUBSYSTEM 

Sosic Dote 26 September 1971 Change Dote _____ _ 

(D C/W -'loring of .Qa . quantity 
lost. Use Da 00\NTITT rndrcator 

(!) n 02 QTY It comes on witll cabin 
depressurl!ed, aHempt cabin re­
pressumatloo with D£S 02 to con­
firm possrble rnstrument failure n 
DES 02 depleted, do not at1empt 
cabm repressunzation w1tt1 ASC 02. 
but monrtor closed suit Ojlerotron 

(!) lmmedrately before stagrng or when 
descent 02 quantrty reaches 35%. 
venfy ascent quantity w1th MSFN 
n ascent quantity IS confirmed low 
or MSfN IS not mrlable. attempt 
refillrng low ascent o,. tank, 
etNTLK OVRD pb- � 
e(Low !Jnkl ASC �z vlv - Q!11j un-

til quantrty "' 100%, then Q,Qg 

{I) MSFN can distinguish between 
leak or sensor farlure by real­
trme calculation DES # I  0 
failure causes 02 QTY caul If 

(!) Descent 02 tanks vented to 1.000 
psra 

(!) 02 QUANTITY iDES readrng) IS er­
rooeous 

A-3001..M5-10J7 
REMARKS 
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LMA790-3-LM 

LM 2002 
APOLLO OPERATIONS HANDBOOK 

SYMPTOM I PIIOCEDURE 

7 I I  ECS " I •SUIT FAll comp II - on? I Flow '" suit loop sl� � � 111 L r-+-·-......-L!J I ¥ESJ 2 I ·SUIT FAN _ 2 , 3 .  
NO when failure noted' r- SUIT FAN NO 1 FAILED. f..+:Jb I l l ) ECS SUIT FAN 1 -I � -�n 

7a r - - - - - - -, 
1 SUIT FAN 1 �SUIT FAN COIIIj) It - on? : 0 ... ..... -----+---....J 

L. - - - - - - .J  tNO 

YES �IT FAN .>P SENSOR FAIUOI--�UIT FAN - I 
ecb 1161 ECS SUIT FAN .>P 

- open 
YELlOW 

ECS It & SUIT FAN camp 
It - oo 1f suit fan � < 6 in H20 

tlQl.!J n H20 SEP It - oo? 

YES 

l!J SUIT FAN NO I OUTPUT I DEGRADED 

�� - - - - --, � 
I H20 SEP I f!!J I 0 L-T-----... -----.1 •WATER SEP SEL - a!tm I I I •Yenfy SUIT GAS DIYERTER L _ __ _ _ _ _  J vlv - � 

f-;;;o-SEP It - oo �2 mtn' 
ECS & H'IO Sep lts-
on d H2o Sep speed 
< lllll rpm 

YES 14 

.!!1 
L!:.. •Moottor H20 sep per-

r--""" formance 

H20 SEP It - on again' 

� C02 CAlliSTER se! - SEC 
I H20 S£P It - on > 2 mon' I 

NO 

I NO .!!.1 
•Select all SUit fan Jl;. ORIG SUIT FAN DEGRADED 

H20 SEP It - on  ,, 2 min' I 
YES 

' �  r-r- ORIG H20 SEP FAtlEO 

tif RECONFIGURE 
eReselect pnm L10H 

cartndge 
eResetecl orig H20 SEP 

p.tl 
(3 r--L CAUTIOfl 1- .!!l• .ll .. lli ___ ....ll� YES p Do not allow SUIT !SOl vlvs r-- eBoth SUIT I SOL vlvs - SUIT � PROBABLE H 0 SEP I�ST 

SYinoll I 

•Inspect Pnm camster mlet 
screen & flaw timtter tor 
debris; tf n.one. 

•Remove fl,.. limiler 
•Select prim liOH Cartridp 
H20 SEP It - on >  2 min' YES 

NO 

1!!1 H20 SEP SPEED INSUF­
FICENT WITH flOW LIMIT­
ER INSTALLED 

Basic Dote 26 September 1971 

to remaon '" SUIT DISC for DISC FAILURE 
2 

-> 1 mm tf helmetsfgloves 
on. 

23 
PRIM L10H CARTRIDGE 
FAILURE 

� •C02 CANISTER sol - SEC 
•Ch& prim liOH cartridge 
•Rese!ect prim loOH 

cartndp 
•Reset eel orig H20 SEP 

H20 SEP It - on at end of I 
min? 

.!.1 
��t�N�

E
�����G����T t.P 

211 RECONFIGIJRE 
el!oth SUIT ISOl vlvs -

Sli!U� 
•Reselec1 pr.m LiOH 

cartndge 
•Reselect ong H20 stP + (1 24] Reconfi�tHe & Evaluate 

•Both SUIT !SOl wlvs - SUIT FLOW 
•Verify Cabin press 4 8 ± 2 psia 
•Remove helmets & giOYes 
eC02 CANISTER SEL viY - PRIM 
est ... o hoses 
•CABIN � RETURN wlv - Al/!ll 
•SUIT GAS DIVERTED vtv -I'USlt..CABIIt 
•Examine PGA connectDI's for debns and clean as reQUir!d then 
eConnecl 02 hoses R/B & B/R 
•SUIT ISOL vtvs - SlHULQW 
•Reselect pnm LoOH cartridp 
•Roselect orit H20 SEP 
•CABIN GAS RETURN v1Y - � 
•SUIT GAS OIYERTER vfv - eJJl.Ulil!lSS 

PIIOC:EDUIIE 

ENVIRONMENTAL CONTROL SUBSYSTEM 

Change Dote ______ _ 

IIDWKS 

(D A1sumptioo· SUit fan No 1 •n 
use 

(!) SUit fan mput to CWEA mop­
erabve Fan fatlure detected by 
reduced sutt flow and H20 SEP It 

(D Use componenl caut•on 11gt1ts and 

approprtale tnd+Cat�r for 'S;Jbsequent 
'allure 

{I) Crew ccmfort IS only 1nd1ca!cr of 
H20 separator performance 

(!) H20 SEP component caution It & 
fCS CaUtiOn It Wilt rema1n on. use 
component Its & m<hcators for 
su1t fan Glycol pump & H1 C02 
failures 

(!) H 20 SEP It ma� come oo a gam •I 
excessr�e amount of debm was 
f.xmd m pnm camster mlel screen 
dunng mspect1on 

(D Consuult MSFN 1f no debns IS eo.�­
ldent 

c JOCilMj.lQl 

REMARKS 

Page 

) 
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LM 20 0 2  
SYMPTOM 

7c 
r - - - - - - , 

I COz 1 

: � �, -+------�------J 
L. - - - - - - ·  

YELLOW 

ECS & C02 Its - on 1f 
C02 part tal press > 7 6 
mm Hg 

7d 

7e - - - - - - - ,  
GLYCOL 1 

LMA790-3-LM 

APOLLO OPERATIONS HANDBOOK 

eCk PART PRESS C02• •� CANISTER SEL vlv -

co� parttal press befOfe se­
lecting SEC camster' 

>7.6 
mm Hg 

PROCEDURE 

•GL YCOL -f.!!M.U 
: © ,......-t----t""-----:=""' L - - - - - - ..J  YELLOW 

ECS It & GLYCOl comp 
:t - on 1! pump .:J.P 
<3 PSid 

SYMPTOM 

Basic Date 26 September 1 9 7 1  

PROCEDURE 

ENVIRONMENTAL CONTROL SUBSYSTEM 

Change Dote ______ _ 

IUIAIIS 

(!) C02 n reNins on wllile selectD< 
IS in Xk position C02 should drop 
to zero in <1 nttnute 

(!) lise ECS IIICi C02 Its to detect h1p 
co •. 

@ NOrmal lrte of primary canister IS 
(1 mon-hours; secondary caniSter. 
16 man-hours. 

@·Cllango liOH camster on lime C02 
sensor usually falls h1gh. 

@ H bott1 lfycol - fa1ted. act­
Nate secondary lfycoi iOOI> 
ePRI f'IIR FLOW # 1 vtv - g,gg 
•WATER TNIK SELECT vtv- � 
•GL YCOI. - II§IJSECJ 
•cb (]6) E� PUMP SEC -
eirEVAP FLOW vtv - OPEN 
a. Immediately after KINIIing 

secondary lfycol loop, 
ecb ECS, LCG PUMP - !!!!!! 
ecb/AC BUS A TAP£ RCOR -

!!I!!! 
eLTG, OVERRIDE INTEGRAL - ON 
•cbiAC BUS B NUM LTG - opeli; 

eac:ept dunng eng burn or ren­
dezwus or doc:iing maneJNOrs 

•cb Ill  & 16) LTG, ANUfVDOCK 
/COMPNT - !!!!!! 

For subsequenlm1ster alarms. one 
NIUN/DOCK/COMPNT cb must be 
closed momentarily to enable C/W 
lights. 

b. At MSfN request. 
•cb PGIIS· 

IMU Of'R- !!I!!! 
LGC/DSKY - !!I!!! 

c. Willun 2 hours. 
•cbiAC BUS A GASTA - !!I!!! 
=�� ���l�P :!

A
ll� 

open 

@ Assumption cb (11) ECS GLYCOL 
PUMP AUTO TRNFR -� 

(.3QOlM.5.1035 -2 
REMARKS 
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LMA790..3-LM 
APOLLO OPERATIONS HANDBOOK 

PIOCOUil 

J (I I I GlYCOl I m. r � 
aunoN }---

Gt YCOl temp >SO· F1 NO SublimiiO< froeze-up lillY 
occur n etJCDI IJUIIIIlS m d 
>20 min 

YlliOW Y£S • u;.t on n, 
Prilll liJCol temp >so· F � Prilll etycoi iCCIIO <I� Ck IO< luk tn prim loop s.t &�Ytol occum < 10% •cb (II) ECS, GlYCOL 

PUMP Al/TO TRNFR - CIIIOn 
•cb (II) ECS, GlYCOL -

PIJMP 1 - '!!!!!' 
Is difference between etycol 
press discharf!O � 2 psia 
front value recorded before 
Pllfllll start-111>' 

� �. Ck for leak in sec loop 

•Gt YCOL - INS! (SEC! 
Is difference between etycol 
press discharf!O � 2 psia 
front vu recorded befO<e 
PIJIIIII Stlrt-111>' 

� �YES �YES (i' 

Ia 
I GL YCOl temp- hiah Of 

tncr 
• 

> 45" f 

II f SUIT temp ,.dO" f > 
GlYCOl temp' 

YES 

p!1 Gl. YCOL temp-incr? � �NO 
f!J THERMAi OVERLOAD 

� 
� •Cycle electrrcal loads, as 

ntcessary, to maintain 
therm1l loads wrthin limits. 

� l.£AI( IN PI!IMARY GlYCOl 
LOOP � 
I I Restart prim Kfyc.tl loop 

•cb 1111 ECS, GLYCOL PUMP 
1 - gru 

•cb llll ECS GLYCOl PUMP 
Al/TO TRNfR -� 

•Wilen GlYCOl temp >SO"f 0< pump press fluctuates, 
pracoed to next step. 

(! 
� 

GlYCOL TEMP SENSOR OR 
SIG COND FAIU:D . 

.!!J. •1'1!1 EYAP fLOW #I vtv -� ePRI EYAP flOW #2 vlv -Qruj 
Gt YCOl tOflll) steady or deer 
within 5 min� 

rES 

171 Isolate sec H20 rer 

•PRI EVAP flOW # 2 vlv -WS£ 
•PRI EYAP FLOW #I vlv -!lrui 
GlYcOl temp-i ncr apin' tNo 

_!j l.£AI( IN SECONDARY I-
GlYCOl lOOP 

� I I Activate sec II !Col loop 
•Verify PI! I EYAP FLOW #I & #2 Y1YsNCfl f.- •WATER TAN CT vtv -SfC 
•GL YCOL - INST ISECI 
ecb 116) ECS. GLYCOL PUMP 
SEC -gru 

•SEC EVAP flOW vlv - Of'f.!l 
•Reconfl£llre electncal 

loads tor secondary loop 
operauon. 

� :. PI!IMARY SUBUMATOR fAll-
URE 

I!!J � PI!IMARY H20 REG fAILEO I-
CLOSED 

�!!TRANSIENT CONDITION 

SYMPTOM 

Basic Date 26 September 1971 

PROCEDURE 

Change Date -------

!TI 
CWEA OR ACCUMULATOR 
LOW -UVEL SENSOR FAll-
URE 

' (i' 7l RestJrt prim IIYCDI IOOII 
•GLYCOL -

� •cb (liD £ ' YCOl 
PIJMP 1 - gg •cb uu ecs, Gl. YCOL 
PiliP AUTO TRNFR -G!!lf 

(i)� I.!!J 
Rec0<1tirure tor ASC H20 
feed 

•WATER TAMK SELECT vlv -
Sf{: 

•PI!I EYAP FLOW # 2 vlv -m 
•PI!t EYAP flOW #I vtv -WS£ 

(!) Glycol loop redundancy lost. 

(!) ManitO< system PllfO<mance lrill1 
Gl. YCOL cout It inoltefotive. (D for loss of primary etycol lOCI!> 
1. Immediately after activatin& 

secoodary e!Jtol loop. 
•cb ECS, LCG PUMP - !!!!!) 
•cb/AC BUS l TAPt: RCOR -
•� OVERRIDE INTEGRAL - I!!! 
ecb/AC BUS s, MUM LTG - '!!!!!'· acept durinc en1 bum or ren­diMlUS 0< clockine maneuvers 
•cb (11 & 161 LTC, ANUN/OOCK 
/COMPNT- � 

fO< subsequetifiiilster alwns, one 
AIIUN/OOCK/COMPNT cb must be closed ...,..tarily to efllllle C/W 
liahts. 

b. At MSfN request. 
•cb PGMS• 

IMU OPI! -1!1!!!' 

c. w.J�'=.-1!1!!!' 
ecb/AC BUS l GASTA -CIIIOn 

= �o�� �\F 
!!!'!!! 

(!) Descotrt H20 fO< coolin& is lost. 

(!) Vltf fln&in& failure II llfYcol tem­peralllre ltbove 67"f indicated in 
Clbm lillY resoH in VHF tntns­
tnilflr dlmlp. 

D-300l.M5-1 036 
ll£liARIS 
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APOUO OPEIAnONS HANDBOOK 

SYIIPliM I PIIOCIDUI£ 

9 Ct: r--li'Ycoc--l Jl.l � ,, Reselld - Ho. l. 
•Gl YCOI. - PUMP 2 YES � I @ I J---- Gl YCOI. COlli' lT RElAY ectJ U lJ £1:£ GL YCOI. PUMP AUTO 

L-------' I GLYCCl � II - on' FAILED etosm. TAftfll - '!iu 
•GLYCOL -

YEllOW .NO a: ecb II II ECS. GLYCCl PUMP AUTO 
Liatrt on d pumf) .>l' <l TRNfR - >!m psid 

I 
I 

10 
I 
i I GlYCOl press-low or I l 

deer 1 : 
< 1 7 flSI• I 

I 
I 
I 
! 
I 
I I 
: 
I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SYIIPliM I 

� 
GLYCOL PUMP NO. 1 FAILED. 

11 eornp.o lfytaj -
ectJ I ll) £CS, Gl YCOI. PIJIIP AUTO 

TRNfR- ?;,u 
•GLYCOl -

GLYCOL press - nonnal' 

fNO 
� 

GLYCOL PRESS TRAKSOUCER CAll-
BRATtON SHIFTED. 

Basic Date 28 September 1911 

� ��II ECS GLYCOL PUMP 1 -� GL YC01. PiliP NO. I D£GIIADEO OR 
BYPASS Vl V FAitEO OPEN. 

s I RICGIIfi,.... 
� eQ. YCOl - fiiiLl 

ect1 (Ill ECS, GLYCCl PUMP AUTO 
TRNfR - �  

I'ROCEDUIIt: 

Change Date ------

IE MAliS 

Q) GI)'CGI - IUI...,Iic lronster is 
...,roll4e. -lor Gl YCOI. 1nd tor - tlilures. 

(!) A ll!ftiPOI'IrJ "P SWIIcl! flllure w1ll 
result '" automat� tr111sflf Con· 
firm - Ho. I flifure by rt · 
settma autom1hc trwfe, cira��t 
and reseleclinr pump Ho. 1 willie 
momtormr (lye.,. pressure Do not 
stop (I)'CGI flow for >20 m1nutes 
1f subfimator 1s operaMa 

A-lOOl.M.S·IG 
REIUIIS l 
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RCI604, LM3261, LM3262 

I 

SYIIPTDM 

I I EO RELAYS I 
YELLOW 

Ligl1t on if ED relays 
Kl througl1 K6 are 
closed Wilen MASTER 
ARM -j[f 

SYMPTOM 

I 

I 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

PIOCEOURE 

-IWARNING·-

STAG£ SEQ Rl Y SYS A IBI 
1 fs tt- oo" Partial stagjnl!' may occur 

� � SYS A IBI RELAY Kl, K2, 
10, �4. KS, KSA. K6 

NO it MASTER ARM - Q!j FAIL£0 ClOS£0 

f CWEA fAilED 
.,:4:..l.L,-.,..R;:;•:;se;;,t .:,:r•::;:I '!:-Y -:-::::-1 YES IJ.J -��.�� LOGIC PWR A IBI � £0 SYS A fBI STAGE C�� 

• STAG£ RELAY - I!Eill �!�1 C
�

S
f

D
TEMPORARil 

.----....:.:;NO::...j STAG£ SEQ RlY SYS A IBI 
It - off' 

� ecb £0, lOGIC PWR L A (BJ - opon 

f Before OPS press' t YES 

fill 
eO£S PRPlNT ISOl VLV -

BR.E 
eOFS START He PRESS ­

FIRE 

DPS pressuri1ed' 

� 
EO SYS A 18' RELAY Kl 
fAil£0 CLOSED 

� ecb FD LOGIC PWR I A (8� - open 

� If sta01n� desired 
ecb ED LOGIC PWR A iB: ­

£ill 
•Perform nommal stag1ng 

or abort stag1ng 

ED SYS A IBI RELAY K2. K5 
KSA or K6 FAILED CLOSED 

NO 
Before POl' t YES 

1 3 1  PressuriZe APS 

•ASC He SEL - TANK I 
eASC He PRESS - £!ll.E 

APS pressurized ? 

YES NO 

Fol1owing Steps m"y stage 
veh1cle 

� •ASC Bats 5 & 6 - 00  
•Don Helmets & glo�es 
•Select AGS or load ASC 

Wfll!ht 1 n  OAP 
eMASTER ARM - .Q)j 

� 
INSTRUMENTATION OR K3 
K4 Rei a! FA ILED CLOSED 

E.) 
•MASTER ARM - OFF 
eASC Bats 5 & 6 i!IT1 
Rill! 

•Reconfigure Guidance 
System 

� . .  Just pnor to 1101111nli 
APS prm, � 
ecb EO, LOGIC PM A (8) -

m 

NO 10 NO 1 1 

t-

14 

Before TD' 'YES 

Press.unze APS 

•ASC He Sfl - TANK I 
eASC He PRESS - FIRE 

APS Pressurized' 

YES NO 

� 

Before OPS vent! 

1 5 j  Yf NT  OPS 
•DES YfNT - ARE 

I 

DPS VENT? NO 'f£S 

EO SYS A IBI RELAY 1112. 3, 
4 5. SA. lor 61 oossibly 
FAILED CLOSED 

r-----�2�11 1 - r ecb ED LOGIC PWR A IBI -rl open 

,------"'!� ED LOGIC PWR A 181 -
QQ.l.e 

•Initiate abort stage 
ABORl L..:'"l=Ue:;;nc::e�----' 
STAGE 

Fuoct1on desired' "--�Perform desired function 
lvENf. W•th cb ED. LOGIC PM A 

L-----,-� lNG IBI -.!!!!!!' 
APS��He PREESS 

PRESS & 
STAGING 

r::::T---"---, 

ich STAGE SEQ RLY It -� 
SYS ' SYS B 

C1: a r::::T-.......... -�..., .;tsC He SEL - 6Qllj 
eMASHR ARM -.Q)j 
eASC He PRFSS - £!Bl 
•MASTER ARM - OEf 
Wilen slaoinR desired 
•cbllliED LOGIC PWRA:� 
•ASC He PRFSS- E!Rf !hold) 
eST AGE - fiRE 
•MASTER ARM - ON 
eASC He PRESS -SAFE 
•MASTER ARM - OFF 

•ASC He sn -,H 
•MASTER ARM -
eASC He I'MSS - E!!!f 
When stalinv. dtSired 
•STAGE - E!!!f 
ecb 116) £0 LOGIC PWR 8 -

close 
em-He Press - fire 
•MASTER ARM - !)IT  

PROCEDURE 
EXPLOSIVE DEVICI':S 

Basic Dote 26 September 1 9 7 1  Change Dote ___ _ 

(!) This ..-lure � for AI'S 
pmsuriution witll £0 syst .. A, 
stollinl witll EO system A. then 
m system e . ... AI'S pressur­iution wilt! EO system B 

(!) IISfll coo confimo flilure vii 
telellletrv eonsun IISfll befllre 
proceedinc. 

{!) Doscellt enline CGMIOIId -­
ride function is lost ...... cb m . 
LOGIC PM B - -

{!) ICi or KSA flilure CIIUkl be llt­tlcted only ij 1M SQUIBS 11t hllnf to m. Altdlient noise tillY 
- lt!e -. 

IIDIARKS 
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5 . 2 . 11 EXPLOSIVE DEVICES 

Tab le 5-11 . ED Procedure Entry Sheet 

Syaptaa 

ED RELAYS caut lt 

STAGE SEQ RELAYS SYS A & B lta - off when MAS'l'IR AIM - OM 

STAGE SEQ RELAYS SYS A & B lt - off when MAS'l'IR AIM - CJf 

HSFN adviaea both SYS A & B 10-US FAILED 

MSFN adviaea both SYS A & B 10-US FAILED 

Baaic Date 26 Septallber 1971 Change Date -----

Sya Page 
No. No. 

1 5 .2-58 

2 5 . 2-59 

J 5 . 2-59 

4a 5 . 2-60 

4b 5 . 2-60 

Page 5 . 2-57 



RC99, LM3262 

S1111PTOII l 
I 

4a I 
I 
I tJ 

MSFN advises 
SYS A IBI "T"I_ K7 - KIS FAIL£0 

� 

� 

4b 

DPS SHe press> 

ts 
After SHe press 

eFUH V[NT -� 
eOXID YrNT -
eCB [0 LOGIC A IBl - WI  

+ 
Before DPS ... tong· 

•CB m LOGIC PWR 
A IBI ·m 

•MASH M - an  

MSFN ildmes � Before MAST[R ARM - on · 

both SYS A &  B � eO[SHe R[G 1 - � 

K) - KI5 FAIL[O 

� 

L S1111PTOII I 
Basic Date 

26 September 1971 

eO[SHe R[G 2 - � 
•FUEL V[NT - CLDS£ 
•OXID V[NT - � 

If DPS not pressurized. 
eD[S PRPlNT !SOl YI.V • 

FIR[ & hold untol MASTER 
ARM - on • 

At TIG of Forst DPS 
burn D[S He REG I -
QIDj 

LMA790-3-LM 
APOLLO OPERATIONS HANDBOOK 

PIOClDUI£ 

l2J I NO CB ID. LOGIC 

--, PWR A IBl · !!l!!l 

I'IOCEOUI£ 

EXPLOSIVE DEVICES 

Change Date -------

IOIAIIS 

Rilly functians KJ-RCS pms. 
Ill - LDC tt�< 
1!1 - DI'S SHf -
KIO-ASC HE  TANK I. lUI -ASC HE  TANK 2. 
Kl2 - ASC Fin and OXIO 
COIIP ..., (SYS 8 c1lly ). 
Klb - ACS FW  lfld 
OX10 COIIP vtv. 
KU - DI'S Fill and 
OliO _, .  
Kl4 -DI'S AM8 H[ 

KIS - DI'S fUEL and 
DllD COIIII' vtv. 

A-JOI:IL.MI0-9026 
IDIAIIS 

Poge s. 2-60 



LM2024, LM3262 

SYW11III 
I 

I 1 I 
I Recy<le sw. 

STAGE SEQ Rl Y l 1 
SYS A & B ils - olf  •MASTER ARM-� wtlen MASTER ARM I -Qij 

I STAGE SEQ RlY SYS A & B I t- on' .YES 

� 
I TRANSIENT CONDITION I 

3 (I; 
STAGE SEQ RLY SYS A(B) 1 1  Recycle sw 
It - all wtlen MASTER � 
ARM - Qij  •MASTER ARM - � 

STAGE SEQ RL Y SYS A<BI 
lt - 11!!' .NO (2 

.!J •MASTER ARM -Qff 
ecb EO, LOGIC PWR B(AJ -
• frerER ARM - � 
em ltunctoon desired) -

FIRE 
Function performe<l' 

YES 

� 
INSTRUMENTATION FAILURE 

� •MASTER ARM - OFF 
ecb ED LOGIC f'Wlfll(AJ -

£!Qlf 
DPS pressunze<l' 

t 1.!!.1 •DES START He PRESS -
f.m 

elf DPS does not press. 
continue 

� 

Basic Date 26 September 1971 

LMA790-3-LM 
APOUO OPERATIONS HANDBOOK 

PIOCEDUI£ 

(I 3 J All method of armong ED bu. 

eASE He Sel-liJ!U 
ecb SiC, ABORT STAGE (2) - open � � MASTER ARM SW FAILED OFF f----. •ABORT STAGE pb - pusll 

ED RELAYS It -on 
!DOUBLE FAILURE) MASTER ALARM -on 

� 

� 

� 

•MASTER ALARM - reset 
•ED idesored func:toiiiir: FIRE 
•ABORT STAGE pb - reset-
ecb SIC ABORT STAG[{2) - 11m  

f!J 

4 J 

� 

� 

j.ill 

� 

TRANSIENT CONDITION 

All armong method 

eASC He SEL - TANK 1 
ecb SIC ABOR�E 121 
eAssm STAGE pb -2!!l!! 

STAGE SEQ RLY SYS A<BI It 
- I!!!' +YES 

MASTER ARM SW FAILED 
FOR EO SYS A 181 

NOTE, 
The following step not re-
quired it after TO and LM 
within safe manual staging 
attituclt constraint 

+ 
On Surtace? 

+NO 
• ASC He Pt!ESS-flRE 
• if APS does not pms con-

tinue 

PIOCEDUI£ 

Ci: 
� � 

,!J 
__.., 

� 

� .. 

EXPLOSIVE DEVICES 

Change Dote -------

ED SYS AIBI RELAY 
Kl FAILED OP£N 

� 
•EO (functiOn desrred) -

f!!!f 
•ABORT STAGE pb - reset 
ecb SIC A60RT STA�i - close 
•MASTER ARM Qff 
ecb ED LOGIC PWR B(A) -

close 
•ASCHe SEL - IMl!U 

Continue Mission 

REMAIIS 

CD ThiS method pressurizes ASCENT 
T ank-1 as soon as A60RT STAGE 
pb os pushe<l. 

CD MSFN can confirm la1lure Con-
suit MSFN belore proceedone. 

(D Descent engme command over-
r1de functron rs lost when cb ED 
LOGIC PWR B - open 

(!) Th1s method pressumes ascen1 
tank r as soon as abort stage pb 
11 pushed 

0 ABORT STAGE pb must be pushed 
lor stagma Thrs ensures stagmg 
wrth two pyro systems. 

•• :I()()I.MII ) 
IIOUIIIS I 

Page 5. 2 - 5 9  



LMA790-l-LM 
APOUO OPERATIONS HANDBOOK 

�PTOI I 
I 

I 
I 

PIOCEDUR£ 

I :1 HEATER I' u_ .;TR CONT TEMP MON - r:. �TR CONT TEMP MON - Ci: j, ! ·-�===:==�II ! - � � .:t:o 3 I .. CWEA FAILED J YELLOW HEATER 1 1-otf' HEATER 11-otf' ·-------.1 ugh! on 1L YES �IES 
RR temp > 148° or < - 54' r 
S-band temp > 153' or 
< - 67' F 

1a 

I I j_4J LOW s !YES _j_IJ l RR temp abnormal 1.......,...,ot1:: ___ Tem
...,.,

p'
=--...J ._ __ R_R_ope,..,ra,-lin_e' _ __,l�;;....-------•ol 11�:-•INST-F•Al•Llll£ __ _. 

HIGH NO 
>llmehne temp or 

145 F 
<-52 F (power down) 
<10 F (power uPi 

�cb 1111 HTR RNDZ ROR 
'-----llool -���r jj �' RNDZ RDR � 

ecb :,I I I HTR RNOZ RDR 
STBY & RNDZ RDR OPR-

���n�-��-�I No � Temp decr' � RR operating' 

NO 

......,:Of'll::..:;._-���=r---l ru RR STBY H£ATER 00111' 
._ __ T�em�p�·���r--�re- FAIL�£ 

t _t I 9 I INST FAILURE I j-
T
; 
um on RR .., IIIIIP 
> JOT 

���------, When RR not requited, 
•cb Ill) PGNS. RNDZ ROR �s - � 
ec!lm BUS A, RNDZ RDR 

- � �--���--�l �s � Temp deer' r-1_ H£AT SOAJ( 

�-When temp < 148 F or '------4�-..-L_.J INST FAILURE 
•t71 r 111 Restcwe hulen 
I •cb ill) HJR, RIIIZ lllllt 

1•mehne 
•c� 1 11 1  HTR RNDZ RDR Y£SI 16I 1--0P_R_;- =;;;;Ios=------fl..o.;,.,;:r--''t R RR OPR HEATER CKTRY 

.!!I 

Temp mer' L FAILED ON 
NO t (J 

RR STBY HEATER CKTRY 
FAILED ON 

20f Reconf1gure heaters 
•cb 1111 HTR RNDZ RDR 

OPR . '!!!!." 
ecb 1111 HTR RNOZ RDR 

STBY close 

rn 

._ _____ • STBY OR RNOZ ROR OI'R -
.dm 

I 1 r.::tr-_ _._T __ 
--.

HIGH �..--:--�-:--:---. 
S band antenna templ,_+-1��2,;.,1 r- 22) Deacttvale heater 
abnormal lr Antenna temp? 12331 

ecb 1161 HTR. S BO ANT � 
LOW � m S-BANO ANTENNA 

1b 

241 Monull 1111111 control 
ff needed, HEATER � •cb 116) HTR. S 80 ANT­�!�.iOO��n '- II 

> 131' F rnc and 
lunar orbit >110' f llunar stay) <- 12' F 

SYIPTOI I 

Antenna temp deer' r- FAILED ON. 
"- NO 

��--�' ----� YES ���--�--� 
� l!_ES � � 27) Deac:IIYote antenna. 

I Antenna operatrng' J l _ Antenna operatmg? ( When able. deactrvate an· '------.-
N

-
0 

---' 
NO :£;;:.M ANT TRACK MOO£ 

28J Power antenna 
ecb/AC BUS B S BD ANT 

- close 
ecb 1161 COMM S BD ANT 

- close 
eCOMM ANT TRACK MOO£ 

- SLEW 
Antenna temp mcr7 

g!) 

NO 

HEAT SOAK OR INST 
FAILURE 

- Qff 
•cb/AC BUS a, S 80 ANT 
.�t'ffi) COMM, S 80 ANT 

-� l m � 
Antenn.a temp clecr' r-l__ H£AT SON! tNo 

j!!J INST FAILURE 

E.l m S BAND ANTENNA HEATER 116; HTR S 80 ANT 
fAILED Off pen L-"=------� 

I'ROCEDURE 

HEATERS 

Basic Dale 26 September 1 9 7 1  Change Dale -------

10\ To ,..., up IR IIIII , ... IIIII \!;I 1117 IIGI IIt  l1lillllf tlltil l7 11it­lllll lfllr inilill lllll), 
1. W RR IM!p<+ IO"F 

ecll Ill) HTR, IIIIDl lllllt 01'11-
dcu b. lliiiiillt . H IO"F, 

ecii/N: BUS Ao IIIIDl 11111t -

.1:30-
dl !Ill !'GIG IIIIDl lllllt -c. •=·� 

ecll !Ill HJR, IIIIDl lllllt OI'R-
!!1!!!' 
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5 . 2 . 12 

5 . 2 . 12 . 1  

HEATERS 

5 . 2 . 12 . 1 . 1  HEATER caut lt (RCS) 

• Aaau.a no action will be taken durin& a critical aiaaion phase . 

• One heat ayatea (4/QUAD) can .. intain temperatura above 119 •r. 

HEATER caut lt 

RR tap abnoraal 

S-band antenna teap 

LR teap abnoraal 

Tabla 5- 12 . HTR Procedure Entry Sheet 

SyaptOII 

abnoraal 

RCS quad 1 ( 2 , 3 ,  4) temJ) abnoraal 

Basic Date 26 Saptalllbar 1971 . Change Date -----

Sya Page 
No . No . 

1 5 . 2-62 

la 5 . 2-62 

lb 5 . 2-62 

2 5 . 2-63 

3 5 . 2-63 

Page 5 . 2-61 



LM3246 

2. I LR temp abnormal I J l l Temp' JHIGH 

J I 
LOW 

>145' F or tome/me 
ttmp 

<60'F 

LMA790-3-LM 
APOUO OPERATIONS HANDitOOK 

{ 21 L R  operatmg' 

NO 

f.!.! ecb 11 1 1 HTRc LOG RDR-
� 

Ttmp deer' 

_fs 

PllltEDUI£ 

�en LR not needed F- •cb 011 PGNS, LOG RDR-
� � Ttmp deer' HEAT SOAII NO t 

NO � lR ttmp<I48'F, 
•cb (Ill PGNS, LOG RDR · 

� lif needed) 

� 

� lR operatmg' I YES 
I I tHO 

I I lncr temp 

eOroent lM to heat 
antenna. 

or 
•cb Ill! PGNS lOG RDR-
Qru 

Temp mer� 
NO 

YES 

!!.1 
lR HEATER CKTRY FAILED 
OfF 

· -

3 a: I RCS quad I 11. 3, 41 j_IJ Qua<l temp' F temp abnormal 
LOW 

>190 F 
< 115 F 

I 

(i) 
Heater sys m operat10n7 

I I I I f!.!.l I I INS! OR DOUBLE 
I HEATER SVS fAilURE 

SYMPTOM 

Basic Dote 26 September 1971 

lR HEATER CKTRY FAilED ON 

_[1� /NST FAILURE I 

21 Deactovale heaters 

ecb 1111 HTR RCS SYS AlB 4J Reconfogure 
•�b ���0H�R11fic� i�s'm ecb Ill)  HTR RCS SYS AlB 

2, QUAD I 12, 3. 41-lll!l!) 1, QUAD 1 12, 3, 41 - �  •Allow TCA to cool � 1- •cb (16) HTR Res SYS AlB 
Temp deer' 

INST fAilURE z, QUAD I (2, 3, 41 - close 

j
YES 

5 J find bod heater 1 J Reconficure heaters 
ecb (161 HTR RCS SYS AlB •HTR CDNT, OOAil llftected 

2, QUAD I 12. 3, 41-gm r!J qUid) - Qff . r--- •cb 1111 HTR RCS SYS AlB 
� SYS AlB 2 AUTO HEATER I • OOAil I 12, 3, 41-dl!H Temp incr? fAilURE eHTR CDNT,QUAD latfected 'NO quad)-_� (as required 

to maintlln ttmp) 

�� AlB I AUTO HEAitW 
lURE 

PIIICEDUIE 
HEATERS 

Change Dote ------

Q) Monomial high temp is lor periods 
of no tnruster actmty otter temp 
sookback from previous IC!Mty m IIIJ) 1m stabililed 

For contonaencies where QUAD 
limp ;;;: 6D"F, """"'' mode en­line operation rniJ be undertak­
.,_ � minim,.. poise bit is re­
quired, QUAD warmup to 119"F 
Oily be ICCOflllllished by steady 
stile lft(ine operatoon A 3-sec­
ond firing of each lft(ine in C(ljd 
QUAD will result ill cluster tern­
perature rise lhrou,tl thermal 
sook-bock After minim... ttm­
perature IChteved, ma;ntain op­
erational ltmperalllre through 
huter lfldl or en(ine operafton 

C-3C<ItMS- 1005 I 
Poge 5. 2-83/5. 2-64 





PARA 

5 . 3  
5 . 3 . 1  
5 . 3 . 2  
5 . 3 . 3  
5 . 3 . 4  
5 . 3 . 5  
5 . 3 . 6  
5 . 3 . 7  
5 . 3 . 8  
5 . 3 . 9  
5 . 3 . 10 
5 . 3 . 11 
5 . 3 . 12 
5 . 3 . 12 . 1  
5 . 3 . 12 . 2  
5 . 3 . 12 . 3  
5 . 3 . 13 
5 . 3 . 13 . 1  
5 . 3 . 13 . 2  
5 . 3 . 13 . 3  
5 . 3. 14 
5 . 3 . 14 . 1  
5 . 3 . 14 . 2  

Baaic Date 26 September 19 71 

TITLE 

- Emergency Procedures • • • • • •  

Excessive Cabin Leak • • • • • • 

Fire/Smoke in Cabin (Not in suit loop) 
Fire/Smoke in suit loop • • • • • • 

Suit Leak in Depressurized Cabin 
VacuU111 Changeover - PLSS to LM 
Crewman VacuU111 Transfer to CSM • • • • 

E-rgency Transfer, Using OPS • 

Emergency Forward Hatch Opening (Cabin Side) 
Contaminants In ARS/Cabin Atmosphere 
Smoke In Cabin (Crew Unsuited) • • • • 

Loss of Descent Power • • • • • • • • • • 

Loss of CDR Bua During Powered Descent 
To Abort (DPS Engine) • • • • • • • • • 

To Abort (APS Engine) • • • • • • • • • 

Reconfigure . . . . • . • • . . • . • • 

Loss of LMP Bua During Powered Dascent 
To Abort (DPS Engine) • • • • • • • 

To Abort (APS Engine) • • • • • • • • • 

Reconfigure • • • • • • • • • • • • • • 

Extravehicular Transfer (Staged Vehicle) 
Subsystem Preparation for Egress 
Pinal Subsystem Preparation for EVT • • • • 

Change Date -----

PAGE 

5 . 3-2 
5. 3-2 
5 . 3-3 
5 . 3- 3  
5 . 3-4 
5 . 3-5 
5 . 3-6 
5 . 3-7 
5 . 3-8 
5 . 3-8 
5 . 3-9 
5 .  3-11 
5 .  3-11 
5. 3-11 
5 . 3-12 
5 . 3-13 
5 . 3-13 
5 . 3-13 
5 . 3-14 
5 .  3-14 
5 .  3-15 
5 . 3-15 
5. 3-16 
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t I �1 l ,� r I I ECS 

PIOCEDUIES IEMAIKS 

5 .  3 EMERGENCY PROCEDURES 

�raeocy procedures en.b le the crew to perfor. corrective action in the event of hazardous si tuations . These procedures 
require inat•t responee oa the part of the crew to prevent the situation fr011 becoming worse . I t  is assWII!d that the c rew 
are wearina hel•ts -� gloves at all t1•• · The procedures cove r the followina : 

a. Excesai w cab in lea 
b .  Fi re/saoke i n  cabin (not in suit loop) 
c .  Fire/s.oke in suit loop 
d .  Suit leak in depressurized cabin 
e .  Vacuua chanaeover - PLSS to LH 
f .  Crew.an YacU\8 t r•sfer t o  CSM 

5 . 3. 1  EXCESSIVE CABIN LEAK 

1 1 .  When cabin pressure drops to < 4 . 45 to 3. 7 psi a ,  following 
occurs autoaatically : 
MASTER ALARM - on 
CABIN warn lt - on 
CABIN REPRESS vlv opene 
SUIT CAS DIVERTER vlv - PULL EGRESS 

g. Emergency trans fe r ,  using OPS 
h .  E•rgency forward hatch opening (cab in aide) 
1.  Contaminants in ARS/cab in ataosphere 
j .  Loss of descent power 
k .  Loss o f  CDR b us  during powered descent 
1 .  Loss o f  LHP b us  during powered descent 
•· Extravehicular transfer 

Assumption : ECS is in basic (unstaged) configurat ion 
when cab in leak occurs . 

ECS 1 2 . PRESS REG A & B vlv - EGRESS 
CABIH warn lt - off 

CABIN REPRESS vlv will not open if vehicle is in ECS 
basic (s taged) coafiguration . 

1 
ECS 

3.  

LHP 1 16 4 .  

CDR 1/2 I 5 .  
LHP : G I CDR • 11 1 6 . 

Ul . 
'( 
N 

CABIN REPRESS vlY closes 
Cabin fan goes off. 

CABIN REPRESS vlv - CLOSE 

CB ECS : 
CABIN REPRESS - open 
LCC PUMP - as required 

MASTER ALARM pb /lt - reset 

CB ECS : CABIN FAN - open 

� 
� � i ;  z w  
.,. , � z I 
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;; . .... 
0\ 

1/) 
II 

"0 
.. 

' 
• 
'1 

... 
\Q 
...., ... 

n 
::r 
Q 
::J 

Cl 
.. 

� 
ii 

"0 Q Cl " 
"" 

w 
I 

w 

5 . 3 . 2  FIRE/SMOKE IN CABIN (NOT IN SUIT LOOP) 

ECS f l .  PRESS R EG  A & B viva - EGRESS 

2 .  SUIT CAS DIVERTER Ylv - PULL !GRESS 

3. Uee EPS : POW!R/T!HP HON eel to check for excessive current • 

Re.o.e power fro. affected bus • 

4.  Uee fire extinsuieher a a  required . 

S .  Don heblete & al09'ea. 

2 f 6 .  SUIT FAH eel - redundant fan i f  flow etopa 

WAilNlNG 

Co.buatioa products should be 
coaeiderecl toxic . S.Oke and 
coat•iaaate -•t be reMOVed fro. 
cabin before re.ovina helllete , by 
puraiDa or du.pin8 cabin . 

7 .  If fire pereieta : 
Prepare to du.p cabin (if aeceot etage only, insufficient 
02 ie .. ailable for repreae) 
Vieually check euit iDtearity. ECS I CABIN CAS RETUM vlv - EGRESS 

16 CB !CS :  CABIN UPUSS - open 
Cabin relief 6 du.p vlv (fvd) - OPEN, then AUTO at 3 . 2  paia 

2 I ECS : SUIT PUSS ind - 3 . 6  to 4 .0  pat 
ECS Cabin relief & dUIIp vlv - OPEN until !CS : CABIN PRESS 

ind - 0 paia 

5 . 3 . 3  FIRE/SHOD IN SUIT LOOP 

ECS fl .  SUIT ISOL vlv (COl 6 LHP) - SUIT DISC 

2 f2. SUIT FAH ael - OFF 

REMARKS 

When PRESS REG A ad/or B vlv - CLOSE ,  ensure 
handle ia rotated to full hard atop poei tion . 

Alternative of donning het.ets and glovea and usina fire 
extinRuisher is real-ti•e decision . Order of iteae to be 
acco.pltshecl is dependent on crew aeees .. ent of situation 

,.. (J 
:::: 
0 
o ,.  � �  ,.. ..,. ::! •  
o p  
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0 
� 
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NOCEDUIES 

S . 3 . 3  nRE /SMOKE IN SUIT WOP (cont) 

ECS 1 3 . PRESS REG A & B vlv - CLOS E 

4.  Re.,ve hel•t & gloves • 

S .  SUIT CIRCUIT RELIEF vlv - CLOSE 

6 .  CABIN GAS RETURN vlv - EGRESS 

7 .  SUIT GAS DIVERTER vlv - PULL EGRESS 

8. Isolate suit loop electri cally : 
11 I CB ECS : SUIT FAN 1 - open 
16 CB ECS : 

SUIT FLOW CONT - open 
SUIT FAN 2 - open 
SUIT FAN AP - open 
DIVERT VLV - open 
C02 SENSOR - open 

ECS 19 .  CABIN REPRESS vlv - MANUAL , as necessary t o  maint ain cab in 
pressure & replenish 02 

n fi re goes out : 
10. I f  cabin is cont..tnated , purge as necess arv . 

CABIN REPRESS vlv - MANUAL 

Cab in re lie f & du.p vlv ( fwd) - AUTO 

I f  .. cent stage only , closely .anitor 02 supply • 

• 3 . 4  SUIT LEAK IN DEPRESSURIZED CABIN 

CDR/ I 1 , 2  , I IW  MASTER ALARM - on 

SUIT/FAN warn lt - on � I ECS 
I VI 

. 
.... 
I 

� 

SUIT ISOL vlv (CDR) - SUIT DISC 
SUIT ISOL vlv (LMP) - SUIT DISC 

REMARKS 

When PRESS REG A and/or B vlv - CLOSE , ensure 
handle is rotated to full h ard s top pos ition . 

These events occur s imultaneous ly and automatically 
when ECS : SUIT PRESS ind falls below 3 . 1 psia. 

� 
l e  
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PIOCIDURES r 1cREW-, PNL ;r 
MAN � 

N .,. 
Ill .. "' ,.. .. IJ. .. ... 
.... � ...... .... 

n 

f f 

i 
VI . 
w 
I 

VI 

LMP 

CDR 

LHI' 

5 . 3 . 4  SUIT LEAK I N  DEPRESSURIZED CABIN ( con t )  

2 .  Forward hatch - close 

3. Forward hatch h.ad1e - LOCK 

4 .  Cabin relief & d u.p  vh ( fwd) - AUTO 

5 .  CABIN REPRESS vlv - AUTO 
Cl !CS : CABIN REPRESS - cl�e 
CABIN vam lt - Oil 

6 .  PRESS REG A v1v - CABIN 

7 . PRESS REG B v1v - CABIN 

7A. CAIIR GAS RETUIIC vlv - AUTO 
SUIT GAS DIVERTER vl v - PUSH CABIN 

8.  SUIT 1SI1 vlv (CDR) - SUIT PLOW 

9 .  SUIT 1SI1 vlv (LMP) - SUIT FLOW 

1 , 2  1 10 . MASTER ALARM pb /lt - reset 

5. 3. 5 VACUUM CBARCEOVER - PLSS TO LM 

1 .  ReiiOft purp val ... froa PGA & h.ad t o  CDR for s towage . 

2 .  DiscODDect OPS 02 hoee froa PGA . 

3. 

4 . 

PLSS 1 5 .  

ltellow LM 02 Ullb iliea1 fr011 a tovap & h.ad to LMP .  

Connect LM 02 Ullb111ca1 to PGA right-si de  connectors & 
ve rify locked ( red to red , b lue to b lue) . 

FEEDWATER v1v - CLOSED 

REMARKS 

Crewaan vi th intact suit vill perfora steps 2 through 10 . 
Oait s teps 2 th rough 4 i f  forward hatch is closed .ad 
forward cab in relie f and dump valve is not set to OPEN . 

SUIT/FAN vam lt - off vhen suit presaure >3 . 1  pai a .  
CABIN vam 1 t  - o f f  vhen cab in pressure is b etween 4. 4 
and 5 psia. 

S teps 8 and 9 are perforaed when cab in presaure >3 . 1  
psi a .  

Aasu.pti on :  Cab in cannot be pressurized .  

I f  PLSS subli•ator f reeze-up i s  a prob 1ea, do oot 
p roceed unti l  LCG liquid ci rculation teaperature 
s tarts to rise • 

� � �  s '  z w  ._. i I I 
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PNL PROCEDURES 

5 . 3 . 5  VACUUM CHANGEOVER - PLSS TO LH (cont) 

ECS I 6. SUIT ISOL vlv {LMP) - SUIT FLOW 

PGA I 7 . VENTILATION DIVERTER vlv - IV (horizontal) 

PLSS I 8 .  FAN sv - OFF 
PUMP 11W - OFF 
EVC-1 (or EVC-2 ) MODE SEL sv - 0 

9 .  Verify flow fr• 1M AR S  to  PCA. 

10. Disconnect PLSS electrical connector from PGA & connect LH 
ca.. cable to PGA . 

11.  Disconnect PLSS 02 hoses from PGA . 

5 .  3. 6 CREWMAN VACUUM TRANSFER TO CSH 

1 1 .  

1 2 .  

3 .  

4 .  

5 .  

Receive transfer u.bilical fro. CSH . 

Verify that 02 is not flowing in transfer UNhilical . 

Re.ove plugs from appropriate PCA 02 connectors & stow. 

Connect transfer umbilical 02 hoses to PGA , inlet to 
inlet (blue to blue) , outlet to outlet (red to red) . 

12 1 6.  

Request CSH to verify no transfer of umbilical suit 
power . 

COHH : rut BIOI-fED IN - LEFT or OFF (LMP) 
or 11 1 7 .  16 

I s .  

COHH : nJi BIOHED IN - RIGHT or  OFF (CDR) 

CB COHH : CDR AUDIO - open 
or 
CB COHH: SE AUDIO - open 

Disconnect Ul conm cable from PGA & connect transfer 
umbilical comm cable to PGA . 

REMARKS 

Assumptions : ( 1)  Overhead hatch is open and ( 2 )  tunnel 
is clear . 

Steps 6 and 7 ensure that crewman communications cables 
are not powered . 

CDR loses communications . 
LHP loses communications • 
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CREW·1 PNL MAN PROCEDURES 

5 .  3 • 6 CREWMAN VACUUM TRANSFER TO CSH (con t)  

9 .  Reque.t CSH to  apply transfer u.bilical suit power . 

10. Request CSH to start 02 flow throuRh transfer umbilical . 

ECS I ll .  SUIT ISOL vlY (CDR) - SUIT DISC 
or 

CDR 

UIP 

SUIT ISOL vlv (LMP) - SITIT DISC 

12. Verify 02 flow to PGA through tranafer u.bilical . 

16 1 13 .  CB P.CS: LCC PUMP - open 

14. Dieconnect LM LCC 820 hoses 6 LH 02 hoses fr011 PGA. 

15. R..a¥e all plugs fro. stowage 6 place in PGA connectors . 

16. Stow LH uabilical. 

17. Traufer into CSH • 

5.3 .  7 DtDG!NCT 'l'RAMSP!I, USIHC OPS 

1 .  Cabin relief 6 du.p vb (ovhd) - OPEN 

2 .  Cabin relief 6 du.p vlv (fwd) - OPEN 

REMARKS 

This constitutes communications check via transfer 
unbilical communications cable. 

Assu.ptiona : (1) LH or CSH cannot be pressurized and 
(2) CDR and LHP have OPS donned and activated , 

With two OPS 's  operatinR and .. ch flowing 02 at rate of 
8 lb/hr , cabin equilibria. pressure will be approxt.ately 
0.075 psia When exhausting through both cabin relief 
and dw.p valves . If LH and CSH are docked , both CSM 
hatches should be open to allow LM overhead cabin relief 
and d.ap valve to exhaust to vac.n.. If exhausting is 
through one cabin relief 6 dw.p valve , cabin equilibriu. 
pressure will be approxt.ately 0.15 paia , which aay 
cause difficulty in openinR hatch(es) • 
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5 . 3 . 8  EMERGENCY FORWARD HATCH OPENING (CABIN SIDE) 

1. If latch is j .... d in LOCK position : 
a. Pull lanyard to re.ave lockpin . 
b .  Rotate caa plate to uncover latch. 
c. Cr•p handle & pull hatch open • 

5. 3. 9 CONTAMINANTS IN ARS /CABIN ATMOSPHERE 

Perfo� ARS purge : 

LHP I ECS 1 1 . SUIT CAS DIVEin'ER vlv - Ptn.L EGRESS 

2 .  

3 .  

n ·  
. 4. 

l 
i r I I I I 

5 .  

6 . 

7 . � I CDR I 1 8 .  
I !"' I  LMP I 19 . 
'r' 
011 

SUIT CIRCUIT RELIEF vlv - AUTO 

CABIN GAS RETURN vlv - EGRESS 

C02 CANISTER SEL vlv - aidposition 

CAlTl'ION 

S tep 5 shall be perforaed consis tent 
with .. ount of available 02 .  

PRESS REG A vlv - DIREcr 02  for 5 ainutes o r  until ARS 
is clear 

002 CANISTER SEL vlv - PRIM 

NarE 

I f  cabin duap is requi red , omit steps 7 thru 11 and line 3 of step 15 . 

Cabin re lief & duap vlv ( fwd) - OPEN 

When ECS : CABIN PRESS ind - 4. 5 psia : 
Cabin relie f & duap vlv ( fwd) - AUTO 

PRESS REG A vlv - CABIN 

REMARKS 

Lanvard is to le f t  of hatch latch , on hat ch j am .  

Se lection of .tdp os i ti on  al lova contaaination absorp tion 
by both priaary aod secondary LiOH canistera . 

ECS : SUIT PRESS ind will increase to approxi•ately 5 . 8  
ps i a.  
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lcREW-1 PNL 1 PROCEDURES MAN 

LHP 

5 . 3 . 9  CONTAMINANTS IN ARS /CABIN ATMOSPHERE (cont )  

CAtrriON 

Step 10 will degrade ARS pressure 
relie f  capability • 

10 . When ECS : SUIT PRESS ind decreases to approximate ly 
5 psia : 

ECS I ll .  

SUIT CIRCUIT RELIEF vlv - CLOSE 

Maintain cab in pressure at 4 . 5  psia by cycling 
SUIT CIRCUIT RELIEF vlv - CLOSE , AUTO , C.OSE , as re­
quired.  

CAUTION 

S teps 12 & subsequent are required only 
if toxic fu.es are severe enough to re­
quire c�in du.p . 

� I I 1

12 . PRESS REG A & B vlv - EGRESS 

'l t 
VI . 
'( 10 

: I  
16 13.  

r4. 15 . 

CB ECS : CABIN REPRESS - open 

Ce in rel ie f  & du.p vlv (fwd) - OPEN 

Maoitor ECS : SUIT & CABIN PRESS ind. 
When cabin pressure decays to 4 . 0  psia :  
SUIT CIRCUIT RELIEF vlv - AUTO 
SUIT PRESS ind decay stops at 4 .  3 psia. 

16. Cein rel ie f  & du.p vlv ( fwd) - AUTO when cab in 
preasure • zero psia. 

5 . 3 . 10 SHOlE IN CABIN (Crew Unsuited) 

NOTE 

S tep 1 to be perfot'llll!d based on density 
and toxicity of .. oke in cab in.  

REMARKS 

Required to prevent automat ic actuation of CABIN REPRESS 
vlv at 3 . 7 to 4 . 45 psia. Limit cab in pressure to 4 . 6  psia 
to prevent violating purge . 

ARS/PGA Pressure Integrity Check (para 4. 2 . 16 )  prior to 
s tep 12 is real- time decision. 

Assume ARS in "CABIN" liiOde with SUIT lSOL vlvs in SUIT 
FLOW, 02 Hoses S t011ed , SUIT FAN 2 in use.  

AssUIIIe crew have detentined 010ke source i s  not in  the 
suit loop and perfol'1118nce of this procedure will not 
percipitate an uncontrolled fire .  
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PIOCEDUIES 

SMOKE IN CABIN (Crew Uu.uited) (cont) 1 . Cabin Repress vlv - MANUAL for 1 ainute 
then - CLOSE 

NOTE 

Cabin purge tiae of 1 ainute aay be extended 
depending on amount of availab le Descent 02 · 

2 .  CB ECS : SUIT FAN 4 P - open 

REMARKS 

Cabin pressure will  increase to 5 . 4  to 5 . 85 psia before 
cabin pressure relief valve opens . Relief valve oper­
ation should be audible to crew • 

3 .  CB ECS : SUIT PAN 2 - open J rr.s Caution & H20 Separator coaponent lts ON when H20 

4 .  SUIT CIRCUIT RELIEF vlv - AUTO (verify) 

5 .  Unatow Blue 02 Hoses 

· en sneed decays to <800 rpa. 

6 .  PRESS REGS A & B vlv - DIRECT 02 I ,rovides o2 f low to crew when suit fan off . Miniaua 
allowable cabin pressure is 3 . 0  psia with Suit Isolation 
valves in Suit Disconnect , Press Regs A&B in Direct 02 
and Suit Circuit Relief vlv in Auto. 

7 .  DON PGA ' s  (without LCG & UCTA . i f  doffed) UCTA HOSE . 
LCG & BIO BELT CONNECTIONS NOT REQD. 

NOTE 

Use Blue 02 Hoses periodically to "wash"  smoke 
froa face , as required . 

8 .  Conqect EC S  umbilicals to PGA , 02 hoses Blue/Blue , 
Red/Red 

9 .  Don helmets & gloves 

10 . PRESS REG B vlv - EGRESS 

11 . SUIT GAS DIVERTER vlv - PULL EGRESS 
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jcREW·I PNL I PROCEDURES MAN 

LMP 16 

LMP 16 

ILMP I ECS 

lUI' 16 

CDR ECS 

LMP ECS 

LHP 2 

CDR ECS 

5 . 3. 1 0  SMOKE IN CABIN (Crew Unsuited) ( cont) 

12 . CABIN GAS RETURN v1v - EGRESS 

CAUTION 

S tep 13 terwdnatea 02 flow to crew in order to 
purge the suit loop . Suit iaol val� should 
not reaain in Suit Disconnect >1 minute or crew 
asphyxiation aay result.  Perfor. steps 13 thru 
16 within 1 .tnute . 

1 3 .  SUIT ISOL vlv' s (CDR & LHP) - SUIT DISCONNECT 

14 . CB ECS : SUIT FAN 2 - close 

15 .  CB ECS ; SUIT FAN P - close 

16 . SUIT ISOL vlv's  (CDR & LHP) - SUIT FLOW 

17. CB ECS : CABIN REPRI!SS - open 

18. Cabin relief & dw.p vlv (fvd or avhd) - OPEN 
reduce eein press to 3. 5 psi a then AUTO 

19 . PRESS UG A vlv - EGRESS 

20 . Verify SUIT PRESS 4. 3 psia,  .aaitor for 1 minute , 
verify stable . 

21.  Cab in relie f & dump v1v ( fw d  or ovbd) - OPEN 
( reduce cabin pressure to 0 psia) then AUTO 

REMARKS 

Initiates ARS circulation for purging smoke . H20 Sep 
Component lt out when H20 Sep speed increases to >BOO 
rpm.  

Reini tiates 02 flow to crew. 

Preas REG A in DIRECT 02 until this s tep aaintains suit 
loop pressure llbove cabin pressure . 

Assures Suit  Circuit Relief vlv lockup and PGA/ARS 
integrity prior to cab in dump to 0 psia , 
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5 . 3 . 11 

14 1 1 . 

ECS 1 2 . 

LOSS OF DESCENT POWER 

EPS : 
BAT 5 NORMAL SE FEED 11V - ON 
BAT 6 NORMAL CDR FEED aw - ON 

DES 02 vlv - CLOSE 
11 ASC 02 vlv - OPEN 
WATER TANJ( SELECT vlv - ASC 
DES H20 vlv - CLOSE 

3 .  Reconfigure electrical loads as required . 

4 .  Perfor. EPS Basic (Staged) , 

5 . 3 . 12 LOSS OF CDR BUS DURING POWERED DESCENT 

5 . 3 . 12 . 1  To Abort (DPS Engine) 

3 1 1 . Verify/set DES ENG CMD OVRD aw - ON 

1 1 2 . GUID COMT sw - AGS 

3 1 3 . 5/C : AGS aw - AUTO 

1 1 4 . ABORT pb - push 

2 I 5 .  SUIT FAN sel - 2 

14 I 6 .  EPS : INVERTER IIV - 2 6 I 7 . Key DEDA C 5001 (0 . 1  fps) . Monitor A Vgx . 

7 A .  ENG THR CONT : ENG ARM 11V - OFF 

IEMAIKS 

Assumpt ion : EPS is in basic (unst aged) conf iguration . 

Lighting and life support systems restored . 

Ref para 4 . 13 . 4 . 2 .  

Symptom :  KASTER ALARM - on ,  DC BUS and LGC warn l t  - on, 
and EPS : DC FEEDER FAULT caap caut lt - on . 

Aasu.ption: Inverter No . 1 is used during DPS burna . 

Results : 100% DPS thrust , loss of PGNS , GDA locked , 
loss of RCS , and loss of DPS automatic start , stop , and 
.. nual start . Engine will shut down unless DES ENG CMD 
OVRD 11V - ON . 

S/C :  AGS IIV - ATT HOLD could be used to provide aanual 
aaneuver to desired attitude , then AGS sw - AUTO . 

Integral and nu.erics lighting are restored when 
inverter No. 2 is selected.  I 
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PROCEDURES 

5 . 3 . 12 . 1  To Abort (DPS Ensine ) �cont) 

8. To terminate bum when AVgx goes to ze ro : 
DES ENG CHD OVRD sw - OFF 

9 .  Delete 

10. Reconfigure . 

5 . 3 . 12 . 2  To Abort (APS Ensine) 

1 .  GUID CONT av - AGS 

2 .  S/C : ACS av - AUTO 

3.  ABORT STAGE pb - push 

4 .  ENG TIIR CONT : ENG ARM av - ASC 

CAUTION 

Do not aet ENG THJt CONT : 
BAL CPL 11W - OFY . 

5 .  TIIROTTLE/JETS cont (CDR) - JETS 

6 .  If ullage threshold counter is not set t o  zero : 
Tl'CA - .ave up until eng starts 

7 .  SUIT FAN ael - 2 

8 .  EPS : INVERTER av - 2 

9 .  Key DEDA C 500R (0. 1  fps ) . Monitor AVgx . 

10. Monitor thrust cutoff . 
If not cutoff : 
Eng STOP pb/lt - push 

11.  Reconfigure . 

REMARKS 

Ref para 5 . 3 . 12 . 3  • 

Manual start capabil ity is lost . S/C : AGS sw •ust be in 
AUTO position and eng STOP pb/ lt  .ust be in reset 
position. There wil l  be large attitude excursion when 
S/C : AGS aw - AUTO . Expect attitude transient at staging . 

Ref para 5 . 3 . 1 2 . 3 . 
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5 . 3 . 12 . 3 Reconfiaure 

1 I 1 .  ABORT/ABORT STAGE pb - reaet 

2 . ENG TRR CONT: ENG ARM sv - OPP 

8 I 3 .  AUDIO: AUDIO CONT sv - BU 

ICS 

5/6 

3 

1 

8 
5 

4 ,  AUDIO : 
S BAND T/R .v - S lAND T/R 
ICS T/R sv - ICS T/R 
MODE sv - ICS/PTT 
VHF A .., - T/R 
VHF I .., - 1lCY 

S. PRI !VAP PLOW 11 Yb - CLOSE 
Acti'f'ate aecODdary 1lycol loop . 

6. Uu YIIF ran1iaa • track li&ht for rendezvous . 

7 .  En 1  STOP pb/lt - reaet 

5 . 3 . 13 LOSS OF utP IUS DURING PmlERED DESCENT 

.5 . 3 . 1 3 . 1  To Abort (DPS !aaine) 

1 .  S/C : PeNS sv - Atrro 

2 .  ABOJ.T pb - pueh 

3 .  If .. nual backup is desired or if inverter No. 2 is in 
uee : 
ED: MASTER ARM .., - ON 
En& START pb/lt - pueh 

Ref para 4 . 13 . 1 . 4 .  

Ref para 4 . 13 . 2 . 10.  

REMARKS 

S,wpt011: DC IUS and ACS varn lt • and EPS : DC FEEDER 
FAULT COIIp caut lt - OD. 

Assumption : Inverter No. 1 is ueed for DPS burn. 

Results : 100% DPS thrust.  loaa of AGS . loaa of 
DPS/APS autoaatic start and atop capability. GDA 
locked • DES ENG CHD OVRD loat • 

Must be accomplished immediately . to prevent undesirable 
att itude transient when DPS thrust 10ea to 100% . 

DPS vill shut down and must be .. nually started if 
inverter No, 2 is in use . 
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MAN PNL PROCEDURES 

5 . 3 . ll . 1  To Abort (DPS Engine) (cont) 

4 .  To teninate burn when TG < 1 aec : 
5/6 1 Ens STOP pb/lt - puah 

5 .  Reconftsure • 

5 .  3. 13 . 2 To Abort �PS Engine) 

3 1 .  S/C : PGNS av - AUTO 

1 2 .  ABORT STAGE pb - puah 

3 .  ENG THR. CONT : ENG ARM av - ASC 

5 , • •  

Ens START pb/1t - puah 
14 5 .  EPS : INVERTER av - 1 

5/6
1 

1 

6. To teninate burn when TG < 1 aec : 
Ens STOP pb/1t - puah 

7 .  Reconfigure . 

5 . 3 . 13 . 3  Reconfipre 

1 .  ENG THR. CONT : ENG ARM aw - OFF 

2 .  ABORT/ABORT STAGE pb - reaet 

12 I 3 .  UP DATA LINK aw - VOICE BU 
AUDIO : AUDIO CONT av - BU 
Cotf1 : 

S BAND XMTR/RCVR aw - SEC 
S BAND PWR AHPL av - SEC 
S BAND VOICE av - DN VOICE BU 
S BAND RANCE aw - OFF/RESET 
VHF A RCVR av - ON 
VHF B XHTR aw - VOICE 

REMARKS 

Ref para 5 . 3 . 13 . 3 , 

Normal configuration . 

Ref para 5 . 3 . 1 3 . 3 .  

COHH ANT :  S BAND ael - FWD or AFT � I I I >-vnn ,. .. • ., """" BIIH - rwu or AI'T I Reacttuire S-hand . I 
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PNL PROCEDURES 

5 . 3 . 13 . 3 Reconfigure (cont) 

12 I 4 .  

5/6 I 5 .  

AUDIO : 
S BAND T/R .v - S BAND T/R 
ICS T/R n - ICS T/R 
J«JDE n - ICS/PTT 
VHF A sv - RCV 
VHF B n - T/R 

Eng STOP pb/lt - reset 

5 . 3 . 14 EXTRAVEHICULAR TRANSFER (STAGED VEHICLE) 

5 . 3 . 14.1  Subsystea Preparation for Egress 

11 , 1. 
8 2 .  

ECS Periodic Monitoring (Staged) (required) 

EPS Periodic Kooitoring (Staged) (required ) 

LGC Power-Dawn (P06) (required) 

Cl S/C :  An DIR CONT - open 

ED :  MASTER ARM .v - ON 

3 .  ED :  

1 1 4 . 

3 1 5 . 

11 1 6 . 

STAGE n - SAP'! (parded) 
• WC GEAR DEPLOY tb - bp 

ERG 'l1IR CONT: !HG ARK n - OFF 
GUID CONT av - PCNS 
ABORT pb - r•et 
ABORT STAG! pb - reset 

DES ENG om anD n - OFF 
S/C :  

ROLL , PITCH , YAW n - J«JDE CONT 
PGNS n - OFF 

CB RCS SYS A: QUAD 1 , 2 ,  3 ,  4 TCA - open 
CB ED:  LOGIC PWR. A - open 

REMARKS 

Ass�tions : (1)  Crewman cannot perform IVT, (2)  OPS are 
on cabin floor , and (3)  vehicle staged. 

Ref para 4 . 1 3 . 1 . 3  

Ref para 4 .1 3 . 4 . 6  

Ref para 4 . 6 . 1 . 2  

Assumption : CSH is controllinx attitude. 

Switch is left on to inhibit spurious CWEA indicatiooa . 
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PROCEDURES 

5 . 3 . 14 . 1  Subavatea Pre2!ration for Esress (cont ) 

CB S/C :  ABORT STAGE - open 
CB PGNS : LGC /DSrt - open 

7 .  CB RCS SYS B:  QUAD 1,  2 ,  3 ,  4 TCA - open 
CB ED :  LOGIC PWR B - open 
CB 5/C : ABORT STAGE - open 
CB LTC : TRAC� - apen 

5 . 3 . 14 . 2  Final Sub!!at .. Pre2aration for EVT 

1 .  CB ECS : CABIN FAN - open 

2. CB ECS :  LCG PUMP - open 

3 .  LTC : EXTERIOR LTC IN - OFF 

REMARKS 
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PARA 

5 . 4  
5 . 4 . 1  

5 . 4 . 2  
5 . 4 . 3  
5 . 4 . 4  
5 . 4 . 5  
5 . 4 . 6  

5 . 4 . 7  

5 . 4 . 8  

5 . 4 . 9  
5 . 4 . 10 
5 . 4 . 11 
5 . 4 . 12 

5 . 4 . 12A 
5 . 4 . 13 
5 . 4 . 14 
5 . 4 . 15 
5 . 4 . 16 
5 . 4 . 17 
5 . 4 . 18 
5 . 4 . 19 
5 . 4 . 20 
5 . 4 . 2 1  
5 . 4 . 22 
5 . 4-23 
5 . 4-24 

5 :4-25 

TITLE 

Continaency MaDqeiNDt Procedure• • • • • • • • • • • • 

EPS treataaina Check - Luaar ContiD,.ocy (Oae Aacent 
Batt•ry only) . • . . . • . • . . • . . . . . . . . . . 
PLSS Makeup to LH Suit Loop Yia PGA Interface • 

PLSS 02 Tranafer to LH Suit Loop Yia Manifold • 

PLSS H20 Tranafer to LH Suhliaator • • • • • • • 

ARS Confiauratioa for uae of CH LiOH Cartridae• 
AGS Puaive Theraal Control (PTC) for Uoi/CH 
ConfiauratiOD • • • • • • • • • • • • • • • • . 

AGS Puaive Theraa1 Control (PTC) for LH/CSH 
Confiauration • • • • • • • • • • • • • • • . • 

PGNCS Pu•ive Theraal Control (PTC) for LH/CSH 
Coafiauration . . . . • . . . . . . . . . . . 
LH Staaing While Docked with CH only • • • • •  

LH/LGC-Controlled Spin Stabilisation of CH 
LH/AGS-Coatrolled Spin Stabilisation of CH 
HiDiaising DPS Supercritice1 Heliua Pre•aure Riae at 
Start of Burn • . . • . • • . • • • . • • • . . . • . 

DPS Supercritical Beliua VentiD& (Zero G ,  Docked ODly) . 
Deleted 
DPS Supercritica1 Helium Vent During a Burn • 

Lo•• of Both Aacent H20 Tanke • • • • • • • • • • • • • 

Lo•• of Both Aacent 02 Tank• • • • • • • 

Loa• of Both Pre•• Raga (Failed Cloaed) • • 

Lo•• of Both Suit Faa • • • • • • • • • • • 

Optimi&atioa of APS HeliUII Manifold Leak 
Aacent Stage Oxyaen Tank Bleed-Down Procedure • 

Aacent Staae Oxyaen Tank Top-Off Procedure • • 

O..cent 02 Ventina • • • • • • • • • • • • • • • 

Loa• of Manual and Auto APS Start CApability 
Loe• of Manual and Auto APS Start CApability 
(with lo .. of one bua) 
Loaa of ED Sub-ayatea • • • • • • • • • • • • 
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5 . 4 . 1 
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UIP 14 1. 

2. 

LMP I 16 1 3 . 

PIOCEDUIES I REMARKS 

CORTINGIIK:Y IWUGDIIIIT PIOCEDUUS I Continengcy IUIUige.ent proceduru provide "life-boat" 
aupport for the CSM. aad lODg-ten operation duriaa a 
aoanoainal vehicle a ituatioa • 

EPS PR!ST.AGDIG Ql!a - UJNA1 COIITINGENCI (ORE ASCD'l' U.TTDT OIILY) 

CAD'llOII 

Thirty ainu tea before luaar lauach • uaable 
uceat battery ... t be placed oa-U.ae . Oil • 
both aonal • backap feed patha. Duceat 2 batteriu Mo. 1 • 3 ... t be �ed froa 
liae ' Cl EPS : ClOSS UE IAL LOADS (2) 
opeaed at thia tiM . 0 

IPS : � �  POUD/TDIP )IJII ael - good IAT 5 (6) 
VOLTS iDd - 31 . 5  to 37 . 2  volta j !  BAT 5 (6) BOIIMAL SZ (CDR) rzm av - ON; tb - gray 
IAT 5 (6) BAa UP CDR (SE) FDD ., - 011 ; tb - aray 
VOLTS iDd - 28.0 to 32 . 5  YDlta 
AMPS iDd - TID 

1 1 '= IPS : I S! IAT 1 Bl VOLT av - OP'P'/R!SZT; tb - bp 
CDR IAT 3 Bl 90LT ., - OFP/USZT; tb - bp • 

Cl IPS: ClOSS nz MI. LOADS - opea I � � CADTION 

'l'tMaty llinutea before lunar launch . 
ducent battery llo. 2 ... t be �ed 
froa ltne . Fiaal IMU aligm.eat ... t I R.ef para 4 .  9 .  3 . 1 . 

not take p lace before r.-oval of thia 
battery • 



LH 3:t.u. 
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PIOCEDUIES n· I PNL I i 
l I I 1 5 . 4 . 1  !PS PRESTAGINC CBE(% - WlWt CONTINGENCY 

� ILHP I 14 1 4.  

(ORE ASCENT BATTERY ONLY) (COGt) 

!PS : SE BAT 2 BI VOLT .. - OFP/RESET; tb - bp 
"0 " 
• I 8- I I CADTlOH 

• ., Seven .tnatee before lunar launch , 
... deacent battery No. 4 .ust be re-"' .... �ed froa line • ... 

5 .  !PS : CDR BAT 4 HI VOLT .., - on'/ll!SET; tb - bp 

5 . 4 . 2  PLSS !W:!UP TO LM SUIT LOOP VIA PGA INTERFACE 

1. Verify LM coafiagred for eareaa .ode : 

f 
r 

ECS 

11 
16 

2 .  

3. 

PLSS 1 4. 

ECS 5 .  

6 .  

7 .  � I I 1 8. 

Ul I I 1 9 . 
.. � I I 1 10 .  

Pll!SS UG A 6 I Yln , ICUSS 
SUIT GAS DIVIHIIl vb - PULL ICUSS 
CAIIR GAS UTUU Ylv - ICUSS 
SUIT ISOL Ylv (CDR) - SUIT nov 
SUIT ISOL dv (LMP) - SUIT PLOW 
Cl PJ:S : CAIIR PAl - open 
Cl PJ:S : CAIIR UPUSS - open 
Ul 02 _.,ilicale c:aaaeeted to PGA (red to red , blae 
to blue) . 

Don PLSS . 

ec-.et PLSS 02 bHu to rcA (red to red , blue to blue) . 

P1liK 02 SBUTOPP dv - LOCDD Olf (aft) 

DIS 02 vlv - CLOSE 

11 ASC 02 dv - CLOSE 

12 ASC 02 vlv - CLOSE 

PLSS fiLL Ylv - CLOSE 

Pll!SS 1l!C A Ylv - CLOSE 

PRESS 1l!G B vlY - CLOSE 

REMARKS 

If unexpected transient occura , torquina procedure (para 
4 .9 . 1 . 4  or 4 . 9 . 3 . 1) .. , be required at thia tt.e to re­
align IHU .  

Procedure could provide 2 . 11 pouada o f  OXJieD for -6 
PLSS ;  3 . 18 pounda for -7 PLSS .  

Aaau.ptioaa : (1) Cabin i a  depreaaurized , ( 2) Ul 0 2  ia 
depleted , or (3) Ul 02 .uat be cODaerved. 

i 
l l i '  I "'  � 
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5.4 . 3 PLSS 02 TIAMSPER TO Uf SUIT LOOP VIA MANIFOLD 
N "' 
Cll 
• 

"a 
" 
• J 
• 
" 

to ...., .... 

n 

I r 

-a t 
VI 

� I 
• 

1 .  

2 .  

3 • 

ECS 1 4 .  

5 .  

6 .  

7 .  

8.  

Opea PLSS ther.al iaaulation flap to expose 02 fill 
fiteina. Re.ove duat cap . 

Unaeov Uf 02 recharae hose , re.ove duat cap , & coanect 
hose to PLSS 02 fill fitting. 

Doa helaets & alovea . 

SUIT GAS DIVERTD vlv - PUSH CABIN 
PlESS REG A & I vlvs - CABIN 
CAIIM REPUSS vlv - CLOSE 
COIN GAS 1lETUBN vlv - AUTO 
SUIT CIICUIT RELIEF vlv - AUTO 
11 & 12 ASC 02 vlva - CLOSE 
DES 02 vlv - CLOSE 

PLSS FILL vlv - OPEN 

Upon HSPN direc:tiOD : 
PLSS FILL vlY - CLOSE 

D11c:onaect ut 02 recharae hose froa PLSS 02 
fill fittina & tnatall duat caps . 

Stow 02 recharae hose & secure PLSS flap. 

5 . 4 . 4  PLSS H20 'l'RANSFER TO Uf SUILIHATOil 

PLSS i l .  

2 .  

3 .  

H20 SIDJTOPP AND RELIEF vlv - CLOSED (fwd) 

Open PLSS tberaal insulation flap to expose H20 fill 
& drain fittinas . 

Re�ve PLSS H20 drain fit ting duat cap . 

REMARKS 

Extra oxygen provided by this procedure would be 2 . 11 
pounds for -6 PLSS and 3. 18 pouada for -7 PLSS . 

If PLSS H20 11 to be expel led by PLSS 02 , do DOt allow 
PLSS 02 quantity to decreaae below 5% (approx 150 psia) . 

HSFN .onitors PLSS 02 pressure (GT8182P/GT8282P) to 
deteraine when PLSS 02 ia depleted. HSFN can alao 
.onitor aanifold pressure (GP3589P) to deter.tne vben 
PLSS 02 11 depleted . 

�unt of extra water provided by this procedure would be 
16 . 8  pounds for -6 PLSS and 21 . 6  pounds for -7 PLSS .  

I 
� � i f Z w  "' i i I I 



RC 16U6 r !e. IeREW i I MAN-, PNL PIOCEDUIES 

� 

� , � • '0 
:; I .. • .. ..- I  \0 ...., .... 

� t 
r 

l 
"' . 
t "' 

I 

I 
I 

5 .4 .4 PLSS H20 TIANSFER TO LH SUBLIHATOR (cont) 

1 4 .  

2 1 5 • 

Veat PLSS H20 drain cODDector to cabin a.bient , ue ing 
cODDector fro. aaall urine collection .... �ly .  

Whea ECS : H20 QUAIITITY ind readinp are 10% • proceed 
to .-xt atep • 

I ECS 1 6. ASC H20 vlv - CLOSE 
DES 820 vlv - CLOSE 

I I 
7. Uutow LH H20 recharp hoee & diacoaoect H20 dbpeoaer. 

PLSS 1 8. lle8ove duet cap fro. PLSS H20 fill fitting & coaoect LH 
820 recharae hoee. 

ICS 1 9. ASC 820 vlv - ora 
Wh.a it h• beea deteraioed (on aipal fro. HSPN) that 
PLSS feedlfater ia D&ar depletioa, proceed with Dext atep. 

10 • ASC 820 Yl v - CLOSI 

PLSS 1 11. DiacoaMct LH 820 ncbarp boee froa PLSS 820 fill 
fittiDI & iaatall duet cap .  

12. a..u.e veatina coaaector fro. PLSS 820 drain cODDector 
& iutall duet cap. 

13. Secure PLSS . 

14. lapeat .ce.,- 1 throqh 13 for aecoad PLSS . 

15. Coaaect H20 diapeMer to LH 820 ncbarae hoee & etov. 

REMARKS 

Hole •uat be cut into bag to veat cabin .abient . 

I 
I I � 
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1.--... 
MAN ,... 

5 .4. 5 

2 1. 

ICS 2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

B .  

9.  

10. 

11. 

- · 

PIOCEDUIES 

AU COHFIGUilATI<It POll USE OF CM LiOH CAJlTRIDGES 

SUIT fAll eel - 1 

C02 CAMISTIIl SEL YlY - SIC (aecoadary cartridge re.owed) 

SUIT ISOL Y1Y (CDI ' LHP) - SUIT DISC 

SUIT GAS DIVIaTD YlY - PULL IGUSS 

CAIDI GAS UTUD YlY - IGUSS 

SUIT CIICUIT IILIEf Y1Y - CLOSE 

Attach both LM 02 retura (red) boeea to 01 LiOR eartridae 
adapten. 

Tape cloeed approz aa.-half of opeaiag of each LK 02 
aupply (blue) hoee. 

Poeitioa LiOB eartrid .. adapten to preclude obatructiag 
c� act1Yit1ea . 

Poeitioa LM 02 aupply (blue) boeea to obtain deaired 
directioa of flaw. 

SUIT ISOL Y1Y (CDil ' LHP) - SUIT PLOW 

IEMAIKS 

Aaauapticnuu (1) CH ud LM are docked, ( 2) LM LiOB car-
tridgea are expeoded1  (3) CM LiOH cartridge• aad adapter• 
are awa11�1e, aad (4) LK 02 hoeea are diacoaaected 
froa PGA' a .  

See fiaure s-1. 

Si.ulatea auit preaaure drop. 

. 

i 
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FANS 

WATER 
SEPARATOR 

LM CABIN 

TO CM 
CABIN CM LiOH 
/ CARTRIDGES 

" --.. ,. _... ::: : J1b:�IT SUPPLY 
HOSES 

t 
PLASOC BAG ---� 

FOR STOWING 
LIQUID - COOLED 

GARMENT 

TAPE 

CLOTH TAPE 

CARDBOARD ARCH TO 
PREVENT BAG COLLAPSE 

J CM LiOH TAPED TOGETHER 

Fisure 5- l. Supp le•ntal Carbon Dioxide Re.,val Syste• 

300LM8-2060 
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1,2  

1 , 2  
1 
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5 .4 .6 AGS PASSIVE TUIHAL COII'fiOL (nC) POR LH/CM 
aJIIPIGUUTlml 

1. 

2.  

Appropriate aubayate• activatioo 

AGS Power-Up (required) 

AGS Checkout (d .. ired) 

AGS Aliaueat (required) 

Eatabliab AGS total attitude ' attitude rate diaplays : 
A!TI'l'UDI ... IIV - AGS 
OIJIIAL : 

mAl 1 11V - IDTL 
J'DU 2 IIV - DIDL 

IATB/EU )01 11V - LDG IDI/atPTR 
L\TB SCALI .., - s• /siC 

Ccafipn for coatrol ..._, 
S/C :  

AGS IIV - An BOLD 
lOLL, PITCH, Yltll 11V - )1)111 COlft 
DEAD IAIID .., - MAX 

GUID aHIT IIV - AGS 
DIG TD COlft: 

IAL CPL .., - Oil 
ATT /TIAIISL 11V - 2 JETS 

3. Maaeuwer Yia ACA to initial PTC attitude . 
S/C: lOLL , PITCH , YAW 11V - ti>DI OOMT 

4 .  Allow AGS to li.tt cycle for approx 20 .tn, then : 
S/C :  lOLL , PITCH , YAW 11V - PULSI 

ACA I S .  ACA - YAW for approx 2 aec (0.3• /sec) 

S . 4 .  7 AGS PASSIVE THEIHAL CON'I'ROL (PTC) FOR LH/CSH 
OOHFIGUIATIOH 

Appropriate aubayatea activation 

REMARKS 

Procedure docu.enta neceaaary atepa for AGS-controlled 
PTC .ode of LH/CH confiauration. 

Deter.ined by real ti .. cooditiona 

Ref para 4 . 6 . 2 . 1 .  

Ref para 4 .6 .2 .4 .  

Ref  para 4 . 9 . 2 .  Any ali....-at _, be  uaed; i.e. , body­
axis aliauent. Body-uia realipmeDt at initial nc 
attitude (atep 3) .. , be d .. irabla. 

Ref para 4 .5 . 3 . 3  and 4 . S . 3 . S .  

Provides auta.atic d.-pina. 

Ti.e depends on vehicle veiah t .  

Procedure docu.ents necessary steps for AGS-controlled 
PTC .ode of LH/CSH confiauration. 

Deterained by real ti .. conditions 

-

I 
! i i '  Z w  
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5.4.  7 

1. 
1 . 2  

1.2 
1 

2.  
3 

1 

3 
TTCA 

3. 
ACA 

3 

4 .  

5 .  

5 . 4 . 8  

PIOCEDUIES 

AGS PASSIVE THDHAL (X)NTROL �PTC� FOR LMlCSH 
(X)lJPlGUIATl(Ji (coot) 

AGS Power-Up ( required) 

AGS Otecltout ( desired) 

AGS Aliao-ot ( required) 

!•t�liah AGS total attitude & attitude r•te di•p1aya : 
ATTITUDE )I)M .., - AGS 
OIDUI. : 

rDl1 1 8V - IIIRTL 
PDll 2 .., - lft'l'L 

IAD/BD ... .., - LDG DJ./OO'n 
UD SCALE .., - 5• /srt; 

CoDfipn for coatrol ..tea 
S/C :  

.:JLL. PITCB. YAJI .., - PULSI 
AGS .., - Aft ICX.O 

GUID miT .., - A.GS 
ac T&a con: 

UL CPL 8V - O.  
ATT /TUIISL .., - 2 JETS 

S/C: DUD lAID .. - Mll 
TIIIOI'TLI/JITS coat (CDR ' LMP) - JETS 

tc.euwr na TTCA to iDitial PTC attitude. 
Ala - out of datnt (-tarily) 
S/C :  YAW .., - JmDI OOIIT 

After .-hicle ratea beca.. <O.o5• /aec :  
S/C: YAJI .., - PULSI 

ACA - YAJI for approx 2 •ec (0. 3• /aec) 

PGNCS PASSIVI THIIIW. COMTJOL �nc� POR LMlCSH 
COMFIGUI.Al'IOM 

REMARKS 

Ref para 4 .6 . 2 . 1 .  

Re f  para 4.6 . 2 . 4 .  

Ref para 4 . 9 . 2 .  Any aliau-nt _., b e  uaed i i .e.  • body-
axi• ali s-at 0 lody-ui8 realip�MDt at iDith1 PTC 
attitude (•tep 4) _., be d .. irab1e • 

Ref para 4 . 5 . 3 . 3  and 4 . 5 . 3 . 5 .  

aa t  .. _,. b e  deteraiDed by ue e  o f  atarfield iD COAS or 
AOT fielda of Yiew or rDAl error aeedlea appearina 
.,tiODl••• · 

TiM dependa on 'fthic1e -ipt. 

If  CSH 18 uallb 1e to •• SM RCS jeta • thia procedun _,. 
be ueed to initiate PTC .ode . 

� � �  j ! 
� � I 
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LK 3207 I LK 3241 =I PN1. I PIOCEDUIIS 
5 .4 . 8  PQICS PASSIVE TIIII!W. OONTIOL (PTC) POR LK/CSH 

mMfiGUIATI<II (CODt) 

3.  

4 . 

5 .  

6 .  

Appropriate s•syst- acthatioa 

LGC PCIIIIec-Up ( nquind) 

I!IJ PCIIIfec-Up (LGC Operatiaa) (required) 

I!IJ Alia-eat ( required) 

DAP Data Load loutiae (1103) ( required) 

Establish PGMCS total attitude ' attitude rate displays : 
ATri'rUDI KJII .., - PQIS 
OJDEAL: 

PDU 1 aw - IHJm. 
FDA1 2 ... - 1DTL 

UTE/IU 101 aw - LDG GR/CMP'l'R 
by V601 
UTI SCALE 1111 - 5 •tsrc 
WID OORT av - PGIIS 
S/C : 

IIOLL1 PITal, UW 8111 - IIHJI OOIT 
PQIS av - An B(IJ) 

by V761 

KaaeU'ftlr Yia 'nCA to PTC attitude . 

S/C: PGMS .., - AUTO 
Wait 10 Ilia 

ley V25 N07E 
ley 12571 
ley 252! 
Verify ICS: SJS A ' SYS B QUADavitchea are set to ENABLE . 
ltey lE 

Establish new reference : 
a .  Key V771 
NO DAP lt - off 
or 
b .  S /C :  PGNS av - ATT HOLD . then AUTO 

IEMAIKS 

Deterained by real ti .. coaditioaa 

Ref para 4 . 6 . 1 . 1 .  

Ref para 4 . 6 . 1 . 3 .  

Any IHU alica-eat vill suffice ; i . e  • •  creacent alica-ent .  
(Ref para 4 .9 .1 .6 .)  

Ref para 4.6 . 1 . 8. 

Ref para 4 . 5 . 3 . 1 1  4 . 5 . 3 . 2 1  and 4 . 5 . 3 . 5 .  

PGMS attitude ratu Clll error needlu . 

Seta up LGC coatrol IIOde for .... ual -.uftr to initiate 
PTC attitude .  

MSFN can also detendne vehicle rates . 

Prepares for disabling of dowoward firing RCS jets . vhic:h 
vill reduce LGC jet-coatrol authority . 

Next step will reduce deadband. This step eoaures that 
vehicle will not be outside deadbaod 1 by establishing 

new reference • 

I 

I 
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5 .4 . 8  PGHCS PASSIVE THEJUW. CONTROL (PTC) FOR LH/CSH 
CONFIGURATION (coot) 

7 .  

a. 

9 .  

l.ey V48E 

n. V06 N46 - DAP coofiauration 

l.ey V21E , 2DlD 

l.ey PRO 
PL V06 N47 - Vehicle vei&hte 
l.ey Vl41 

Wait 15 llin. 

Alteraati.e PTC procedures : 
a .  Manual : 

hy V761 
10 DAP lt - OD 
S/C: PGIIS n - An BOLD 
t• ript approz 30 pule• 

b .  lruable • .,ry proar-d z 
l.ey V721 - Scatter B-...ory update 
n. V21 HOl - Load _.,er of DSI.t loada 
l.ey 5! 
PL V21 HOl - Lo.cl addrae 
hy 3237E 
PL V21 NOl - Load •alue 
l.ey 777751 
PL V21 NOl - Lo.cl addrae 
l.ey 32421 

PL V21 ROl - Load •alue 
l.ey 001551 
PL V21 N02 
l.ey V33 - Jet acthUy beaiu when ENTI pb 1a keyed. 
S/Cz PCNS n - ATT H<X.D 
l.ey V761 
NO DAP lt - on 

5 . 4 .9 LH STAGING WHILE DOCUD WITH CH ONLY 

Appropriate subeyete• actiYation 

REMARKS 

Step 7 ,  when co�leted , transfere jet-failure data into 
llAP phase plane etructure . 

Seta up LGC 111D1- �ulee .,de. 
Initiates .ehicle ratee of approxiaately 0.3•/eecond. 
Nu.ber of pule• depeade on .ehicle veipt . 

16 1637 ia L.alaary lE. 
Approxiaately 0.3./eecoad rate of ch.ap of coo •ale 
(DELCJlJX) . 

16 1642 • P (yew) a.ie deeired attitude ... ea.er rate 
per L.-iaary lE. 

0.3• /eecond rate. 

PreYenta DAP firiDI8 after PTC 1a iD1tiated. 

Purpose of LH Staaina While Docked With Ql Only procedure 
ia to prepare for epin stabilization of CH Yia LM before 
reentry in continaeacy situation. 

Deterllined by real ti .. conditions I 

i 
� � � ­l w E '  I 
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PIOCIDUIES 

LM STAGING WHILE llOCUD WITH CH OILY �coot� 

AGS Power-Up ( required) 

ABA Self-T .. t (deaired) 

LGC Power-Up (d .. ired) 

LGC Self-T .. t (d•ired) 

UIJ Power-Up (LGC Operatiq) (dedred) 

HSPN update , applic..,le JliPStltAT aod atate vector 
(required) 

BPS Pr .. tqioa Chec:lt ( required) 

ED Pratqiq Cleek (required) 

ECS PratqiDI Cleek (required) 

DAP Data Load (ROJ) ( required if PGNS up) 

Select attitude control: 
GUID CONT ev - AGS 
S/C :  

IOU., Pl'ICII, lAW ev - )I)DI (X)NT 
AGS w - ArT HOLD 
PGNS av - Art HOLD 
DEAD IWID w - KIN 

Eo.-,le ACA/TTCA: 
TTCA/TUNSL w (CDR ' LHP) - ENABLE 
THROTTLE/JETS coot (CDR ' LHP )  - JETS 
ENG TBR (X)NT : 

BAL CPL ev - ON 
ATT/TRANSL .., - 4 JETS 

ACA PlOP av - ENABLE 

Select attitude/attitude error display : 
ATTITUDE ti>N av - AGS 
RATE/ERR )I)N av - LDG RDR./OfPTB. 

ACA - .aoeu.ar to staaiog attitude 

--

REMARKS 

Ref para 4 . 6 . 2 . 1 .  

Re f  para 4 . 6 . 2 . 3 .  

Re f  para 4 .6 . 1 . 1  • 

Ref para 4.6 . 1 . 1 3  • 

Ref para 4 . 6 . 1. 3 . 

Ref para 4.6 . 1 . 7 .  

Ref para 4 . 12 . 5 .  

Ref para 4. 12 . 6 .  

Ref para 4 . 12 . 7 .  

Ref para 4 . 6 . 1 . 8 .  

AGS control avoida probl ... asaociated with DAP aettioaa 
at atqiq. 

Ref para 4 . 5 . 2 . 5 .  
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PIOCIDUIES I IEMARKS 

LK STAGING WHILE ooaED WI'IH CK ONLY �contl 

IPS: 
SE BAT 1 HI VOLT ev - OFF /USI'l': tb - bp 
SE IAT 2 HI VOLT ev - OFF/USET; tb - bp 
CDR BAT 3 HI VOLT w - OrF/USET; tb - bp 
CDR BAT 4 HI VOLT fiV - OFF/RESET; tb - bp 
DIS BATS fiV - DEADFACEi tb - bp 

Set EVHT TKl lad. 

Select Tbru.t Moaitor Proaru: i �_, V37E 47E 

n. Vl6 N83 - AV (Ul) 
U J:  UXJ:.J: fp8 
R2 Y  UXJ:.X fp• 
R3 Z DD.X fp• ! i Call VOX: 

�ey DEDA C 40...000001 � �  C 40S+OOOOOI 5 ;  c 406+000001 
C 470R Z w  

ACA - out of deteat Zeroe. enor aeedl ... 
.,. , 

ED: II&STER ARM fiV - OR I 
Wbea IVRT TKl 1Dd - 00:00: 0 
TTCA - .,.... dOIWil ' hold I Wbea AVI • -0.3 to -o. s  fp• : 
TTCA - ceater 
ED :  STAGE fiV - filE 
TTCA - .,,. .., • bold 

Wbea 4VI • 0: 
TTCA - ceater 

CB ED: LOGIC PWR A - opea 
Cl ED: LOGIC 1'VI. I - opea 

� PIO or V34E to teniaate AV IIOilitoriDI 
FL V37 N-
Key XII , edt P47 
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5 .4. 10 LK/LGc-COHT_,LLED SPIH STAIILIZATIOH OP Qf 

1. 

2.  

3 .  

Appropriate aubayat .. activatioa 

LGC P«*ar-Up ( required) 

IKJ P«R�er-Up (LGC Operatina) ( required) 

DAP Data Load Routine (R03) (required) 

Eat.b1iah total attitude 6 attitude rate displays : 
ATTITUDE II)H av - PGNS 
OIDEAL: 

FDAI 1 • - IIIRTL 
FDAI 2 • - IIIRTL 

RArE SCALI ew - 25./SIC 

GUID COHT av - PGNS 
S /C :  PGNS aw - ATT HOLD 
by V771 
HO DAP lt - off 

�., V721 - Scatter E-MIIOry update 
FL V21 NOl - Load ...-ber of DSU loads 
IC.y 5! 
Pl. V21 HOl - Load address 
K.y 32371 
Fl. V21 NOl - Load Yalue 
Key 77511! 
Fl. V21 MOl - Load address 
Key 3242! 
Fl. V21 MOl - Load Yalue of desired rate 
Key 16162E 
Pl. V21 N02 
Key V33 - Jet activity c�ncea when ENTR is keyed • 

REMARKS 

Procedure doc�enta DSKY procedure for i��p1e .. ntina Lee­
controlled spin (20•/secoad) about LK 1-azia . 
Aas�ti ou :  (1) SH h u  been staged , (2) LH b aa  been 
stqed (ref para nD) , aod ( J) LH and Qf are st«*ed. 

Detendned by real u .. cooditioas • 
Ref para 4 . 6 . 1 . 1 .  

Ref para 4.6 . 1 . 3. 

Ref pars 4 . 6 . 1 . 8 .  

N46 
Rl • 3XXXX 

N47 
Rl • 14 ,462 pounds ( llini-) 
R2 • actual weight 

Ref para 4 . 5 . 3 . 1  and 4 . 5 . 3 . 5 . 

E6 1637 in Luainary lE. II 
El642 • P (Yaw) axis desired attitude .aoeuver rate .. 
per L�inary lE. � 

Do not use ACA or DSKY after ENTR , because of possibility 
of LGC stopping rate • 

� 
� � � �  
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PROCEDURES REMARKS 

S . 4 . 10 LHlLGc-mNTROLLED STABILIZATION OF Of � contl 

4 .  Crew transfer to CH .  

S . 4 . 11 LH/ACS-mNTIMlLLED SPIN STABD.IZATION OF CK Procedure docu.enta .. thod of i.,le.entina aanual (AGS) 
20•/aecond spin about LH X-azia . 

Appropriate aubayatea aetiYation Deterained by real ti• cODditiODa 

AGS Power-Up ( required) Ref para 4 . 6 . 2 . 1 .  

AGS Checkout (desired) Ref para 4 . 6 . 2 . 4 .  � 
� � i '  Z w  � i E I 
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5 . 4 . 11 LM/AGS-OONTROLLED SPIN STABILIZATICfi OF CM (cont2 
3 1. S/C :  

YAW sv - DIR 
PITCI , lOLL av - lllDE OONT 
AGS av - ATT HOLD 

1 RATE SCALE sv - 25./SEC 
GUID CONT av - AGS 

I ACA 12 .  ACA - Y sv  uotil 20•/sec attaiaed 

1 

8 

1 

8 

3. Crew traa.fer to CH. 

5.4.12 MIMlMIZING DPS SUPIICillnCAL HELIUM PRESSURE RISE 
AT STAJlT OF BURN 

NOTE 

Add to eay DPS thruetiaa 
procedure or powered descent. 

1.  HPS: laitiate burn without ...Oi•t DPS pressuriaatioa 
if lint burn. 

2 .  

3. 

4. 

5 .  

DES Be REG 2 n - OPEN ; tb - aray 

Fiw secoada after ipi tioa, vent SHe throuah ... nt Yalftll : 
ED: 

H&STER AIH n - ON 
DES VENT n - nu 
MASTER AIM n - orr 

DES PIOPUL: 
OXID VENT n - OPEN ; tb - aray 
FUEL VENT n - OPEN ; tb - aray 

When HPS: HELIUM iDd - SHe press decreuiaa or after five 
secoau of ventiq (vhichner is lonaer) 
DES PIOPUL: 

OXID VENT n - CLOSE; tb - bp 
PUEL VENT n - CLOSE; tb - bp 

I REMAIKS 

This procedure is required if DPS supercritical beliwa 
(SHe) pressure exceeds 1700 psia at start of bum. Pro­
cedure prevents SHe burst disk fr011 blowing shortly after 
start of burn and resultant co1111lete loss of sue . 

Ref para 4.2 . 29 .  

Possib le MASTER ALA1QI when ED: MASTEl. AIH n - orr, due 
to relay race reiiOYiq CWEA inhibit. 

I 
I I ' 
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PllOCEDUIES =I PNL I  
5 . 4 . 1 2  MINIMIZING DPS SUPERCRITICAL HELIUM PRESSURE RISE 

AT START OF BURN (cont) 

1 1 6 .  DES H e  REG 2 n - CLOSE ;  tb - bp 

1 

3 

1 

5 .4 . 12A DPS SUPERCIUTICAL HE VENTING (ZERO G, OOCKED ONLY) 

1 .  QJID CO HT  8V - AGS 

2 .  S /C :  
ROLL, PITCH, YAW n - PULSE 
DEADBAHD n - MAX 
AGS 8V - ATT HOLD 

J .  Esubliah +1•/aec pitch rate via TTCA ( us e  +Z 
tranalatiao) . Wait 1 .to. 

4. Caotrola - HI'S Basic ( Unataged) 

5 .  DES He REG 1 8V - CLOSE ;  tb - bp 

8 1 6 . DES PROPUL: 

7 .  

1 8.  

OXID V ENT  sv - OPEN ; tb - gray 
FUEL VENT av - OPEN : tb - gray 

ED : 
MASTER AIM av - ON 
DES VENT 8V - FIRE 
MASTER ARM av - OFF 

HI'S : FUEL/OXID PRESS ind - verify ULLAGE press decreas ing . 
When FUEL/OXID PRESS ind - 30 psia 
DES PROPUL: 

REMARKS 

This procedure is required i f  supercrit ical helium (SHe) 
pressure exceeds SHe burs t disc range ( 1881 to 1967 
psia) or fracture-mechanics limits as defined in SODB . 
Assumptions : ( 1) SHe squib has b een blOVD , s ince 
pressure should never reach this high pressure case 
tmless DPS has been burned and (2) RCS has als o been 
pressurized,  s ince there should have been at least one 
DPS burn . 

A+l. /sec pitch rate is es tablished to settle DPS 
propellant to assure a gaseous vent. Rate will b e  
.. intained for 1 adnute prior t o  venting to assure 
settling. 

Ref para 4 . 13. 3 . 1 .  

ULLAGE i s  t o  be vented without SHe flow . 

Possib le MASTER ALARM when ED ; MASTER ARM sw - OFF. 
During venting , PITCH rate will increase .  

Vent termination SHe pressure is a function o f  several 
variables ; HSFN mus t provide this data • 

� 
� � 5 �  0 '  1 ,.  
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LH 2020A 
.__, �·· PHL MAN PROCEDURES 

S ,4 , 12A DPS SUPERCRITICAL HE VENTING �ZERO G1 DOCK.ED ONLY� 
(coot) 

PUEL VENT n - CLOSE 0  tb - bp 
OXID VENT n - CLOSE; tb - bp 

9. DES He REG 1 n - OPEN ; tb - gray 
DES He REG 2 n - OPEN ; tb - gray 

10, Hull out Pitch Rate ria TrCA 
S/C :  lOLL, PITCH , YAW n - u deeind 

5,4.13 Deleted 

REMARKS 

SHe is vented into propell•t tmka . Cm be wrified by 
increasing ullage pressures . Should ullage pressure 
.tnus reg outlet press exceed 3 psi ,  the crew .. y be 
requested by HSFN to cycle open the PUEL and OXID VENT 
valws . 

• 
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r. lEW- PNL PIOCEDUIES � MAN  REMARKS 

� 5 . 4 . 14 DPS SUPEICRITICAL HELIUM VENT DUliNG A BURN This procedure is required for any critical burn if the 
� projected aupercritical heliua (SHe) preaaure riae rate 

:' NOTE caueea SHe pruaure to exceed 1800 pai prior to that 
critical burn 

' 
• 
.. 

tD .... .... 

f r 

i 
"" . 
• I .... CID 

1 .  

1 2 .  

8 3 .  

4 .  

s .  

6 .  

Aaa� DOr.al actiYation for a DPS burn 
( either JO aiD or 2 br) • 

Add to aay DPS thruetina procedure. 

HPS : Initiate burn vitbout a-bient DPS preaaurization 
if firat burn. 

DES He REG 2 8W - OPEN ; tb - aray 

Five aec. after iBDitioa1 vent SHe throuah vent valves : 
ED :  

MASTER ARM w - ON 
DES VENT 8W - FIRE 
MASTER ARM n - OFP' 

DIS PIOPUL : 
OIID VI»T n - OPEH ; tb - aray 
PUlL VEIIT n - OPEN ; tb - aray 

After � aec of ventina SHe -
DES PIOPUL: 

OIID VEIIT n - CLOSE ;  tb - bp 
PUEL Ylll! .., - CLOSE i  tb - bp 

DIS He lEG 1 w - ClDSii tb - bp 
DES He llEG 2 w - CLOSI; tb - bp 

Stop burn no lua tban five aecoada fr011 teraination 
of vent . 

A 10 percent throttle aettina should be used for burn. 

Ref para 4 . 2 . 31 .  

Poaaible MASTER ALAllH vhen ED: MASTER ARM av - OFF • 
due to relay race re.ovina CWEA inhibit 

Tiae of vent will be supplied by HSPM (eyery S aec • 

1 lb . SHe) . 

The DES REG SOVS are cloaed to prevent freezina the Fuel/ 
He Heat Exchaoaer. ahould the vent valvea take a while to 
fully seat . 

i � � I ! E � I 
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16 
ECS 

ICS 

5 . 4 . 1 5  

1 • 

2 .  

3. 

PIOCEDUIES 
LOSS OF 80111 ASCENT H20 TARS 

Lunar atl!y - no actioa required 

Preparatioa for lift-off -
ECS a .. ic (Staaed) . ezcept z 
a.  Pill drink baa• with deacent water 
b.  At  lift-off -1 hour. activate aecondary alycol loop : 

Cl ICS z G!LCOL Ptla SEC - cloae 
PU EVAP PLOW 12 vh - OPEN 
SIC EVAP FLOW vlv - OPEN 
LIQUID GAJDIPJIT OOOLIMG vh - COLD 

c. WADI TAlK SELECT vh - DES 
ci. Jaat before lift-off : 

LIQUID GAIMIIIT moLDIG vh - HC7l' 

Aacat -
a .  Iuertioa: 

Perfora aor.al iaaertioa 
b. Poat iuertioa: 

(1) PU IYAP PLOW 11 6 12 vh - CLOSI 
(2) SIC IYAP PLOW vh - C.OSI 
(l) Doff Belaeu • alov• 
(4) PUSS UG A 6 I dv - CAIIII 
(S) CAIDI GAS lliTUIR vh - AUfO 

REMARKS 

This procedure provides for crew and spacecraft ther.al 
control in event that both ascent H20 tanka are lost • 

Ref para 4 . 1 3 . 1 . 1 .  

lef para 4 . 13. 1 .4 .  

Uae as required. 

Water aeparator 18 IIGII dead-beaded. 
When H20 SIP c011p caut lt - on .  •itch to other 
aeparator. 

i � � i '  - �  
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5 . 4 . 15 LOSS OF 101'11 ASCENT 820 TARS (coat) 

(6) SUIT GAS DIVDrll YlY - PUSH CABIN 

IEM.UICS 

( 7) SUIT FAll eel - 2 I Uae cold fa to llinilliae vater •ap . 
Wbea aublllliaatora an dry : 
(I) SUIT FAll eel - orr (C,cle aait f• oa/off for 

C02 lawl coatrol) 
(9) SUIT ISm, Ylw - SUIT DISC (cnw preference) 

(10) PG�Nr don equi,...t per Loaa-of-Coolina Tt.eline • 

c. P•t CSI : 
Doff auite & atCIII 

5 .  4 . 16 LOSS or 101'8 ASCDT 02 TAlKS 

1.  L•ar at., pn-lamc:h pnp : 

a. CAlli UPDSS YlY - IWIUAL �atil 
ICS :  CAlli PUSS iad - 5 .  2 peia, th• : 
CAlli UPDSS YlY - CLOSE 

b .  Doa OPS in Clft coafipratioa. 

c. J•t befon Uft-off : 
PUS ftLL YlY - CIDSI 
11 ASC 02 YlY - CLOSI 
12 AIC 02 YlY - CLOSI 
DU 02 Yb - CLOSI 

2 .  Aaceat 

a. Perfona aor.al iuertioa :  
11 ASC 02 YlY - CIDSI 
CAIIII GAS U'l'URR Yh - AUTO 

b .  P•t-lDHrtioa : 
Doff hel•t & &lowe 
CABIN GAS ltl'rUIIf wlY - AUTO 
SUIT GAS DIVIITIR wlw - PUSH CAIIM 

Thia procedure proviclea for 02 a.nap•nt in ewent that 
both Mceat 02 t.aka are loa t. 

If cabin pnaaura 1a l•t ( uro paia) . ors 02 - 01 .  

If failure occurs before final jettiaoa ,  both PLSS ' a  
ahould be retained • d  recbarpd for poeaibla l ater •e. 

ICS Baaic (S taaed) , re f para 4. 13. 1 . 1 .  

Aaauaing a 0 . 23  1b /hour 02 use rate (0 . 06 + 0 . 17) , it 
takes 5 . 6  hours to reacb 4 . 0  paia. If use rate 1a aucb 
that clbin preaaure vou1d be below 3. 5 paia before rndz/ 
dockina , a portion of each OPS bottle vould be awa1 11b le 
for -.lteup • 
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ECS 

16 
1 , 2  

1 
ECS 

1 

ECS 

PROCEDURES 

5 . 4 . 1 7  LOSS OF BarR PRESS REGS (FAILED CLOSED) 

1 . 

2 .  

Failure occurred with cab in depressurized : 

a.  Cabin relie f & du.p vlv ( fwd) - AUTO 

b .  Cabin relief & du.p vlv (ovbd) - AtrrO 

c .  CABIN REPR!SS vlv - AUTO 
CB ECS : CABIN REPRESS - close 
MASTER ALARM - on 
CABIN warn lt - on 
CABIN GAS RETURN vh - AUTO 

d. CABIN warn lt - off 

e.  PRESS REG A & B vlv - CABIN 

f,  SUIT GAS DIVDl'ER Ylv - PUU EGRESS 

Failure occurred with cab in pressurized :  

a .  CABIN GAS RETURN vlv - AUTO 

b .  SUIT GAS DIVERTER vlv - PULL EGRESS 

c .  CABIN REPRESS vlv - AUTO 

d. PRESS REG A & B vlv - CABIN 

REMARKS 

This procedure provides for 02 cont rol without automatic 
regulator capab i lity . 

Assumpti on :  LH configured for Cabin Depressurizat i on ,  
ref para 4 . 13 . 1 . 7  • 

Supplies 02 to ARS when cabin pressure exceeds ARS p res­
sure . Ti .. to breathe ARS from 3. 6 psia to 3. 3 psia 
(ain allowable) is approxiaately 3 .tnutes in a closed 
sui t loop configuration . To prevent hypoxia ,  i ... diate 
activation of this procedure is essential . 

• 
CABIN warn lt goes off vhea cabin pressure reaches 4 . 4  
to 5 . 0  psia. 

Assu11pti on :  LH configured for ECS Basic (staged or 
uns taged) , ref para 4 . 13 . 1 . 1 .  

When CABIN REPRESS vlv is actuated ,  SUIT GAS DIVERTER 
vlv would autoaatically go to PULL EGRESS if i t  were in 
PUSH CABIN position . 

CABIN REPRESS vlv will keep cabin pressure above 3. 7 
paia •ini•UJI . 

I 0 

I I � �  I 



r. f= 
f 

PNL 

I 
N 
Cl' 

(I) 
• 
'G .. 

' 
• ... 
.... 11  
-'1 ..... .... 

ICU 

ECS 

r l  I �  t � I I 
ECS 

PGA 

ECS 
I I 

� 
Q t I I 11 
"" 
� 
I 

N 
N 

PIOCEDUIES REMARKS 

5 . 4 . 18 LOSS OF IOI'H SUIT FANS This procedure provides for C02 cont rol in event that 
both sui t fans are los t .  As a result o f  this failure , 
C02 sensor indicat ions will be  inaccurate.  

1 • 

1 2 . 

I 
) . 

Failure during luaar s tay -
a. PLSS avaihb le : 

(1) Doff hel .. ts & &loves 
(2) Cl ECS : CABIN FAN - close 
( 3) Collaect PLSS hose to PGA' s 

(red to blue ,  blue to red) 
(4) Doll PLSS with I.CU 
(5) PAN sv - ON 

b .  PLSS aot availab le :  
( 1) Doff be l  .. ts & &loves 
(2)  PRESS lEG A & I vlvs - CABIN 
( 3) CABIN GAS UTURH vlv - AUTO 
(4) SUIT GAS DIVERTER vlv - PUSH CABIN 
(5) Cl ECS : CABIN FAN - close 
(6) PRESS lEG A & I vhs - DIRECT 02 periodically , I MSFN wi ll provide required purae cycle .  

t o  purp c.bin of C02 

Failure when in lif t-off coafiauration -
ECS IMic (Stapd) , except : I Re f  para 4 . 1 3. 1 . 1 . 
PRESS lEG A & I vlvs - CABIN 
Doff het..u & gloves 

Failure during Aacent -
a .  InHrtion : 

(1) Doff hel .. ts & gloves 
(2) I f  craw activity does not per-it hel.ets & aloves 

re_,..d ,  perfona follCNing : 
PlESS REG A - CABIN 
PUSS REG I - DlltECT 02 I DIRECT 02 supplies • 7 lb /hr 02 to sui t  loop when ASC 

SUIT GAS DIVERTER vlv - PUSH CABIN 
VENTILATION DIVERTER vlv - EV (vertical) 

b. Post-Insertion: 
( 1) Doff hel•ts & gloves 
(2)  PRESS UG A & B vlvs - CABIN 
( J) CAIIH GAS RETURN vlv - AtrrO 
(4) SUIT GAS DIVERTER vlv - PUSH CABIN 
(5) Cl ECS : CABIN FAN - close 
(6) PRESS REG A & I vlvs - DIRECT 02 periodically , 

to purge cab in of C02 . 

02 tank is full . 

MSFN will provide required purge cycles . 

I 
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PROCEDURES 

5 . 4 . 19 OPTIHIZAI'ION OF APS HELIUM MANIFOLD LEAIC 

1 .  

2 .  

3. 

4. 

If leak is detected before ignit ion -
Aa soon • lea ta detected : 
Cl PJOPUL : ASC He REG - close 
ASC Be REG 1 ' 2 IV - CLOSE ; tb - bp 
HELIUM MON sel - PRESS 1 
PRPLRT TE .. /PUSS MON av - ASC 

If leak is detected afte r ipitiOil: 
o.t t  stepa 2 • 3. 

If leak is detected before pressurization -
Pressurize with ODe heliua b ot t le at isnition -5 sec : 
ED :  

AS C  He SEL IV - TAHl 1 
MASTER AJH av - ON 
ASC He PRESS IV - nRE 

I..ediately at APS ignitiOD : 
ASC Be REG 1 ' 2 - OPEN; tb - sray 

VAIN lNG 

If durtna i�Qitioa +40 secODda , 
heliua source decay rate is >11 
psia/sec (>22 psia/sec for one 
bottle pressurization) , isolate 
reg SOY that gives lesser dee-r 
rate 8ftd use i t  in lieu of both 
res SOY' s .  If neither reg SOY 
selection decreases leak rate , 
so to step 4 only . 

At ipition +40 seconds : 

REMARKS 

This procedure is used in conj unction with no.dnal 
powered ascent procedures i f  heliua aani fold Leak is 
detected. 

MSFN em detect auch a Leak with tele•try . Thta pro­
cedure uti li zes fact that heliua is continuously loat 
only whi le leak is being supplied with h eliua. By 
ainiai zing ti� leak is b eing supplied , aaouot of heliua 
los t can be ainiaized • 

Forty seconds will enaure that suf ficient ullage volu.e 
exists for firs t  b lowdown cycle , 

i 
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5 . 4 . 19 OPTIHIZATI<M OF APS HELIUM HANIPOLD LEAK (cxmt) 

ASC He REG 1 & 2 av - CLOSE; tb - bp 

I f  heliu. source pressure stops clecreulna . ao to s tep 5 .  
I f  hellu. source pressure continues to deere••· af ter 
rep are cloeecl , perfon followina only • 

ASC He REG 1 & 2 av - OPEN ; tb - gray 

I f  one bottle pressurl&ation -
When WS : FUEL or OXID PRESS lad - 110 pBia:  
ED: 

ASC He SEL av - TANK 2 
KASTER ARM av - ON 
ASC He PlESS av - fiRE 

n 

I f 
1 1 5 .  When MPS : FU EL  or OXID PRESS ind - 110 pB i a :  

"0 

I 
"' 
• I 
N 
• 

6 .  

7 .  

8 

8.  

1 

ASC He REG 1 & 2 av - OPEN ; tb - gray 

When HPS : FUEL or OXI D  PRESS lnd - 170 pBi a :  
ASC He REG 1 & 2 av - CLOSE ; tb - b p  

For on e  bot t le p ressurization : 
Coot inue to cycle between a tepa 5 & 6 .  

When HPS : HELitlf - .5_500 psia (PRESS 1) : 
ED :  

ASC He SEL sv - TAU 2 
MASTER ARM av - OM 
�c He PRESS av - n RE 

For two bot t le pressurization : 
Continue to cycle between steps 5 & 6 
At ipition +140 sec: : 
ASC He REG 1 & 2 sw - OPEN ; tb - gray 

REMARKS 

A f ter 340 seconds , APS has su fficient b lowdown cap ab i lity 
i f  it is fully pressurized , so opening regulators assures 
final pressuri zation . Loss of He once tanks are fully 
pressuri zed , at this point , does not p re cl ude a s afe 
insert ion .  

� 
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LH 3217A 

�REW· PNL MAN 

5 . 4 .20 

1 .  
ECS 

2 2 .  

3. 

ECS 4 .  

2 5 .  
ECS 

6 .  

7 .  

8 .  

9 .  

10 • 

PROCEDURES 

ASCENT STAGE OXYGEN TANK BLEED-DOWN PROCEDURE 

Verify LH configured -
• •  Cabin relief and dwap vlv (fwd) - AUTO 
b .  SUIT CIRCUIT RELIEF vlv - AUTO 
c .  CABIN GAS RETURN vl v - AUTO 
d • SUIT GAS DIVERTER vlv - PUSH CABIN 
e • LO PLSS FILL vlv - CLOSE 
f .  HI PLSS 02 FILL vlv - CLOSE 
I · Correct 02 hoses R/R and B/B 
h .  Don He�te and Cloves 
i .  DES 02  vlv - CLOSE 
j .  CABIN REPRESS vlv - CLOSE 

02/820 QTY �R eel - ASC 1 (2) 

MOTE 

Monitor cabin pressure during 
procedure and verify 4 . 6  - 5 . 8  
pela . Cabin relief and duap 
valve will relieve to .. tntain 
cabin pressure at 5 . 25 - 5 . 8  psia . 

11 (2) ASC 02 vh - OPEN 

PRESS RIG A vlv - DIRECT 02 

When ECS: 02 �AIITIT'f ind - 95 to 100% : 
• •  11 (2) ASC 02 vlv - CLOSE 
b .  PRESS RIG A vlv - CABIN 

CABIN REPRESS vh - AUTO 

DES 02 vlv - OPEN 

Doff Heaeta •d Gloves 

SUIT GAS DIV vlv - PULL EGRESS 
CABIN CAS RETURN vlv - EGRESS 
Correct 02 hoaea R/B and B/R 

02/H20 QTY �H eel DES 2 

REMARKS 

Aas'UIIIpt ion : Bleed-down to be performed if HSFN verif ies 
necessity . 

Monitor 

' 

' 
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PROCEDURES 

5 . 4 .21  ASCENT STAGE OXYGEN TANK TOP-OFF PROCEDURE 

To effect a refill ASC 02 TARl 11  (2) 

1 1 .  Verify 11 & 1 2  AS C  0 2  vlv - CLOSE 

2 .  02/820 QTt 11>1 M l  - DES 1 
02/820 Q1'f !Dt Ml - DES 2 

3 .  02/820 QTt )I)H Hl - ASC 1 (2) 1 •.  Verify DES 02 vlv - OPEN 

5 .  IJft'U OftD pb - Pub ad hold 

6 .  1 1  (2) ASC 02 vlv - OPEN 

7 .  1 2  (2) AS C  02 vlv - CLOSE 

8.  INTU OVltD pb - bleue 

9 .  02 /820 QTt 11)1( H l  - DES 2 

5 . 4 . 22 DESCENT 02 VENTING 

1 .  btrieve 02 v.lt lldapter froa stowage . 

2 .  Cabin relief ad duap vlv ( fwd & ovhd) - AUTO 

+Z27 1 3 . HI PLSS 02 FILL vlv - CLOSE 

4 .  Disconnect PLSS fill 02 hose froa HI PRESS 02 QD. 

5 .  Connect 02 vent lldapter to H I  PRESS 02 QD. 

6 .  Connect PLSS fill 02 hose to LO PRESS 02 Q.D .  

REMARKS 

Assu.pt ions : 
1 .  Necessity for tank recharge verified by MSFN • 

2 .  DES STAGE 02 TANK pressure sufficient to effect a 
top-off of a low ASC 02 TANl verified by MSFN . 

Mote quantity of DES 1 02 
Mote quantity of DES 2 02 

Monitor 02 quant ity 

When ECS : 02 QUANTITY ind is 95 - 99 % or ECS : 02 
QUANTITY ind stabilizes . 

This procedure is required to vent DESCENT TANl no . 2 
prior to performing aanual staging While on lunar 
surface . 

i 
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5 . 4 . 22 

7 .  

+Z27 8 .  

2 9 .  

PROCEDURES 

DESCENT 02 VENTING (coot) 

02/820 QTT HON ael - DES 2 

HI PLSS 02 FILL vlv - OPEN 

HI PLSS 02 FILL vlv - CLOSE vhen directed by HSFN, or 
1.-ediately after lift - off • 

REMARKS 

Cabin pressure will rise fro. 5 . 4  to 5 . 8  psia before 
cabin pressure relief valve opens . 

- �--------- - ·- - -- -
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Ul 324011 jC��-1 PNL I PROCEDURES I 
5 .  4 .  23  LOSS OF MANUAL AND AUTO APS START CAPABILITY 

5 11.  Eng STOP pb /lt - push 
Eng START pb /lt - off 

1 I ENG THR CONT : ENG ARM sw - OFF 
ABORT STAGE pb - reset 

8 I ED: Observe STAGE SEQ RELAYS lts 
ED: MASTER ARM sw - OFF 
If s t aged :  
MASTER ALARM & E D  RELAY CAUTION LT - on 

4 I Key V37EOOE 

2 .  Re110ve and stow restraints 
(CDR' s to floor fittings) 

8 13. I f  vehicle is unstaged1  return to descent consumab les : 
ECS 11 ASC 02 vlv - CLOSE 

DES 02 vlv - OPEN 
WATER TANK SELECT vlv - DES 
ASC 1120 vlv - CLOSE 
DES 1120 vlv - OPEN 
PRESS REG A & PRESS REG B vlvs - CABIN 
SUIT GAS DIVERTER vlv - PULL EGRESS 
CABIN GAS RETURN vlv - EGRESS 
Doff helmets and gloves 
SUIT ISOL vlva (2) - SUIT DISC 
Reverse 02 hoses R/B and B/R 
PGA DIVERTER vlva - IV (Horizontal) 
SUIT ISOL vlva (2) - SUIT FLOW 
CABIN REPRESS vlv - AUTO 

11 , 16 I CB EPS : 

14 

DES ECA CONT - close 
DES ECA - close 
ASC ECA CONT - close 

EPS : 
DES BAT sw - CONNECT : tb - gray 
LHP BAT 2 sw - ON ; tb - gray 
CDR BAT 4 III-V sw - ON ; tb - gray 
LMP BAT 1 HI-V sw - ON ; tb - gray 
CDR BAT 3 sw - ON ; tb - gray 
BAT 5 NORMAL LMP FEED sw - OFF ; tb - bp 
BAT 6 NORMAL CDR FEED sw - OFF; tb - bp 

REMARKS 

Ass umption : Veh icle is configured for normal ascent and 
manual staging h as b een approved by MSFN • 

I f  at leas t one lt has gone off 1 staging has occurred • 

,.. 2 0 ! �  
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5 . 4 . 23 LOSS OF MANUAL AND AU'l'O APS START CAPABILITY li.2!!ir 
f•coa 11 1 4 .  Power down PJ45A: 
" 

l ID .. 
.... 
\D " 
.... 

r 
' 

i 
"" . 
• 
I N a-

CDR 

CDR 

CDR 

11 

14 

11 , 16 
ECS 

"""""""' "  

CB RCS SYS A: 
QUAD 4 ,  3 ,  2 ud l TCA - open 

CB S /C ;  
ATCA (PGNS) - open 
AELD - OpeD 

5 .  Uunap aettina supa fr011 trevaao ceiling a f t  of 
doc:lr.ina wiDdow at +Z2 7 bulkh-d 

6 .  Expose PJ45A ab ove trevano ceiling : 
a.  Cut on line taped froa +Z27 bulkhead to 

docking wiDdaw 
b .  Cut on line taped fr011 top o f  PNLll to 

docking window 
c. lead trevaao section down toward PNLll , 

snap off and discard 

7 .  Uoatow connector coupling pliers fro• container aft of 
enaine cover 

B .  Deaate PJ45A b y  rotating connector coupling counter 
clockwise 

9 .  Unataw LCG ' s  and re.ove Ascent Engine T-Adapter cable 
f roa pack.aae . 

10 . Hate P45X of T-cable to J45 at +Z2 7 bulkhead 
uaina pliers to ini tiate r ... ting 

11. Hate J45X of T-cab le to P45A 

1 2 .  If vehicle is unstaged,  return to ascent consumab les : 
BAT 5 NORMAL LHP FEED sw - ON ; tb - gray 
BAT 6 NORMAL CDR FEED sw - ON ; tb - gray 
CB EPS : ASC ECA CONT (2 )  - close 
DES H20 vlv - CLOSE 
ASC H20 v 1 v - OPEN 
WATER TANK SELECT v lv - ASC 
DES 02 vlv - CLOSE 
11 ASC 02 - OPEN 

REMARKS 

Penlights may be used to i lluminate work area if required 

S towed below PLSS recharge station 

I 
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PROCEDURES 

5 . 4 . 23 LOSS OF MANUAL AND AtrrO APS START CAPAB ILITY 
m 

Reverse 02 hoses R/R and B /B 
Don he1-.ts and a1oves 
PRESS REG A & PRESS REG B v1va - EGRESS 
SUIT GAS DIVERTEll vlv - PULL EGlt!:SS 
CABIN GAS RETURN vlv - AtrrO 
SUIT CIRCUIT RELIEF v1v - AUTO 
CABIN REPRESS v1v - CLOSE 
LMP BAT 1 H I-V sv - OFF/llESET ; tb - bp 
CDR BAT 3 sv - OFF /RESET ; tb - bp 
lJIP BAT 2 sv - OFF/RESET ;  tb - bp 
CDR BAT 4 III-V .., - OFF/RESET ; tb - bp 
DES IAT sw - DEADFACE ; tb - bp 
If tb - bp; 
CB EPS : 

DES ECA - open 
DES ECA CONT - open 
ASC ECA CONT - open 

13. Haaually ataae : 
CB ED: LOGIC PWR A - close 
CB ED: LOGIC PWJl B - close 
ED: 

MASTER ARM sv - ON 
STAGE sv - FIRE 
STAGE SEQ llEI.AYS lta - off 

14. Prepare for LMP Ius Power Dolm 
ECS :  SUIT FAN ael - 1 
EPS : INVERTER aw - 1 
AUDIO : AUDIO CONT aw - BU 
COHM: 

S-BAND XHTR/RCVR aw - SEC 
S-BAND PWJl AMPL aw - SEC 
S-IAND VOICE aw - DN VOICE BU 
S-BAND RANGE aw - OFF /RESET 
VHF A llCVll aw - ON 
VHF B XKI'll aw - VOICE 
TLM BIOHED aw - OFF 
COI'It ANT : S-BAND ael - FWD or An 

AUDI O :  
S-BAND T/R aw - S-BAND T/ll 

-

REMARKS 

If s taaina prior to liftoff is not feaaable .  this step I .uat be perfor.ed s i.ultaneoua ly with liftoff . 

Reacquire S-BAND I 
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5 . 4 . 23 LOSS OF MANUAL AND AUTO APS START CAPABILITY 
(cont) 

ICS T/R av - ICS T/R 
tilDE n - ICS/PTT 
VHF A n - RCV 
VHF B n - T/R 

15. Power down LHP Bua : 
C8 EPS : 

ClOSS TIE BUS - open 
ClOSS TIE BAL LOADS - open 
BAr PEED TIE (2) - open 

16 . Uutow LCG' s  and re.ove ED Adapter Cable ( 20 ft) from 
packap . 

17.  &e.ove dust cap fra. Jl66 

18. Hate Pl66/167 (aliiD white stripe) of ED Adapter 
Cable to Jl66 

19 . Kate P42 8  of ED Adapter Cable to J428X of T-cable 

20 . Dreas cables clear of PNLll 

21.  PGA DIVEilTER vlva - IV (Horizontal) 

22. Prepare PGNS for launch : 
CB AC BUS A: RNDZ RDR - close 
CB PGHS : RNDZ IDR - close 
RR eel - LGC 
V41 N72E (+00000 • +28300) 
Nl2 R2 00002. PRO 
Vl6 N72E 
CB PGHS : RNDZ RDR - open 
CB AC BUS A: RNDZ RDR - open 
V44E 
Wiodow shades - deploy 
CB AC BUS A: AOT LAMP - close 
P57 • R2 00004 • PRO 
N 34 Load LO Time . PRO 
N06 00010 

00003 
00110 ------ -�-- �- -� -

REMARKS 

S towed below PLSS recharge station � 
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PROCEDURES 

5 . 4 . 23 LOSS OF MANUAL AND AlJTO APS START CAPABILITY 
( coot) 

PRO (No Att lt - ON/OFF , Twice) 
N04 Grav Err ( .ol• ) 
V32E ( No Att l t - ON/OFF, Twice) 
N04 Grav Err ( .ol•) 
PRO 
N22 lCDU Angles ( .01• ) 
PRO ( No  Att lt - ON/OFF) 
N71 S tar 0  4 -rita 
NOS Angle Diff ( .01•) 

PRO 
N93 Torque AD&lea ( .ool• )  
PRO 
N2S 000140 DITR 
POOE 
CB A£ BUS A :  ADT LAMP - open 
Window shades - stow 
CB AC BUS A: RNDZ RDR - close 
CB PGNS : RNDZ RDR - close 
V41 N72E (+17500 0 +27500) 
Nl2 R2 00002 0 PRO 
Vl6 N 72E 
CB PGNS : RNDZ ROll - open 
V44E 
RR IIOCie sv - SLEV 
Pl2E 
NJJ : : TIG 
PRO 
N 76 VII Final (+55408) 

H Dot Final (+00320) 
X Rng ( +00000) 

PRO 
N74 TFI 0 Yaw0 Pitch 
Det - Set/ON 

23.  Lift Off 'l . CDR 1 I ABORT STAGE pb - push 

t 
I "" . 

� 
I N \D 

ENG THR CONT : DIG ARH sv - ASC 
at Tn • OOB05 
FL V99 N74 
PRO 

REMARKS 

I 
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LHP 16 

16 

PIOCEDUIES REMARKS 

s . 4 . 2J LOSS OF HANUAL AND AlliO APS START CAPAB ILITY G!!!I 
at TFI • OOBOO : 
CB EPS : BAl FEED TIE (2)  - close 

24. When TG,il aec 0 
CB IPS : BAT FEED TIE (2) - open 
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I.M J240A 8' • ;;· PROCEDURES REMARKS 
iJ--4--�---------------------------------+----------------------------� • 5 . 4 . 24 LOSS OF MANUAL AND AIJTO APS START CAPABILITY Assumption :  Manual staging has previously been perfoned 

N "' 
en 
• 

" 

i 
II 
... 

.... 
\0 
..... 
.... 

n 5 ' f 

., 
a 

G 
• 

CDR 

CDR 

·
�·CDR 
.. 
I 

w .... 

5 

1 

8 

11 

11 

(WITH LOSS OF ONE BUS) and veh icle is configured for normal one bus ascen t .  

1 .  Eng STOP pb /lt - push 
Eng START pb /lt - off 
ENG THR CONT : ENG ARK sv - OFF 
ABORT STAGE pb - rese t 

2 .  ED: Observe STAGE SEQ RELAYS lts 
ED: MASTER ARM n - OFF 
if ataged:  
MASTER AlARM ' ED RELAY CAtTriON lt - on , 
If a»R bus is pGIN!red up : 
Key V37E OOE 

3 .  Power down PJ45A: 
Cl RCS SYS A: 

QUAD 4, 3 ,  2 and 1 TCA - open 
Cl S/C: 

ATCA (PGJIS) - open 
AELD - open 

4 .  Ua.nap netting .aapa froa trevano ceiling a f t  of docking 
window at +Z27 bulkhead 

5 .  Expoae PJ45A Doft t revano ceiling : 
a, Cut on line taped froa +Z27 bulkhead to 

docking window 
b. Cut on line taped froa top of PNL11 to 

docking window 
c .  Bend t revano Hction down toward PNLll , 

anap off and diacard 

6 .  Uaatov connector coupling plie rs froa container af t of 
engine cover 

7.  Deaate PJ45A by rotating connector coupling counter 
clocltviae 

8 .  Unatow Aaceat Engine T-adapter cable fr011 in-flight 
coverall garaeats 

9 .  Kate P45X of T-eale t o  J45 a t  +Z27 bulkhead using 
pliers to initiate reaating 

If at least one lt baa gone off , staging has occured 

Penlights aay be used to illuainate work area if required 

Stowed below PLSS recharge station 
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LOSS OP MANUAL AND AUTO APS START CAPABILITY 
(WITH LOSS OP OHE BUS}(coot) 

Mate J45X of T-c�le to P45A 

I f  CDR bua is powered up :  
� V37E 57E 

Prepare PGNS for laUDch: 
I f  CDR bua is powered up :  
( I f  LHP bu. ia powered up ,  s tart vith s tep 13) 
CB II£ BUS A: IIIDZ IDI - cloee 
CB PGIS : IIIDZ IDI - cloee 
RR eel - LGC 
V4l N72E (+00000, +28300) 
Nl2 ll2 00002 ,  PIO 
Vl6 N72E 
CB PGNS : INDZ llDil - open 
CB AC BUS A :  RHDZ IDil - open 
V44E 
Window shadea - deploy 
C8 AC BUS A: AOT LAMP - close 
P5 7 ,  ll2 00004 ,  PliO 
N34 Lo.t LO Ti-, PliO 
1106 00010 

00003 
OO llO 

PIO (No Att lt - ON/OFF , Twice) 
N04 Grav E rr ( .ol•) 
V32E (No Att lt - ON/OFF, Twice) 
N04 Grav Err ( . ol•) 

PIO 
N22 ICDU Angles ( . 01•) 
PliO (No Att lt  - ON/OPP) 
N7l Star. 4 .. rks 
N05 Anale Di f f  ( .01• )  

PIW 
N93 Torque Angles ( .ool•) 
PIW 
N2S 00014 , ENTR 
POOE 

I REMARKS 

I 
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5 . 4 . 24 LOSS OF MANUAL AND AlTl'O APS START CAPABILITY 
(WITH LOSS OF ONE BUS) (cont) 

CB AC BUS A:  NYr LAMP - open 
Window shades - stow 
CB AC BUS A :  RNDZ RDR - close 
CB PGNS : RNDZ RDR - close 
V41 N72E (+1 7500 , +27500) 
Nl2 R2 0000 2 ,  PRO 
Vl6 N72E 
CB PGNS : RNDZ RDR - open 

11 I CB AC BUS A :  RNDZ RDR - open 
V44E 

3 I RR ••1 - SLEW 
Pl2E 
NJJ : : TIC 
PIO 
N76 VH Final (+55408) 

H Dot Final (+00320) 
X IDa ( +00000) 

PRO 
N74 TFI , Y.v, Pitch 
Det - Set/ON 

13 . Prepare AGS for launch : 
I f  LMP bus is powered up :  
C574+00000E (Unataged) 
C604-00000E (On Surface) 
C400+60000E (AGS calibration) 
C612R- to Att Hold at Abort Staae 
Cl07--�T Trans (+04300) 
373 TIC TPI (+01496) 
C451+0�VY 
C400R (+0 calibration coaplete) 
CS44R--X 
CS45R---Y 
C546R-Z 
C400+4E Lunar Ali&D 
ATTITUDE KJN sv - AGS 
KJDE SEL sv - AGS 

14. Unstow ED Adapter Cable ( 20 ft) from LCG ' s  in lower 
left hand aid section 

REMARKS 

I 
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LOSS OP HANUAL AND AUTO APS START CAPABILITY 
(WITH LOSS OP ONE IUS)(coat) 

-..ow duet cap fro. Jl66 (if CDR bua 1a powered up) 
or Jl67  (if LHP bua 1a powered up) 

CAIJTIOII 

At ca.pletioo of th1a atep, 
P428 1a povered up • 

Hate Pl66/167 (aligD white atr1pe for PNLll coonector 
or aligD black aDd vh1te atripe for PNL16 conoector) of 
ID Adapter cable to Jl66 or Jl6 7  

DoD reatraiDta 

Lift Off : 
If CDR bua 1a powered up : 
CB A£ IUS A: INDZ llDR - cloae 
PL V99 N74 
PliO 
Brace for LO .md aate P428 of ED Adapter Cable to J428X 
of T-cahle 
If LHP Bua 1a powered up : 
C.oG+lE Guid S teerina 
J67R 
Brace for LO .md aate P428 of ED Adapter Cable to J428X 
of T-cahle 

When TG • 1 -c; 
O...te P428 of ED Adapter Cable froa J428X of T-cable 

IEMAW 
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PROCEDURES 

.> . 4. 2 5  LOSS O F  ED SUB-SYSTEM 
N Ia-
Cll 

� .ICDR 
rt 
� 

B- . LKP 
� ... 
..... 
'"' .... ..... II LKP 16 

16 

n r 
t 
r -LKP I 

16 

"V - I 
Q 

IQ 
• 
I "' . 

� I .... "' 

1 .  Perform Subsystems Conf i guration for EVA preparati on 

2 .  Perform PLSS/EVCS Electrical Checkout , One-Han EVA 

3. Connect to LH02 , COHH and H20 
Place gas connector plugs in PGA 
PGA DIVERTER vlv - HORIZONTAL 

4 .  Floal Subayateaa Configuration for Egress 
CB ECS :LGS PUMP - Close 

LGC - Cold , As required 
CB ECS : 

CABW REPRESS vlv - C lose (Verify) 
SUIT FLOW OONT - Open . 
SUIT GAS DIVERTER vlv - PULL EGRESS (Verify) 
CABIN GAS RETAIN vlv - EGRESS (Verify) 
SUIT CIRCUIT RELIEF vlv - AUTO (Veri fy) 
Reverse 02 hoses , R/R and B /B 
Don helmets and gloves 

Ref para 4 . 1 5 . 1 . 8  
Re f para 4 . 15 . 1 . 10 

1 5 . Perform ARS /PGA Pressure Integrity Check I Re f para 4 . 2 . 16 

6 .  

1
7. 

8. 

9 .  

10 . 
11 . 

Unstow ED Adapter Cable ( 20 ft)  from LCG ' s  in the lower 
left-hand mid section 

Secure Pl66/167 to the hand hold between PNL ' s  12 and 14 
Secure scissors and connec tor coupling pliers via tethers 
to PGA D-ring and velcro to either s ide of RCU 

Attach P428 of ED Adapter Cable on PGA glove unde r 
velcro cover 

Perform Cab in Depressurization 

Remove the beta body from connector P428 
Ref para 4 . 13. 1 . 7  

I 

� 
i e ... .... 

•g ; z w  

... , � 
I I 

• 
1 12.  Exit cab in, descent ladder to surface , s tow ED Adapter 

Cab le ,  and approach parked LRV ; or, descend ladder to 
l as t  rung and navigate across secondary struts to left  
s ide of QUAD IV, after cutting MESA support s t rap -
disregard s teps 1 3  through 16 

Depends on real-time descision regarding landing attitude jl 
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Ul 3240A 

jc:IEW-1 PHI. 1 PROCEDURES MAN 

5 .4 . 25 LOSS OF ED SUB-SYSTE!i (cont) 

13. 

14 . 

15 . 

16.  

17 .  

18 .  

Drive LRV aod park adjacent to  left hand s ide of MESA 

At MESA fold back b lankets , away from lef t  hand s ide 

CAUTION 

Crev.an must not stand on 
verticle members of the SRC 
support atructure . 

Climb onto LRV fro• lef t  hand seat and then onto lef t  hand 
s ide of MESA 

Cliab up MESA and stand on inboard area of MESA using 
the top of QUAD IV aa support 

CAUTION 

Incooel is very sharp at the 
eqea and can cut into the PGA. 
Close acisaors after use.  

Holdin& onto the top of QUAD IV with the  right hand , 
tear .way at the Inconel and theraal blankets on the lef t  
hand side with the scissors , by s tarting at the S inch 
taped opening in the left hand s ide of the lnconel 
blanket , expoaina the ED relay box 

Verify access clear of the Inconel b lanket to the 
ED relay box 

CAUTION 

The front corner connector 
�a�st not be deaated. ·  

NOTE 

Connector coup ling pli ers 
can be uti lized i f  required 

REMARKS 

AssUIIIption : MESA has previous ly been unstowed. 

Connector is color coded with brown tape.  

• 

-

� 
l i ,. ._.  a ;  Z w  
... , � 

I 
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lJfP 

LHP 16 

LMP 16 

PROCEDURES 

5 . 4 . 25 LOS S OF ED S UB-SYSTE:t (cont) 

19 . 

20 . 

2 1 .  

22 . 

23.  

24 . 

25 . 

26 . 

27. 

28. 

29 . 

Demate connectors requi red for access to the GS E dust 
cover without demating the front corner connector 

Demate the GSE dus t cover 

Remove the ED adapter cab le from the PGA glove 

Remove the dust cap from connector P428 

Mate the ED adapter cable to the GSE c onnector on the ED 
relay box, by observing alignment marks 

Pull the cable s lightly taut 

Cli.b down froa the LH via the MESA (or navigate back 
across the secondary struts to the ladder) 

Cli.b up the ladder and enter the cabin 

Power down the L.'fP bus and hook up the ED adapter 
cable ( 20 f t) 

Apply power to the ED adapter cab le :  
CB EPS : BAT FEED TIE ( 2) - close 

Manually stage 
CB ED : LOGIC PWR A - close 
ED:  

MASTER A.RU sv - ON 
STAGE SEQ RELAYS SYS A l t  - on 
STAGE sw - FIRE 
STAGE SEQ RELAYS l ts - off 

30 .  C B  EPS : BAT FEED T I E  ( 2) - open 
Demate Pl66/167 of adapter cable from J l66 
.and jettison 
CB EPS : BAT FEED TIE (2)  - close 
Close hatch 

� .  I 1 31. Power up LMP bus : 
VI 

� I 
1..> 
"-J 

I REMARKS 

Ref para 5 . 4 . 23 ,  steps 15 , 16 1 17 , 18 , and 19 

� 
� �  ... ..... 

•a ; �Z w "' i i I 
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ClEW· PNL MAN 

5 . 4 . 25 

32.  

ECS 

PROCEDURES 

LOSS OF ED SUI-SYSTEM (cont) 

Perfor. Cab in lepressurization with descent 02 if 
available : 
PRESS REG A & PRESS REG B vlvs - CLOS E  
fl ASC 02 vlv - CLOSE 
DIS 02 vlv - OPEN 
CABIN REPRESS vlv - MANUAL 
until Cabin preaaure 3. 5 psia , then CLOSE 
CABIN GAS RETUIH vlv - AUTO 
CABIN REPRESS Ylv - MANUAL 
until Cabin preaaure 4 . 6  to 5 .0 ps ia,  then CLOSE 
DIS 02 vlv - CLOSE 
fl ASC 02 vlv - OPEN 
PRESS REG A AND PRESS REG B vlvs - EGRESS 
If DES 02 not availab le : 
CB(l6) ECS :  SUIT � CONTROL - close 

REMARKS 

EVA crewman perfoi'III vacuua change over PLSS to LH 

Ref para 5 . 3-5 i 
� � 
� .... o ;  Z w  
- , 
I 



A PPE N D IX D 

Table D-1 . Defini tions of Symbols and Abbreviations 

Symbol or Abbreviation Definit ion 

A 

AAP 

ab e 

ac 

ACA 

AELD 

AFC 

AGC 

AGS 

ALSEP 

ALT 

ap 

AMPL 

ANT 

ANUN 

ADT 

APS 

ARS 

ASA 

ASC 

ASD 

ASI 

ASSY 

ATA 

8aaic Date 26 September 19 71 

Abort autopilot 

Absolute 

Alternating current (a-c , u . m . ) 

Atti tude controller aeaembly 

Abort electronics assembly 

Ascent engine arming assemb ly 

Ascent engine latching device 

Automatic frequency control 

Automatic gain control 

Abort guidance section 

Apollo lunar surface experiment package 

Alti tude 

Alllpere (a) 

Amplifier 

Antenna 

Annunciator 

Alignment optical telescope 

Ascent propulsion sect ion 

Atmosphere revitalization sec tion 

Abort sensor assemb ly 

Ascent 

Apollo standard detonator 

Apollo standard ini tiator 

Aaaembly 

Abort timing aeaembly 

Change Date ------ Page D-1 



Syilbol 

Table D-1 . Definitiona of SJIIbola and Abbreviation• (cont) 

or Abbreviation Definition 

A (cont2 

ATCA Attitude and tr&D&lation control aaa.ably 

ATM Alti .. ter tranaaitter multiplier 

att Attitude 

auto Auta.atic 

AZEL Aaiauth-elevation unit 

B -

bal Balance 

bat Bat tel')' 

bd Band 

bic.ad Bioaedical 

bp Barber pole 

Btu 

BU Back\11' 

c -

caut lt Caution liaht 

CB D-C circuit breaker 

CB/M:. A-C circuit breaker 

caw Conatant banclvidth 

CBX C-band tranaponder 

CCJU) Ca.puter control and reticle di ... r aeaa.bly 

CDR COD&tant A altitude 

CD It C�ndar 

CDU Couplina data unit 

CDTAJIG OTbital eantral aacle durina tranafer 

cu Control electronic& eaction 

c:ktl')' Circuitl')' 

CL C loaa 

CLit Clear 

<X C� Module Ca.putar 

lalic Dale 26 Septalllber 19 7 1  a-. Dale -----



Table D-1 . Definition• of Symbola and Abbreviation• (cont) 

Symbol or Abbreviation 

C (cont) 

CMP 

CHPTR 

Co 

COAS 

comm 

comp caut lt 

cont 

CONT 

COB 

C02 

CPL 

cpa 

CRD 

CRSFD 

cs 

CSI 

CSH 

CSRC 

cw 

C/W 

CWEA 

D 

Da 

D/A 

DAP 

clbm 

de 

DECA 

deer 

DEDA 

Bosic Dote 26 September 1971 

Definition 

Command Module Pilot 

COIIIfluter 

CSI iteration error (AGS) 

Crewman optical alignment eight 

Communication• 

Component caution light 

Continuous rotary control 

Control 

Coaine 

Carbon dioxide 

Couple 

Cyclea per aecond 

Cosmic-ray detector 

Cross feed 

Communications Subsystem 

Coelliptic sequence initiation 

Command/Service Module 

ContinRency sample return container 

Continuous-wave 

Caution and warning 

Caution and warning electronics asaembly 

Alignaent error signal (AGS) 

Digital-to-analog 

Digital autopilot 

Decibel with reapect to 1 ailliwatt 

Direct current (d-e , u .m. ) 

Daacent engine control assembly 

Decreaae 

Data entry and diaplay aaaambly 

Change Dote ------
D-3 Pag• ---



lJol 3231 Tabla D-1. DefinitiOIUI of Symbols and Abbreviation• (cont ) 

Symbol or Abbreviation De finition 

D �cootl 
DEK>D 

DES 

DET 

DFR 

DID 

DIF 

DIG 

DISC 

DISP 

DIST 

DN 

DOl 

DPS 

Dr 

DRB 

DSEA 

DSKY 

DUA 

DV 

011 

E 

E 

ECA 

ECS 

ECADK 

ED 

EDS 

EKG 

EL 

llic: Date 26 Saptellbar 1971 

Demodulator 

Dee cent 

Detector 

Daadfaca relay 

Diaplay ine rtial data (diacrete) 

Differential 

Predicted change in integrated gravity (AGS )  

Disconnect 

Display 

Distribution 

Dovn 

Descent orbit insertion 

Deacent propulaion sect ion 

LH poaition remainder (AGS) 

Deadface relay box 

Data atorage electronic• aasemb ly 

D:laplay and keyboard 

Digital uplink assemb ly 

Diffe rent ial velocity 

Lunar align��ent correction (AGS ) 

Elevation .agle (angle between active vehicle LOS and 
local horizontal plana ·at TIC ,  .. aaurad fro• direct ion 
of flight) 

Electrical control assemb ly 

Envtraa.ental Control Subsys tem 

Er .. abla coapleta addresa 

Exploaive dance 

Exploaive Devicea Subaye tam 

Electrocardiograph 

Elactrolu.tneacant 

Chan.- Dafe ___ _ Page D-4 

I 



LM 3231 Tele D-1.  Definitions of Symbols and Abbreviations ( cont) 

Symbol or Abbreviat ion De finition 

E (cont) 

EMI 

EMU 

eng 

ENTR 

ros 
EPS 

ERA 

ERCOUNT 

ERR 

ETB 

EV 

EVA 

EVC 

EVCS 

EVVA 

Ex 

Ey 

Ez 

F 

F 

FCRA 

FDAI 

FDBK 

F/E 

FITH 

Fl. 

FH 

F/0 

FOV 

fps 

ft 

fwd 

Basic Data 26 September 1971  

Electromagnetic interference 

Extravehicular mobility lll'lit  

Engine 

Enter 

FJDergency oxygen system 

Electrical P011er Subsystem 

Electronic replaceab le useliD ly 

Error counter 

Error 

EquipMnt transfer b ag 

Extravehicular 

Extravehicular u tronaut ; extravehicular activity 

Extravehicular coaaunications 

Extravehicular co-unications sys tem 

Extravehicular visor aaaemb ly 

X-component of at titude error 

Y-component of attitude error 

z-colllponent of attitude error 

Fahrenheit 

Fecal collect ion receptacle usambly 

Flight director attitude indicator 

Feedback 

Fecal/e•sia 

Fire-in-the-hole 

Fluh 

Frequency 1110dulation 

Fuel-to-oxidizer ratio 

Field of view 

Foot (feet)  per second 

Foot ( feet) 

Forward 

Change Dot• ------ Page _D-....;5;...__ 



Table D- 1 .  Definitione of S,Uob and Abbreviatione (cont) 

Symbol or Abbreviation Definition 

G 

I Gravity 

CASTA Gt.bal an&le sequancinR transformation ueembly 

IC Gi&acycle(s) 

GOA Gt.bal drive actuator 

GET Ground elapsed ti .. 

GETI Ground elapsed ti .. of iRDition 

GHBL Gilllbal 

GN&CS Guidance , Neviaation , and Control Subayet-

GOX Gueoua oxy&en 

GSE Ground eupport equip .. nt 

GSOP Guidance Syat ... Operations Plan 

GUID Guidance 

H 

h lH altitude 

h lH altitude rate 

H Altitude of active vehicle 

Ha Apo&ee altitude 

HBR Hi&h bit rate 

He Heliua 

Ha Mercury 

Hp Perla•• al t1 tude 

Hrf Hiah (+) law (-) anaular rate acalinR (AGS) 

HTR Heater 

ll'I'S Heat traaaport .. ction 

HV Riah wltaa• 

H20 Water 

H/X Beat ezchaqer 

laaic Oat. 26 Septnber 1971 Change Oat. ----- Page D-6 



LMA790.3� 
APOLLO OPIIATIONS HANDeOOIC 

Table D-1 . Definitions of S,-bols and Abbreviations (cont) 

Symbol or Abbreviation Definition 

I 

lAM 

ICDU 

ICS 

ID 

IF 

IG 

IGA 

IMU 

incr 

ind 

ind pwr fail lt 

ind pwr/s ig fail lt 

inst 

ISA 

ISS 

IV 

IVT 

K 

K 

KALCMANU 

kc 

kmc 

kpps 

L 

lat 

LBR 

LCA 

LCG 

LCRU 

ldg 

LCC 

Basic Data 26 September 1971 

Incidental amplitude modulation 

Inertial portion of coupling data unit 

Intercommunication system 

Identification 

Intermediate frequency 

Inner gimbal (pitch) 

Inner gimbal angle 

Inertial measurement unit 

Increase 

Indicator 

Indicator power fai lure light 

Indicator power/signal failure light 

Ina trumentation 

Interim stowage assembly 

Inertial subsection 

lntravehicular 

Intravehicular transfer 

Ground elapsed time of AEA clock zero 

Maneuver calculation 

KUocycle (s) 

Kilomegacycle (s) 

Kilopulae(a) per second 

Lateral 

Low bit rate 

Liquid cooling assembly 

Liquid-cooled garaent 

Lunar caa.unications relay unit 

Landing 

LH guidance computer 

Change Date ------ Page D-7 



Symbol 

Table D-1. Definit ione o f  Sywbola and Abbreviation• (cont) 

or Abbreviation Definition 

L �cont� 

LGEC 

IJI 

IJIHSSC 

LiOH 

LK 

LKP 

LOR 

LOS 

LPD 

LR 

LRV 

LSD 

lt 

lts 

LV 

LWHS 

M 

HAN 

HANF 

lUX 

1IC 

MESA 

MET 

t«: 

IG\ 

HID 

ll1n 

-

t«)D 

.c>N 

HPS 

Lunar aeolosical exploration camera 

Left-hand 

Lef t-hand aidaection atowase compartment 

Lithiua hydroxide 

Lunar Module 

LK Pilot 

Lunar orbital rendezvous 

Line of aisht ; loaa of aisnal 

Landin& point deaisnator 

Landin& radar 

Lunar rovins vehicle 

Leaat ailftificant disit 

Ltsht 

Ltshtins 

Local vertical ; low voltase 

Lishtweisht headaeta 

Manual 

Manifold 

Modularized equip .. nt atowaRe aaaenbly 

Mobile equi�nt tranaporter 

Middle limbal ( roll) 

Middle &i�al anal• 

Midcouna 

Milli .. ter (a) 

Modulation 

Monitor 

Main Propulaion Subayatea 

lalic Date 26 Septellbar 1971 Change Dafe ____ _ Page D-8 



Table D-1 . Definiti0ft8 of Symbol• and Abbreviation• ( cont) 

Symbol or Abbreviation Definition 

M (cont) 

HPX Multiplexer 

HSD Moat aignificant digit 

mrad Milliradian 

Hilliaecond (a) 

HSFN Manned Space Flight Network 

lilY Millivolt (a) 

- MUliwatta (a) 

N 

n Mean orb ital angular rate of LH in transfer orbit ( rad/aec) 

N 

N/A 

NB 

NC 

11111 

NO 

No . 

norm 

NRZ 

N2H4 

N204 

0 

OCP 

OG 

OGA 

OI 

OPR 

OPR ERR 
OPS 

ORDEAL 

osc 

Basic Dote 26 September 197 1  

Noun ; number o f  aarka 

Not applicab le 

Navigation base 

Nonaally eloaed 

Nautical aile(a) 

Normally open 

H\llllber 

Normal 

Honreturn-to--zero 

Hydrazine 

Nit rogen tetroxide 

Operational checkout procedure 

Outer gimbal (yaw) 

Outer gimbal angle 

Orbit inaer tion 

Operate 

Operator error 

Oxygen purge ayatem 

Orbital rate disp lay - earth and lunar 

Oacillator 

Chong• Dote ------ Poge D-9 



Table D-1 . Definition• of Sytlbola and Abbreviations (cont) 

Symbol or Abbreviation Definition 

0 (cont) 
OSCPCS 

oss 

OVBD 

ovhd 

OVRD 

OXID 

02  

p 

p 

p 

PA 

PAM 

para 

pb /lt 

PBW 

PCA 

PCM 

PCfofl'EA 

PDA 

PGA 

PGNCS 

PGNS 

Pi or w 

PIPA 

PLSS 

PM 
PHP 
Poe a 

p-p 

Basic Date 26 Septellber 1971 

Oxygen supply and cabin pressure control section 

Optical subsection 

Overboard 

Overhead 

Override 

Oxidizer 

Oxygen 

Semilatua rectum (semiparame ter) of LH trans fer orb it (ft)  

Previous value of p in the i teration ( ft)  

Power amp lifier 

Pulse aapli tude modula t ion 

Paragraph 

Pushbutton �itch (except pushbut ton/ light)  

Pushbut ton/light 

Proportional bandwidth 

Program coup ler aaaemb ly 

Pulse code modulation 

Pulse-code-modulation and timing elec tronica aaaembly 

Power diatribution assembly 

Pressure garment assembly 

Primary guidance . navigation , and control section 

Primary guidance and navigation sect ion 

3 . 1416 

Pulse integrating pendulous accelerometer 

Portable life support syatea 

Phase modulation 

Premodulation processor 

Possible 

Peak- to-peak 

Change Date ----- Page D-10 



Tabla D- 1 .  Definition• of Symola and Abbreviations (cont) 

Symbol or Abbreviation 

P (cont) 

ppm 

pps 

PQGS 

PQHD 

PRE 

pre as 

PRF 

PRIM 

PRM 

PRN 

prplnt 

PS 

PSA 

psi 

psia 

paid 

PSK 

PT 

PTA 

PTT 

PVT 

pwr 

!l 
q 

q lD 

qa 

QI 

qLT 

Basic Date 26 September 1971 

Definition 

Pulae (a) per minute 

Pulae (a) per second 

Propellant quantity gaging aystem 

Propellant quantity meaaurinR device 

Program reader electronics 

Pulae repetition frequency 

Primary 

Pulaa ratio modulator 

Paeudorandom noiae 

Propellant 

P011er aupply 

P011er and servo uaemb ly 

Pound (a) per aquare inch 

Pound (a) per aquare inch abaolute 

Pound (a) per square inch dif ferential 

Phaae-shift keyed 

Pressure transducer 

Pulse torque uaembly 

Puah-to-talk 

Preasure-volu.e-temparature 

Parifocua (AGS) 

Perifocua altitude of predic ted LH trajectory (TPI only) 

Apofocua altitude of LH trajectory (AGS) 

Quantity indicator 

Perifocua altitude of LH trajectory (AGS) 

Change Oat• ------ Page D-11 



LM 32 31 Tabla D-1. Definit ions of S)'llbola and Abbreviat ions (cont) 

Syllbol or Abbreviation De finition 

Q (cont) · 

qty Quantity 

quad Quadrant 

R 

r LM range rate 

R Rankine : radius vector : LM- to-CSM range (Ar.S) 

R Range rate between LM and CSM (AGS) 

RC Res i s tance-capaci tance 

R/C Reverse current 

RCCA Rough coab us tion cutoff asserrb ly 

RCR Reve rse-current relay 

RCS React ion Cont rol Subsys tem 

rcvr Receiver 

RCU Remote cont rol unit 

rex x-c011ponent of CSM pos i t ion (AGS) 

rcy Y-component of CSM pos i tion (AGS ) 

rcz z-component of CSM pos it ion (AGS ) 

RD Relav drive r ;  desired radial jerk (AGS ) 

RDR Radar 

Re f Re ference 

REFSHHAT Refe rence s table memb er mat rix 

res Regulator 

RES Resolver 

RF Radio frequency 

rf P redicted orb it insert ion burnout radius (AGS ) 

Desired final value of altitude rate (AGS ) 

RGA Rate IY�O aaseably 

RH Risht-hand 

RHSC Rish t-hand side console 

RJB Relay j unct ion box 

Root mean square 

lalic Den 26 Saptalllber 1971 Change Den ----- Page D-12 



LMA790-J-&.M 
APOLLO OPIIATIONS HAND100K 

LM 3231 Tm le D- 1 .  Definitions of  Sy.bols ad Abbreviations ( cant) 

Symbol or Abbreviation Definition 

R (cont) · 

RNDZ Rendezvoua 

RNG 

ROD Rate of descent 

RR Rendezvous radar ; estimated range between LM and CSM (AG 

RR Estimated range rate between LM and CSM (ACS) 

RRE Rendezvous radar electronics 

RRS Calculated range at t ime of radar range measurement 

Rl' Resis tance thermometer 

rx X-component of LM posi tion (ACS) 

ry Y-component of LM position (AGS) 

rz Z-component of LM position (AGS) 

RZ Return-to-zero 

s 
SBPA S-band power ampli fier 

SBX S-band transponder 

sc Signal condit ioner 

S /C Stabilization and control 

SCEA Signal-conditioning electronics assemb ly 

s M: Term proportional to sine of AE 

SE Systelllll Engineer 

sec Second (s ) ;  secondary 

sel Selector 

SENS Sensitivity 

SEP Separator 

SEQ Sequence ; scientific equipment 

SHe Supercritical helium 

SG Signal generator 

SHF"r Shaft 

SIG Signal 

Baaic Dote 26 September 1971 Change Dote ------ Page D-13 



LH 3231 Tab le D-1. Deftnitiona of  Symbols and Abbreviations (cont) 

Symbol or Abbreviation De finition 

s �cont) · 

sin 

SOY 

SPA 

STBY 

SUB CAR 

SUPCRIT 

BW 
swc 
sys 

T -

t 

T 

T (Align) 

TAl 

TAo 

tb 

TBD 

TCA 

teo 

TCP 

T6 

Tll.V 

TE 

ta111p 

TET 

TFC 

TFF 

TFI 

laic Date 26 Septalllbar 1971 

Sine 

Shutoff valve 

Signal processor assemb ly 

S tandby 

Subcarrie r 

Supe rcritical 

Swit ch  

Solar wind composit ion (experiment) 

System 

AGS computer time (AGS )  

Time 

State vector t ime (GET) selected to de fine IMU and LM 
orientat ion 

Absolute time (ACS )  

Time from CSI to CDR (AGS ) 

Talkback 

To be determined 

Thrust chamber assemb ly 

Predicted tima from CDH to TPI (AGS ) 

Thrust chamber preasure 

Time to CDH , CSI , or TPI 

Target 6.V (ACS) 

Timing electronic• equipment 

Temperature 

State vector integration time 

Ti .. from angina cutoff 

Time of free fall to 300 , 000 ft , earth orbit ; 
35 ,000 ft , lunar orb it 

Time froa TIG 

Gange Date ----- Page D-14 



Table D-1 . Definition• of SYIIboh and Abbreviation• (cont) 

Symbol or Abbreviation• Definition 

T ( cont )  

TF INT Time from intercept 

TG Tiae-to-go to engine cutoff 

111R Thrust 

Ti Time to CSI {AGS) 

TIG Time of ignition 

tigA AGS computer time of CSI aaneuver (AGS) 

tigB Abaolute time of CDH aaneuver {AGS) 

tigC AGS computer time of TPI or midcourse aaneuver (AGS) 

TLE 

TLH 

TPF 

TPI 

TPM 

Tr 

TR 

T/R 

TRANSL 

TRUN 

TTCA 

TTl 

TTIG 

TV 

TVC 

tv 

TX 

u 

u 

UCTA 

8osic Date 26 September 1971 

Tracking light electroniea 

Telemetry 

Tranafer phase final aaneuver 

Tranafer phaae initiation 

Tranafer phaae midcourae 

Tiae to rendezvous (AGS) 

Redeeignation time remaining (PGNS ) 

Tranamitter/receiver 

Tranalation 

Trunnion 

Thrust/translation controller assembly 

Time to initiate 

Time to ignition 

Televiaion 

Thruat vector control 

Thumbwheel 

Telemetry transmitter 

LM rotational axia in Y-Z plane 45• from +Z 

Urine collection and tranafer aaaenbly 

Change Date ------ P D-15 
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LM 3231 T8le D-1 . DefinitioM of S)'llbola and Abbreviations (cont) 

Symbol or Abbreviation 

U (cont) 

UDMH 

UHF 

URS 

uaec 

v 
v 

VIle 

vco 
Vex 

Vcy 

Vcz 

vdc 

VDX 

VDY 

VDZ 

VEL 

VG 

VGX (Uf) 

vex (LV) 

VGY (LH} 

VGY (LV) 

VGZ (Uf) 

VGZ (LV) 

V1lv 

VHJ' 

VI 

vlY 

Vo 

lalic: Den 26 Septellber 1971 

Definition 

Unsymmetrical dimethylhydrazine 

Ultrahigh frequen:y 

Urine receptacle system 

Microsecond(a) 

Verb ; inertial velocity vector at TIG ; LH velocity ; 
LH rotational axis in Y-Z plane 315• from +Z 

Volta,  alterMting current 

Voltage-controlled oscillator 

X-ca.ponent of CSM velocity (AGS)  

Y-ca.ponent o f  C SH  velocity (AGS) 

Z-component of CSM velocity (AGS) 

Volta ,  direct current 

AV expended in X-body-axis di rection ainua 
deacent engine caplb ility 

AV expended in Y-body-axia direction 

AV expended in Z-body-axia direction 

Velocity 

Magnitude of velocity vector required by LH for 
tranefer orbit injection (fps ) ; magnitude of LH 
veloci ty to be gained 

C�onent of VC vector resolved along preaent X-axis 

Component of VC vector at TIG along (RxV)xR 

Component of VC vector resolved along present Y-axia 

Component of VC vector at TIC along VxR 

Component of VG vector resolved along preaent Z-axia 

Component of VG vector at TIC along -R 

Boriaoatal velocity (AGS) 

Very hiah frequency 

Inertial velocity 

Valve 

AV for CSI -neuver (AGS) 

Change Date ----- Page D-16 



Tela D-1 . Definitione of SJIIbola and Abbreviationa (cont) 

Symbol or Abbreviation 

V (cont� 

vol 

vox 
VPI 
vpo 

Vpy 

vrma 

VSm 

VT 

Vx 

Vy 

Vyo 

V z  

w -

warn lt 

Wbx 

Wby 

Wbz 

Wcx 

Wc:y 

Wcz 

X -

X 

XDV 

xmtr 

lq)ftdr 

XTAL 

y -

y 

Ycx 

lo•ic Date 26 Septellber 1971 

Definition 

Volwae 

Voice-operated relay 

Valve poaition indicator 

CDH maneuver AV (AGS) 

Velocity perpendicular to CSH orbit (AGS) 

Volta root .. an aquare 

Velocity to be gained during burn (AGS) 

Total velocity required to rendezvoua (direct interception 
only) 

Velocity along X-axia ; altitude rate 

Lateral velocity ; velocity along Y-axis 

LH velocity nor.al to CSH orbit plane (AGS )  

Forward velocity ;  velocity along Z-axis 

Warning light 

X-unit vector for ca.unding attitude (AGS) 

Y-unit vector for c�anding attitude (AGS) 

Z-unit vector for COIIIUnding attitude (AGS) 

X-unit vector noraal to CSH orbit (AGS) 

Y-unit vector normal to CSH orbit (AGS) 

z-unit vector normal to CSH orbit (AGS) 

LK vertical axia 

Externel AV 

Tranaponder 

Cryatal 

LH lateral axia ; LH out-of-plane poaition (AGS) 

X•co.ponent of CSM poaition (AGS) 

Chane- Data ----- Page D-17 



Table D-1 , Definition. of S.,..,ob md Abbreviationa (cont) 

Symbol or Abbreviation Definition 

Y (cont) 

Ycy 

Yc& 

YD 

yf 

Yx 

Yy 

Yz 

z 

z 

! 
6L 

AE 

Ap 

AP 

Aro 

AT 

A TRAMS 

AV 

AV (CDR) 

AV (CSI ) 

AVp 

AVrJ 

lalic: Dote 26 Septaber 1971 

Y-ca.ponent of CSH poaition (AGS) 

Z-ca.ponent of CSM poaition (AGS) 

Deaired out-of-plane jerk 

Predicted value of out-of-CSH-orbit plane poaition (AGS) 

X-ca.ponent of 1M podtion (AGS) 

!-component of 1M poaition (AGS) 

Z-coaponent of LM poaition (ACS) 

LM fore-aft u:ia 

Lmdina azimuth male (AGS) 

Difference between initial and final eccentric ano.aliea 
of tranafer orbit (rad) 

Altitude differential 

Altitude between active and paaaive vehicle after CDR (AGS) 

Chan1e in p for next iteration (AGS) 

Preaaure differential 

Harnitude of difference berween poaition atate vector 
before and after incorporation of .. rk data 

Differential altitude in coelliptic orbit (AGS) 

Tt.e differential 

Tt.. required for tranafer fro. TIC (TPI) to ti•e of 
intercept 

Velocity chanae (differential) ; .. gnitude of difference 
between atate vector before and after incorporation of 
urk data 

Required i�ulaive AV to acco.pliah CDH .. neuver at TIC 
(CDR) 

Required t.pulaive AV to acco.pliah CSI .. neuver at TIC 
(CSI) 

AV in X-direction (AGS) 

AV in !-direction (AGS) 

. Change Date ----- Poge D-18 



Table D-1 . Definition• of Symbola and Abbreviation• (cont)  

Symbol or Abbreviation 

t:. �cont� 

t:.Vgz 

t:.Vm 

t:.V (HID) 

t:.V (TPF) 

t:.V (TPI) 

t:.Vy 

t:.VX (LH) 

t:.VX (LV) 

t:.VY (LH) 
t:.VY (LV) 

t:.VZ (Ut) 
t:.VZ (LV) 

!:.9 

J 
a 

� 
-

< -

> 
-

< 

> 

9 

Qf 

QLOS 

� 

� 
ljl 

n 

8a . Dot 
26 September 1971 

SIC • --�--

Definition 

t:.V in Z-direction (AGS) 

Heaaured t:.V magnitude 

Required impuleive t:.V to accomplish next midcourae 
maneuver at TIG (MID) 

Required impuleive t:.V to accomplieh intercept (TPF) 
maneuver at calculated time of intercept 

Required impuleive t:.V to accomplieh TPI maneuver at 
TIG (TPI) 

External t:.V component in horizontal direction 
perpendicular to CSH orbit plane (AGS) 

Component of integrated acceleration along LH +X-axis 

Component of t:.V applied at TIG along (RxV) xR 

Component of integrated acceleration along LH +Y-axis 

Component of t:.V applied at TIG along VxR 

Component of integrated acceleration along LH +Z-axis 

Component of AV applied at TIG along -R 

Angular difference between RR indicated LOS and atate 
vector LOS 

Angle 

Semimaj or axis of tranafer orbit (AGS) 

Phaae 

Infinity 

Leaa than or equal to 

Greater than or equal to 

Ia leaa than 

Ia greater than 

Angle betveen LH +Z-axia and local horizontal plane (pitch) 

LH-to-CSM phaae angle 

Predicted LOS angle at TPI u- (AGS TPI only) 

Angle betveen LH +Z-axia and local horizontal plane (AGS) 

y., 

Roll ; ansle between LOS and forward direction 

Angle between RR LOS and LH +Z-axis 

Change Date ----- Poge D-19/D-20 
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APPEHDU 1 

ALPHABETICAL INDEX 

Abbreviatioaa , Definition• of Sy.bola aad 
Abort Procedures • • • • • • • 

APS Abort (LGC P7l, AEA 410+00000) 
ACA Hardovar • • • • • • • • • 

Activation ,  Subsystem 
AGS 

AEA/DEDA Restrictions • 

AEA Readinesa Check • • 

AEA Self-Teat • 

AGS Accelerometer Calibration • • • • • • • • 

AGS (Align .. nt ) • • • • • • • • • 

AGS Alim-ent , Backup (Uaing AGS Body-Axia Alignaent & AOT) • 

AGS Alignaent , Backup (Using AGS Body-Axia Align.ant & PGNS IMV) 
AGS Attitude Error Display • • • • 

AGS Attitude Hold/Rate Com.and 
AGS Auto.atic • • • • • • 

AGS Automatic Rendezvoua Jladar LK State Vector Update 
(a. Data Transfer Via LGC) . • • • •  

AGS/CES • 

AGS Checkout 
AGS Continaency LH Lunar Touchdown State Vector , Load • 

AGS Direct 
AGS FITH 
AGS Gyro & Accelerometer Calibration 
AGS Initialization Routine (R47) 
AGS Lunar Align (400+40000) • • •  

AGS Lunar Aziauth Store • • • • 

AGS Lunar Surface Gyro Calibration 
AGS Manual Absolute Time Initialization • • • • • 

AGS Manual CSM State Vector Update/Initialization • 

AGS Manual LH State Vector Update/Initialization 
AGS Orbit Inaertion • • • • • • • 

AGS Orbital Stearin& • • • .  • • • • • 

AGS Orientation to Initial Co.puted Steering Attitude , 

. . . 

AGS Out-of-Plana Maneuver • • • • • • • • • 

AGS Partial Power-Down • • • • 

AGS Power-Down • • • • • • • • • 

AGS Power-Up 
AGS Power-Up Fr011 AGS Partial Power-Down 
AGS (Prethrust )  • 

AGS Pulse • •  

AGS RCS Axis-by-Axis Thrullt • 

AGS Reacalina Fr011 Lunar to Earth �aaion • • • • • • 

AGS Selector Loaic • • • • • • • • 

AGS Total Attitude Display • • • •  

AGS warn lt (malfunction procedure) • • • • 

AGS Wb Vector Update • • • • • • • • • • • 

DEDA reaponaa abnormal (aalfunctiona procedure) • • • • • 

PGNCS/AGS Align • . . . . . . . 
Rate Gyro Check • • • • • • • • • • • • 

Alal'11 Codu (V05 N09) 
Ali&DMnt 

AGS 
. . . 

AGS Lunar Align (400+40000) . . 
Backup AGS Alian.ant (Uain& AGS Body-Axia Alian-aot & AOT) 
Backup AGS Alian.ant (Uain& AGS lody-Axia Ali�t & PGHS IHD) • • 

Docked Manual 1MU Coarae Ali�nt • • • • • • • • • • • • • • • 
tHU Orientatiaa DeteraiD&tioa Proa�.. (P51) • • • • • • • • • • • • 
IHU RealiiD P�o1�.. (P52) • • • • • • • • • • • , • • • • • • • • , 
ISS Coaraa AliiD • • • • • • • • • • • • • • • • • • • • • • • • • 

• • 
• • • 
• • • 

• • • 
• • • 
• • • 

• • • • • • 
Lunar Surface Ali,a.eat • • • • • • • • • • . . . . . . • • . . . . . . . . 

Paae 

D-1 
5 . 1-1 
4. 1G-116 
4 . 5-14 
4 . 2-2 

4 . 4-5 
4 . 6-55 
4 . 6-45 
4 . 6-58 
4 . 9-17 
4 . 9-20 
4 . 9-19 
4 . 5-34 
4 . 5-8 
4 . 5-6 

4. 8-22 
4 . 6-42A 
4 . 6-46 
4 . 6-51 
4 . 5-12 
4 . 12-14 
4 . 6-46 
4. 6-23 
4 . 9-29 
4. 6-61 
4 . 6-60 
4. 6-49 
4 . 6-52 
4 . 6-SO 
4. 7-36 
4 . 6-53 
4 . 6-56 
4. 7-34A 
4 . 6-63 
4,6-42A 
4 . 6-43 
4 . 6-63 
4. 7-34A 
4. 5-10 
4 . 1G-Sl 
4 . 6-61 
4 . 4-49 
4 . 5-33 
5 . 2-14 
4 . 6-59 
5 . 2-14 
4 . 9-17 
4 . 6-54 
4 . 4-29 
4 . 9-2 
4 . 9-17 
4 . 9-29 
4 . 9-20 
4 . 9-19 
4 . 9-16 
4.9-2 
4.9-S 
4.9-U 
4.9-22 

laaic Dote 26 September 1971 Chanee Date ----- Paae r-1 



LMA790.J-&.M 
APOLLO OPIIATIONS HAND1001C 

ALPHABETICAL INDEX (coot ) 

PGOCS • • • • • • • • • • • • • • 

PGNCS/AGS Align , • • • • • • • •  

PGNCS Lunar Surface Align Prograa (P57 )  • 

Torque Gyros • • • • • • 

ALSEP 
Al.SEP Operations 
Open Scientific Equipment (SEQ) Bay • 

Pallet Aaaeably Remote Deployment • • • • , • • , 

Pallet Aaseably Manual Deployment • • • • • 

Pallet Aaa .. bly Manual Deployaent in Low Attitude • 

Removal of RTG Fuel Element • • • 

Altitude/Altitude Rate Diaplay • • •  

AOT Detent/LPD/COAS Codea (N70 ,  N71)  
AOT Lightina Check • • 

Approach Phaee Proaram (P64) • • • • 

APS 
APS Abort (LGC P 7 1 ,  AEA 410+00000) 
APS Periodic Uonitorina • • • • • • • 

APS Preaaurization & Checkout • • • 

APS Preaaurization & Checkout (Alternate ) 
APS/RCS Propellant Interconnect • • • • • 

APS Te�/Preaa Prepreaaurization Check , • 

APS Thrust Prograa (P42) With AGS Followup /In Control 
Ascent Enaine On/Of f  Control • • • • • • • • 

ASC He RIG 1 ( 2 )  tb-bp ( .. !function procedure) 
ASC HI RIG caut lt (malfunction procedure) 
ASC PRESS warn lt ( .. !function procedure) • . • 

ASC QTY caut lt ( .. lfunction procedure) • • • • 

Fuel or oxid preaa abnormal ( .. !function procedure) • 

Fuel or oxid ta.p abnormal ( .. !function procedure) • • • • 

He preaa abnormal or deer ( .. !function procedure) 
ARS/Cabin AC.Oaphere , Contaainanta In • • • • •  

ARS/PGA Preasure Intearity Check • • • • • • • • 

ARS Purae (!VA Preparation) • • • • • • • • • 

Ascent Battery Activation & Checkout • • • • • 

Ascent Stqe <n,aen Tasak Bleed-Dolnl Procedure 
Ascen t S t ep Oxyaen Tak Top-Off Procedure • 

Attitude Control Modes • • • 

Attitude Error Display , Mode I • 

Attitude Error Diaplay , Mode II 
Attitude Rate Diaplay 

B 

Page 

4 . 9-2 
4 . 9-17 
4 . 9-22 
4 . 9-15 

4 . 15-37 
4 . 15-37 
4 . 15-38 
4 . 15-39 
4 . 15-40 
4 . 15-41 
4 . 5-37 
4 . 4-32 
4 . 2-17 
4 . 10-86 

4 . 10-116 
4 . 13-31 
4 . 12-3 
4 . 12-4 
4 . 13-29 
4 . 2-48 
4 . 10-22 
4 . 5-19 
5 . 2-29 
5. 2-29 
5 . 2-28 
5 .2-29 
5. 2-29 
5. 2-29 
5 . 2-29 
5 . 3-8 
4. 2-29 
4 .1 5-14 
4 . 2-45 
S . 4-24A 
S . 4-24B 
4 . 5-2 
4 . 6-38 
4 . 6-38 
4 . 5-34 

Brakina Phaee Proar .. (P63) With AGS Preparation for Orbit Inaertion (410+00000) • 4 . 10-73 

Cabin At.asphere Pilterina • 

Cabin Depressurization 
Cabin Leak Check • • • 

Cabin Leak , Excessive 
Cabin O,.ratiou • • • 

cabin Rapressurtaation 
Cabin Repreaauriaatlon Syat•• Dlaable LM 
Cabin Repreaaurization Syat .. , Enable LH • 

Calibration 
AGS Accelero .. ter Calibration • • • • 

AGS Gyro & Accelero .. ter Calibration 
AGS Lunar Surface Gyro Calibration 

c ... ra Wedae . Inatallation of 16-HM Sequence • 

Caution & Warning Array Checkout • • • • • • 

c 

asic Data 26 September 1971 Changa. Data -----

4. 13-17 
4 . 13-ll 
4. 13-14 
5 . 3-2 
4 . 15-2 
4 . 13-13 
4 . 14-6 
4 . 14-S 

4. 6-58 
4. 6-46 
4 . 6-60 
4. 13-SO 
4 . 2-19 
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LMA790.l-I.M 
APOLLO OPIIATIONS HAND100K 

ALPHABETICAL INDEX (cont) 

CES 
Abnormal dynamics during MPS thru. ting (aalfunetion procedure ) • • • • 

Abnormal vehicle dynamics (non-HPS )  (aalfunetion procedure) • 

AGS pulse or direct emds abnormal (aalfunetion procedure) • • • • • • 

CES AC warn lt (aalfunetion procedure ) • • • • • • • • • 

CES DC warn lt (malfunction procedure ) 
ENG GHBL eaut lt (malfunction procedure) 
ENG THRUST & CMD TIIRUST ind do not agree/off s chedule (aalfunetion procedure) • 

Uf drifts out of deadband (malfunction procedure) • 

No HPS ignition at TIG • 0 (aalfunetion procedure) 
No HPS shutdown (malfunction procedure) • • • • • • • 

PGNS minimum impulse (V76) emda abnormal ( .. lfunetion procedure) 
PRE AMPS eaut lt (malfunction procedure ) • • • • 

Premature HPS ignition (malfunction procedure) 
Prop emda abnormal (malfunction procedure) 
TTCA emds abnormal (malfunction procedure) • • • • 

Checklist Reference Codes (V50 N25) 
Circuit Breaker Activation • • 

COAS Lighting Cheek • • • • • • • • • 

Coelliptic Sequence Initiation (LGC P32 ,  AEA 410+10000) 
Co11111unications 

Cannot acquire phaselock (malfunction procedure ) 
Communications Basic • • • • • • • • 

Co11111unicationa (Subsystem Management) • • 

Connect to LM ECS & Communications • • • • 

Disconnect From LM ECS & Communications 
DSEA Check • • • • • • • • 

DUA Backup Voice Disable 
DUA Backup Voice Enab le • • • • • 

DUA Disable • • • • • • • • • • • • 

DUA Enable • • • • • • • • • • • • • • 

Loss of ICS (malfunction procedure) 
Loss of S-band voice coma (malfunction procedure ) 
Loss of VHF voice eo.m with CSM (malfunct ion procedure) 
Loss of voice conm with EVA (one man EVA) (aalfunetion procedure ) • 

Low-Power S-Band Backup Voice , LBR Cheek With Steerable Antenna • 

MSFN reports loss of PCM. S-band voice OK. (aalfunetion procedure) 
One crewman has abnormal (unaeleeted) hot aike (aalfunetion procedure) 
Relay Mode : CSM Voice to MSPN • • • • • • • • • • • • • • •  

Relay Mode : EVA (One-Man EVA) • •  

Relay Mode : EVA (Two-Man EVA) 
S-Band Antenna Cooldovn • • • • • 

S-Band Configuration for LOS • • • •  

S-Band CWEA Enab le 
S-Band LBR Data Enable • • • • 

S-Band Operation in PTC Mode • • • • 

S BD RCVR eaut lt (malfunction procedure) • 

VHF Ranging Cheek • • • • • • • 

VHF B Data Enable . • • • • • • 

Connect to LM ECS , Crev��&n • • • • 

Connect to LM ECS & Communicationa • • • • • 

• . . . . 

Constant A Altitude (LGC P33 ,  AEA 410+20000) • • • • • • • • • • • •  

Consumable• Check • • • • • • • • • • • • • • • • 

Controls and Displays • • • • • • • • • • • • • 

Coolant Loop (HTS) Activation , Secondary • • • • •  

Cooling H20 Changeover ,  LH H20 (LCG) to PLSS H20 • •  

Cooling H20 Chageover , PLSS H20 to LH 820 (LCG) 
Crash Bar Deployaent • • • • • 

cr .. h Bar , Stow • • • • • • • • • • • • • • 

Crash Bar , Unstov • • • •  

Crew-Defined Maneuver Routine (R62) 
Cre-an Cooneet to LH ECS • • • • • 

Crewman Dis conne ct Trans fer u.bi lieal 

CSM Backup • • • • • • • •  

Paae 

5 . 2-19 
5 . 2- 16 
5 . 2- 18 
5 . 2-22 
5 . 2-22 
5. 2-20 
5 . 2-21 
5 . 2-17 
5 . 2-21 
5 . 2-20 
5 . 2-17 
5 . 2-22 
5 . 2-20 
5 . 2-18 
5 . 2- 19 
4 . 4-28 
4 . 2-10 
4 . 2-18 
4 . 7- 7  

5 . 2-46 
4 . 13-17 
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4 . 14-6 
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4 . 13-23 
4 . 13-26 
4 . 13-26 
4 . 13-25 
4 . 13-25 
5 . 2-44 
5. 2-45 
5. 2-44 
5 . 2-47 
4 . 2-40 
5 . 2-46 
5 . 2-44 
4 . 13-22 
4 . 13-21 
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4 . 13-19 
4 . 13-23 
4 . 13-23 
4 . 13-26 
5 . 2-46 
4 . 13-24 
4 . 13-23 
4 . 2-28 
4 . 14-6 
4. 7-14 
4 . 2-21 
E-1 
4 . 13-8 
4 . 15-28 
4 . 15-28 
4 . 1 3-51 
4. 13-51 
4. 13-51 
4 . 6- 11 
4 . 2-28 
4 .  2-2 8A  
4 .  7-38 
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ALPHABETICAL INDEX (cont) 

CSH Coelliptic Sequence Initiation Taraetina Proar.. (P72) • 

CSH Conatant d Altitude Taraetina Proar .. (P73) • • • • 

CSM Tranafer Phaae Initiation Taraetina Proar.. (P74) 
CSH Tranafer Phaae Midcourae Taraatina Proar .. (P75) • o o • CSH Traaafer to LH Power (thataaed) 
CSH Tranefer to LH Power (Staaed - Lifeboat) 

DAP Data Load Routine (ROJ) 
Deactivation, Pinal Subayat• 
Deactivation , Subayat• o • • •  

DEDA Acceaaible Par ... tera Liat 
DEDA Input Liat • • • • • • • o • 

DEDA Output Liat • • • • • o • • 

Defecation Diapoaal (Alternative Mode) 
Defecation Diapoaal (Priae Kode) 
Deacent £naine On/Off Control 
Deacent Enaine Throttle Control 
Deacent 02 Ventina • • • • o • 

Diacoaaact Pro. LH ECS • �a..un1cat1ona 
Diaplaya , Control• and o • • •  

Dockina, LH • • • • • 

DPS 
Deacent Enaine On/Off Control 
Deacent Enaine Throttle Control • 

D 

DES Be RIG 1 (2)  tb - bp ( .. !function procedure) 
DES He RIG 2 (1)  tb - aray ( .. !function procedure) 
DES QTY warn lt ( .. lfunction procedure) 
DES REG warn lt ( .. !function procedure) 
DPS Abort (LGC P70, AEA 410+00000) 
DPS Periodic Konitorina • • o • • • 

DPS Preaaurization & Checkout • • • 

DPS Propellant Tank Ventina o • • o 

DPS Supercritica1 He Ventina (Lunar Surface Only) • • • • • • 

DPS T.-p/Preaa Prepr .. aurization Check • • o • 

DPS Thruat Proar .. (P40) With AGS Po1lovup , Docked • o • •  

DPS Thruat Proar .. (P40) With AGS Fo11owup/In Control • 

Fuel/oxid preaa abnoraa1 (aa1fuaction procedure) 
Pua1/oxid t.-p abnoraal (aalfunction procedure) • • o • 

FUEL V!HT/OXID VENT tb - abnoraal ( .. lfunction procedure) o • 

He preaa abnoraa1 ( .. !function procedure) o 

Loaa of Deacent Power • • • • o • o • • • 

PQGS ind abnoraal (aa1function procedure) • 

Droaue (CSH Side ) ,  Inetall • 

Drogue (CSH Side) , Raaove 
Dro,ue (LH Side ) , Ineta11 
Droaua (LM Side ) , R..,. 
DSEA Check • • • o • o • 

DSJCY Liaht T .. t o • • • • • • o • o 

DUA Backup Voice Diaable • 

DUA Backup Voice Enable 
DUA Diaable • • • • • •  

DUA Enable • o • o • • • 

Dyn.-ic Diaplay Kodea 

ED 

! 

. . . ' . 

ED Pr•• tqlaa Oteek . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
ED RELAYS caut lt ( .. lfunction procedure) • o • o • • o o • o • • • o o 

STAGE SIQ RELAYS SYS A & I 1ta - off when MASTER ARM - .Q!! (aalfunction 
procMure) . . • • • • . • . • • • • . • • • • • . • • . • • 

STAG! SBQ RELAY SYS A or B 1t - off when MASTER ARM - ON (Mlfunction 
procedure) . • . • . . . . . . . . . • . • . . • • • • • . . • • . . 
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4 .  7-38 
4. 7-41 
4 . 7-43 
4 . 7-46 
4 . 3-2 7  
4 . 3-28 

4 . 6-8 
4 . 3-12 
4. 3-2 
4 . 4-57 
4 . 4-51 
4 . 4-54 
4 o l3-49 
4 . 13-48 
4.5-14 
4 . 5-22 
5 . 4-24B 
4 . 14-8 
E-1 
4 . 11-6 

4 . 5-15 
4 . 5-22 
5 . 2-25 
5 . 2-25 
5 . 2-26 
5 . 2-24 
4 .10-106 
4 . 13-30 
4 . 2-50 
4 . 12-2 
4. 12-2A 
4 . 2-49 
4 . 10-61 
4 . 10-2 
5 . 2-24 
5 . 2-25 
5 . 2-26 
5 . 2-25 
5 . 3-11 
5 . 2-26 
4 . 14-11 
4 . 14-12 
4 . 14-10 
4 . 14-11 
4 . 13-23 
4 . 6-19 
4 .13-26 
4. 13-26 
4. 13-25 
4 . 13-25 
4 . 5-30 

4 . 12-8 
5 . 2-58 

) . 2-58 

5 . 2-59 
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LMA790-3-lM 
APOLLO OPIIATIONS HAND1001C 

ALPHABETICAL INDEX ( cont) 

Emergency Procedures • • • • • • • • • • • • • 

Contaminants In ARS/Cab in Atmosphere 

ECS 

Emergency Forward Hatch Opening (Cabin S ide) 
Emergency Trans fe r ,  Using OPS • • • • • • • • •  

EPS Prestaging Check - Lunar Contingency ( One Ascent Battery Only) 
Excess ive Cabin Leak • • • • • • • • • • •  

Extravehicular Trans fer ( Staged Vehicle) 
Final Subsystem Preparation for EVT • • • 

Fire/Smoke in Cabin (No t  in Suit Loop) 
Fire/Smoke in Suit  Loop • • • • • • • • •  

Loss of CDR Bus During Powered Descent 
Abort (DPS Engine) , To 
Abort (APS Engine) , To 
Reconf igure • • • • • • 

Loss of Descent Power • 

Loss of ED S ub-system • 

Loss of U1P Bus During Powered Des cent 
Abort (DPS Engine) , To 
Abort (APS Engine) , To 
Reconfigure • 

Loss of Manual and Auto APS Start Capab ility • • • • 

Loss of Manual and Auto APS S tart Capab ility (with loss of one bus) • 

Smoke in Cab in (Crew Unsuited) 
Subsystem Preparation for Egress 
Suit Leak in Depressurized Cab in 
Vacuum Changeover - PLSS to LM 
Vacuum Transfer to CSM, Crewman • 

ARS /Cabin Atmosphe re ,  Contaminants In • • • • •  

ARS /PGA Pressure Integrity Check 
Cab in Atmosphere Filtering 
Cab in Depressurization 
Cab in Leak Check 
Cab in Leak , Excess ive • • • • • • • • •  

CABI!l PRESS - high ( mal function procedure) 
CABIN PRESS - low or deer  (mal function procedure) 
Cabin Repressurization • • • •  

Cab in Repressurization System, Disable LM • 

Cab in Repres surization System0 Enable LM 
CABIN warn l t  (malfunction procedure) 
Connect to Ut ECS , Crewman 
Connect to LM ECS 6 Communications 
Consumables Check • • • • • • • •  

Coolant Loop (HTS) Ac tivation ,  Secondary 
Cooling 1120 Changeove r ,  LM 1120 , ( LCG) to PLSS H20 
Cooling 1120 Changeover ,  PLSS H20 to LM H20 ( LCG) 
C02 lt ( malfunction procedure) • • • • • • • • • • • •  

Disconnec t From LM ECS 6 Communications • • • • •  

ECS Activation 6 Checkout • • • • •  

ECS Bas ic (Unataged & Staged) • 

ECS caut l t  (malfunction procedure) • •  

ECS Periodic Monitoring ( Staged) 
ECS Periodic Monitoring ( Unstaged) 
ECS Prestaging Check • • • • • •  

ECS (Subsystem Management) • • • • 

ECS Status ( Two Men on Lunar Surface) 
GLYCOL caut lt  (malfunction p rocedure) 
GLYCOL comp lt (malfunction procedure) 
GLYCOL press - low or deer (malfunction procedure) 
Glycol Pump Check • • • • • • • • • • • • • • 

GLYCOL temp - high or incr (malfunction procedure) 
J l20 Dispenser Activation • • • • • • • • • • • 

H20 QUAIITITY - low or deer abnormally (malfunction procedure) 
1120 SEP lt (malfunction procedure) • • • •  

Page 

5 . 3-2 
5 . 3-8 
5 . 3-8 
5 . 3-7 
5 . 3-10 
5 . 3-2 
5. 3-15 
5. 3-16 
5 . 3-3 
5 . 3- 3  
5 . 3- 11 
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5 . 3-13 
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5 . 3-2 
5 . 2-51 
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4 . 1 3-13 
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4 . 13-3 
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5 . 2-54 
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LMA790-J-LM 
.UOU.O OltBATIONS HAHD100K 

ALPHABETICAL IMDD (coot) 

LCG Recharae Procedure • • • • • • • • • • • • • • • 

02 Detland Reaulator Checkout • • • • • • • • • • • 

02 Deaand Reauletor Check (Alternative) ,  In--Pliaht 
02 QTY caut lt (aalfunction procedure) • • • • • • 

02 QUANTITY - lov or deer (aalfunction procedure) • • 

02 Supply Activation • • • • • • • • • • • • • 

PART PRESS C02 - hiah (aalfunction procedure) • 

Pr�ry LiOH Cartridge Rapleceaent • • • • 

Secondary LiOB Cartridae Raplaceaent • • • • • 

SUIT PAN lt (aalfunction procedure) • • • • • • • 

SUIT/PAN warn lt ( .. lfunction procedure) 
Suit Pan Activation , Checkout , and Water Separator Check 
SUIT ISOL Valve Check • • • • • • • • • • • • • • • • • • 

Suit Leak in Depreaaurized Cabin • • • • • • • • • • • 

SUIT PRESS - hiah (ear••• .ode) ( .. lfuaction procedure) • 

SUIT PRESS - lov ( .. lfuactioo procedure) 
Ear••• ·  Pinal Subayatea Confiauratioa for 
Emeaia Diapoaal • • • • • • • 

Enable W-Hatrix Initialization • • • 

EPS 
A-C voltage high ( .. lfunctioa procedure) • • • • • • 

Aacent Battery Activation & Checkout • • • • • • 

Bat tb abnoraal (UNSTAGID) (aalfunction procedure) 
BATTERY caut lt (STAGED) ( .. lfunction procedure) 
BATTERY caut lt (UNSTAGED) (aalfunction procedure) • • • • • • 

Bua function• loat ( .. lfunction procedure) 
Circuit Breaker Activation • • • • • • • • 

DC BUS warn lt (STAGED) (aalfunction procedure) • 

DC iUS warn lt (UNSTAGBD) ( .. lfunctioo procedure) 
EPS Activation & Checkout 
IPS Baaic (Staaed) 
EPS B .. ic (Unataaed) 
EPS Check , Poet-DPS Burn 
EPS Periodic Honitoriaa (Staaed) 
IPS Periodic Monitorial (Unataaed) • • • • 

IPS Poetataaina Check • • • • • • 

IPS Preparatioa for DPS Burn 
IPS Preat .. iaa Check • • • • • • • • • 

IPS Pr .. taaina Check - Lunar Continaency (One Aacent Battery Only) 
IPS (Subeyetea Haaaaeaent )  • • • • • • • • • • • • • • • • • • 

INVIITER caut lt ( .. lfunction procedure) • • • • • • • • 

LCA Duty Cycle Durina Secondary Coolant Loop Operation • • • • •  

Loaa of CDR Bua Durin& Povarad o .. cent • • • , , • • • 

Loae of lHP Bua Durina Powered Dee�at 
Lunar Stay Battery Haaaa ... at • • • • 

VOLTS - lov ( .. lfunctioo procedure) 
Er .. ab le Modification Routine (101) 
EVA AnteDDa, Raiae • • • • • 

IVA Antaau, Stov • • , • • • • • , 

Event T�r • Set • • • • • • • • • • 

External AV (LGC P JO ,  AlA 410+50000) • 

Eztrawbicular Activity • • • • • • • 

, 

Piaal Autoaatic Requut Terainate Routine (ROO) 
Pin/S.oke in Cabin (Not in Suit Loop) • • 

Pin/S.oke in Suit Loop 
PITI. jG,I • • • • • • • • • • • • • • • • • • • 

Plaavorcla • . . • • • • • . . • • • 

Porwarcl Batch (Cabin Side ) , Cloee 
Poward Batch {Cabin Side) . Opea • • 

Boaic Date 26 Septelllber 1971 Change Date -----
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LMA790-3-LM 
APOLLO OPIIATIONS HANDIOOK 

ALPHABETICAL INDEX ( cODt) 

Forward Hatch Opening (Cabin Side ) , Emergency 
Forward Hatch (Outside ) , Close • • • • • • • 

Forward Hatch (Outside) ,  Open • • • • • •  

Forward Velocity /Lateral Velocity Disp lay • • • • • •  

Fresh Start . • • , • • • • • • • • • • • • 

G 

GoC 
AGS att error nonzero when it should be zero (aalfunction procedure) 
AGS att error zero when it should be nonzero ( .. lfunction procedure) 
FDAI att error abnormal (malfunction procedure) • • • • • 

FDAI OFF flag appears (malfunct ion procedure) • • •  

FDAI total att abnormal (malfunction procedure) • • • • • 

G&C General • 

G&C Reference Data 
G&C Reference Hodes • • • • • • 

Rate display abnormal ( .. lfunctlon procedure) • • • • • • • • • 

Rate gyro teat fails ( .. lfunctlon procedure) • • • • 

RNG/RNG RT pwr/sig fall lt (malfunction procedure ) 
GDA Enable , • • • • • • • • • • 

Gylcol Loop Activation ,  Primary 
Glycol Pump Check • • • • 

Ground Track Determination Program (P21 )  

HEATERS 

H 

HEATER caut lt (malfunction procedure) • • • • 

Heater Control Temperature Monitor Display • • • • 

Heaters Status Check • • • • • • • • • • • • 

LR temp abnormal (malfunction procedure) • • • • • 

RCS quad 1 ( 2 ,  3 ,  4) temp abnormal (aalfunction procedure) 
RR temp abnormal (malfunction procedure) • • • • 

S-band antenna temp abnormal ( .. lfunction procedure) 
H20 Dispenser Activation • • • • • • • • • • • • • 

LCG Recharge • • • • • . • • • • • • • • • • • 

I 

ICDU Zero . • • • • • . • • • • • • • • • • • 

IHU Coarse Alignaent,  Docked Manual • • • • • • • • •  

IMU Orientation Determination Proaraa (P51) • • • • • 

I}(U Power-Dmltl • • • • • • • • • • • • • • • • • • • • 

IMU Power-Up (LGC Off ) • • • • • • • •  

lHU Power-Up (LGC Operatina) • • • • • • • • • • • • 

lHU Realign Prograa (P52) • • • • 

Incr .. ent LGC TiM • • • • • • • • • • • • • • • • • • 

In-Flight 02 Deaand Reaulator Check (Alternative) 
Initial Entry Statue Check • • • • • • • • • • • • • • • • 

Initial Intravehicular Tranafer to LH • • • • 

Initialize Erasable nu.p Via Downlink • • • • • 

Input � RLS for P inpoint Landin& • • • 

Inata11ation of 16-MH Sequence Camera Wedse 
Install Drogue (CSH Side ) • • • • • • • • • 

Basic Dote 26 September 19 71 Change Data ------

. . 

Page 

5 . 3-8 
4 . 15-14 
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4 . 6-32 
4 . 2-27 
4 . 2-2 
4 . 14-2 
4 . 6-32 
4 .6-41 
4. 13-49 
4 . 14-12 
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LMA790-J-LM 
APOLLO ONIATIONS HANDIOOK 

ALPIIABETICAL IMDIX (coat) 

Inatall Drosue (LK Side) • • 
Interrupt Iatearatioa 
Intravehic:ular Operatioaa • • • • • • • • • • 
Intravehicular Traaafar to CSH • • • • • • 
Intravehicular Traaafer to LK (Second Cr...an) • • • • • • 
ISS Coarae Alip • • • • • • • • • • 

Jet Select Loaic • 

Landina Confiraatioa Progr.. (P68) • 
Landin& Gear Deploy 
Landin& Phaae (ROD) Proar .. (P66) 
Landing Radar Checkout · • 
Landing Radar Power-Dowa • 
Landing Radar Power-Up • 
Landing Radar Spurioua Taat Routine (R77) 
Landin& Radar to Poaition 2 ,  Ca..aad • 

J 

L 

LCA Duty Cycle Durina Secondary Coolant Loop Operation • LCG Rec:harae • • • • • • 
LGC/CHC Clock Synchronization Routine (R33) 
LGC/DSKY Raatrictiona 
LGC Eraaable HA.ory Diaplay/Update • 
LGC Idlina Proar .. (POO) • • 
LGC Power-Down Proaraa (P06) • 

LGC Power-Up 
LGC Proar-POO LGC Idling 

P06 LGC Power-Down 
Pl2 Powered Aacent 
P20 Rendeavoua NaYiaatioa • 
P21 Grouad Track Deteraination 
P22 Luaar Surface Naviaation 
P2S Preferred Trac:kiaa Attitude 
P27 LGC Update • • • • 
PJO External AV • • 
P32 Coelliptic Sequence Ini tiation (CSI) 
P33 Con.tant A Altitude (CDH) • • • 
P34 Tranafer Phaaa Initiation (TPI ) • 
PlS Tranaf•r Phaa• Hldcour•• (TPK) 

DPS Thruat P40 
P41 
P42 
P47 
PSl 
P52 
PS7 
P63 
P64 
P66 
P68 
P70 
P71 
P 72 

. . . . . 

P73 
P 74 
P7S 
P76 
P77 

RCS Thruat 
APS Thruat 
Thruat Monitor IMU Orientation Detarainatioa • 
IMU lealip • •  
Laar Surface Alip • •  
lraldq Phaae • 
Approach Phu• 
L.adiq Pbua (ROD) • 
Laadiq ConfiraatiOD 
DIPS Abort • • • • • • •  
APS Abort • • • • • • 
CSM Coalliptic Sequence Initiation Tar .. tiaa 

CSM Conataat A Altitude Taraat iDI • 
CSM Traaafer Phaae Initiation Taraetlna 
CSM Traaafer Phaae Mldcourae Targeting 
Target AV (CSH) • 
Tar .. t AV (LK) 

Basic Date 26 Septellber 1971 Change Dafe ____ _ 

. . . .. . . 

4 . 14-11 
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4 . 14-3 
4 . 9-14 
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4 . 6-35 
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4 . 6-S 
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4 . 8-6 
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4 . 6-26 
4 . 6-6 
4. 7-2 
4. 7- 7 
4. 7-14 
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4 . 7-28 
4. 10-2 
4 . 10-38 
4. 10-22 
4 . 10-SO 
4 . 9-2 
4 . 9-S 
4 . 9-22 
4. 1o-73 
4. 10-86 
4 . 10-88 
4 . 1Q-91 
4 . 1o-106 
4 . 1Q-116 
4 .  7-38 

4 . 7-41 
4. 7-43 
4 . 7-46 
4 . 7-33 
4. 7-34 
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LMA790-J-LM 
APOLLO OPIIATIONS HAND100K 

ALPHABETICAL INDEX (cont) 

LGC Routines • . . . • • • • • • • • • • • 

ROO 
ROl 
R03 
R04 
ROS 
R30 
R31 
R33 
R36 
R47 
R60 

- Final Automatic Request Terminate 
Erasable and Channel Modification 
DAP Data Load • 

RR/LR Self-Test • • • • 

S-Band Antenna • • • • • 

- Orbit Parameter Display 
- Rendezvous Parameter Display 
- LGC/CHC Clock Synchronization 
- Rendezvous Out-of-Plane Display 
- AGS Initialization 
- Attitude maneuver routine 

R62 - Crew-Defined Maneuver • • 

R63 - Rendezvous Final Attitude • 

R77 - LR Spurious Test 
LGC Self-Test 
LGC Update Program (P27)  
Light ing 

AOT Lighting Check 
Caution & Warning Array Checkout 
COAS Lighting Check • • • • 

DSKY Light Tes t • • • • • • • • • 

Lighting Activation & Checkout 
LiOH Cartridge Replacement , Primary 
LiOH Cartridge Replacement , Secondary 
LH-to-CSM Power Trans fer . Uns taged 
Load IMU Attitude Error Meters 

Page 

4 . 4-11 
4 . 6-40 
4 . 6-41 
4 . 6-8 

4 . 6-64 , 80 
4 . 6-37 
4 . 8-3  
4 . 6-16 
4 . 6-20 
4 . 7-32 
4 . 6-23 

4 . 6-12 .-15,-2 7 ;4 . 8-8,-11,-14 ,-1 7 ;  
4 . 9-10; 4 . 1Q-27 ,-44 . -65,-79; 4 . 12-17 

4 . 6-11 
4 . 6-13 
4 . 6-82 
4 . 6-17 
4 . 6-6 

Low-Power S-Band Backup Voice , LBR Check 
LRV Deployment • • • • • • • • • 

With Steerable Antenna 

4 . 2-17 
4 . 2-19 
4 . 2-18 
4 . 6-19 
4 . 2-16 
4 . 13-9 
4 . 13-10 
4 , 3-28 
4 . 6-31 
4 . 2-40 
4 . 15-37 
4 . 15-42 
4 . 15-2 
4 .8-228 
4, 8-22B 

Lunar Launch Contingency Stowage 
Lunar Stay Operations • • • • • 

Lunar Surface Navigation • • • • 

Lunar Surface Navigation Program (P22) 

Malfunction Procedures • • 

Abort Guidance Section 
AGS warn lt • . • 

DEDA response abnormal 
Ascent Propulsion Section 

ASC He REG 1 ( 2 )  tb - bp 
ASC HI REG caut lt 
ASC PRESS warn lt , • 

ASC QTY caut lt , • 

Fuel or oxid press abnormal • 

Fuel or oxid temp abnoraal 
He press abnormal or deer • 

Communication Subsystem • • • • • 

Cannot acquire phaseloek 
Loss of ICS • • • • • • • 

Loss of S-band voice comm 
Loss of VHF voice comm with CSH 

H 

Loss of voice comm with EVA (one .. n !VA) 
MSFN reports loss of PCH. S-band voice OK 
One crewman haa abnormal (unselected) hot mike 
S BD RCVR caut lt • • • • • • • • • • • • • • • 

8oaic Date 26 September 1971  Change Date -----
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LMA790-J� 
APOLLO OPIIATIONS HAND100K 

ALPHABETICAL IHDIX (cOilt) 

Control Electronics Section • • 

Abnormal dyn..tca durina HPS thruatina 
Abnormal vehicle dyaa.ica (non-HPS) • 

AGS Plllae or direct c.da abnormal • • 

CI!!S AC warn lt 
CES DC warn lt 
ENG GHIL caut lt 
ENG THRUST & CtD THRUST ind do not aaree/off achedule • 

LK drifta out of deadband • • • 

No HPS ignition at TIG • 0 
No HPS ahutdown • • • • • • • 

PGNS ainiaum impulae (V76) c.da abnormal 
PRE AMPS caut lt 
Pr ... ture HPS ianitiOD 
Prop cada abnormal 
TTCA Cllda abnormal 

Deacent Propulaion Section 
DES He REG 1 (2)  tb bp 
DES He REG 2 (1) tb gray 
DES QTY warn lt • 

DES REG warn lt • 

Fuel/oxid preaa abnormal 
ruel/oxid ta.p abnor.al • • 

FUEL VENT/oxm VENT tb - abnormal • 

He preaa abnormal • • • 

PQGS 1nd abnormal • • • 

Electrical Power Subayatea 
A-C voltaa• hi&h 
5 Bat tb enoraal ( UNSTAGED) • 

5 Bat tb enoraal (UNSTAGED) • •  

Bat tb abnormal (STAGED or UNSTAGED) . 
BATTERY caut lt (STAGED or tmSTAGED) . 
Bua functiona loat 
DC BUS warn lt (StAGED) • 
DC BUS warn 1 t (UN STAGED) 
INVERTER caut lt 
VOLTS - low , 

Environ.ental Control Subayatea • • 

CABIN preaa - hiah 
CABIN PRESS - low or deer • 

CABIN warn lt 
C02 lt 
F.CS caut lt • • 

GLYCOL 
GLYCOL 

caut lt 
coap lt 

GLYCOL preaa - low 
GLYCOL ta.p - hiah 
H20 QUANTITY - low 
H20 S!P lt 
02 QTY caut lt 

or deer 
or incr 
or deer 

02 QUANTITY - low or deer • 
PART PRESS C02 - hiah • 

SUIT PAN lt 
SUIT /PAN vern lt 

abnormally 

SUIT PUSS - hiah (eareaa .ada) • 

SUIT PUSS - low 
Explo.t,. Devicea • 

ID ULAYS caut lt 
STAGE SIQ UI.\Y SYS A or B lt off when MASTIR AIM 011 
STAGE SIQ RELAYS SYS A & B lta - off when KASTIR ARH - ON 
HSPR Advia• Both Sya A & B lt7-US Failed • 

Baaic Date 26 Septembe r 1971 Change Date -----
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ALPHABETICAL INDEX (c:ont ) 

Guidance & Control Fliaht Displays • • • • • • 
AGS att error nonzero when it should be zero 
AGS att error zero when it should be nonzero 
PDAI att error abnormal • 
FDAI OFF flag appears • • 
PDAI total att abnormal • 
Rate display abnormal • • • 

Rate gyro tea t fails 
RNG/RNG RT pwr/aig fail lt 

Heaters • 

HEATER caut lt 
LR temp abnormal 
RCS quad 1 ( 2 ,  3, 4) temp abnormal 
RR temp abnormal 
S-band antenna temp abnormal 

Primary Guidance & Naviaation Section • 
ALT lt 
GIMBAL LOCK lt 
ISS warn lt 
LGC teat 
LGC warn lt 
NO TRACK lt • 
RESTART lt 
RNDZ RDR caut 
TEMP lt 
TRACKER lt 
VEL lt 

lt 

Reaction Control Section 
He preaa low or deer 
PQHD abnormal 
RCS A (B) REG warn lt 
RCS caut lt • •  
RCS press or teap sbnoraal 
RCS TCA warn lt o • • • • o 
TB abnormal (QUAD) 
TB abnormal (MAIN SOV ,  CRSFD, ASC FEED) 

MESA Operation • • o • • o • • 

MESA Equipment Handlin& and Transfer 
MESA Exterior Blanket Raaoval 
MESA Heiaht Adj uat•nt • • 
MESA Manual Deployment 
MESA Remote Deployment 
SRC Removal • 
TV Camera Deployment 

Mission Tt.er, Set • o 
Hode I Attitude Error Display 
Hode I I  Attitude Error Display o 
HPS Basic (S taaed ) • • • o • • 
HPS Basic (Unataaed ) • • • • • • o 

Naviaation o 
Naviaation ,  LH Rendenoua 
Navigation , Lunar Surface 
Naviaation , Orbital 
Noun List 

N 
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ALPILUETICAL DIDD (coat) 

Option Codes (V04 N06, V04 Nl2, or V05 N06) o 
Orbital Haviaatioa o o 
Orbital Thruat o 
Orbit Par .. ter Diaplay (PGNCS 1.30 & AGS) 
ORDEAL lDitialiaatioD 
Overheacl Hatch (CSM Side) , Cloee 
Overhead Hatch (CSM Side) , Opeo 
Overhucl Hatch (LK Side ) ,  Cloee 
Overhead Hatch (LK Side) , OpeD o 
02 Deaaad Reaulator Checkout o 

0 

02 DeaaDcl Reaulator Check (Alternative) , In-Flilht o 
02 Supply ActivatiOD • • • • 

PGA Coolina .  Revere• 02 u.bilicale for • 

PGNCS 
AGS IaitializatioD Routine (R47) 
Crev-DefiDecl HaDeuver Routine (R62) 
DAP Data Load Routine (R03) • 

DSKY Li&ht T .. t • • • • o o 
Er .. able Modification Routine (1.01) • • 

Enable W-Katrix IDitialiaatiOD 

p 

Final Autoaatic Requeet Terainate Routine (ROO) • 

Fr .. h Start • o • • • • • • •  

ICDU Zero • • • • • 

IHU Paver-Dowa • • • • 

IHU Paver-Up (LGC Off) 
IHU Paver-Up (LGC Operatin&) 
Incr ... at LGC Tt.e • • • • • 

IDitialin Er .. able IN., Via DalmliDk • 

Iaput 6ILS Por Pinpoint Laadiq • • • • 

Interrupt lntearatioD • • • • • 

LGC/CMC Clock SyachroaizatiOD Routine (133) 
LGC lr .. able Me.ory Dieplay/Update 
LCC Idlina Proar.. (POO) 
LGC Paver-Dowa Proar• (P06) 
LGC Power-Up 
LCC Self-T .. t • 

LOC Upclate Proar• (P27) 
Load DIJ Attitude Error Matera • • • • • 

Mode I Attitude Error Dieplay • 

Mode II Attitude lrror Dieplay 
MDYe Thi• Vehicle S tate Vector to Other State Vector 
OIDIAL Initialization • 

PGHCS/AGI • •  

PGJICS/AGS Alip • • •  

PGHCS (Allan-at) • • • 

PGNCS Attitude Bold/late Cc-e• 
PGHCS Attitude late/Error Diaplay • 

PGHCS Autaaetic • o o • o o • 

PGIICS �Maar Surface Alip ProJr- (PS7) • • •  o o , 

PGJICS Mjnf- t.pulae o , o o 
PGHCS (Prethruat) o , o • o 
PGHCI Total Attitude Diaplay 
PGHS 
PIPA liM Heuuraeat • l.oacliq o • 

Preferred Trackina Attitude Proaraa (P2S) • 

Rate of Daeceat Coatroller/LGC Interface Check 

Change Oat. ____ _ 
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ALPIIABITICAL INDEX (coat) 

Rendezvous Pinal Attitude Routine (R63) • • 
Rendezvous Para .. ter Display Routine (R31) 
Res tart • 
RR CDU Zero • • • •  
S-Band Antenna Routine (ROS ) 
Show Bankaua 
W-Matrix Error Display 

PIPA Bias Ke .. urement & Loading 
PLSS 

Cooling H20 Changeover ,  LK H20 (LCG) to PLSS H20 • • • • • • • • •  
Cooling H20 Changeover ,  PLSS H20 to LK H20 (LCG) • • • • • • • •  
PLSS /EVCS Electrical Checkout , One-Han EVA • , , • , , , • • • 
PLSS/EVCS Electrical Checkout , Two-Han EVA • • • • • • • • •  
PLSS Recharse . • • • • • • • • • • • • • • • • • • 

Pesdvater Reservoir and Auxi liary Tank Recharge , Gravity Enviroa.ent 
Oxygen Recharge • 

Vacuum Changeover - PLSS to LK 
Post-EVA Final Subsys tems Configuration 
Powered Ascent • 

Powered Ascent Program (Pl2) With AGS Followup/ In Control 
Powered Descent • • • • • 
Power Trans fer , LM-to-CSM (Unstaged) • • • • • • • •  
Prefe rred Tracking Attitude Program (P2S) • • • • • 
Prelaunch Closeout Check • • • • • • • • • 
Prethrust • • • • • 
Primary Glycol Loop Activation • • • • • • • • • 
Primary Sublimator Activation 
Propulsion (Subsystem Management) 

Radar 
Command Landing Radar to Position 2 • 
Landing Radar Checkout 
Landing Radar Power-Up 
Landing Radar Power-Down 
Landing Radar Spurious Test Routine (R7 7 )  
Radar Signal Strength Display • 
Rendezvous Radar Coarse Align • 

R 

Rendezvous Radar Continuous Deaignate , Terainate • • • • 
Rendezvous Radar Initial Activation & Checkout • • • • 
Rendezvous Radar LK State Vector Update , AGS Manual • 

. . . 

Rendszwus Radar Manual Deaignation to Mode II • • • • 
Rendezvous Radar Manual Side-Lobe Acquisition Check & Main-Lobe Acquisition 

Verification • • • • • • • • • • • • • • • • 

Rendezvous Radar Power-Up • • • • • • • • • 
RR Azimuth Rate/ Elevation Rate Display 
RR CDU Zero • • • • • • • • • • • 
RR LOS Azimuth and Elevation Display (V8S) 
RR Shaft Angle/Trunaion Anal• Display • 

Ranae/Ranae Rate Display • • • 
Rate Gyro Check • • • • 
Rate of Des cent Controller/LGC Interface Check • 
RCS Burn for Lunar Impact (U..aDDed Ascent Staae) 
RCS Hot /Cold Firing Check • • • • 
RCS Peridoic Monitoring • • • • • • • • • 
RCS Pressurization • 
RCS Primary Coil Enable 
RCS Staging 
RCS Thrust Program (P41 ) With AGS Pollovup/In Control 
RCS Translation 
Relay Hode : CSM Voice to MSPN 
Relay Mode : EVA . (One-Man EVA) 
Relay Mode : EVA (Two-Man EVA) 
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ALPHABETICAL INDEX (cont) 

Reade8YOue Pinal Attitude Routine (R63) 
Rendazvoue Naviaation, LM • • • • • • • • • • • • 

Rndazvou. Naviaation Proar• (P20) , LM 
Randazvoua Out-of-Plana Dt.play Routine (R36) 
Rendezvoua Par ... tar Diaplay Routine (R31) • 

Rea tart 

s 

S-Band Activation & Checkout , Uaina Oani Antenna • 

S-Band AnteiU\a CooldCMl 
S-Band Antenna Routine (R05) • 

S-Band Backup Voice & Kayina Check • 

S-Band Confiauration for LOS • 

S-Band CWP.A !nabla • • 

S-Band PM Chac:k 
S-Band LIR Data Enable • • 

S-Band Ranaina, Voice , and Tal ... ntry Check 
S-Band Steerabla Antenna Activation and Checkout • • 

Secondary S-Baad Tranaceivar & Power Aaplifier Check • • • 

Sat Mieaioa Tt.er 
Shadu , Deploy • 

Shadu , Stow • •  

Show Bankaua • 

Sleep Station • • • • • • 

Sleep Station , Deploy 
Sleep Station, Stow • 

SRC R-.oval 
Staaina 
Star/Plaaat Lt.t • • • • • 

State Vector , Move Thie Vehicle State Vector to Other 
Subliaator Activation, Priaary • 

Subliaator Dryout 
Subliaator Dryout , Preparation for • 

Subayat .. Activation • • • • • • • • 

Subeyat .. Confiauration for !VA Preparation 
Subeyat .. Deactivation • • • • • • 

Subeyat- Deactivation, PiDal 
Subeyet .. Manaa ... nt • • • • • 

Suit Pan Activation, Checkout , and Water Separator Check • 

SUIT ISOL Valva Check 
Sy.bola and Abbraviationa , Definition• of • 

Taraat AV Proar .. (P76) 
Thru.t 
Thru.t Dbplay • • 

Thruat Monitor Proar• (P47) 
Thruat,  Orbital • • • • •  

Tt.ar !lectroluainuc:at (IL) Nwaeric Check 
Torque Gyro• • • • • • • • • • • • • • 

T 

Tranafar Ph•• Initiation (LGC P 34 ,  AlA 410+30000 , 
Tranafar Phaaa Midcouraa (LGC P35 ,  AlA 410+40000) 
Tranafar to CIM, Cr.,.... Vac .. , • • • • • • 

Tranafar to CSK, Intra.ahicular 

Search; 6 410+40000 , Eucute) • 

Tranafar to LM (Second Cr...an) , Intravehicular 
Tranafar to LM, Initial Iatrnahicular • 
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ALPHABETICAL INDEX (coot) 

Transfer U.bilical , Cr.vman Disconnect 
Trans fer , Using OPS , �rgency • • •  

Translation Control Hod.. • • • • • 

Tunnel Pressure Equalization rroa LH • • • • • 

Tunnel Preaauriaation Pr011 LH ,  Uaing LH Conau.blea 
Tunnel Preaaurization Proa LH ,  Without Uaing LH Consuublu 
TV c ... ra Deplor-ant • 

TV Camera Operation 

u 

Undocking From CSM , LH • • • 

Urine Collection Assembly ,  Trans fer Urine to Saall • 

Utility Lights Activation & Checkout • • • • 

Vacuum Bruah Operation • 

Vacuum Changeover - PLSS to LH 
Verba 

Verb List • 

V40 Zero CDU (N20) 
V40 Zero CDU (N72 ) 
V41 Coarse-Align CDU (N20) 
V41 Coarse-Align CDU (N72) 
V42 Fine-Align IHU 
V43 Load PDAI Error Needlea • 

Terminate RR Continuous Designate 
Initialize AGS (R47) 
Start DAP Data Load Routine 
Start Crew-Defined Maneuver 
Increment LGC Tiae 

- Command LR to Position 2 
Display DAP Attitude Error 
Display Total Attitude Error 
RR/LR Self-Teat (R04) • • 

(R03) • 

(R62) • 

Start S-Band Antenna Routine (ROS) 

v 

V44 
V47 
V48 -
V49 
vss 
V59 
V61 
V62 
V63 
V64 -
V66 
V67 
V69 
V70 
V71 
V72 
V 7 3  
V74 
V78 
V79 
V82 
V83 
V89 
V90 
V91 
V93 
V96 

Vehicle& Attached : Hove This Vehicle State Vector 
W-Matrix RHS Error Diaplay 
Res tart • 

Update Liftoff Ttae • 

Universal Update , Block Addreaa • •  

Univeraal Update , Single Addreaa 
Update LGC Tt.e • • • • • • 

. . . . 

Initialize Eraaab le nu.p via Downlink 
Start LR Spurious Return Teat (R77) • • • • • • 

Stop LR Spurious Return Teat (R77) 
Requeat Orbit Par ... ter Disp lay (R30) • 

Requeat Rendezvous Par .. eter Diaplay (R31) 
Start Rendezvoua Final Attitude Maneuver (R63) 
Requeat Rendezvous Out-of-Plane Diaplay (R36) 
Show Banuum • • • • • • • • • 

!nabla W-Matrix Initialization 
Interrupt Integration and 10 to POD • 

VHF Activation & Checkout 
VHF B Data Enable • • • • • • • • • • • • • 

VHF B St.plex Check 
VHF Ranging Check • • • • • • • • • • 

Baaic Date Z6 Septelllb e r  1971 Change Dote ------
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ALPBBIETIC.U. DmiX (cont) 

Waate KaDa,...at • • • • 

Defecatioo Diepo .. 1 • 

Fauia Diapoeal • •  

. . .-

w 

. . . . 

Tr&Defer Urine to D/S w .. te Container (Alternative Mode) 
Tranafer Urine to D/S w .. te Contaiaer (Prt.e Mode )  
Tranafer Urine to s .. 1 1  Urine Collectioa Ae e  .. b1y • 

Water Separator Check • • • • • 

W-Hatrix Error Dieplay • • • • • 

Window Shed•• (a>R. UfP .  6 Dockins> 
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