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F~IGHT MISSION RU~E RATIONA~E DOCUMENT 

DECEMBER 15. 1970 

PREFACE 

THIS DOCUMENT IS COMPI~ED BY THE F~IGHT CONTRO~ OPE~ATIONS BRANCH (FCOB). F~IGHT CONTRo~ 
DIVISION. MANNED SPACECRAFT CENTER. HOUSTON. TEXAS. IT IS A COMP~EMENTARY DOCUMENT TO THE F~IGHT 
MISSION RU~ES WHICH IS A CO~~ECTION OF RATIONA~E. HISTORY, AND SUPPORT DATA DESCRIBIN~ OR 
JUSTIFYING THE MISSION RU~ES. 

COMMENTS CONCERNING THE CONTENTS OF THIS DOCUMENT SHOU~D BE DIRECTED TO MR. BARRY M. WO~FER.FCOB 

(FC2), 483-3838. 

THIS DOCUMENT IS NOT TO BE REPRODUCED WITHOUT THE WRITTEN APPROVA~ OF THE CHIEF, F~IGHT CONTRO~ 
DIVISION. MANNED SPACECRAFT CENTER. HOUSTON. TEXAS. 
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NASA - Manned Spacecraft Center
MISSION RULES

PARTI - :NTROOUCTZON

R ITEH

Ao PURPOSE

THE FLIGHT MIS6ZON RULE RATIONALE DOCUMENT CONTAZNS EXPLANATORY DATA THAT ALLOWS THE
MISSION RULES TO BE SIMPLE STATEMENTS OF CONDITIONS/MALFUNCTIONS AND A BRIEF RESULTANT
ACTION RATHER THAN LENGTHY PROCEDURAL DE$CRIPTIO_S* THE RATIONALE ALSO PROVIDES k
OOCUHENTED COHPILATZON OF SYSTEM DATA PERTINENT TO NON_NOHINAL SITUATIONS OR ALTERNATE
NISSION PLANS* GENERAL PROCEDURES FOR THE DEVELOPMENT OF THE FLIGHT HISS|ON RULE RATIONALE
DOCUHENT ARE CONTAINED. IN SECT]ON 3 OF THE HISSION RULE pREPARATION DOCUNENT*

B* RESPONSIBILITY

THE DIRECTOR OF FLIGHT OPERATION$o MEet HOUSTONt TEXASj HAS THE OVERALL RESPONSIBILITY FOR
THE PREPARATIONt CONTENTS AND CONTROL OF THE FLIGHT H|SSION RULE RATIONALE DOCUMENTo IN
ORDER TO ASSIST THE DIRECTOR OF F6IGHT OPERATIONS IN THIS TAGK_ THE CHIEFo FCOBt HAS BEEN
DESIGNATED AS THE SINGLE POINT OF CONTACT AT THE HSC FOR FLIGHT MISSION RULE RATIONALE* A5
THE SINGLE pOINT OF CONTACTt FCGB IS THE CENTRAL COORDINATING AGENCY AND CONTROLS THE
FLIGHT NIESION RULE RATIONALE DURING THE PUBLICATION PHASE ONLY* SINCE THE RULES
CONTINUOUSLY CHANGEo NOT ALL RATIONALE €ONFORHS TO RULES AS THEY EXIST AT PRESENT* HOWEVER_
IN GENERALt THE RATIONALE IS €OHPATIBLE WITH EXISTING RULES, THIS DOCUMENT WZLL NOT BE
UPDATED*

C* ORGANIZATION

THE FLIGHT MISSION RULE RATIONALE OOCUHENT IS SUBDIVIDED INTO TEN BASIC SECTIONS* " EACH
SECTION IS ORGANIZED SO THAT SUBGROUPINGS OF A SECTION FALL IN THE SAME ORDER AS THE
APPLICABLE PARTS OF THE FLIGHT MISSION RULES DOCUMENT*

MISSION REV I DATE SECTION GROUP. PAGE

APOLLO 14 FNL L2/IS/TO INTRODUCTION
1
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NASA - Manned Spacecraft Center

M_SSION RULES

SECTION 1 - FLIGHT OPERATIONS

R ITE_

2-1 PRELAUNCH

A, THE LAUNCH AZIMUTH CONSTRA'INT OF 72 DEG IS AN ARBITRARY LIMIT WHICH PROVIDES GOOD
PERFORMANCE RESERVES AND MSFN COVERAGE= THE CONSTRAINT FOR 96 DIG IS AN EOO LIMIT TO ALLOW
ACCEPTABLE _SFN COVERAGE THROUGH ]NSERTI'ON,

B, A LAND LANDING WITH A HORIZONTAL COMPONENT GREATER THAN 5_ FPS AT IMPACT IS CONGIDERED TO
BE HAZARDOUS TO CREW SAFETY=

C. LAUNCH COVERAGE THROUGH INSERTION IS REQUIRED FOR GROUND MONITORING FOR ABORT SITUATIONS.
COVERAGE FROM INSERTION TO INSERTION PLUS 60 SECONDS IS REQUIRED FOR VOICE COORDINATION OF

POST-INS_RTION GO/NO-GOt MODE IV ABORTS* AND APOGEE KICK MANEUVERG,

2-2 LAUNCH

A LAUNCH ABORT IS MORE HAZARDOUS TO THE CREW THAN A REENTRY. THE LANDING POINT CAN BE SELECTED
FOR A REENTRY BUT CANNOT ALWAYS BE SELECTED FOR AN ABORT.

2-3 EARTH ORBIT

NO RATIONALE REQUIRED*

2-11 TRANSLUNAR INJECTION

A=I IA_ CREW SAFETY CONSIDERATION

(B) IF THERE IS ANY FINITE PROBABILITY OF ACHIEVING A LUNAR LANDING MIS$ION_ TLI
WILL BE ATTEMPTED* THIS PHILOSOPHY IS BASED ON THOSE SLV PROBLEMS WHICH MAY
DEGRADE SLV PERFORMANCE BUT HAVE NO ADVERSE IMPACT ON CREW SAFETY, PRIOR TO
TLI IF IT IS CLEAR THAT A LUNAR LANDING MISSION IS NOT POSSIBLE_TLI WILL NOT
BE PERFORMED BECAUSE OF A RISK VS GAIN EVALUATION.

A,2 THE TLI COMMITS THE CSM TO A LONG RETURN TIME AND/OR A LARGE ABORT _ANEUVER-- TMEREFORE_
THE CSM SHOULD HAVE REDUNDANCY IN ALL SYSTEMS BEFORE SUCH A COMMITMENT.

B. WE DO NOT WANT TO CHANCE COMMITTING TO TLI WITH A BAD SYSTEM FOR THE REASONS STATED IN A,ZD
BUT WE DESIRE TO TAKE ADVANTAGE OF EVERY OPPORTUNITY TO ACHIEVE A LUNAR MISSION. THE TLI
TARGETING IN THE IU IS SET UP TO ACCOMMODATE THE sECOND AND THIRD REV OPPORTUNITIES. AN
EXCEPTION TO THIS RULE IS CREW TAKEOVER FOR A SATURN GUIDANCE REFERENCE FAILURE.

2-12 TO&E

A, THE RISK OF CM DECOMPRESSION IS CONSIDERED ACCEPTABLE TO RETRIEVE THE LM,

B, AN UNACCEPTABLE CREW RISK EXISTS IN PERFORMING A STAGING SEQUENLE OFF OF THE CSM/LM/S-IVB.
IT CANNOT BE DETERMINEDt TO AN ACCEPTABLE LEVELt WHAT THE DESCENT STAGE WILL DO UNDER THESE
CIRCUMSTANCESt AND IF IT DID SEPARATE FROM THE S-IVBt AN EXTREMELY HAZARDOUS RECONTACT
CONDITION WOULD EXIST.

MISSION REV DATE SECTION GROUP PAGE

APOLLO 14 FNL 12/15/70 FLIGHT GENERAL
OPERATIONS Z-E



NASA - Manned Spacecraft Center

MISSION RULES

SECTION 1 - FLIGHT OPERATIONS

R ITEF

2-13 TRANSLUNAR COAST

A. NO RATIONALE REQUIRED*

Be IF SOME CONSUMABLE HAS DECREASED SO THAT A CIRCUMLUNAR EARTH RETURN PLUS A 12-HOUR PAD
CANNOT BE SATISFIEDP FLEXIBILITY IS DIMINISHED AND A SHORTER RETURN SHOULD BE SELECTED. THE
Z2-HOUR PAD I_ BASED ON THE TIME REQUIRED TO MOVE THE LANDING POINT FROM ONE OCEAN TO THE
OTHER,

C, NO RATIONALE REQUIRED.

D. THE HYBRID TRAJECTORY FOR THIS MISSION WAS DESIGNED TO SET UP CERTAIN CONDITIONS FOR LUNAR
ORBIT OPERATIONS (LIGHTING AT TOUCHDOWNo 210-FT SITE COVERAGEt AND DPS ABORT CAPABILITY).
IF LOT CANNOT BE ACCOMPLISHEOt THERE IS NO REASON TO GO OFF A FREE RETURN TRAJECTORY,

E, NO RATIONALE REQUIRED

2-14 LUNAR ORBIT INSERTION

A. WE DO NOT WANT TO LEAVE THE FREE RETURN TRAJECTORy AND SPEND TIME IN LUNAR ORBIT lf ONE
MORE FAILURE COULD BE CATASTROPHIC OR A SAFE POWER LEVEL OF 40 AMPS COULD NOT BE MAINTAINED
DURING TLC*

B, IT IS PREFERABLE TO OO INTO LUNAR ORBIT AND ACCOMPLISH MINIMAL OBJECTIVES AS OPPOSED TO
INHIBITING LOT BECAUSE THE NOMINAL MISSION CANNOT BE PERFORMED.

C. NO RATIONALE REQUIRED.

D. NO RATIONALE REQUIRED.

E, A OPS MANEUVER IS AN ACCEPTABLE WAY OF ACHIEVING LUNAR ORBIT TO ACCOMPLISH LANDING SITE
PHOTOGRAPHY OBJECTIVES.

2-15 LUNAR ORBIT

A THROUGH E. NO RATIONALE REQUIRED,

F, THIS RESERVES THE SPS BACKUP FOR THE TEI THUS PROVIDING REDUNDANT PROPULSION SYSTEMS FOR
TEl.

2-16 INTRAVEHICULAR TRANSFER

THE RISK INVOLVED IN A HARDSUIT IVT IS CONSIDERED ACCEPTABLE TO SAVE THE MIGSION.

2-17 DOCKED LM OPERATION

NO RATIONALE REQUIRED.

MISSION REV DATE SECTION GROUP PAGE

APOLLO 14 FNL 12/1B/70 FLIGHT GENERAL
OPERATIONS 1-2



NASA - Manned Spacecraft Center

MISSION RULES

SECTION }. - FLIGHT OPERATIONS

R ITEP_

2-21 CSM/LM UNDOCKING AND SEPARATION

A, INDEPENDENT CAPABILITY IS REOUIRED TO PREVENT THE NEED FOR AN EvT IN CASE EITHER VEHICLES
DOCKING CAPABILITY IS LOST,

B, EVT CAPABILITY IS REQUIRED*TO GUARANTEE THAT THE LH CREWMEN CAN RETURN TO THE CSM EVEN
THOUGH THE LM AND CSM CANNOT REDOCK FOR ANY REASON*

C. CREWMEN MUST REMAIN SUITED IN CASE THE NOMINAL MISSION IS ABORTED AND RENDEZVOUS AND

DOCKING IS REQUIRED IN A HURRY WITH THE RESULTANT PRESSURE VESSEL INTEGRITY HAZARDS, THE
CREWMEN ARE NOT REQUIRED TO WEAR HELMENTS AND GLOVES=

Do VHF VOICE BETWEEN LM AND CSM IS REQUIRED TO PROVIDE COMMUNICATION FOR OPERATIONS OCCURRING
BEHIND THE MOON WHEN MSFN RELAY IS NOT AVAILABLE,

2-22 CSM LUNAR ORBIT UNDOCKED

AoZt IF REDUNDANCY IS LOST IN CRITICAL CSM SYSTEMS (LIFE SUPPDRTP 5PS PROPULSION AND GUIOANCE)P
A,2 THE REMAINING CAPABILITY SHOULD BE USED TO RENDEZVOUS AND RETURN TO EARTH RATHER THAN

COMMIT TO LANDING, IF LM RESCUE CAPABILITY 1S LOST PRIOR TO CSM CIRCULARIZATION THE CSM
SHOULD NOT DO THE CIRCULARIZATION BURN_ AND PUT THE VEHICLES INTO A RENDEZVOUS AND
REDOCKING SITUATION,

B, FOR CSM FAILURES IN THIS PERIOD_ THE HOST TIME THAT COULD BE SAVED BY ABORTING IB TWO HOURS
AND A RENDEZVOUS IS ALREADY REQUIRED, ALSO_ CONTINUING KEEPS THE MISSION ON THE NOMINAL
TIMELINE WHICH iS EASIER TO PERFORM THAN A LM ABORT,

O= THE RISK OF CONTINUING THE LUNAR STAY WITH LOSS OF REDUNDANCY IN THE CSM IS NOT CONSIDERED
WORTH THE GAIN.

2-24 LM PO[

THE LM WILL NOT BE ALLOWED TO START POWERED DESCENT KNOWING THAT IT WILL NOT BE POSSIBLE TO
PERFORM A LUNAR LANDING WITH EVA, THE PRIME OBJECTIVES ON THE H-2 MISSION CONCERN ACTIVITIES ON

THE LUNAR SURFACE AND IF THESE OBJECTIVES CANNOT BE METt THE GAIN IN PERFORMING A LUNAR LANDING
IS NOT WORTH THE RISK,

2-25 LM POWERED DESCENT

A* EARLY IN POWERED DESCENTt THE DPS WITH ITS REMAINING CONSUMABLES CAN BE RETAINED THROUGH
INSERTION= HOWEVERt FROM A CONSUMABLES LIFETIME STANDPOINT, IT iS DESIRABLE TO CONTINUE
THE POWERED DESCENT TO PDI + 6+30 IN ORDER TO ACHIEVE A RENDEZVOUS TIME WHICH I5 TWO HOURS
SHORTER*

Be DURING THIS TIME PERIODt THERE IS NO TIME ADVANTAGE TO ABORTING EARLY AND IT IS PREFERABLE
TO STICK TO THE NOMINAL TIMELINE IF POSSIBLE=

MISSION REV DATE SECTION GROUP PAGE

APOLLO Z41FNL L2/lfi/70 FLIGHT GENERAL
OPERATIONS Z-_
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NASA - Manned Spacecraft Center

MISSION RULES

SECTION i - FLIGHT OPERATIONS

R ITE_

2-26 LM LUNAR STAY

A, AN ANYTIME LIFTOFF COULD RESULT IN LARGE PHASING ANGLES AND REQUIRE EXCEBSIVE AMOUNTS OF
TIME TO RENDEZVOUS, THEREFOREt UNLESS THE CAPABILITY TO GET INTO ORBIT 15 BEING LOST* IT 15
BETTER TO WAIT AND LIFTOFF WITH THE PROPER PHASING,

B, THE CAPABILITY REMAINING SHOULD BE USED TO RETURN TO THE CSM RATHER THAN CONTINUE THE
MISSION, THE GAIN OF CONTINUING* DURING LUNAR STAY WITHOUT REDUNDANCY, 15 N0T CONSlDERED

WORTH THE RISK,

2-27 EVA

A, REQUIRED FOR CREW SAFETY, EVA/MSFN VOICE IS REQUIRED FOR ADVISING THE CREW OP LM SYSTEMS
STATUS.

B. REQUIRED FOR CREW SAFETY,

C, REQUIRED FOR CREW SAPETY, 1KM CONSTRAINT ON THE OPS OPERATIONAL RADIUS IS BASED ON THE
HEAT STORAGE CONSTRAINT ON THE CREWMAN= THE 3 KM BSLS5 OPERATIONAL RADIUS IS BASED ON OPS

02 CONSUMABLE CONSTRAINT FOR LOW PURGE PLOW*

D, COMMUNICATIONS BETWEEN ONE EVA CREWMAN AND MSFN IS REQUIRED FOR REPORT OF LM STATUS AND POR
EVALUATION OF PLSS STATUS,

E, THIS ORDER OF EGRESS/INGRESS WILL ASSURE THE CUR WILL BE IN THE LEFT POSITION AND THE LMP
IN THE RIGHT POSITION FOR ASCENT*

F, THE EVA CREWMAN MusT BE ABLE TO INGRESS RAPIDLY, THE TROUBLE SHOOTINGo REQUIRING THE
PRESSURIZATION, COULD RESULT IN A SUIT PROBLEM REQUIRING A PRESSURIZED CABIN BE RETAINED,

G, REQUIRED POR CREW SAFETY-

H, A fOOD FT LIMITATION FOR i MAN EVA WILL SATISFY THE REQUIREMENT FOR ALSEP DEPLOYMENT,

I, TWO LIFE SUPPORT SYBTEMS ARE MANDATORY TO SUPPORT A CEVT SHOULD CSN/LM DOCKING NOT BE
ACCOMPLISHED,

J, MAINTAIN BACKUP OPERATIONAL CAPABILITY TO RETURN TO THE LM SHOULD THE PLSS FAIL,

K. THE CAPABILITY TO ASCEND WITH THE PLSS ONBOARD 15 REQUIRED SHOULD AN ASAP ASCENT BE
REQUIRED OR SOME PROBLEM ARISE PRECLUDING CABIN DEPRESS,

L, TWO GROUND COMMANDS ARE REQUIRED TO FIRE THE ABE MORTER_ HOWEVERt THIS IS CONSISTENT WITH
GOOD OPERATIONAL PRACTICE,

2-28 ASCENT

IT IS NOT CRITICAL THAT ASCENT BE ACCOMPLISHED ON THE NOMINAL ASCENT REV* IF A SYSTEM CRITICAL
FOR ASCENT IS LOST IT IS PREFERABLE TO DELAY ASCENT TO OBTAIN FULL SYSTEMS CAPABILITY,

MISSION REV DATE SECTION GROUP PAGE

APOLLO 1_ FNL 12/15/7( FLIGHT GENERAL
OPERATIONS 1-4
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NASA - Manned Spacecraft Center

MISSION RULES
SECTION _ - FLIGHT OPERATION_

R ITE_

2-29 RENDEZVOUS

A_E THE LM ACTIVE RENDEZVOUS IS THE PRIME METHOD AND IS KNOWN BEST* ALSO* IT IS BETTER TO USE
THE LM PROPULSION CONSUMABLES AS LONG AS POSSIBLE AND CONSERVE THE CSM PROPELLANTS* IF PLANE
ERRORS WILL EXIST AT INEERTIONp IT IS PREFERABLE TO PERFORM THE LONG RNDZ TO ALLOW TIME FOR A
MANEUVER TO CORRECT THE PLANE ERROR,

2-30 RETENTION OF THE LM ABE STAGE

IF CRITICAL CSM SYSTEM REDUNDANCY IS LOST, CONSIDERATION WILL BE GIVEN TO RETAINING THE LM ASC
STAGS TO PROVIDE THIS REDUNDANCY* THE DELTA VELOCITY RESERVED FOR WEATHER AVOIDANCE MAy BE
UTILIZED TO RETAIN THE NONIMAL RETURN TIME WITH THE ASC STAGE ATTACHED.

2-3Z TRANSEARTH COAST

A* TO LESSEN THE POSSIBILITY OF A CM SKIPOUT OR TO PROVIDE CREW MINIMUM O LOADSe

B* IT IS CONSIDERED SAFER TO GO INTO THE CONDITIONS ESTABLISHED THAN TO PERTURB THE TRAJECTORY
AFTER El - 24 HOURS*

Co THE EARLIER THE 'MIDCOURSE CORRECTION THE LESS THE CORRECTION HAS TO BE AND THE MORE
EFFICIENT 1T IS.

Do SP5 CONSUMABLES MAY BE USED FOR MCC S IF THE SM RC5 cONsuMABLES BECOME CRITICAL*

2-32 ALTERNATE MISSION

A* EoO,

IF A TLI IS NOT PERFORMED A HIGH INCLINATION E,O, MISSION WILL BE DONE TO OBTAIN

PHOTOGRAPHS FOR EARTH RESOURCE PURPOSES.

B* L_O*

AN LOI WILL BE PERFORMED THOUGH NO LANDING IS POSSIBLE TO OBTAIN DESCARTES PHOTOGRAPHY,

C. THE FIRST ORDER OF PRIORITY IN RETAINING OR JETTISIONING THE LM IS TO EVALUATE ITS
USEFULNESS IN PROIVIDING CRITICAL CAPABILITY THAT MAY BE LOST IN THE CSM. IF A DPS TEl 1S
NOT TO BE PERFORMED THE LM SHOULD BE IMPACTED ON THE LUNAR SURFACE TO PREVENT POTENTIAL
COLLISION PROBLEMS IN FUTURE MISSION. IF THE LM IS RETAINED FOR TEIP THE PREFERED METHOD OF
DISPOSAL IS OCEAN IMPACT TO PLACE THE RTG/ POSSIBLE LM FRAGMENTS FROM IMPACTING NEAR
POPULATED LAND AREAS* THE THIRD CHOICE* REMIAN IN LOoo WILL EXIST 1F IMPACT IS NOT
POSSIBLE* NO CONSIDERATION WILL BE GIVEN TO BRINGING THE LM BACK AT TEI TO SATISIFY A
PREFERENCE TO ACCOMPLISH AN OCEAN IMAPCT* THE RETURN TIME AND UNIOUE PROCEDURES REUUIRED
WOULD PROHIBIT THIS*

MISSION REV DATE SECTION GROUP PAGE

APOLLO 14 FNL _2/15/7C FLIGHT GENERAL
OPERATIONS 1-5
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NASA - Manned Spac,cnft Center 

MISSION RULES 
SECTION 2 - GROUND iUPPORT INSTRUMENTATIONICOMMUNICATIONS 

R 1 ITEM 

4-2A I CONiOLE TELEMETRY DISPLAYi A~E MANDATORY FOR THE DISPLAY TO FIC'S OF MANDATORY SIV PARAMETERS. 

4-28 lONE PCM GRO~ND STATION IS REQUIRED TO DRIVE THE STRIP CHART RECORDERS WHICH DISPLAY MANDATORY 
SIV ANALOGS AND EVENTS. 

4-4All ONE INDEPENDENT TRAC~ING SOURCE IS REQUIRED FOR REAL TIME VERIFICATION OF LIV NAVIGATION AND FOR 
PROTECTION AGAINST VIOLATION OF THE LAUNCH ENVELOPE. 

4-4A21 BOTH IU AND CMC TELEMETRY VECTORS ARE REQUIRED TO INSERTION PLUS 60 SECONDS FOR DETERMINATION OF 
THE TRAJECTORY AND ORBIT. AN ORBIT GOINO GO WILL BE MADE BASED ON THIS DATA. 

4-4B I RTCC DATA SELECT CAPABILITY IS MANDATORY FOR SELECTION OF THE BEST AVAILABLE DATA SOURCE FOR 
PROCESSING. 

4-5A 1 EITHER THE FD LOOP OR AFD CONF LOOP IS MANDATORY FOR USE AS THE PRIME MCC INHOUSE VOICE LOOP FOR 
MISSION CONTROL, 

4-5BI 

4-5C 

4-5E 

4-6A 

4-6C 

ACCESS TO AT LEAST ONE OF THE PRIME OIS CONTROL CIRCUITS IS MANDATORY FOR COORDINATION OF THE 
TERMINAL COUNT MCC-PAD ACTIVITIES, 

lONE DIRECT VOICE CIRCUIT TO THE RSO IS REQUIRED FOR TRAJECTORy VERIFICATION AND BOOSTER SAFING, 

lONE AIG PATH VIA GSFC IS REQUIRED TO ALL LAUNCH PHASE REMOTED SITES AND TO AT LEAST TWO REMOTED 
SITES PER REVOLUTION THROUGH REV 3 FOR VOICE COMMUNICATION WITH THE FLIGHT CREW, 

lONE IBM 360/7» Is MANDATORY TO PERFORM AS THE MOC FOR THE PROCESSING OF MANDATORY SIV PARAMETERS 
AND TRAJ~~TORY DATA. 

lONE UNIVAC 494 IS MANDATORY ONLINE TO THROUGH PROCESS MANDATORY SIV PARAMETERS TO THE MOC. 

4-7 lONE MITE SYSTEM IS MANDATORY AS THE MASTER MCC TIMING STANDARD TO SUPPORT MANDATORY RTCC/CCATS 
COMPUTERS, 

4-8A 1 BUS Al IS MANDATORY TO PROVIDE UNINTERRUPTABLE POWER FOR THE DITV CONVERTERS, 

4-8B I BUS A2 IS MANDATORY TO PROVIDE UNINTERRUPTABLE POWER FOR THE DITV DATA DISTRIBUTORS AND 20 
SECONDS INTERRUPTABLE POWER FOR THE VSM, 

MI$SION IREV I DATE SECTION GROUP PAGE 
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NASA - Manned Spacecraft Center 


MISSION RULES 


SECTION Z - GROUND SUPPORT INSTRUMENTATION/COMMUNICATIONS 

R ITEM 

4-8D 

4-9A 

4-981 

4-9B2 

4-983 

4-984 

4-9B1 

4-90 

BUS 82 IS MANDATORY TO PROVIDE 20 SECONDS INTERRUPTABLE POWER FOR MOCR AND SSR CONSOLES. 

TEN D/TV CHANNELS ARE MANDATORY TO PROVIDE DISPLAYS TO MOCR F/C'S OF MANDATORY S/V PARAMETERS 
DURING THE LAUNCH PHASE. 

THE FDO LAUNCH DIGITALS ARE MANDATORY ON D/TV FOR CONTINGENCY ORBIT INSEKTION MANEUVER DATA AND 
MONITORING OF TFF LIMITS. 

THE GAMMA VS. V PLOT IS MANDATORY ON AT LEAST ONE DISPLAy SYSTEM TO PROVIDE FDO THE NECESSARY 
INFORMATION REQUIRED TO CALL A80RTS BASED ON LV BREAKUP, 

THE RFO LAUNCH DIGITALS ARE MANDATORy ON D/TV TO PROVIDE A MONITOR FOR MODE III AND MODE IB 
MANEUVER DATA. 

DISPLAY OF THE GAMMA (EI) VS. VIEI) PLOT IS MANDATORY TO MONITOR FOR G-LIMIT VIOLATIONS DURING 
LAUNCH OR ABORT. 

DISPLAY OF THE INSERTION/INJECTION DIGITALS ON THE D/TV IS MANDATORY TO PROVIDE A BASIS FOR 
MAKING A GO/NO GO DECISION ON THE CSM G&N. 

THE VSM IS MANDATORY TO PROVIDE REQUIRED D/TV OPERATION. 

MISSION REV DATE SECTION GROUP PAGE 
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NASA - Manned Spacecraft Center

MISSION RULES

SECTION 2 - GROUND SUPPORT INSTRUMENTATION/COMMUNICATIONS

R ITEM
I

I

_-IOA ONE GSFC UNIVAC 494 COMMUNICATIONSPROCESSORIS MANDATORY TO THROUGH PROCESS MANDATORY S/V
PARAMETERSTO THE MCC CCATS.

_-IOB ONE WBD {50*0 KBPS) LINE IS MANDATORYBETWEEN GSFC AND MCC FOR THE TRANSMISSION OF MANDATORYS/V
PARAMETERSo

.-10C_ ONE INCOMING {JJ} TTY CIRCUIT FROM GSFC TO MCC IS MANDATORY FOR THE TRANSMISSION OF LOW-SPEED
RADAR DATA,

4-11B ONE SOURCE OF RECEIVINGUSB TM 15 MANDATORYTO PROVIDEMANDATORYCSM PARAMETERS.

_-12B IU CC5 (OP-lE) OR IU VHF (DP-1) TELEMETRY IS MANDATORY TO MONITOR SIVB BULKHEAD DELTA PRESSURE
FOLkOWING S/C SEPARATION DURING TD&Ee CGM USB TELEMETRY IS MANDATORY FOR ABORT CUES TO MCC FROM
LIFTOFF THROUGH $-IVB CUTOFF PLUS SO SEC.

_-12D VHF OR USE A/G VOICE IS MANDATORY FOR MCC ABORT CUES THROUGH INSERTION PLUS 60 SECONDS,

_-13B ONE IU TM DOWNLINK IS REQUIRED TWICE PER REVOLUTION THROUGH REV 3 TO PROVIDE SIVB SYSTEMS DATA
TO SUPPORT A TLI GO/NO GO* CSM USG TM IS MANDATORY TWICE PER REVOLUTION THROUGH REV S TO PROVIDE
CSM SYSTEMS DATA TO SUPPORT A TLI GO/NO GO.

_-13C USB TRACKING CAPABILITY AT AT LEAST TWO MSFN STATIONS PER REVOLUTION IS REUUIRED THROUGH REV 3
TO PROVIDE A TRAJECTORYBASE FOR TL! MANEUVERPLANNING*

&-%30 A/G COMMUNICATIONS (VHF OR USBI AT TWO MSFN BTATIONE PER REVOLUTION IS REQUIRED THROUGH REV 3 TO
PROVIDE CAPABILITY TO ALERT CREW OF PROBLEMS AFFECTING CREW SAFETY,

_-14 CCS TELEMETRY I$ MANDATORY TO DETERMINE VEHICLE STATUS BEYOND VHF RANGE DURING POST S/C
_&B SEPARATION, CCS COMMAND 15 MANDATORY TO PROVIDE CORRECTIVE CAPABILITY FOR AN SIVB BULKHEAD DELTA

PROBLEMS DURING TDSE,

#-15 CSM USB TELEMETRYt TRACKINGt AND VOICE SUPPORT MUST BE AVAILABLE AT TWO 65 FOOT STATIONS TO
_tB&C PROVIDE MANDATORY SUPPORT DURING TLC AND LPO,

_IESION :EV )ATE SECTION GROUP PAGE

_POLLO 14 'NL !/15/70 3ROUND SUPPORT GSFC/KSC/MSFN
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NASA - Manned: Spacecraft Center

MISSION RULES

SECTION 2 - GROUND SUPPORT INSTRUMENTATION/COMMUNICATIONS

R ITEM

2O-lA BASELINE REQUIREMENT (ALL PHASES EXCEPT LAUNCH)

1. TWO-WAY VOICE COMMUNICATIONS BETWEEN SPACECRAFT,

A= DEFINITION OF LOSS

TWO-WAY SPACECRAFT TO SPACECRAFT VHF VOICE COMMUNICATIONS IS CONSIDERED LOST WHEN NO

TWO-WAY VOICE COMMUNICATIONS BETWEEN SPACECRAFT CAN BE OBTAINED IN ANY OF THE FOUR VHF
VOICE CONFIGURATIONS,

B, GENERAL OPERATIONAL IMPACT

LOSS OF TWO-WAY VHF VOICE COMMUNICATIONS BETWEEN SPACECRAFT MEANS THAT SPACECRAFT TO
SPACECRAFT COMMUNICATIONS IS LIMITED TO THOSE PERIODS WHEN BOTH SPACECRAFT ARE IN LINE OF
SIGHT OF THE MSFN AND MSFN RELAY CAN BE PERFORMED= IN AODITION_ IF THE TOTAL LM VMF SYSTEM
FAILS_ TWO-WAY VOICE COMMUNICATIONS WITH AN EVA WILL NOT BE POSSIBLE.

C. SPECIFIC OPERATIONS IMPACT {REFERENCE SPECIFIC MISSION RULE 20-131

(i) NOMINAL MISSIQN

(A) UNDOCKING AND PRE-PDI - LOSS OF VHF VOICE BETWEEN SPACECRAFT LIMITS CREW

COORDINATION TO THOSE PERIODS WHEN BOTH SPACECRAFT ARE IN MSFN LINE OF SIGHT,
SINCE CREW COORDINATION PLAYS A LARGE PART IN PERFORMING A RENDEZVOUSt WE WILL
NOT COMMIT TO A RENDEZVOUS WITHOUT THE CAPABILITY TO PERFORM THIS COORDINATION,
HOWEVERt AFTER PERFORMING A MANEUVER THAT COMMITS THE LM TO A RENDEZVOUS, THE
LOSS OF VHF COMMUNICATION BETWEEN THE SPACECRAFT IS NOT SUFFICIENT JUSTIFICATION
FOR MISSION TERMINATION,

(B) POWERED DESCENT " VEHICLE TO VEHICLE COMMUNICATIONS ARE NOT CRITICAL TO
COMPLETING A LANDING OR PERFORMING A SAFE ABORT FROM POWERED DESCENT.

(C) LUNAR STAY - SINCE THE NORMAL LUNAR STAY COMMUNICATIONS CONFIGURATION I5
MSFN RELAYP THE LUNAR STAY NEED NOT BE ABORTED. DEPENDING ON THE VHF FAILURE
MOOE_ EVA ACTIVITIES MAY STILL BE pOSSIBLE,

(D) EVA - FOR A TWO-MAN EVAw VHF VOICE BETWEEN ONE EVA CREWMAN AND THE LM IS
NECESSARY FOR EVA TO HSFN AND MBFN TO EVA COMMUNICATIONS. THIS LINK ENABLES THE
GROUND CONTROLLERS TO INFORM EVA CREWMAN OF LM AND EVCS/PLS5 OPERATING STATUS.
LOSS OF THIS LINK COULD COMPROMISE CREW SAFETY=

(El RENDEZvOuS AND DOCKING - REGARDLESS OF WHICH SPACECRAFT PERFORMED THE ACTIVE
RENDEZVOUS AND OOCKINGt THE SAME PROBLEMS AND CONSTRAINTS WOULD BE PRESENT DUE TO
THE LOSS OF VRFo SINCE THE LM IS NORMALLY THE ACTIVE VEHICLEt THERE WOULD BE NO
REASON TO PERFORM ANYTHING OTHER THAN A LH ACTIVE RENDEZVOUS=

{2) ALTERNATE MISSION

IF VHF COMMUNICATIONS IS LOST PRIOR TO UNDOCKING AND BOTH VEHICLES HAVE GOOD
S-BAND VOICE COMMUNICATIONS WITH THE MSFN_ THEN AN UNOOCKING AND STATION KEEPING
TYPE MISSION WILL BE CONSIDERED= DUE TO CONTINUOUS VEHICLE TO VEHICLE
COORDINATION REQUIRED DURING RENDEZVOUS, CSH CIRCULARIZATION WILL NOT BE
PERFORMED IF VHF IS LOST, DURING LUNAR STAY_ A ONE-MAN EVA CAN BE PERFORMED IF
EVCS TO EVCS VOICE COMMUNICATIONS THROUGH THE SPACECRAFT IS POSSIBLE.

2. TWO-WAY VOICE COMMUNICATIONS BETWEEN CSM OR LM AND MSFN DURING ALL DOCKED ACTIVITIES AND
BETWEEN BOTH SPACECRAFT AND MSFN DURING UNDOCKED ACTIVITIES,

A, DEFINITION OF LOSS

IF WHILE IN LINE OF SIGHT OF THE MSFN EITHER THE LM OR THE CSM CANNOT ESTABLISH DIRECT
TWO-WAY S-BAND VOICE COMMUNICATIONS WITH THE MSFN IN EITHER TO NORMAL OR A BACKUP MODE OF
OPERATIONS, THEN TWO-WAY S-BAND VOICE COOMMUNICATIONB BETWEEN THAT VEHICLE AND THE MSFN IS

CONSIDERED TO BE LOST.
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MISSION RULES

BECTION 2 - GROUND SUPPORT INSTRUMENTATION/COMMUNICATIONS

R ITEM
.m .....

20-1A
CONT.

B* GENERAL OPERATIONAL IMPACT

LOSS OF ONE VEHICLEtS S-SAND FORCES THAT VEHICLE TO COMMUNICATE WITH THE MSFN VIA RELAY
THROUGH THE REMAINING VEHICLE. IN ADDITION_ VEHICLE TO VEHICLE COMMUNICATION IS CONSTRAINED
TO LINE OF SIGHT MISSION PERIODS WHICH IS AS LITTLE AS 20 MINUTES PER LUNAR REVOLUTION
DURING THE LUNAR STAY MISSION PHABEe SHOULD THE REMAINING VEHICLE LOSE ITS S-BAND
CAPABILITYt THEN BOTH SPACECRAFT WOULD HAVE NO VOICE COMMUNICATIONS WITH THE MSFN UNTIL
THEY GET WITHIN VHF RANGE DURING TECe

C. SPECIFIC OPERATIONAL IMPACT {REFERENCE SPECIFIC MISSION RULE 20-14)

{i) NOMINAL MISSION

CA) UNDOCKING THROUGH PDI AND LUNAR STAY - THE SPACECRAFT WHICH HAS LOST S-BAND
VOICE COMMUNICATIONS WILL BE COMMITTED TO ONLY 20 MINUTES OF MSFN CONTACT PER
REV, DURING LUNAR STAY OPERATIONS, THIS LIMITED CONTACT COMPROMISES GROUND
CONTROLLER CAPABILITY TO INFORM THE CREW OF pOTENTIALLY HAZARDOUS MISSION OR

SPACECRAFT SITUATIONS.

(B) LO GATE TO TOUCHDOWN - A COMMUNICATIONS FAILURE DURING THIS PERIOD IS NOT
SERIOUS ENOUGH TO WARRANT THE HAZARDS INVOLVED IN AN ABORT OPERATION W_THOUT
S-BAND VOICE COMMUNICATIONS,

{C] RENDEZVOUS AND DOCKING - A LM ACTIVE RENDEZVOUS AND DOCKING IS STILL
PERFORMED SINCE SPACECRAFT TO SPACECRAFT COMMUNICATIONS IS STILL AVAILABLE VIA
VHF, S-BAND RELAY WILL ALLOW THE MALFUNCTIONING SPACECRAFT TO TALK TO THE MSFN.

(2) ALTERNATE MISSIONS

IF ONLY LM B-BAND COMMUNICATIONS IB LO_T AND VHF COMMUNICATIONS IS AVAILABLE
BETWEEN SPACECRAFTp ALTERNATE MISSIONS WHICH DO NOT COMMIT THE LM AND CSM TO A

RENDEZVOUS MAY BE PERFORMED, IF CSM S-BAND IS LOSTt NO ALTERNATE MISSION WILL BE
PERFORMED WHICH JEOPARDIZES AVAILABILITY OF LM S-BAND COMMUNICATIONS FOR TEC,

NOTE---LOSS OF ONE OR BOTH CSM TRANSPONDERS WHICH WOULD MEAN NO REDUNDANCY OR
COMPLETE LOSS OF CSH/HSFN COMM WOULD REWUIRE UTILIZATION OF THE LM FOR COMM
DURING TRANSLUNAR COAST.

20-IS LAUNCH

THERE ARE NO COMMUNICATIONS FAILURES FOR WHICH THE LAUNCH/INSERTION PHAGE WILL BE TERMINATED.

A. DEFINITION OF LOSS

SPACECRAFT TO MSFN COMMUNICATIONS IS CONSIDERED LOST IF COMMUNICATIONS CANNOT BE

ESTABLISHED IN ANY OF THE FOUR VHF CONFIGURATIONS OR THE USB MODE,

B, GENERAL OPERATIONAL IMPACT

CONTINUING A LAUNCH/INSERTION WITHOUT SPACECRAFT TO MSFN COMMUNICATION5 IS NOT AS HAZARDOUS
AS SUBJECTING THE CREW TO A LAUNCH ABORT. ADEQUATE ONBOARD MONITORING DEVICES EXIST TO KEEP
THE CREW COGNIZANT OF THE LAUNCH VEHICLE AND SPACECRAFT STATUS.

2D-it POWERED DESCENT ADDITIONAL REQUIREMENTS

LM VOICE REQUIRED TILL LO GATE, THERE ARE NO CSM COMMUNICATIONS SYSTEMS FAILURES FOR WHICH LM
POWERED DESCENT WILL BE TERMINATED,

A* DEFINITION OF LOSS

SAME AS ITEM 20-l-A.

B, GENERAL OPERATIONAL IMPACT {REFERENCE SPECIFIC MISSION RULE 20-14)

FROM PDI IGNITION TO TOUCHDOWNt THE FLIGHT CONTROLLERS HAVE THE PRIME RESPONSIBILITY FOR
IDENTIFYING SLOW DIVERGENCES IN THE GUIDANCE SYSTEMS (PNGS AND AGS}, MEASUREMENT ACCURACIES
ARE SUCH THAT THE MSFN CAN DETERMINE PRIOR TO LO GATE THAT THERE ARE NO SLOW TRENDS IN
EITHER G_IDANCE SYSTEM THAT WOULD PRECLUDE USING EITHER SYSTEM TO LO GATE, OBVIOUSLY_ TO
ADVISE THE CREW OF THE ABOVE DETERMINATIOND VOICE COMMUNICATIONS WITH THE LM MUST BE
MAINTAINED TO LO GATE.

MISSION tEV DATE SECTION GROUP PAGE

APOLLO 14 _NL 2/15/70 _ROUND SUPPORT FUNCTIONAL
INST/COMM COMM-GENERAL 2-5



'I

NASA - Manned Spacecraft Center
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SECTION 2 - GROUND SUPPORT INSTRUMENTATION/COMMUNICATIONS

R ITEM

20-1D LUNAR STAY ADDITIONAL REQUIREMENTS

I. FOR TWO-MAN EVA--VOICE COMMUNICATIONS BETWEEN MSFN AND ONE EVA,

2, FOM ONE-MAN EVA--VOICE COMMUNICATIONS BETWEEN MSFN AND LM OR EVA PLUS DUPLEX VOICE BETWEEN

THE LM AND EVA CREWMAN,

3. DUPLEX VOICE COMMUNICATIONS BETWEEN BOTH EVA CREWMEN,

A. GENERAL OPERATIONAL IMPACT

TWO-WAY COMMUNICATIONS BETWEEN THE MSFN AND AN EVA CREWMA_ (EITHER OIRECT OR VIA RELAY FROM
THE OTHER CREWMAN) AND TWO-WAY COMMUNICATION5 BETWEEN EVA CREWMEN IS CONSIDERED A FLIGHT

SAFETY ITEM DUE TO THE HOSTILE ENVIRONMENT AND THE LACK OF READILY AVAILABLE BACKUP
HARDWARE.

B* SPECIFIC OPERATIONAL IMPACT (REFERENCE SPECIFIC MISSION RULE 2O-lb THRU

20-2_)

FOR LOSS OF VOICE COMMUNICATIONS BETWEEN CREWMEN (EITHER EVA-I TO EVA-2 OR EVA-2 TO EVA-I)_
THE MISSION MAY BE CONTINUED SINCE THE CAPABILITY STILL EXISTS TO COMMUNICATE BETWEEN
CREWMEN VIA THE LM, THE LOSS OF THE RELAY CAPABILITY IN THE LM WILL RESTRICT THE FLIGHT

PLAN TO A ONE-MAN EVA SINCE A DUAL EVA WOULD RESULT IN THE LO_S OF ALL MSFN TO CREWMAN
COMMUNICATIONS,

20-2 THIS ITEM DOCUMENTS THE PRIME AND ALTERNATE COMMUNICATION MODES FOR BOTH A DUAL AND SINGLE EVA,
AGB THE PRIME NUDES ARE DESIGNED TO ALLOW DUPLEX VOICE BETWEEN EVAtS_ VOICE COMMUNICATIONS BETWEEN

THE EVA CREWMEN AND THE MSF_, AND THE TRANSFER OF EVA DATA FROM BOTH CREWME_ TO THE MSFN, THE

BACKUP MODES ARE DESIGNED TO ALLOW DUPLEX VOICE BETWEEN THE EVAISp VOICE COMMUNICATIONS BETWEEN

THE EVA CREWMAN AND THE MSFNp AND DATA FROM ONE EVA CREWMAN,
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R ITEM

20-T/lO ITEMS 20-7 THROUGH 20-10 DOCUMENT THE MANNER IN WHUCH THE COMMUNICATIONS SYSTEMS WILL BE
MANAGED FOR THIS MISSION AND THEREFORE ARE PROCEDURAL IN NATURE AND REQUIRE NO RATIONALE,

MISSION REV DATE SECTION GROUP PAtE

APOLLO 14 FNL ,2/15/70 3ROUND SUPPORT FUNCTIONAL
[NST/COMM COMM-MNG 2-7



NASA - M=nned Spacecraft Center

M|SSION RULES

SECTION 2 - GROUND SUPPORT INSTRUMENTATION/COMMUNICATIONS

R ITEF

20-1Z LOSS OF TWO-WAY VOICE COMMUNICATIONS BETWEEN SPACECRAFT

THE TWO MISSION PHASES THAT ARE GREATLY COMPLICATED BY THE LOSS OF COMMUNICATIONS BETWEEN
VEHICLES ARE RENDEZVOUS AND DOCKING, HOWEVER_ IF THE MALFUNCTION OCCURS AFTER THE VEHICLES ARE
SEPARATED ENOUGH TO HAVE COMMITTED TO A RENDEZVOU$_ LACK OF COMMUNICATIONS IS NOT SUFFICIENT
REASON TO TERMINATE THE ENTIRE FLIGHT PLAN INCLUDING LANDING AND EVA.

20-1L LOSS OF TWO-WAY VOICE COMMUNICATIONS WITH THE MSFN

LOSS OF TWO-WAY VOICE COMMUNICATIONS BETWEEN THE CSM AND THE MSFN PRIOR TO TLI WILL BE
SUFFICIENT LAUSE FOR REENTERING SINCE THE CONTINUATION OF THE MISSION WOULD REQUIRE A SUCCESSFUL
TLI AND TD AND E TO REESTABLISH COMMUNICATIONS VIA THE LM* EVEN THEN THE LOI MANEUVER WOULD NOT
BE PERFORMED.

LOSS OF CSM/MSFN COMMUNICATIONS POST-TLI WILL NOT BE CAUSE FOR AN ABORT BUT IT WILL NO GO LOI.
COMMUNICATIONS WOULD BE ESTABLISHED BY POWERING UP THE LM TO ACCOMPLISH A CIRCUMLUNAR FLIGHT BUT
THE ADDED RISK OF LO1 WOULD NOT BE JUSTIFIED SINCE UNDOCKING COULD NOT BE PERFORMED ONCE IN
LUNAR ORBIT DUE TO CSM/MSFN COMMUNICATIONS FAILURE*

RATIONALE FOR THE LOSS OF LM/MSFN COMMUNICATIONS IS THE SAME AS STATED PREVIOUSLY IN THE
RATIONALE FOR MISSION RULE 2O-I-C.

NOTE---FOR 20-14At LOSS OF ONE OR BOTH CSM TRANSPONDERS WHICH WOULD MEAN NO REDUNDANCY OR
COMPLETE LOSS OF CSM/MSFN COMM WOULD REQUIRE UTILIZATION OF THE LM FOR COMB DURING TRANSLUNAR
COAST*

20-15 LOSS OF TWO CSM AUDIO CENTERS

EARTH ORBIT WILL BE CONTINUED SINCE THE REMAINING CSM AUDIO CENTER CAN PROVIDE THE REQUIRED
COMMUNICATIONS, TLI WILL NOT BE PERFORMED SINCE THE LOSS OF THE REMAINING AUDIO CENTER WOULD
RESULT IN A TOTAL LOSS OF CSM COMMUNICATIONSm ALTHOUGH THE LM COULD BE USED FOR VOlCEt IT HAS
NOT BEEN EXTRACTED OR CHECKED OUT PRIOR TO TLIo

AFTER TLI HAS BEEN PERFORMED0 THE MISSION WILL BE CONTINUED BUT IS NO GO FOR LOT WITH THE LOSS
OF TWO AUDIO CENTERS, UNDOCKING WILL NOT BE PERFORMED BECAUSE OF POSSIBLE LOSS OF CGM/MSFN

COMMUNICATIONs. HOWEVERt ONCE POWERED DESCENT 15 INITIATED IT WILL BE CONTINUED, IN ALL CASES_
IN EVENT OF LOSS OF TWO CSH AUDIO CENTERSt THE LM WILL BE RETAINED FOR POSSIBLE BACKUP
COMMUNICATIONS.

20-16 EVA-EVA COMM
20-17

A, DEFINITION OF LOSS

VOICE FROM EVA TO EVA IS CONSIDERED LOST IF ONE EVA CANNOT RECEIVE THE OTHER*

B, GENERAL OPERATIONAL IMPACT

THE LOSS OF VOICE FROM EVA-TO-EVA REQUIRES A CHANGE IN COMMUNICATION MODES= BECAUSE THE EVCS
OPERATES ON DUPLEX ONLY_ DUPLEX VOICE MUST BE RE-ESTABLISHED FOR SAFE LUNAR SURFACE OPERATION*

C* SPECIFIC OPERATIONAL IMPACT

(1) LOSS OF VOICE FROM EVA-2 TO EVA-Z (REF MISSION RULE 20-Z6)*

IN THE DUAL EVA PRIMS MODEt EVA-2 TALKS TO EVA-I ON THE 279,0 MHZ (FM) LINK,
THEREFOREt A LOSS OF VOICE FROM EVA-2 TO EVA-E REQUIRES A CHANGE TO A BACKUP
MODE, EVA-I REMAINS IN THE AR COMM swITCH POSITION AND EVA-2 SWITCHES TO B

POSITION TO RE-ESTABLISH DUPLEX COMMUNICATION*

121 LOSS OF VOICE FROM EVA-1 TO EVA-2 (REF MISSION RULE 20-171

IN THE DUAL EVA PRIME MODEt EVA-1 TALKS TO EVA'Z ON THE 259*7 MHZ (AM) LINK*
THEREFORE_ A LOSS OF VOICE FROM EVA'Z TO EVA-2 REQUIRES A CHANGE TO A BACKUP
MODE, EVA-L SWITCHES TO B AND EVA-2 SWITCHES TO A TO RE-ESTABLISH DUPLEX
COMMUNICATION,
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MISSION RULES

SECTION 2 - GROUND SUPPORT INSTRUMENTATION/COMMUNICATIONS

R ITEM

20-18 EVA DUPLEX €OMM
20-21

A* DEFINITION OF LOSS

DUPLEX VOICE IS CONSIDERED LOST IF BOTH CREWMEN CANNOT DIRECTLY COMMUNICATE WITH EACH OTHER IN
PRIME OR BACKUP MODES*

B* GENERAL OPERATIONAL IMPACT

THE LOSS OF DUPLEX VOICE INDICATES LOGS OF DIRECT COMMUNICATION BETWEEN THE TwO CREWMEN*
SUBSEQUENT FAILURES IN THE LM COULD RESULT IN THE COMPLETE ISOLATION OF EACH CREWMANe THE EVCS
OPERATES ON DUPLEX ONLY BETWEEN THE TWO CREWMANe THEREFOREI DUPLEX VOICE 15 MANDATORY FOR SAFE
LUNAR SURFACE OPERATION,

Ce SPECIFIC OPERATIONAL IMPACT

11) NOMINAL EVA - TWO HEN (REF MISSION RULE 20-18)

FOR DUAL OPERATION ON THE LUNAR SURFACEr THE CREWMEN REGUIRE EVA-TO-EVA VOICE TO CONDUCT
SAFE LUNAR OPERATIONS. THIS CAN BE ACCOMPLISHED EITHER IN THE PRIME MODEt OR BACKUP NODEBI
IF THE EVA TO EVA DUPLEX VOICE COMMUNICATION CANNOT BE ESTABLISHEDt THE EVA MUGT BE
TERMINATED,

12) ALTERNATE EVA - ONE MAN (REF MISSION RULE 20-21)

FOR A ONE-MAN EVAt THE EVA AND LM CREWMEN REQUIRE DUPLEX VOICE BETWEEN EACH OTHER FOR SAFE
LUNAR SURFACE OPERATIONS* THIS CAN BE ACCOMPLISHED EITHER IN THE PRIME OR BACKUP MODEl IF
DUPLEX VOICE COMMUNICATION CANNOT BE ESTABLISHEDP THE EVA MUST BE TERMINATED_

20-19 EVA-MSFN COMM '
20-20

A* DEFINITION OF LOSG

TWO-WAY VOICE BETWEEN MSFN AND CREWMEN I$ CONSIDERED LOST IF TWO-WAY VOICE.CANNOT BE ESTABLISHED
BETWEEN MsFN AND EITHER OR BOTH OF THE CREWMEN*

BI GENERAL OPERATIONAL IMPACT

THE LOSS OF TWO-WAY VOICE BETWEEN HGFN AND BOTH CREWMEN IS UNACCEPTABLE FOR SAFE LUNAR SURFACE
0PERATIONB* SUBBEQUENT FAILURES IN EITHER EHU UNITS OR THE LM NOTICED BY MSFN CANNOT BE RELAYED
TO THE CREWMENe

C= SPECIFIC OPERATIONAL IMPACT

(1) NOMINAL EVA - TWO MEN (REF MISSION RULE 20-19)

FOR DUAL OPERATION ON THE LUNAR GURFACE_ TWO-WAY VOICE BETWEEN MGFN AND ONE
EVA IS MANDATORY FOR SAFE LUNAR SURFACE OPERATION, IF THE PRIME EVCS MODE IS
LUSTt A BACKUP MODE IS NECESSARY TO CONTINUE THE EVA* SIMPLEX VOICE THROUGH
THE LM IS ACCEPTABLE WHERE ONE CREWMAN CAN RECEIVE. MSFN ONLYt AND THE OTHER
CREWMAN CAN TRANSMIT TO MSFN ONLVBUT THE TWO CREWMENMU_THAvE bUPLEX VOI_E
BETWEEN EACH OTHER* IF TWO-WAY VOICE WITH MGFN CANNOT BE RE-ESTABLIGHEDo THE
EVA MUST BE TERMINATED.

(2) ALTERNATE EVA - ONE MAN (REF MISSION RULE 20-2OI

FOR A ONE-MAN EVAJ TWO-WAY VOICE BETWEEN MSFN AND AT LEAST ONE CREWMAN IG
MANDATORY FOR SAFE LUNAR SURFACE OPERATIONS* IF THE PRIMARY EVCS MODE IS
LOSTt A BACKUP MODE IS NECESSARY TO CONTINUE EVA, IF TWO-WAY VOICE WITH MSFN
CANNOT BE RE-ESTABLISHEDp THE EVA MUST BE TERMINATBDJ
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MISS|ON RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM
mn m_mln

5-1 TERMINATION OF THE LAUNCH PHASE
A_B&C

COMMENTS

THE ACCEPTABLE TRAJECTORY ENVELOPE IS DEFINED BY A VEHICLE BREAKUP LINEr AN ABORT ENTRY
=IG== LIMITt AND A PREENTRY SEQUENCING TIME REQUIREMENT,

1, LAUNCH VEHICLE BREAKUP IS CAUSED BY CONTROL OR GUIDANCE SYSTEM FAILURES
WH|CM RESULT IN EXCESSIVE ANGLE OF ATTACK AND AERODYNAMIC LOADING ON THE
LAUNCH VEHICLE AND SPACECRAFT, THE FIRST STRUCTURAL FAILURE OCCURS AT THE
CM/BM TENSION TIES AND IS FOLLOWED SHORTLY BY LAUNCH VEHICLE BREAKUP, THE
LIMIT LINE IS BIASED BY 8 SECONDS FOR DATA SYSTEM DELAYS AND REACTION TIME,

i
2, THE ENTRY laGll LOAD RESULTING FROM A LAUNCH ABORT IS LIMITED TO 1E IIGll,

3, THE NORMAL MINIMUM PREENTRY SEQUENCING TIME ITFF) REQUIREMENT IS DEFINED BY
THE TIME REQUIRED FOR m--

(AI DATA SYSTEM DELAY

(B) COMMUNICATIONS DELAY

(C) J-2 TAILOFF

(D) CSM/SmIV8 SEPARATION

{El 2-SECOND SPS BURN (IF REQUIRED FOR RATE DAMPING)

(FI SM JETTISON

(GI MANEUVER CM TO ENTRY ATTITUDE,

THE SUM OF THE REQUIRED TIMES PLUS AN OPERATIONAL PAD RESULTS IN 100 SECONDS
AS THE LIMIT, THE NOMINAL TRAJECTORY MAINTAINS MORE THAN 180 SECONDS AFTER
TOWER JETTISON,

PARTICIPATION

FLIGHT DYNAMICS OFFICER

FLIGHT DIRECTOR

CAPCOM

FLIGHT CREW

DATA SOURCES

A, VEHICLE BREAKUP GAMMA VB* V ON THE LEFT PROJECTION PLOTTERo MSK OO4Ol SSR
PLOTBOARD l,

B, ENTRY IIGI= LIMIT - GAMMA El V$, VEI ON MSK 0041 AND ON SSR PLOTBOARD 3,

C* PREENTRY SEQUENCE TIME - FDO LAUNCH DIGITALSt MSK 0043_ TFF VG* RIP ON MSK
0333 AND SSR PLOTBOARD 2,

PROCEDURE

A, INDICATION

TRAJECTORY TRACE DEVELOPS TREND TOWARD ANY ONE OF THE LIMITS,

B, ACTION

1, GO TO YELLOW STATUS,

2* IF TIME PERMITBt BRIEF FD ON CONDITION,

3, GO RED IF CONDITION WORSENS*

4. GIVE FD MARKt TRANSMIT ABORT REQUEST AT VIOLATION OF LIMIT,

5* CAPCOM'WILL RELAY MARK TO PROVIDE SECOND ABORT CUE,
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MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEP

--J .....

5-1D TERMINATION OF THE LAUNCH PHASE

COMMENTS

THERE ARE CERTAIN LAUNCH VEHICLE FA1LURE_ WHICH COULD CAUSE COl CAPABILITY TO BE LO&T AFTER
IT HAS BEEN ACHIEVED AND CONSEQUENTLY WILL NOT RESULT IN A IIGO II ORBIT. THESE FAILURES ARE
CAUSED BY GUIDANCE PROBLEMS AND RESULT IN LARGE FLIGHTPATH ANGLE EXCURSIONS WITHOUT
VIOLATING A RATE LIMIT*

VS I5 AN IMPULSIVE COMPUTATION OF THE DELTA V REQUIRED TO ACHIEVE A SAFE ORBITa BY
TERMINATING POWERED FLIGHT WHEN VS STARTS INCREA$1NGt WE PREVENT THE SIZE OF THE MODE IV
MANEUVERS FROM BECOMING EXCESSIVE AND IN MOST CASEG STOP A DEVIATING VEHICLE FROM LOSING A
COl CAPABILITY ALREADy GAINED, DEPRESSED TRAJECTORIES RESULTING FROM THESE TYPE FAILURES

OFTEN RESULT IN LAND IP_E WITH MARGINAL OR INSUFFICIENT FREE FALL TIME TO PERFORM A MODE
III MANEUVER.

PARTICIPATION

FLIGHT DYNAMICS OFFICER

FLIGHT DIRECTOR

CAPCOM

FLIGHT CREW

DATA SOURCES

GAMMA VS, VS DISPLAY

FDO LAUNCH DIGITALS

PROCEDURE

A. INDICATION - EITHER VS ON GAMMA VS VS BEGINS TO INCREASE OR V/VS ON DIGITALS
BEGINS TO DECREASE.

B. ACTION

i. GO TO YELLOW STATUS

2_ BRIEF FD IF TIME PERMITS

3t GO TO RED IF DIVERGANCE CONTINUES

4, GIVE FD HARK AND TRANSMIT ABORT REQUEST

5, CAPCOM WILL RELAY MARK AS SECOND CUE
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ulssio_ _UL_S
SECTION _ - TRAJECTORY AND GUIDANCE

R ITE_

5-1E TERMINATION OF THE LAUNCH PHASE

COMMENTS

ONCE THE LV HAS INSERTED THE SPACECRAFT INTO ORBITo ANY CONTINUED THRUSTING BEYOND THE
INSERTION pOINT WILL PLACE THE G/C INTO INCREASINGLY ItOFF NOMINAL _t ORBITS FROM WHICH A
TLI CANNOT BE PERFORMED,

THE TIMES REQUIRED TO ;1All RECOGNIZE AND VERIFY AN OVERSPEED CONDITION ItBll TRANSMIT A
REQUEST TO THE CREW TO TERMINATE S-IVB THRUGTINGt AND licit THE TIME REQUIRED FOR THE CREW
TO ACTUALLY TERMINATE THRUSTING ARE AS FOLLOWS---

(A) = B SECS (RECOGNIZE AND VERIFY),

(B) 8 $EC5 (REQUEST CUTOFF),

{C) 8 SECS (CREW SHUTDOWN).

ALLOWING THE LV TO THRUST FOR THE PERIOD OF TIME REQUIRED TO RECOGNIZE THE OvERSPEED
CONO|TION W_LL PLACE THE LV AND S/C INTO AN ORBIT INSTANTANEOUSLY CHARACTERIZED BY AN HA OF
200 N, M, THIS THEN BECOMES THE OVERSPEED LINE OF THE PLOTBOARD FOR WHICH THE LV WILL BE
MANUALLY SHUT DOWN. AS THE BOOSTER WILL THRUST FOR AN ADDITIONAL 16 SECS BEFORE SHUTDOWN
CAN BE EFFECTEDD THE S/C AND $LV WILL END UP IN AN ORBIT CHARACTERIZED BY AN HA - 330.

PARTICIPATION

GDO

FOG

FD

CAPCOM

FLIGHT CREW

DATA SOURCES

A. GAMMA VS, V PLOTBOARD,

B. GUIDANCE OFFICER

PROCEDURE

A. INDICATION - TRAJECTORY TRACE MOVES BEYOND NOMINAL INSERTION CONDITIONS TO

200 N.M. LINE AFTER THE NOMINAL TIME OF GUIDANCE CUTOFF.

B. ACTION - FOO WILL IMMEDIATELY INFORM THE FD THAT ItWE ARE OVERSPEED I; AND
tIREQUEST SHUTDOWNtl, THE CREW WILL THEN ATTEMPT SHUTDOWN VIA THE S-IVB/S-II
STAGING SWITCH OR THE THC IF THE SWITCH SHOULD FAIL TO EFFECT ¢/0, SHOULD
THE THC NOT YIELD C/O CONDITIONSp THE FDO WILL VIA A VERBAL CODE_ REQUEST
THE REO TO TRANSMIT MFCO.
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SECTION 3 _ TRAJECTORY AND GUIDANCE

R ITEM

5-IF TERMINATION OF THE LAUNCH PHASE

COMMENTS

DURING FIRST STAGE FLIGHT_ SHOULD AN OTHERWISE NORMAL OPERATING BOOSTER DEVIATE BEYOND THE
EXIT HEATING LINE_ CATASTROPHIC SPACECRAFT FAILURES DUE TO ATMOSPHERIC FRICTION WILL
RESULT, THIS ATMOSPHERIC HEATING WEAKENS THE STRUCTURAL INTEGRITY OF THE SMD SLAP AND
DETERIORATES THE RELIABILITY OF THE PYROTECHNICS SURROUNDING THE SM AND THE SLA*

PARTICIPATION

GOOt FOOt FDt CAPCOMp FLIGHT CREW

DATA SOURCE

GAMMA VS, V PLOTBOARD

PROCEDURE

A, INDICATION*

TRAJECTORY TRACE DEVIATES TOWARD THE EXIT HEATING LINE,

B, ACTION*

1, GO TO YELLOW STATUS,

2, IF TIME PERMITS_ BRIEF THE FD*

_* GO TO RED STATUS IF CONDITION wORSENS*

4, GIVE FD IIMARKI=t TRANSMIT ABORT REQUEST UPON VIOLATION OF EXIT HEATING LIMIT*

3, CAPCOM WILL RELAY _IMARK II AS THE REQUIRED SECOND ABORT OUE*
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MISSION RULES

SECTION_ - TRAJECTORYANO_OIDANCE

R ITEM

5-1G TERMINATION OF LAUNCH PHASE FOR DECREASING ALTITUDEo

COMMENTS---

SHOULD THE ELV EXPERIENCE A PREMATURE CUTOFF DURING THE LAUNCH PHASE VARIOUS ABORT MODES
ARE AVAILABLE TO EFFECT A SAFE RETURN OF THE B/C, THIS SAFE TRAJECTORY ENVELOPE IS FURTHER
MAINTAINED BY TAKING EFFECTIVE ABORT ACTION BEFORE THE SLV ENTERS AN UNSAFE REGION, ONE

CONCERN IS THE AMOUNT OF TIME REQUIRED* ONCE ABORT ACTION HAS BEEN TAKENP TO IISHAPE°t THE
ABORT TRAJECTORY AND PREPARE THE B/C FOR ENTRYo SHOULD A THRUSTING MANEUVER BE REQUIRED TO
EFFECT THIS a*$HAPINGI°_ SUFFICIENT TIME MUST BE PROVIDED AT THE COMPLETION OF THIS
MANEUVER FOR ENTRY PREPARATIONSo THIS TIME IS CALLED TFF (TIME OF FREE-FALL).AS LONG AS THE
LAUNCH TRAJECTORY ALTITUDE PROFILE REMAINS ABOVE APPROX. BO N.M, THIS TFF CAN BE

MAINTAINED. SHOULD9 HOWEVER, A DECREASING TREND IN ALTITUDE BE OBSERVED TFF MINIMUMS CANNOT
BE GUARANTEEDQ THIS IS ESPECIALLY TRUE IF THE CURRENT FREE FALL IMPACT POINT IS ON A LAND
MASS, IN THIS CASE THE TIME REGUIRED TO SHAPE THE TRAJECTORY (THRUSTING MANEUVER TIME)
INCREASES NON-LINEARTY TO A POINT WHERE A LAND IMPACT CANNOT BE AVOIDED.

PARTICIPATION-'-

FDO_ FDp RFOt CAPCOM

DATA SOURCES---

LAUNCH DIGITALSo H VS D

PROCEDURE---

WHEN THE ALTITUDE HAS RISEN ABOVE 80 N,M, AND THEN DECREASE BACK TO 80 N.MQ THE FOG WILL
INSTRUCT TO FD OF SAME AND COMMAND ABORTo

MISSION REV DATE SECTION GROUP PAGE
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GUIDANCE 3-5
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NASA - Manned Spacecraft Center

MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

5-2 MOLD LES UNTIL MODE II CAPABILITY IS ESTABLISHED

COMMENTS

MODE II ABORTS REQUIRE A MINIMUM TIME, BETWEEN ABORT AND DYNAMIC PRESSURE = 16 PSF* OF lOO
SECONDS FOR ORIENTATION TO ENTRY ATTITUDE* A TFF OF BO SECONDS TO 300_ FEET PROVIDES THE
REQUIRED TIME, THEREFORE_ THE PREVIOUS ABORT CAPABILITY* LES_ SHOULD NOT BE ABANDONED PRIOR
TO ACHIEVING THAT CAPABILITY* DEPRESSED TRAJECTORIES CAN RESULT IN NOT MEETING THIS
REQUIREMENT BY THE NOMINAL LES JETTISON TIME,

PARTICIPATION

FLIGHT DYNAMICS OFFICER

FLIGHT DIRECTOR

CAPCOM

FLIGHT CREW

DATA SOURCE

PRIHARYo PDO LAUNCH DIGITALS, MSK 41

SECONDARYI TFF VS, RIP DISPLAY* MSK 333

PROCEDURE

A* INDICATION

TFF AS INDICATED ON ABOVE DATA SOURCES IS LESS THAN BO SECONDS AFTER
STAGING,

B* ACTION

FDO ANNOUNCE OVER FLIGHT DIRECTOR LOOPP _'TRAJECTORY I$ LOW HOLD TOWER

JETTI=* CAPCOM RELAY SAME REPORT TO CREW OVER AIR TO GROUND LOOPI CREW DELAY
TOWER JETTISON= WHEN TFF EXCEEDS 80 SECDNDSP FDO ANNOUNCE OVER FLIGHT
DIRECTOR LOOP I'OO FOR TOWER JETT**, CAPCOM RELAY TO CREWt CREW JETTISON
LES,

MISSION REV DATE SECTION GROUP PAGE
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NASA - Manned Spacecraft Center

MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

MODE lit lilt IVt APOGEE NiCK

5-3A MODE IgP IIIo 1Vl APOGEE KICK

COMMENTS

A, THE GROUND HAS THE CAPABILITY OF SELECTING THE BEST OF FIVE DATA SOURCES
{APLt SATP USBt I* RAW* SHIP C-BAND} AND AS SUCH IS IN THE BEST POSITION TO

EVALUATE THE PERFORMANCE OF THE CMC AND ANY REQUIRED ABORT OR COl MODE, FOR
MODE IV MANEUVERSb PROCEDURES HAVE BEEN DEVELOPED SO THE CREW_ UPON
RECEIVING A MODE IV RECOMMENDATION AND A Go EVALUATION OF THE CMCt CAN

PERFORM A MODE IV MANEUVER WITHOUT ASSITSTANCE FROM THE GROUND, IN THE EVENT
THE CMC IS DECLARED NO-GO FOR MODE IV MANEUVERSt THE GROUND WILL ASSUME
REEPONSIBILITY FOR SUPPORTING DATA REQUIRED,

B, MODE IVIS EXECUTED WITH THE CMC WILL BE PLANNED FOR 1,5 MINUTES AFTER S-IVB
C/O. A GROUND COMPUTED BACKUP SOLUTION WILL BE AVAILABLE FOR EXECUTION AT
2+05 FROM S-1VB C/O,

C, THE GROUND WILL BE PRIME FOR COMPUTATION OF MODE III ABORT MANEUVERS BECAUSE
THE CMC IS NOT ADEQUATELY CONFIGURED TO COMPOTE OR MONITOR MODE Ill
MANEUVERS WITHOUT GROUND ASSISTANCE,

D, APOGEE KICK MANEUVERS WILL BE USED WHEN THEY PROVIDE A CONSIDERABLE DELTA V
SAVINGS OVER MODE IV SOLUTIONS, THIS LIMITE UBE TO HIGH FLIGHT PATH ANGLE
DISPERSED CUTOFFS, THE CMC WILL BE PRIME FOR COMPUTATIONt THE GROUND WILL
PROVIDE APOGEE TIME TO AID CREW, IF THE CMC IS NO-GOt THE GROUND WILL
PROVIDE A COI PAD,

E, AS LONG G&N IS tlGOl=* THE CREW WILL HAVE A MORE IMMEDIATE CAPABILITY TO
DETERMINE S-IVB OVERSPEED CONDITIONS* IN ORDER TO'CONSERVE TLI CAPABILITYt
THE CREW WILL EFFECT AN 5-IVB CUTOFF WHEN* BY MONITORING Vl H AND H DOT OR
HA AND HPt THE CREW HAS DETERMINED A SAFE INSERTION ORBIT HAS BEEN OBTAINED,
IN THE EVENT THE G&N 15 NO-GOP THE GROUND WILL ASSUME THE RESPONSIBILITY OF
DETERMINING OVERSPEED CONDITIONS AND WILL REQUEST THE CREW TERMINATE S-IVB
THRUST.

PARTICIPATION

FLIGHT DYNAMICS TEAM

CAPCOM

FLIGHT CREW

FLIGHT DIRECTOR

DATA SOURCES

FDO LAUNCH DIGITAL5

RFO LAUNCH DIGITALS

PERIGEE ADJUST TABLE

PROCEDURE

A= INDICATION

TRAJECTORY IS NO-GO AT $-IVB CUTOFF DOE TO TRAJECTORY PROBLEMS*

B* ACTION

1, FDO MARKS MODE IV CAPABILITY DURING POWERED FLIGHT.

2, AT S-IVB CUTOFF FDO MAKES GO/NO-GO,

3, IF ORBIT IS NO-GO AND MODE IV CAPABILITY HAS BEEN ACHIEVEDP CAPCOM RELAYS MODE IV
RECOMMENDATION,

6, IF ORBIT IS NO-GO AND MODE IV CAPABILITY HAS NOT BEEN ACHIEVED_ RETRO MAKES ABORT
MODE DECISION AND FDO BENDS ABORT REQuEsT LIGHT ON,

5, EITHERTHE FDO (MODE IV) OR RETRO (MODES II AND III) PASS APPROPRIATE PADS TO
CAPCOM FOR RELAY TO THE CREW*

MISSION REV DATE SECTION GROUP PAGE
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NASA - Manned Spacecraft Center

MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

5-3B INTERRUPTION OF ABORT AND COI MANEUVERS

COMMENTS

ONE MINUTE AND 40 SECONDS'PRIOR TO _O0K FEET IS FELT TO BE THE MINIMUM TIME TO GET
SEPARATED AND TO GET BLUNT END FORWARD BEFORE BEING AERODYNAMICALLY CAPTURED (REFERENCE
RULE 5-1), FOR THIS REASON_ ALL THRUSTING MANEUVERS SHOULD BE TERMINATED AT TFF = 1+#0,
NOMINALLY THE ONLY MANEUVERS THAT APPROACH THIS LIMIT ARE HIGH DELTA V MODE IIi MANEUVERS
AND EARLY MODE _VtS=

PARTICIPATION

FLIGHT DYNAMICS OFFICER

FLIGHT DIRECTOR

CAPCOM

FLIGHT CREW

RETROFIRE OFFICER

DATA SOURCES

FDO LAUNCH DIGITALS

CMC TFF READOUT (REGISTER 3 VO6N##)

TFF VS RIP PLOTBOARD

H VS D PLOTBOARD

PROCEDURE

At INDICATION

1, TFF AS INDICATED ON ABOVE sOURCES IS LESS THAN 1+40 AND DECREASING DURING A
POWERED FLIGHT MANEUVER*

B= ACTION

I, IF TFF IS MARGINAL OR A KNOWN TFF INTERRUPT WILL OCCURo FDO OR RFO WILL GO AMBER
AND BRIEF FLIGHT PRIOR TO THE BURN, THE CAPCOM WILL RELAY THE CAUTION TO THE
FLIGHT CREW.

2, WHEN THE TFF 15 VIOLATEDP FDO WILL ANNOUNCE ABORT AND SEND A AND B ABORT LIGHT
ON* CAPCOM WILL RELAY ABORT TO THE FLIGHT CREW,

3, RFO WILL DETERMINE THE ENTRY PROFILE AND PITCH ANGLE AT 30OK FEET= THE RFO WILL
ANNOUNCE ENTRY PROFILE AND PITCH ATTITUDE OVER FD LOOP AND CAPCOM WILL RELAY THE
DATA,

4, THE ENTRY PROFILE WILL BE EITHER FULL LIFT OR RL9O DEPENDING ON LAND IP
EVALUATION-- THE PITCH ANGLE AT ENTRY WILL BE BASED ON A HAND PLOT,

5. FLIGHT CREW WILL EXECUTE SPS OFF BASED ON ONBUARD AND GROUND CUESD SEPARATE ASAP
IN THE PRESENT THRUSTING ATTITUDE= ORIENT THE CM BEF AND FLY THE RECOMMENDED BANK
ANGLE, FOR NO-VOICE ORIENT THE CM USING THE HORIZON REFERENCE AND FLY RL90.

REFERENCES

A. AAWG

B, CREW OPINION

MISSION REV DATE SECTION GROUP PAGE
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NASA - Manned Spacecraft Center

MISSION RUL[S

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

5-3C INTERRUPTION OF MODE II_ llI_ IV

COMMENTS

MODE III AND MODE IV MANEUVERS DERIVED BY THE LAUNCH PROGRAM OF THE RTCC ARE DISPLAYED ONLY
IF THE INSTANTANEOUS ALTITUDE DURING THE MANEUVER WILL REHAIN ABUVE 75 NoMo

UNDER CERTAIN CIRCUMETANCEE* SUCH AS MANEUVERS PERFORMED AT WRONG ATTITUDE_ LOW SP5 THRUSTP
OR DELAYED IGNITION TIMEr IT IS POSSIBLE FOR THE E/C TO DROP BELOW 75 NoH, DURING THE BURN,
IN MOST OF THEBE CAEESt A LAND IP WILL EXIST AT THIS POINTt IF ANY IP EXISTS AT ALL,
BECAUSE OF THE LOW ALTITUDE AND MARGINAL FREEFALL TIMEr TERMINATION OF THE MANEUVER IN
FAVOR, OF A MODE III IS NOT FEASIBLEo

SIMULATION EXPERIENCE HAS SHOWN THAT UNDER THESE CIRCUMSTANCESt IT IB UETTER TO CONTINUE
THE MODE IV MANEUVER AS LONG AS THE CURRENT HP IS AT LEAST 300K FT, FOR HP LESB THAN 3DOK
FT* THE MANEUVER WILL BE TERMINATED AND AN ENTRY ATTEMPTEDo

PARTICIPATION

FLIGHT DYNAMICS OFFICER

FLIGHT DIRECTOR

CAPCOM

FLIGHT CREW

DATA SOURCE

TFF VS* RIP

FDO LAUNCH DIGITALS

RFO LAUNCH DIGITALS

ACTION

1* GO TO YELLOW STATUS*

2. BRIEF FD IF TIME PERMITS*

5. AT LIMIT REGUEST FLIGHT TO TERMINATE BURNe

4e CAPCOM RELAY REQUEST*

5_ RETRO FOLLOW WITH ENTRY DATA*

MISSION REV DATE SECTION GROUP PAGE
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NASA - Manned Spacecraft Center

MISSION RULES

SECTION E - TRAJECTORY AND GUIDANCE

R ITEM

5-3D UTILIZATION OF LIFT TO AVOID LAND FOR LAUNCH ABORTS

COMMENTS

THE CM IS DESIGNED FOR LAND LANDINGS BUT THEY MAY CAUSE VEHICLE STRUCTURAL BREAKUPS AND
POSSIBLE INJURY TO THE FLIGHT CREW, FOR THIS REASONt EVERY ATTEMPT IS MADE TO INSURE A
WATER LANDING, THE RULE APPLIES WHEN ENTRY TRAJECTORY CANNOT BE ALTERED WITH A BURN TO
AVOID LAND=

PARTICIPATION

RETROFIRE OFFICE

FLIGHT DIRECTOR

CAPCOM

FLIGHT CREW

DATA SOURCE5

RFO LAUNCH DIGITALS

PHI VS= LAMBDA PLOTBOARD

RFO ENTRY DIGITALS

PROCEDURE

A, INDICATION

NO BURN FULL LIFT IMPACT POINT LOCATIONo ZERO LIFT IMPACT POINT LOCATION CAN
BE USED 1F AVAILABLE (ENTRY PHASE),

Be ACTION

1, THE RFO WILL DETERMINE IF THE FULL LIFT IMPACT IS ON LAND OR WATERo

{A) IF THE FULL LIFT IMPACT POINT IS ON LANDo THE RFO WILL RECOMMEND RLgO= THIS
ENTRY PROFILE AIDS IN IMPACT PREDICTION (NO L/D) ANDt 1N SOME CASESP ALLOWS A
WATER LANDING OFF THE WEST COAST OF AFRICA, THE RFO WILL ALSO ADVISE IF THE RLgO
IMPACT POINT IS ON LAND OR WATER,

(B) IF THE FULL LIFT IMPACT POINT I5 ON WATERy THE RFO WILL RECOMMEND FULL LIFT=
EXCEPTIONS TO THIS CASE ARE WHEN THE TOTAL FOOTPRINT IS IN WATER-- THE RFO WILL
THEN DETERMINE THE ENTRY PROFILE WHICH IS BEST SUITED TO GET TO THE INTENDED
TARGET POINTo

2, THE CAPCOM WILL RELAY THE ENTRY PROFILE TO THE CREW AND ADVISE THE CREW OF A LAND
LANDING IF THAT SITUATION EXISTS,

REFERENCES

OPERATIONAL OPINION

MISSION REV DATE SECTION GROUP PAGE
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NASA - Manned Spacecraft Center

MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

5-3E MODE lid fill IVt AND APOGEE KICK

COMMENTS

A, SPS BURN FAILURES INCLUDE NO SRS BURNS AND PARTIAL SPS BURN CASES, NO
ATTEMPT IS MADE TO CONTINUE THE FAILED SPS MANEUVER WITH THE SM RCS= INSTEAD
ALL ATTEMPTS AND EVALUATIONS MADE ARE TO INSURE A SAFE REENTRY {HP LESS THAN
40 NM) FOR THE S/C. ALSO NO ATTEMPT IS MADE TO PERFORM MANEUVERS TO AVOID
LANO_ EXCEPT FOR VARYING THE LIFT ORIENTATION, THE ONLY RCS MANEUVERS
PERFORMED ARE DONE AS CLOSE TO APOGEE AS POSSIBLE TO GET MAXIMUM RCS DELTA V
EFFICIENCY IN REDUCING HP LESS THAN 40 NMo

B. NO SLA SEP CASES ARE CONSIDERED AS NO SPS BURN CASES EXCEPT WHEN 40 LESS
THAN HP LESS THAN 75, FOR THIS LASEr DUE TO THE MASSES INVOLVED AND THE LOW
SM-RC$ ACCELERATIONt IT IS NOT PRACTICAL TO USE THE SM-RCS TO BRING HP DOWN
(DELTA V OBTAINED IN THIS CONFIGURATION IS APPROXIMATELY 35 FPS OVER 14
MINUTES). THEREFORE THE PROCEDURE IS TO SEPARATE AND CONTROL HP WITH THE
CM-RCS. AGAP.

C. IN GENERAL---

I, THE MODE II FAILURE CASES HAVE HPtS LESG THAN 40 NM AND NO RC$ MANEUVER IS
REQUIRED=

2. THE MODE IVt AXi AND MODE III FAILURE CASES CAN HAVE HPIG GREATER THAN AO IN SOME
CASEBt AND THEREFORE MAY REQUIRE AN RCS MANEUVERS, (SEE ATTACHED GAMMA VG* V
PLOT.)

PROCEDURE

Ao INDICATION,

1. FLIGHT CREW REPORTS NO THRUST OR NO SLA SEPo

2, NO THRUST CONFIRMED BY G&C-- NO SLA 5EP CONFIRMED BY EECOM.

B, ACTION,

1, SPS FAILURES.

(A) RFO DETERMINE HP AND WHETHER APOGEE wILL BE BEYOND CYI AOS.

ILl HP LESS THAN 40 NM - RFO DO LAND IMPACT EVALUATION (REF, MR, 5-5D1 AND RELAY
TO CREW VIA CAPCOM ENTRY PROFILED PITCH AT =O5G_ AND GET 30OR=

(21 40 LESS THAN HP LESS THAN 75 NM - CREW ORIENT FOR SM-RCS OEORBIT (HEADS
DOWNt RETROGRADE), RFO RELAY TO CREW VIA CAPCOM AT CYI GETI DELTA Vt DELTA TBI
PITCH AT .05GP GET 3OOKt AND ENTRY PROFILE=

(31 SOME HP GREATER THAN 40 NM CASES REQUIRE A LARGE AMOUNT OF DELTA V IF
DELAYED TO CYI (CASES ARE LOW GAMMA= Hie FOR THESE CASESP RFO WILL ADVISE BURN
ASAP WITH 100 FPS RETROGRADEt FLY RLgO, CREW MAY TERMINATE BURN AT 100 FPS OR HP
• 40 NM_ WHICHEVER COMES FIRST.

(B) FOR NO-VOICE= CREW WILL USE GETI • 19+DOm DELTA V • 100 FPSP FLY RL90, bURN
MAY BE TERMINATED ON 100 FPS OR HP • 40 NM*

2, NO SLA 5EP=

(A) RFO DETERMINES HP AND WHETHER APOGEE WILL BE BEYOND CYI AOS,

(1) HP LESS THAN 40 NM - RFO DO LAND IMPACT EVALUATION (REF. MR 5-5D) AND RELAY
TO CREW VIA CAPCOM ENTRY PROFILEr PITCH AT ,05G AND GET BOOK, CREW WiLL PERFORM
OM SEPARATION MANEUVER.

_2) HP GREATER THAN 40 NM BUT L_S5 THAN 75 NM - RFO WILL ADVISE CM-RCS DEORBIT
WITH DELTA V • 70 FPS, IF APOGEE IS PRIOR TO CYIp CREW WILL SEPARATE IMMEDIATELY
AND GETI WILL BE AGAPe 1F APOGEE IS AFTER CYIo CREW WILL SEPARATE 3 MINUTES PRIOR
TO GETI= GETI = GET AND CAPCOM WILL GIVE CREW GETI= DELTA V AND RL9D ENTRY
PROFILE= CREW CAN TERMINATE BURN ON DELTA V OR HP = 40 NM,

MISSION REV DATE SECTION GROUP PAGE
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NASA - Manned Spacecraft Center

MISSION RULES

SECTION 3 - TRAJECTORYAND GUIDANCE

_-I ITEM

5-3E
_ONT

3, CM SEP MANEUVER,

(A) PITCH ENTIRE 5TACK CONFIGURATION DOWN36 DEGo

(B) CM/(SM/S-IVB) SEP.

(C} PITCH THE CM DOWNANOTHER 35 DEG TO 71DEG.

(Ol ROLL 180 DEGi

(E) BURN OUT DELTA V=

REFERENCE

FCD OPERATIONAL OPINION=

2.0 30 40

I Apogeekick line /NO-GOline
scale]II scale"l]I
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NASA - Manned Spacecraft Center

MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITE_

i-4A MODE III ABORTS - PREDICTED TFF LESS THAN 1HR 40MIN AFTER CUTOFF

COMMENTS

A. THE CREW HAS STATED THAT 1+40 IS A VALID TIME CONSTRAINT BETWEEN CUTOFF AND
300K FEET FOR ENTRY PREPARATIONS. FOR MODE Ill ABORTS OFF THE NOMINALP TFF
AT C/O VARIES FROM 1*26 TO 4+15, FOR ABORTS OFF THE LATER PORTION OF THE
NUMINAL_ AS WELL AS CASES FROM AN OFF'NOMINAL TRAJECTORYt CARE MUST BE TAKEN
TO INSURE THE I+40 CONSTRAINT, THIS WILL NOT ALWAYS RESULT IN A WATER

LANDING.

Bw A PARTIAL SPS MANEUVER WILL BE PERFORMED ONLY TO AVOID A LAND LANDING+ AN
RLgO ENTRY WILL BE FLOWN IN AN ATTEMPT TO MOVE THE ZP AS FAR WEST AS
POSSIBLE.

C* ACTION SHOULD BE TAKEN TO MAINTAIN THE 1+40 CONSTRAINT AS WELL AS INSURE A
WATER LANDING 1N AS MANY CASES AS POSSIBLE BY VARYING THE LIFT PROFILE
AND/OR THE BURN TIME.

PROCEDURE

WHEN PREDICTED TFF LESS THAN 1+40 FOR THE NODE Ill MANEUVER.

A, IF THE FULL-LIFT lP IS ON WATER. THERE WILL BE NO BURN+

Bo IF THE G AND N IS GO AND THE FULL-LIFT IP IS ON LANDI THE CREW WILL BURN AT
GETI AND TERMINATE THE _URN AT TFF - _.40+ THEY WILL FLY RL9O TO GET THE
MODE llI IP AS NEAR THE WEST COAST OF AFRICA AS POSSIBLE.

C, IF THE G AND N IS NO-GO AND THE FULL-LIFT IP 15 ON LAND+ THE AMOUNT OF TFF
VIOLATION WILL BE SUBTRACTED FROM THE COMPUTED BURN TIME. THE RESULTING BURN
TIME ALONG WITH THE CORRESPONDING DELTA V WILL BE PASSED TO THE CREW+ THIS
INSURES NO VIOLATION OF THE TFF CONSTRAINT BUT MAY RESULT IN A LAND LANDING.
THE CREW WILL FLY RLgO TO GET THE MODE lII IP AS NEAR THE WEST COAST OF
AFRICA AS POSSIBLE.

REFERENCES

Ao PRELIMINARY LAUNCH ABORT STUDY FOR APOLLO MISSION F/CSM-IO3/LM-3.

B+ APOLLO MISSION TECHNIQUES SATURN V/APOLLO LAUNCH PHASE ABORTS.

MISSION REV DATE SECTION GROUP PAGE
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NASA - Manned Spacecraft Center

MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

5-4B MODE Ill BURNS LESS THAN 2 SECONDS

COMMENTS

MODE Ill BURNS OF LESS THAN 2 SECONDS ARE NOT WORTHWHILE BECAUSE A 2-SECOND BURN MOVES THE
1P ONLY ABOUT 25 N, M, THE FLIGHT CAN BEST BE SPENT BY PREPARING FOR ENTRY,

MODE IXl BURNS OF GREATER THAN 2 SECONDS SHOULD BE PERFORMED TO AVOID LAND*

PROCEDURE

THE RFO WILL ANNOUNCE MODE Ill NO BURNP FLY RL55o

CAPCOM RELAY DATA TO CREW,

THE RFO WILL PROVIDE PITCH AT *OBG FEET AND GET 30OK,

REFERENCES

AAWG.

OPERATIONAL OPINION=

MISSION REV DATE SECTION GROUP PAGE
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NASA- Manned.Speclcre,ftCenter ;,,_
MISS!ON RUL[S_

SECTION 3 " TRAJECTORY AND GUIDANCE

R ITEM

5-4C NO IGNITION BY GETI .10 SECONDS FOR MODE Ill ABORTS

COMMENTS

A, THE DELTA V AND GETI COMPUTED FOR NODE 'Ill IS A MANEUVER TO HIT AN RL55
TARGET POINT,, IF THE GETI IS DELAYED THE IP .MOVES EAST APPROXIMATELY 5
NM/SECe ALSO9 TFF AFTER THE MANEUVER 1S REDUCED APPROXIMATELY. 1 S_CONO FOR
EACH SECOND OF DELAYI " ;

Be THE WEST COAST OF AFRICA IS !50 NM FROM THE'NODE IIi TARGET POINT, IN THE
MODE Ill REGIME THE IP ASSOCIATED WITH RLgO BANK ANGLE IS APPROXIMATELY 200
NM UPRANGE OF THE IP FOR AN RL55 BANK ANGLED AFTER 60 SECONDS OF DELAY TIME
TFF BECOMES A FACTOR DURING THE MANEUVER, SINCE THE MODE Ill IP IS BASED ON
AN RL55 BANK ANGLEr WHEN THE CREW CAN BURN DELTA R -TO ZEROt. AN RL55 IS
ACCEPTABLEBECAUSETHEYWILL HIT THE TARGEToWHENDELTAR CANNOT BE BURNED
TO ZERO BECAUSE OF THE TFF 'CON_TRA:INTt A BURN .TO 'TFF • 1.4.0 AND RL90 ENTRY
WILL KEEP THE CREW OFF LAND FOR DELAYS UP TO TO SECONDS-,

C, IF THE G AND N IS NOT AVAILASLEI THE ORIGINAL MODE III DELTA V PASSED CAN BE
uSED WITH AN RL9O ENTRY WHICH _ILL AVOID LAND" FOR DELAYS UP TO 70 SECONDS
FOR MODE Ill ABORTS OFF THE NOMINAL TRAJECTORY OCCURRING BEFORE 11+00 GET,

PROCEDURE

Ao RFO WILL MARK GETI + 10 SECONDS AND IF PREDICTED TFF IS NOT VIOLATED WILL
ADVISE BURN DELTA R • O AND FLY RLBB_ IF THE PREDICTED TFF W_LL BE VIOLATED

RFO WILL ADVISE BURN TFF • ].+_O ANO FLY RLg0_

B= IF THE G AND N IS NO-GO AND T ABORT LESS THAN 1_.00 RFO WILL ADVISE BURN
ORIGINAL MODE Ill DELTA V'PASSED AND FLY RL9D* ._:-

C,, IF THE G AND N IS NO-GO AND T ABORT GREATER THAN l,_,.OOt RFO WILL ADVISE TO
BURN A REDUCED DELTA V SO TFF LIMIT WILL NOT BE VIOLATED BUT AN ENTRY
TRAJECTORY WILL BE ESTABLISHED, RFO WILL ADVISE TO FLY RLgO,

• • • , ; ":..'' _ "L'¸ i _,_'_ _ ' "',:. ,
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NASA - Manned SpacecraftCenter

MISSlOI |ULES
SECTION 3 " TRAJECTORY AND GUIDANCE

CMC NO-DO FOR ABORT MANEUVER AND MONITORING {SOFTWARE FAILURES)

RELIABILITY OF THE CMC AS A DATA SOURCE OR CONTROL DEVICE IS DEPENDENT ON THE INTERNAL

FUNCTIONING OF THE SOFTWARE, THE {MC IS PROGRAMMED TO RECOGNIZE INTERNAL FAULTS AND
CONDITIONS. UPON RECOGNITION OF SUCH A CONDITION, THE COMPUTER ISSUES A PROGRAM

ALARMS CONSIDERED TO INVALIDATE THE CMC FALL INTO TWO CATEGORIESD THOSE WHICH
SINGULARLY AND CONTINUOUSLYe THE ALARMEp BY CATEGORYP ARE AS FOLLOWED

OCCURRENCE

CODE ALARM FAULT

00214 PROGRAM USING IMU WHEN ]MU TURNED OFF

00777 A PIPA FAILED CAUSED IS5 WARNING

01107 RESTART PHASE TABLE ENTRIES DISAGREE

G1607 VG INCREASING

04777 ICDU AND PIPA FAILS CAUSED ISG WARNING

07777 IMU FAIL CAUSED ISE WARNING

10777 IMU AND PIPA FAILS CAUSED ISS WARNING

13777 IMU AND ICDU FAILS CAUSED IS$ WARNING

14777 IMUt ICDUt AND PIPA FAILS CAUSED ISS WARNING

00205 MAXIMUM ACCELERQMETER OUTPUT

CONTINUOUS OCCURRENCE

ALARM CODE ALARM FAULT

20430 INTEGRATION CAUSING OVERFLOW

THAT RECTIFICATION WOULD NOT ELIMINATE

20607 NO SOLUTION FROM CONIC ROUTINE

20610 P37 POSITION VECTOR AT IGNITION

TOO SMALL

21103 FORBIDDEN STEP EXECUTED

21204 ZERO OR NEGATIVE WAITLIST

21206 DISP6AY SYSTEM ADDRESS BUFFERS FULL

Z1210 JOB ALREADY WAITING IN PARTICULAR

STALL ROUTINE

21302 SQUARE ROOT ARGUMENT TOO NEGATIVE

21501 DISPLAY SYSTEM ALARM FROM INTERNAL USE

21502 ILLEGAL REQUEST FOR A FLASHINO DISPLAY

21521 NEW PROGRAM REQUEST CANNOT BE MADE

'AFTER Pll STARTED

31104 TOO MANY JOBS ATTEMPTING TO USE JOB

MISSION , REV GROUP PAGE
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MISSION RULES

SECTION E - TRAJECTORY AND GUIDANCE

R ITEM

DELAY ROUTINE

31201 NO VAC AREAS AVAILABLE

31202 N0. JOB REGISTER SETS AVAILABLE

31203 NEW TASk CANNOT BE INSERTED

SUCCESSFULLY IN WAITLIGT SYSTEM

31207 NO VAC AREA AVAILABLE FOR MARK DATA

31211 OPTICS USE NOT ALLOWED WITH EXTENDED

VERB BEING PERFORMED
5-EA
CONT

PARTICIPATION

GUIDANCE OFFICER

FLIGHT CREW

FLIGHT DIRECTOR

DATA SOURCE_

CMC DSKY/PROGRAM ALARM LIGHT _ : _

GUIDe 1N$/INJ DIGITALSt MBK 290

CMC MONITOR I H/St MSK 966

CCATS CMC DOWNLINK READOUT

PROCEDURE

Ae INDICATION

CREW OBSERVES PROGRAM ALARM LIGHT AND KEYS VOfi NO9 TO VERIFY ALARM, GDO
OBSERVES PROGRAM ALARM LIGHT AND VERIFIES ALARM VIA CREW KEYING VO5 NO9
USING MSK 290 OR VIA FAILREG5 USING MSK 966 OR CCATS CHC DOWNLINK READOUT*

Be ACTION

ALARM IS IDENTIFIED AS APPLICABLE TO A GO/NO-GO DECISIONo IF IT IS IN
'ICONTINUOUSml CATEGORY DSKY ERROR RESET IS EXECUTED TO vERiFY RE-OCCURANCE*
AFTER IDENTIFICATION GDO DECLARES It CMC GO ON PROGRAM ALARM II OR *tCMC NO'GO
ON PROGRAM ALARMt" OVER FLIGHT DIRECTOR LOOP, CAPCOM RELAYS THE SAME OVER
AIR-TO-GROUND LOOP,

MIBBION REV DATE ISECTION GROUP PAGE
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MISSION IULIS

SECTION_ - TRAJECTORYANDGUIDANCE

R ITE_

5-5B CRITERIA FOR CMC NO-GO FOR ABORT MANEUVER DETERMINATION ANO/OR MONITORING TFF ERROR

COMMENTS

ERRONEOUS NAVIGATION BY THE ¢MC WILL BE REFLECTED IN ITS KNOWLEDGE OF TFF* SINCE THIS
PARAMETER IS USED AS ABORT CRITERIA_ ANY ERROR IN ITS COMPUTATION MUST BE _IMITED. CREW
ABORT IS INITIATED FOR TFF DECREASING BELOW 1.40o THE TIME REquIRED FOR 180 DEGREES PITCH
ATTITUOE MANEUVER TO INSURE BEF IS 26 SECONDS. THUS FOR MOST SENSITIVE CASE, CMC TFF
GREATER THAN RTCC TFFt AN ERROR OF 40 SECONDS CAN BE TOLERATED AND YET LEAVE TIME FOR
REORIENTATION TO INSURE SAFE CAPTURE,

PARTICIPATION

GUIDANCE OFFICER

FLIGHT DIRECTOR

CAPCOM

FLIGHT CREW

DATA SOURCES

GDO STRIPCHARTSt GUIDANCE INS/INJ DIGITALSt MSK 29

PROCEDURE

A. INDICATION

GDO VERIFIES TFF TREND ON GO0 STRIPCHARTS AND OBSERVES DIFFERENCE OF CMC AND
RTCC TFF VALUES ON MSK 290 EXCEEDING LIMITS.

B. ACTION

GDO ANNOUNCES OVER FLIGHT DIRECTOR LOOP JmCMC NO-GO TFF ERRORleo CAPCOM
RELAYS SAME TO CREW OVER AIR TO GROUND LOOP*

II
MISSION REV DATE SECTION GROUP PAGE
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MISSION RULES.

SECTION 3 - TRAJECTORY:ANDGUIDANCE

R ITEM

5-5C CRITERIA FOR CMC NO'GO FOR ABORT MANEUVER DETERMINATION AND/OR MONITORING (ERROR IN X AND/OR Z
PLATFORM AXIS NAVIGATED VELOCITY)

COMMENT5

SINCE THE CMC IS USED FOR ORBITAL NAVIGATION AND TO DETERMINE CONTINGENCY MANEUVER ACTIONo
SIGNIFICANT ERRORS IN ITS INPLANE NAVIGATIONAL STATE COULD ENDANGER THE CREW* SUCH ERRORS
WILL BE IMMEDIATELY REFLECTED BY THE CMC KNOWLEDGE OF SENSED VELOCITY ALONG ITS X AND/OR Z
PLATFORM AXIS, G AND N DISPEREION ANALYSIS HAS SHOWN THAT A CONFIRMED ERROR ALONG THE X
AXIS OF _REATER THAN 50 FPS AND/OR Z AXIS OF GREATER THAN 100 FPS INDICATES SOME COMPONENT
WITHIN THE CSM G AND N IS OPERATING AT AN UNRELIABLE LEVEL (APPROXIMATELY 9-SIGMA), THE CMC
WILL BE DECLARED ItNO-GO II DUE TO INABILITY TO NAVIGATE PROPERLYo

PARTICIPATION

GUIDANCE OFFICER

FLIGHT CREW

CAPCOM

DATA SOURCES

GDO STRIPCHARTS

GUIDANCE INSERTION/INJECTION DIGITALSt MSK 290

AGC DYNAMICS STARUB DISPLAY

PROCEDURE

Ae INDICATION

GDO DETECTS AND OBSERVES A TREND ON X AND/OR Z AXIS VELOCITY DIFFERENCES
FROM STRIPCHARHS OR MSK 290* CONFIRMATION THAT THE ERROR IS 1N THE CMC IS

THEN'MADE BY COMPARING ACTUAL TRAJECTORY PATH WITH THAT OF CMC VIA THE AGC
DYNAMIC STATUS DISPLAYo _

B! ACTION

GDO ANNOUNCES CMC tINO'GO°l DUE TO NAVIGATION ERROR OVER FLIGHT DIRECTOR
LOOPt CAPCOH RELAYS SAME TO CREW OVER AIR TO GROUND LOOPo

ISSxON EV DATE SECTION GROUP PAGE
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MISSION IULES

SECTION S - TRAJECTORY AND GUIDANCE

R ITEF _

_-SD CRITERIA FOR CMC NO-GO FOR ABORT MANEUVER DETERMINATION AND/OR MONITORING (CHC/RTCC
RECOMMENDATION DISAGREEMENT)

COMMENTS

AT TERMINATION OF LAUNCH PHASE POWERED FLIGHTo THE CMC WILL BE USED TO DETERMINE ORBITAL
STATUS AND/OR CONTINGENCY MANEUVER REQUIREMENT* BECAUSE. OF DEGRADED PERFORMANCE OF TME
INERTIAL SUBSYSTEM COMPONENTSt THE CMC NAVIGATION COULD INDICATE A SAFE PERIGEE WHILE THE
6EST TRAJECTORY SOURCE INDICATES A PERIGEE LESS THAN SAFEo THE CREW WOULD TAKE NO ACTION
WITH DISASTEROUS RESULTSo ON THE OTHERHANDP THE CM_ NAVIGATION COULD INDICATE A PERIGEE
LESS THAN SAFE WHILE THE BEST TRAJECTORY SOURCE INDICATES A SATISFACTORY PERIGEEe THE CREW
WOULD UNNECESSARILY SEPARATE FROM THE SIVBt MAKE A CONTINGENCY SPS MANEUVERt AND THEREBY
SACRIFICE A LUNAR MISSION* THUSP ANYTIME THE ORBITAL GO/NO-GO RECOMMENDATIONS BASED ON BEST
SELECTED SOURCE AND OMC TELEMETRY DISAGREEt THE CMC WILL BE DECLARED I*NO-GOllo

PARTICIPATION

GUIDANCE OFFICER

FLIGHT DYNAMICS OFFICER

DATA SOURCE

FDO LAUNCH DIGITALSP MSK 043

PROCEDURE

A* INDICATION

IN RTCC HOLD PHASE_ FDO CALLS OUT THE BEST TRAJECTORY SOURCE, GDO OBSERVES
THE ORBITAL RECOMMENDATIONS IN THE APL AND W°BEST SOURCE tl COLUMNS OF MSK
043,

B* ACTION

IF OBSERVED RECOMMENDATIONS ARE IN AGREEMENT9 GDO CALLS OUT OVER FLIGHT

DIRECTOR LOOPI CMC IS I*GO_°* OTHERWI@Et GDO CALLS OUT CHC IS IeNO-GO°°.
CAPCOM AOVISE5 CREW ACCORDINGLYo

MISSION REV DATE SECTION GROUP PAGE
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MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM
-. q..._. i

5-6 THE ORBIT IS °=GO'= IF HP GREATER THAN OR EQUAL TO 75 N,M=

COMMENTS

A I=GOIt ORBIT MUST PROVIDE A LIFETIME OF ONE FULL REV WITHOUT DEGRADING OR FAILING
SPACECRAFT SYSTEMS* THE EFFECTS OF AERODYNAMIC HEATING ON SPACECRAFT SYSTEMS DURING ONE
PASS THROUGH PERIGEE ARE MORE CONSTRAINING THAN PROVIDING tIORBITAL LIFETIME=_* ORDNANCE IN
THE SLA SEPARATION UNIT AND IN THE CM/SM UMBILICAL GUILLOTINE FAILS FOR PERIGEES LOWER THAN
71 N* M, AND 90 DEG ANGLE OF ATTACK= ATMOSPHERIC DENS1TYt INITIAL TEMPERATURESt AND DRAG
COEFFICIENTS CAUSE LITTLE CHANGE IN THE FAILURE ALTITUDE, A PAD FOR THE UNCERTAINTY IN
PERIGE_ ALTITUDE PREDICTION BY MCC ADDED TO THE ORDNANCE FAILURE ALTITUDE ESTABLISHED 75 N,
M* AS THE MINIMUM PERIGEE ALTITUDE FOR A =tGOll ORBZT,

PARTICIPATION

FLIGHT DYNAMICS OFFICER

FLIGHT DIRECTOR

CAPCOM

FLIGHT CREW

DATA SOURCES

PRIMARYt FDO LAUNCH DIGITALSP MSK 41,

SECONDARYp GAMMA VSe V DISPLAY MSK 40,

PROCEDURE

A, INDICATION

1, RTCC RECOMMENDS GO/NO GO,

2* V/VPS VERIFIES RECOMMENDATION*

3, V* GAMMAt H FROM SELECTED SOURCE VERIFIES RECOMMENDATION,

B, ACTION

1. HP GREATER THAN OR EOUAL TO 75 - FDO ANNOUNCES I°FLIGHTt WE ARE GOIt ON FD LOOP.

2° HP LESS THAN 75P - MODE IV - FDO ANNOUNGES PtFLIGHTt WE ARE GO MODE IVt
SEPARATE It ON FD LOOPo PASS MODE IV MANEUVER ASAP, CAPCOM WILL RELAY REPORT AND
MANEUVER TO CREW,

3° HP LESS THAN 751 APOGEE KICK - FDO ANNOUNCES °°FLIGHT, WE ARE GOt APOGEE KICKt
SEPARATE II ON FO LOOP, PASS APOGEE KICK MANEUVER AGAPe CAPCOM WILL RELAY REPORT
ANO MANEUVER TO CREW,

_, HP LESS THAN 75o NO POSSIBLE MODE IV OR APOGEE KICK - FDO ANNOUNCES ItFLIGHTo WE
ARE NO GOD SEPARATE tl ON FD LOOP* RETRO FOLLOWS WITH ABORT MODE AND MANEUVER IF
MODE Ill CAPCOM RELAYS REPORTS AND MANEUVER TO CREW,

MISSION REV DATE SECTION GROUP PAGE
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MISSIONRULES
SECTION _ - TRAJECTORY AND GUIDANCE

R ITEM

5-20A EARTH ORBITAL ALTITUDE CONSTRAINT

COMMENTS

THE MINIMUM PERIGEE ALTITUDE LIMIT IS ESTABLISHED TO PROTECT AGAINST ATMOSPHERIC HEATING
CAUSING DAMAGE TO S/C* TO PROTECT AGAINST THIS DAMAGEr PERIGEE MUST BE MAINTAINED ABOVE 75

N,M* VIOLATIONS OF THIS LIMIT MUST BE CORRECTED ASAP* FOR PLANNING PURPOSES IT IS DESIRABLE
TO ALLOW FOR REASONABLE EXECUTION ERRORS WITHOUT VIOLATING THIS CONSTRAINTm 85 N,M* ALLOWS

FOR THESE ERRORS WITHOUT SERIOUSLY LIMITING PLANNING FLEXIBILITY*

THE MAINTENANCE OF RCS DEORBIT CAPABILITY DEFINES THE MAXIMUM PERIGEE ALTITUDE AT ANY GIVEN

POINT DURING THE MISSION* HOWEVERp WHEN THE CONSIDERATION OF LM PROPULSION IS ADVANTAGEO_S_
THIS LIMIT MAY BE RAISED=

CURRENTLYt NO CONSTRAINTS HAVE BEEN DEFINED WHICH WOULD LIMIT THE MAXIMUM APOGEE ALTITUDE*

PARTICIPATION

FDO

RFO

FD

G AND C

CREW

DATA SOURCE_

MISSION PLANNING DISPLAYSt ORBIT DIGITALS

PROCEDURES

A, NORMAL MISSION PLANNING.

l, G AND C DETERMINES RC5 DELTA V AVAILABLE FOR DEORBIT THROUGH NEXT MANEUVER*

2, FDO/RFO DETERMINE MAXIMUM PERIGEE ALTITUDE FOR DELTA V* USE NOMINAL PERIGEE IF
LOWER THAN MAXIMUM,

_* FDO DETERMINE APOGEE ALTITUDE WHICH PROVIDES LIFETIME THROUGH END OF MISSION, USE
NOMINAL APOGEE IF HIGHER,

4* CALL GPMT FOR MANEUVER OVER A MSFN STATION TO RESULT IN HA AND HP DESIRED,

B* PERIGEE VIOLATION* CALL PERIGEE ADJUST TABLE FOR MANEUVER AT APOGEE OR ASAP
IF ADJUSTMENT AT APOGEE IS IMPOSSIBLE BECAUSE OF TRUE ANOMALy OR PREMANEUVER
MSFN COVERAGE, FDO ORBIT DIGITALS SHOW TIME OF APOGEE AND TRUE ANOMALY
PROBLEMS ANO PSAT SHOWS MSFN COVERAGE,

MISGION REV DATE SECTION GROUP PAGE
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SECTION 3 " TRAJECTORY AND GUIDANCE

R ITEM

5-20B EMERGENCY DEORBIT WITH HP LESS THAN 75 N=M,

COMMENTS

A= IT IS AGSUMED THaT AN'QRBITAL MANEUVER CANNOT BE MADE TO CORRECT THE HP LES$_ ""_

THAN 75 NM PROBLEM= ,, :

B= ANY MANEUVER PERFORMED WILL BE TO REDUCE HP LESS THAN 40 NM TO INSURE A SAFE
REENTRY=

C= THE 5PS THRUSTER WILL BE USED WHENEVER POSSIBLE, WHEN THE RC$ THRUSTER IS
USEDt IT W1L-L BE AB CLOSE TO APOGEE AS POSSIBLE TO GET MAXIMUM DELTA V
EFFICIENCY*

D* TARGETING WILL BE DONE WHERE POSSIBLE (TRUE ANOMALY LESS THAN 180 DEC) AND
TIME PERMITS=

PROCEDURE

A, IF HF IS GREATER THAN 40 NM BUT LESS THAN 75 NM ---

1, TRUE ANOMALY GREATER THAN 180 DEG - IF SPSI$ GOt CREW WILL GO TO GPS DEORBIT
ATTITUDE (HEADS OPt HORIZON MONITOR)* IF SPS IS NO-GOt CREW WILL GO TO RCS
DEORBIT ATTITUDE (HEADS DOWN* RETROGRADE}, CREW PERFORMS MANEUVER ASAP TO LOWER
HP TO AT LEAST 40 NM IF POSSIBLE= CREW W1LL BURN ALL RCG DELTA V AVAILABLE TO
ACHIEVE 40 NM OR WILL TERMINATE BURN WHEN TFF EUUALS 7 MIN= GROUND WILL PROVIDE
PITCH AT ENTRY GET ,05G AND ENTRY PROFILE= IF NO VOICE= CREW WILL FLY A RL 90
ENTRY=

2, TRUE ANOMALY LESS THAN 180 DEG - CREW WILL GO TO RC5 DEORBIT ATTITUDE= GROUND
WILL PROVIDE TIG DELTA V PITCH AT ENTRY GET =05G AND ENTRY PROFILE= MANEUVER WILL
BE PLANNED FOR EXECUTION AT APOGEE=

B= IF HP LESS THAN 40 NM AND-'-

1. TRUE ANOMALY GREATER THAN 180 DEC - NO BURN= GROUND WILL PROVIDE PITCH AT ENTRYP
GET =O_G AND ENTRY PROFILEo ENTRY PROFILE BASED ON LAND IP EVALUATION=

2= TRUE ANOMALY LESS THAN 180 DEG - GROUND MAY PROVIDE AN RC5 MANEUVER IF TARGETING
FOR AN IP IS POSBIBLE*

MISSIONREV DATE SECTION GROUP PAGE
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MISSION RULES

SECTION S m TRAJECTORY AND GUIDANCE

R ITEP

5-22 LIFT-OFF TIME UPDATE

COMMENTS

AT LIFT-OFF INDICATIONt THE CMC RECORDS THE COMPUTER TIMEr ZEROS THE TIME REGISTERS_ AND
UPDATES TEPHEMERIS BY ADDING THE RECORDED LIFT-OFF TIME TO THE PREVIOUSLY STORED VALUE. THE
TEPHEMERIS QUANTITY IS THE TOTAL ELAPSED TIME FROM REFERENCE (BASSELIAN) COORDINATE SYSTEM
DEFINITION TO LAST COMPUIER CLOCK ZERO, THE TEPHEMERIS QUANTITY AND COMPUTER CLOCk TIME ARE
uTILIZED IN THE NAVIGATION SCHEMES FOR DETERMINING EANTH LOCATION RELATIVE TO THE REFERENCE
COORDINATE FRAME. BECAUSE OF THE GROUND/CMC OR LM INTERFACE FOR MANEUVER PREPARATION AND

TRAJECTORY MONITORINGt IT IS ESSENTIAL FOR BOTH TIME BASES TO BE THE SAME. FOR THIS REASON_
THE CMC L/O TIME IS USEOP AVOIDING P CMG UPDATE, NOMINALLY THE GND AND CMC LID SHOULD NAVE
A DIFFERENCE OF LESS THAN O,B SECOND.

IF THE CMC GMTLO DIFFERS FROM THE SRO GMTLO (FIRST MOTION)t THE G G N PLATFORM IS IN ERROR

(ROLL PROGRAM OF SATURN STARTS AT LIFT-OFF PLUS ZO SECONDS) THUS THE G G N IS IN ERROR AND
NOTHING CAN BE GAINED BY USING THE CMC GMTLO, ALSO, THE MET IN THE CSM STARTS WITH FIRST
MOTION AND USING A'GMTLO DIFFERENT FROM FIRST MOTION CAUSES THE GROUND ELAPSED TIME TO BE
DIFFERENT FROM THE S/C ELAPSED TIME, THE PROBABILITY OF A DIFFERENCE GREATER THAN 5 SECONDS

IS REMOTE SINCE THE CREW IS POISED TO BACK UP THE LIFT-OFF SIGNAL TO THE CMC BY ENTERING
V75 WHICH WAS INSERTED INTO THE DSKY IN PRELAUNCH,

DATA SOURCE

GDO STATE BUFFER MONITORp MSK2ET_ VOICE LOOP TO SRO,

PROCEDURE

RFO OBSERVES EVENT FROM CMC ON MSK267 TO OBTAIN CMC GMTLO, AFTER RECEIPT OF GMTLO FNOM SHOt
THE APPROPRIATE VALUE IS INPUT TO THE RTCC VIA THE COMPUTER DYNAMICS,

MISSION REV DATE SECTION GROUP PAGE
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R ITEM

5-23 RETROFIRE MANEUVER PLANNING TO RESULT IN THE TIME BETWEEN GETI AND 40OK GREATER THAN 9 MINUTEG

COMMENTS

.A= THE TIME BETWEEN RETROFIRE IGNITION AND _00_ FEET IS CONSTRAINEO FOR TWO
MAIN REAGONS+ FIRSTt A POSSIBLE RECONTACT PROBLEM BETWEEN THE CM AND SM+
GECONDt A CREW PREPARATION TIME FOR ENTRY AFTER RETROFIRE,

Be THE CREW DESIRES AS MUCH TIME A5 POSSIBLE AFTER RETROFIRE TO pREPARE FOR
ENTRY-- HOWEVER_ THE CREW HAS STATED THATt AS A MINIMUMP 10 MINUTES TFF
AFTER RETROFIRE (10 MINUTES TO 300K FEET) IS AN OPERATIONALLY GOOD NUMBER
WHICH INCLUDES ANY CONTINGENCY PROCEDURES WHICH MAY BE REQUIRED, IN GENERALt

' FOR 5PS-TYPE RETROFIRESt TIME BETWEEN 4OOK FEET AND 30OK FEET IS 2 MINUTES--
' THUSg FOR RETROFIRE PLANNING PURPOBEBt THE TFF AFTER THE RETRO MANEUVER WILL

BE AT LEAST 11 MINUTES BASED ON 9 MINUTES TO 400K FEET PLUS 2 MINUTES TO
300K FEET= FOR CONTINGENCY TYPE RETRO MANEUVER_ THE CREW lS REOUIRED TO BURN

" • TU A LOWER TFF TO INSURE A SAFE ENTRY=

Co IN ATTEMPTING TO GE_ MoRE TIME BETWEEN GETI AND 4OOK FEET-- PITCH ANGLE AT
GETI_ DELTA V OF THE MANEUVERt OR THE TARGET POINT CAN BE CHANGED, VARYING
THE PITCH ANGLE AT GETI WILL NOT BE DONE BECAUSE! OPERATIONALLYt MAINTAINING

THE LINE ON THE WINDOW OF THE SPACECRAFT ON THE HORIZON IS DESIRABLE=
CHANGING THE TARGET POINT HAS VERY LITTLE EFFECT ON TFF EXCEPT WHEN LARGE
CHANGES ARE MADE=

PROCEDURE

IF THE PLANNING MANEUVER HAS RET 400K LESS THAN 9 MINUTES, RPO WILL VARY DELTA V TO
INCREASE THE TIME= IF UNSUCCESSFUL+ INFORM PD THAT A NEW PTP MUST BE SELECTED BECAUSE OF
THE TFF CONSTRAINTS=

REFERENCES

FM MEMORANDUM 67-FM_7-_7

MISSION REv DATE sECTION GROUP.. PAGE
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SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

5-25 UPDATING RETROFIRE MANEUVERS FOR POSITION CHANGES

COMMENTS

A, ONCE THE CMC HAS BEEN UPDATED FOR RETROFIRE WITH A NAV vECTOR* THE GROUND
AND CMC_$ KNOWLEDGE OF THE PRESENT CGM ORBIT IS THE GAMED HOWEVERt AS THE
GROUND RECEIVES MORE TRACKING DATA* ITS KNOWLEDGE OF THE ACTUAL CSMt$ ORBIT
IMPROVES* THUSe THE PROBLEM ARISES AS TO WHAT CRITERIA TO USE TO uPDATE THE
CMC=S STATE VECTOR*

B, IN THE EVENT THE CMC NAV VECTOR IS NOT UPDATED* A TARGET MiSS E_UAL TO THE
POSITION ERROR OF THE CMC WILL RESULT AT SPLASHDOWN* IF THE CMC IS
CONTINUALLY UPDATED OR UPDATED JUST PRIOR TO RETROFIRE*" PROCEDURAL PROBLEMS
RESULT FOR THE CREW SUCH AS RECHECKING HANEUVER DATA AS WELL AG CYCLING
THROUGH CMC PROGRAMS AT THE LABT MINUTE*

C* PROCEDURALLY* THE GROUND WILL GCHEOULE NAV UPDATES APPROXIMATELY _ HOURS AND
I HOUR PRIOR TO THE PLANNED RETROFIRE, CRITERIA FOR UPDATING AT RETROFIRE
MINUS i HOUR IS BASED ON FDOIS COORDINATED JUDGEMENT (APPROXIMATELY 1*5 N*M*
IN POSITION OR i FPS IN VELOCITY),

D, UPDATING THE CMC NAV AFTER THE 1 HOUR UPDATE CAUSES THE CREW PROCEDURAL
PROBLEM SUCH AS RUSHING THROUGH CMC PROGRAMS AND DOING THE REQUIRED LAST
MINUTE RETROFIRE CHECKS* FOR THIS REASON UP TO 30 N_M, POSITION CHANGE WAS
CHOSEN AS ACCEPTABLE FROM THE RETROFIRE STAND-POINTQ THIS WOULD MEAN THE CMC
COULD MISS THE TARGET POINT BY AS MUCH AS 30 N,M* WHICH I5 SLIGHTLY LARGER
THAN AN EMS L SIGMA MISS DISTANCE, AS RETROFIRE TIME APPROACHESt THE UPDATE
CRITERIA BECOMES MORE RELAXED*

E, IT SHOULD BE POINTED OUT THAT ALTHOUGH _0 NeM* POSITION CHANGE IS ACCEPTABLE
FROM A RETROFIRE STANDPOINT* THIS LARGE A POGITION CHANGE IS HIGHLY
UNLIKELY* A CHANGE OF MORE THAN fi N,M* WOULD BE RARE*

F* TO REDUCE THE PROBABILITY OF A RETROFIRE UPDATE WITHIN _O MINUTES OF GETIt
THE CRITERIA FOR AN UPDATE IS THAT LANDING ERROR WHICH CAUSES A VIOLATION OF
RECOVERY ACCESSTIME (ZDEG OF LONOITUOE)_ THIS ERROR 1S SO LARGE THAT IT IS
ALMOST A PHYSICAL IMPOSSIBILITYo

PROCEDURE

THE PROCEDURE USED TO DETERMINE POSITION ERRORS ENCOUNTERED FROM THE ORIGINAL NAV VECTOR
UPLINKED TO THE S/C IS TO COMPARE THE CMC TM VECTOR WITH THE PRESENT ORBIT VECTOR ON THE
VECTOR COMPARE DISPLAY, THIS DISPLAY IS USED AFTER EACH DC TAKEN IN BY THE RTCC AND IS ALSO
USED 1N DECIDING TO UPDATE THE T-1 HOUR NAV VECTOR=

REFERENCE

ENTRY DATA PRIORITY MEETINGS*
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SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

5-27 SPS FAILURES DURING EPO RETROFIRE OR NO SLA BEP

COMMENTS

A= RkTROFIRE SPS FAILURE6 INCLUDE NO 5PS BURNS AND PARTIAL sPS BURNS* PERIGEE
ALTITUDE IS USED TO DETERMINE THE APPROPRIATE ACTION THE CREW SHOULD TAKE
SINCE THE HP VALUE IS A G AND N OUTPUT AFTER SPS {/0=

B. THE SP5 FAILURES FALL INTO THREE AREAS AS A FUNCTION OF HP---

1. FOR HPIS GREATER THAN 75 NaM= THE VEHICLE IS STILL IN A SAFE ORBIT AND A NEW PTP
CAN BE CHOBEN_ USING THE RCSe

2* FOR HPIS BELOW 75 N*M*o BUT ABOVE 40 N*M*_ THE S/C IS NOT ON A SAFE REENTRY
TRAJECTORY AND NOT IN A SAFE ORBITAL TRAJECTORY DUE TO HEATING THAT THE S/C WILL
ENCOUNTER* ALL ACTION INVOLVING THIS CASE IS TO ASsuRE A SAFE ENTRY BELOW HP OF
40 N.M* AND ATTEMPT TO OBTAIN THE TARGET POINTo

3* FOR HPIS LESS THAN 40 N,M*P THE S/C HAS A SAFE ENTRYP BUT IN A LARGE NUMBER OF
CASEBP THE TARGET 1S NOT WITHIN THE AVAILABLE FOOTPRINT= ALL ACTION IN THIS CASE
INVOLVES USING ONLY THE SM DELTA V TO BURN RESIDUALS TO ZERO*

Co IN THE EVENT THE BLA PANELS FAIL TO SEPARATED THE S/C IS LEFT WITHOUT AN SP5
ENGINE AND INSUFFICIENT DELTA V TO REENTER WITH THE COMBINED SM + CM RCS
DELTA Vo (NOMINALLY 170 FPS I5 NEEDED FOR ENTRY'' THE SM DELTA V = 35 FPS--
THE CH DELTA V = 80 FPG}o THE LOX DUMP CAPABILITY PROVIDES SUFFICIENT DELTA
V TO REDUCE THE HP WELL BELOW 75 NoMo-- HOWEVERo THE CONTROL OF DELTA V
CUTOFF FROM THE GROUNOt THE BURN TIME INVOLVED (APPROX. 20 MIN)_ PLUS THE
UNKNOWN RECONTACT PROBLEMS DUE TO S-IVB EXPLOSIONS DURING ENTRY MAKE
REENTERING THE WHOLE STACK WITH LOX DUMP UNDESIRABLE= ORBIT SHAPING TO
REDUCE THE NEEDED DELTA V TO DEORBIT WITH THE CM RCS CAPABILITY IS A MORE
OPERATIONALLY SOUND METHOD OF UTILIZING THE LOX DUMP CAPABILITY.

D, MORE SM DELTA V CAN BE OBTAINED BY REDUCING THE WEIGHT OF THE S-IVB/CSM
BTACK, THERE IS APPROXIMATELY lOOtOOO POUNDS OF LOX ONBOARD THAT CAN GE
DUMPED THUS CHANGING THE SM DELTA V FROM 35 FPS TO APPROXIMATELY 55 FP5* THE
LOX DUMP IS OF COURSE PROPULSIVE AND IS A TIME CONSUMING PROCEBSo (LOX DUMP
RATE IS APPROXIMATELY 1000 POUNDS/MIN)e THIS MODE OF OPERATION DOES NOT
APPEAR DESIRABLE UNLESS A CONTINGENCY EXISTS WHERE A LARGE DELTA V IS
REUUIRED*

E= THE HYBRID TYPE RETROFIRE WILL ALWAYS BE TARGETED FOR 40 NoM* PERIGEE TO
CONSERVE AS MUCH CM RCS FUEL AS POSSIBLE, THE USE OF THE SM RCB DELTA V DOES
NOT APPEAR PRACTICAL FOR THE HEAVY S-IVB/CSM STACKS DUE TO THE SMALL DELTA V
GAINED OVER A LONG PERIOD OF TIME (ACCELERATION IB APPROXIMATELY 0,04 TO
0*05 FPS)*

PROCEDURE

A. FOR HP LESS THAN 75 N, M* BUT GREATER THAN 40 No Mop SOME TYPE OF RC5
MANEUVER ACTION IS MANDATORY FOR THE RECOVERY OF THE S/C, THE MOST EFFICIENT
USE OF THE SM RCS AND CM RCS IS TO APPLY DELTA V AT A RETROGRADE PITCH
ATTITUDE DIRECTLY AGAINST THE VELOCITY VECTOR* THIS REDUCES HP AS FAST AS
POSSIBLE, THIS PROCEDURE ASSUMES THE TRUE ANOMALY IS GREATER THAN 180 DEG,
IF THE TRUE ANOMALY IS LESS THAN 180 DEG_ THE CREW SHOULD DELAY IGNITION
UNTIL 180 OEO-- HOWEVERt THIS SITUATION WOULD BE RARE AND VERY NON-NOMINAL*

8. FOR HP LESS THAN 75 No Me BUT GREATER THAN _O N* M** THE RCS MANEUVER CUTOFF
CRITERIA IS BASED ON FUEL AVAILABLE6 WHICH wILL BE KNOWN PRIOR TO ANY
RETROFIRE MANEUVER, THE C/O CRITERIA IS AS FOLLOWS---

1. SM FUEL IS NOT SUFFICIENT TO OBTAIN HP LESS THAN 40 NoMe FOR THIS CABEt A HYBRID
TYPE MANEUVER WILL BE USED (BURN AVAILABLE SM DELTA V-- COMPLETE MANEUVER TO HP •
40 N.Mo WITH CM RCS)* THE CREW WILL ALWAYS FLY RL9O ENTRYo

Ze SM FUEL IS NOT A CONSTRAINING FACTOR, THIS SITUATION MAY EXIST EARLY IN THE
MISSION OR WHEN THE SPS CUTOFF wAS CLOSE TO NOMINALo THE SM RCS CUTOFF CRITERIA
IS BASED ON OBTAINING THE DESIRED HP OR A TFF • 7 MINUTES WHICHEVER COMES FIRST*
THIS PROCEDURE ALLOWS THE S/C TO GET TO THE TARGET OR AS CLOSE TO THE TARGET AS
POBBIBLEo

MISSION REV DATE SECTION GROUP PAGE
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MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

5-28 CHC GO/NO GO CRITERIA

TO COMMIT THE G AND N FOR ENTRY TWO TRAJECTORY CONDITIONS MUST BE MET*

l* A CHECK OF THE NAVIGATION OF THE O AND N THROUGH THE RETROFIRE TO *2G IS
MADE BY COMPARING A GROUND VALUE OF DOWNRANGE ERROR WITH THAT COMPUTED BY
THE CM¢* DOWNRANGE ERROR IS COMPUTED BY DIFFERENCING THE ENTRY RANGE BASED
ON A CMC REFERENCE TRAJECTORY WITH THE RANGE TO THE TARGET FROM ,26, THE
COMPARISON ACCURACY DEPENDS ON THE SOURCE U_ED TO OBTAIN THE PREDICTED
DOWNRANGE ERROR* MPAO REPORTS THAT USING THE RTCC A COMPARISON OF +/- 100 NM
IS ACCEPTABLE.

2, THE G AND N MUST BE OPERATED IN A GIVEN ENTRY CORRIDOR AS DEFINED BY MPAD,

COMMENTS

1. IF THE DOWNRANGE ERROR IS UNACCEPTABLE OR THE ENTRY CORRIDOR IS VIOLATED*
THE CREW WILL FLY A BACKUP ENTRY PROFILE* (EMS OR BRB)

2, THE O AND N WOULD FAIL A ORE CHECK DUE TO IMPROPER NAVIGATION AFTER
RETROFIRE, THE DRE CHECK WOULD ALSO FAIL FOR IMPROPER G AND N ENTRY
COMPUTATIONS-- EITHER OF THESE FAILURES COULD POSSIBLY CAUSE CREW SAFETY
PROBLEMS SUCH AS HIGH OrS OR LARGE TARGET MISS DISTANCES*

MISSION REV DATE SECTION GROUP PAGE
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SECTION S - TRAJECTORY AND GUIDANCE

R ITEM

5-29 CRITERIA FOR PERFORMINGLAUNCHVEHICLE NAVIGATION OR TARGET UPDATES1

COMMENT

Ae AN IU STATE VECTORUPDATE WILL BE EXECUTED FOR IU ACCELEROMETERFAILURE{S) PRIOR TO EARTH
ORUIT INSERTION OR IU NAVIGATION DISPERSIONS EXCEEDING 6 SIGMA* AN UPDATE WILL NOT BE
PERFORMEDFOR IU GUIDANCE REFERENCEFAILURES SINGE TLI WILL BE EXECUTEDBY CMC CONTROL* A
SECONDUPDATE WILL BE PERFORMEDFOR SLIPS TO SECONDOPPORTUNITY AFTER A FIRST OPPORTUNITY
UPDATE*

UPDATING FOR IU ACCELEROMETERFAIL{S} IS NECESSARY SINCE THE ONBOARD STATE VECTOR IS
EFFECTIVELY INVALIDATED BY BACKUP SCHEME INPUTS WHICH ASSUME THAT CERTAIN PERTURBATIONS ARE
PRESENTt FOR EXAMPLEt THAT BOTH UPPER STAGES ARE 3 SIGMA LOW IN THRUST* THE BACKUP SCHEME
DOES PROVIDE ENOUGHACCURACYTO ACHIEVE A SAFE PERIGEE ORBITo

THE IU NAVIGATION STATE WILL BE UPDATED wHEN ERRORS EXIST THAT MIGHT COMPROMISETHE PRIMARY
MISSIONt I,E* UNACCEPTABLEMIDCOURSE CORRECTIONS* THE UNACCEPTABLE MIDCOURSE LIMIT IS
ESTABLISHED AS 100 FPS AT SHR 30 MIN AFTER TLI CUTOFF FOR EITHER TLI OPPORTUNITY*
DISPERSIONS BASED ON 6 sIGMA PLATFORM AND VENTING UNCERTAINTIES WERE FOUND BY MSFC TO BOUND
THE MIDCOURSE CONSTRAINT, THEREFOREt ERRORCRITERIA BASED ON THESE LIMITS WILL BE USED TO
EXECUTE AN UPDATE,

IT IS DESIRABLE TO GENERATE THE STATE VECTORUPDATE TIME- TAGGED AS CLOSE TO THE START OF
TIMEBASE 6 AS POSSIBLE* IT IS ALSO DESIRABLEt THOUGH NOT MANDATORYt TO OBSERVE
INCORPORATION OF THE UPDATE BY THE IU* THUSI THE STATE VECTOR WILL BE TIME-TAGGED TO OCCUR
AT THE MID-POINT OF THE LAST SITE PRIOR TO INITIATION OF TIHEBAGE So

B, THERE ARE NO KNOWNMISSION CONTINGENCYSITUATIONS FoR WHICH AN IU ORBIT TARGET UPDATE WILL
BE EXECUTED,

PARTICIPATION

GUIDANCE OFFICER

FLIGHT DYNAMICS OFFICER

BOOSTERSYSTEMS ENGINEER

FLIGHT DIRECTOR

DATA SOURCES

LVDC TELMETRY AND MSFN VECTOR

GUIDO INS/INJ DIOITALSt MSK 290

yBc_oRCOMPARErMSF _9_
SLY NAY UPDATEt MSK 23B

PROCEDURE

ONCE THE ACCELEROMETER FAILURE OR IU NAVIGATION DISPERSION OCCURS A MSFN BEST ESTIMATE OF
THE ACHIEVED ORBITS IS DETERMINEDo A TL1 SOLUTION FOR THE DESIRED OPPORTUNITY IS VERIFIED
USING THE N_FN DEFINED ORBIT IN IU NAVIGATION DISPERSION SITUATIONS*

DOWNRANGE POSITION* SEMI-MAJOR AXIS* AND CROSSRANGE VELOCITY ARE EVALUATED AGAINST THE MSFN
BEST VECTORo IF ESTABLZGHED LIMITS IN TERMS OF THESE THREE PARAMETERS ARE VIOLATED AN IV
STATE VECTOR IS EXECUTEDo ONCE UPDATED DECISION IS MADE GUIDANCE COORDINATES WITH BOOSTER
SYSTEMS ENGINEER ON PREPARATION OF THE UPDATE LOADo THE BOOSTER SYSTEMS ENGINEER PERFORMS
UPLINK AND VERIFIES ONBOARD INCORPORATION*

MISSION ' REV DATE SECTION GROUP PAGE
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_-32 CRITERIA FOR TLI NO GO EASED ON MISALIGNMENT RATES BETWEEN THE IU AND IMU, {PLATFORM DRIFT)

COMMENTB

THE TRANSLUNAR INJECTION BURN WILL NOT BE PERFORMED IF EITHER GUIDANCE 5YSTEH_ LAUNCH
VEHICLE OR SPACECRAFTt IS UNACCEPTABLY DEGRADED* DETERMINATION OF EXCEBSIVE FREE-FLIGHT
GYRODRIFT IS MADE BY CONTINUALLY COMPARING DIFFERENCES BETWEEN IU AND IMU GIMBAL ANGLES TO
VERIFY THAT EACH SYSTEM CAN RELIABLY MAINTAIN KNOWLEDGE OF ITS INERTIAL POSITION, A DRIFT
OF MORE THAN DoS DEG/HR ( APPROXIMATELY 15-18 SIGMA) INDICATES AN uNRELIABLE IU REFERENCEt
ALLOWING MORE THAN loO DEGREE OF ATTITUDE MIBALIGNMENT AT TLI* A DRIFT OF i*5 DEG/HR 1100
MERU) IN THE IHU IS CONSIDERED A FAILED SYSTEM* IF THE ABOVE RATES ARE EXCEEDED IN EITHER
SYSTEM TLI WILL BE NO-GO*

PARTICIPATION

GUIDANCE OFFICER

FLIGHT DIRECTOR

FLIGHT CREW

DATA SOURCES

GUIDANCE STRIP€HARTS

GUIDANCE INSERTION/INJECTION DIGITALSt MSK 290

PROCEDURE

(SAME AS 5-$5A1

REFERENCE

t BA REVIEW' OF THE TLI GO/NO-GO CRITERIA FOR THE C-PRIME HISSIONP tt TRW NOTE NO= 68-FHT-T141
DATED 26 NOVEMBER 1968

AISBION REV DATE SECTION GROUP PAGE
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R ITEM

5-5_ DISPERSED TLI CUTOFF

COMMENT5

FOR LARGE DISPERSIONS AT TLI CUTOFFt THE PRIMARY DECISION TO BE MADE lS WHETHER TO CONTINUE
WITH A LUNAR MISSION OR TO PROCEED WITH AN EARTH ORBIT ALTERNATe, THE DECISION MUST BE MADE
RELATIVELY QUICK BECAUSE IF THE DECISION IS MADE TO GO LUNARt THE FIRST MCC MAY HAVE TO BE
MOVED UP IN TIME SO AS TO AFFORD A SMALLER PROPELLANT PENALTY, THE KEY FACTOR AFFECTING
THIS _UANTITY IS THE PROPELLANT REMAINING FOR CSH UNDOCKED MANEUVERING, THE CRITERIA CHOSE_
IS BASED ON A DELTA V REQUIREMENT OF 5500 FPS REMAINING FOR CONTINUING WITH A LUNAR
MISSION, THE NUMBER WAS CHOSEN BY CONSIDERING THE DELTA V REQUIRED TO DO A DIRECT ABORT AT
APPROXIMATELY THE SPHERE {A DELTA V OF ABOUT 4500 FPS) PLUS REASONABLE PADS FOR MIDCOURSES
ON THE WAY BACK (lOG0 FPS)* TO MAXIMIZE THE MISSION CAPABILITIE$p THE FIRST MCC WILL BE
MOVED AS CLOSE AS PO$SIBLE TO THE END OF TD AND E,

PARTICIPATION

FLIGHT DYNAMICS TEAM/FD*

DATA SOURCES

MCC TRADEOFF DISPLAY,

PROCEDURES

FDO DETERMINES DELTA V REMAINING AFTER COMPUTING BAP MCC AND ADVISE FD OF MISSION
CAPABILITYo

MISSION REV DATE EECTION ! GROUp PAGE
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R ITEM

5-35A CRITERIA FOR LAUNCH VEHICLE IU OR CMC TLI GO/NO'GO BASED ON DIFFERENCES BETWEEN IU AND CMC
VELOCITY COMPONENTS

COMMENTS

THE TRANSLUNAR INJECTION BURN WILL NOT BE PERFORMED IF EITHER GUIDANCE BYSTEMt LAUNCH
VEHICLE OR SPACECRAFTP I$ uNACCEPTABLY DEGRADEDo IN ORDER TO DETECT DEGRADED PERFORMANCE IN
EITHER SySTEH_ VELOCITY COMPONENT DIFFERENCES BETWEEN THE TWO SYSTEM5 ARE MONITORED DURING
LAUNCH PHASE* THE DIFFERENCE LIMITS FOR WHICH TLI IS NO-GO ARE---

DELTA X DOT GREATER THAN OR EQUAL TO +/- 38 FR$ (X DOT - VELOCITY ALONG IMU X-AXIS)

DELTA Y DOT GREATER THAN OR EQUAL TO ./- T3 FPS (Y DOT - VELOCITY ALONG IMU Y-AXIS)

DELTA Z DOT GREATER THAN OR E_UAL TO ./- B7 FPS (Z DOT - VELOCITY ALONG IMU Z-AXIS)

DELTA VT GREATER THAN OR EQUAL TO ./- 34 FP5 VT - TOTAL INERTIAL VELOCITY}

THESE LIMITS ARE BASED ON THE RSB OF COMBINED 9-SIGMA IMU HARDWARE ERROR SOURCES AND
3-SIGMA IU PLATFORM HARDWARE ERROR SOURCES* SHOULD THE LIMITS BE EXCEEDED IT CAN BE
CONCLUDED THAT ONE OF THE TWO SYSTEMS ISN°T OPERATING PROPERLY OR RELIABLY AND TLI WILL BE
NO-GO, THE FAILURE SITUATION WILL ALSO BE SuBsTANTIATED BY CHECKING SELECTING ORBITAL
PARAMETERS BASED ON NAVIGATION IN EACH BYSTEM AND PLATFORM DRIFT ANALYSISo

PARTICIPATION

GUIDANCE OFFICER

FLIGHT DYNAMIC_ OFFICER

FLIGHT DIRECTOR

FLIGHT CREW

DATA SOURCES

GUIDANCE STRIPCHARTS

GUIDANCE INSERTION/INJECTION DIGITALSt MSK 290

AGC DYNAMIC STATUS DISPLAY

VECTOR COMPARE DISPLAYt MSK 1590

PROCEDURE

ACTION

GDO DETECTS AND CONFIRMS FROM THE GUIDANCE STRIPCHART5 OR GUIDANCE INSERTION/INJECTION
DIGITALS (MSK 290) THAT ONE OR MORE COMPONENT DIFFERENCE LIMIT HAS BEEN VIOLATED* ONCE THE
SYSTEM FAILURE HAS BEEN DETERMINED IT IB FURTHER VERIFIED BY ANALYZING SELECTED ORBITAL
PARAMETERS BASED ON THE ONBOARD NAVIGATION STATE VECTOR,

REFERENCE

' 'iiA REVIE_ O# ThE _LI _o)NoL_o _Ri_ERI[ koR T_E _;hRZkE MI_ON'iITRW NOTE NO[ 6_'FMTL?I_;
DATED 26 NOVEMBER 196Ba

MISSION REV DATE SECTION GROUP PAGE
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MISSION NULLS

SECTION 3 - TRAJECTORY AND GUIDANCE

5-35B CRITERIA FOR LAUNCH VEHICLE IU TEMPORARY NO-GO GAGED ON DIFFERENCE BETWEEN IU AND CMC VELOCITY
COMPONENTS

COMMENTS

THE TRANSLUNAR INJECTION BURN WILL NOT BE PERFORMED IF EITHER GUIDANCE SYSTEMP LAUNCH
VEHICLE OR SPACECRAFT_ IS UNACCEPTABLY DEGRADEDo IN ORDER TO DETECT DEGRADED PERFORMANCE IN
EITHER SYSTEM VELOCITY COMPONENT DIFFERENCES BETWEEN THE TWO SYSTEMS ARE MONITORED DURING
LAUNCH, IF DIFFERENCES FALL IN THE FOLLOWING RANGES TLZ [$ TEMPORARILY NO-GO,

DELTA X DOT IS BETWEEN +/- 7,# AND ./- 35 FPS

DELTA Y DOT IS BETWEEN +/-45 AND +/- 77 FPS

DELTA Z DOT IS BETWEEN +/-27 AND ./-B2 FPS

DELTA VT IS BETWEEN ./- 13 AND ./- 33 FP$

( X DOT t Y DOTI Z DOTt VT DEFINED IN RULE 5-35A)

THE ABOVE THRESHOLD VALUES ARE BASED ON THE RSS OF g-SIGMA. IU PLATFORM HARDWARE ERROR
SOURCES= IF THESE THRESHOLD VALUES ARE EXCEEDED IT INDICATES THERE IS AN ANOMALY IN A IMU
ERROR SOURCE OR AN IU ERROR SOURCE HAS DEGRADED ABOVE 9-SIGMA, VIOLATION THEREFORE
JUSTIFIES CALLING TLI TEMPORARILY NO-GO UNTIL INDEPENDENT CONFIRMATION THAT THE SUSPECT
SYSTEM IS THE IU, IF IT IS THE DEGRADED SYSTEM TLI IS NO-GOD THIS IS DONE BY COMPARING
SELECTED ORBITAL PARAMETERS BASED ON THE ONBOARD STATE VECTOR5 WITH THE TRUE NAVIGATION
STATE (SEE RULE 5-35C AND 5-36) AND BY PLATFORM DRIFT ANALYSISo

PARTICIPATION

GUIDANCE OFF|¢ER

FLIGHT DYNAMICS OFFICER

FLIGHT CREW

DATA SOURCES

GUIDANCE STRIPCHARTS

GUIDANCE INSERTION/INJECTION DIGITALSt MSK 290

AGC DYNAMICS STATUS DISPLAY

VECTOR COMPARE DISPLAYp HSK 1590

PROCEDURE

(SAME AS 5-35A)

REFERENCE

I=A REVIEW OF THE TLI GO/NO-GO CRITERIA FOR THE C-PRIME MISSIONt=t TRW NOTE NO* 6B-FNT-TZ4*
DATED 26 NOVEMBER ZgbB*

MISSION REV DATE SECTION GROUP PAGE
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SECTION 3 - TRAJECTORY AND GUIDANCE

R ITE_

_-35C CRITERIA FOR TLI NO-GO BASED ON ORBITAL DECISION PARAMETER VIOLATION

COMMENTS

THE TRANSLUNAR INJECTION BURN WILL NOT BE PERFORMED IF EITHER GUIDANCE SYSTEMt LAUNCH

VEHICLE OR SPACECRAFT_ IS UNACCEPTABLY DEGRADED. DEGRADING PERFORMANCE IN EITHER SYSTEM IS
FIRST DETECTED BY VELOCITY COMPONENT DIFFERENCES (RULES b-3bA AND B} WITH INDEPENDENT
CONFIRMATION MADE BY ANALYZING SELECTED ORBITAL PARAMATERS, COMPARISON IS MADE BETWEEN THE
IU STATE AND BEST GROUND STATE FOR SEM1MAJOR AXIS DIFFERENCE {DELTA A) AND MAXIMUM CROSS
RANGE VELOCITY (DELTA W DOT MAX), INPLANB AND OUT-OF-PLANE ERROR WILL RESULT IN SIGNIFICANT
DEVIATION OF THESE QUANTITIE$o IF THE DIFFERENCES EXCEED THE FOLLOWING AT GET OF 1 HR 45
MIN }STATES PASS) TLI 15 NO-GO---

DELTA A GREATER THAN 3.28 NM

DELTA W DOT MAX GREATER THAN 32 FPS

LIMITS ARE BASED ON THE RSS OF 9-SIGMA IU HARDWARE ERROR SOURCES, CARE IS TAKEN TO ALSO
INCLUDE 3-SIGMA MBFN TRACKING ACCURACIES AND LAUNCH VEHICLE VENTING UNCERTAINTY,

PARTICIPATION

GUIDANCE OFFICER

FLIGHT DYNAMICS OFFICER

FLIGHT DIRECTOR

FLIGHT CREW

DATA SOURCES

GUIDANCE STRIPCHARTB

GUIDANCE INBERTION/INJECTION OIOITALEI MBK 290

AGC DYNAMICB STATUS DISPLAY

VECTOR COMPARE DISPLAYt MSK i590

PROCEDURE--- (SAME AS 5-35A)

REFERENCE

_IA REVIEW OF THE TLI GO/NO-GO CRITERIA FOR THE C-PRIME MISSIONtIITRW NOTE NO* A* FMT-7i4_

DATED 26 NOVEMBER 1988
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SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

5-36 CRITERIA FOR TLI NO-GO BASED ON ORBITAL DECISION PARAMETER VIOLATION

COMMENTS

THE TRANSLUNAR INJECTION BURN WILL NOT BE. PERFORMED IF EITHER GUIDANCE BYSTEMt LAUNCH
VEHICLE OR BPAC_CRAFTt IS UNACCEPTABLY DEGRADED* DEGRADED PERFORMANCE IS FIRST DETECTED BY
VELOCITY COMPONENT DIFFERENCES {RULES 5-_5A AND B) WITH INDEPENDENT CONFIRMATION MADE BY _
ANALYZING SELECTED ORBITAL PARAMETERS* COMPARISON IS MADE BETWEEN THE IU STATE AND BEST
GROUND VECTOR STATE FOR DOWNRANGE POSITION DIFFERENCE (DELTA RV)* THIS _UANTITY WILL
INDICATE A SIZABLE DEVIATION FOR INPLANE NAVIGATION ERRORB* AT GET OF 56 MIN (CRO PA55) TLI
IS NO-D0 IF THE DIFFERENCE VIOLATES THE FOLLOWING--- DELTA RV GREATER THAN 105t 100 FT.

THIS LIMIT I5 BASED ON 9-SIGMA IU HARDWARE ERROR GOURCEB_ INCLUDIJ_G A MARGIN FOR _-51GMA
NSFN TRACKING UNCERTAINTY AND LAUNCH VEHICLE VENTING ERRORS*

PARTICIPATION

GUIDANCE OFFICER

FLIGHT DYNAMICS OFFICER

FLIGHT DIRECTOR

FLIGHT CREW

DATA SOURCES

GUIDANCE STRIPCHARTB

GUIDANCE INBERTION/INJECTION DIGITAL$o MBK 290

AGC DYNAMIC STATUS

VECTOR COMPARE DISPLAYP MSK 1590

PROCEDURE--- (SAME AS 5-35A)

REFERENCE

IIA REVIEW OF THE TLI GO/NO-GO CRITERIA FOR THE C-PRIME MISSIONt II TRW NOTE NO* 68-FMT-7Z4P
DATED 26 NOVEMBER 1968

MISSION REV DATE 5ECTION GROUP PAGE
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MISSIO# RULES

SECTION B - TRAJECTORY AND GUIDANCB

R ITEM

5-_7 CRITERIA FOR TLI NO-GO DUE TO CMC NAVIGATION ERRORS BASED ON ORBITAL DECISION PARAMETERS

COMMENT

THE TLI BURN WILL NOT BE PERFORMED IF THE SATURN IU PLATFORM REFERENC_ HAs FAILED AND THE
CMC NAVIGATION STATE VECTOR AT EOI INDICATES A SLOW DRIFT DEGRADATION OF THE CSM INERTIAL
PLATFORM (IMU), A SATISFACTORY IMU IS REQUIRED BY THE CREW FOR CONTINUING THE LUNAR MISSION

BEYOND TLI AND IN THE NORMAL CASE (NO IU REFERENCE FAIL) WOULD B_ D_EMED ACCEPTABLE UNDER
THE CRITERIA OF MISSION RULES 5-35A AND 5"32= HOWEVER_ WITH THE IU REFERENCE GONE_ THE
LAUNCH AND DRIFT COMPARISONS WILL BE INVALID AND ORBITAL PARAMETER CMECK5 MUST BE MADE.
COMPARISON IS MADE BETWEEN THE CMC STATE AND THE BEST GROUND STATE FOR DIFFERENCES IN

BEMI-MAJOR AXIS (DELTA A) AND MAXIMUM CRO$$RANGE VELOCITY {DELTA W DOT MAX) COMPARED AT GET
= i HOUR AND A5 MINUTEB AND DOWNRANGE POSITION (DELTA RV) COMPARED AT GET = _b MINUTEB= TL[

IS NO-GO IF THE COMPARISON EXCEEDE THE FOLLOWING LIMITS---

1. DELTA RV 535t900 FEET

2* DELTA A 11.6 N=M=

3, DELTA W DOT MAX 78,7 FPS

LIMITS ARE BASED ON AN RSS OF THE FOLLOWING---

1= 9 SIGMA RSS OF ALL G AND N HARDWARE ERRORS EXCEPT FOR PAD INITIAL MISALIGNMENT
ERRORS AND AOCBLBROMETER BIASES WHICH ARE 3 SIGMA (SINCE THIS CAN BE WELL
ESTABLISHED PRE-LIFT-OFF).

2. 3 SIGMA MSFN ACCURACY=

3, A IO-POUND SIVB VENTING UNCERTAINTY=

PARTICIPATION

GUIDANCE OFFICER

FLIGHT DYNAMICS OFFICER

FLIGHT DIRECTOR

FLIGHT CREW

DATA SOURCES

VECTOR COMPARZBON DISPLAY MSK 1590

CMC TELEMETRY VECTOR

MBFN BEST ESTIMATE TRAJECTORY VECTOR

GUIDANCE OFFICER STRIPCHARTS

IU REFERENCE FAILURE TELEMETRY DISCRETES

PROCEDURE--- (SAME AS 5-_5A)

REFERENCE

A= A REVIEW OF THE TLI GO/NO-GO CRITERIA FOR THE C-PRIME MISSIONt TRw NOTE NO=
68-FMT-714_ DATED NOVEMBER 26t 1968

B, A REVIEW OF THE TLI GO/NO-GO CRITERIA FOR THE APOLLO F AND G MISSIONt TRW
NOTE NO. 552#,6-48t DATED APRIL 2#P 1969

MISSION REV DATE SECTION GROUP PAGE
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SECTION 3 -_TRAJECTORY AND GUIDANCE

R ITEM

5-46A CRITERIA FOR CMC OR LGC TEMPORARILY NOmGO FOR MANEUVER CONTROL (SOFTWARE FAILURES)

COMMENTS

THE RELIABILITY OF THE CMC OR LGC AS A DATA SOURCE AND CONTROL DEVICE IS DEPENDENT ON THE
INTERNAL FUNCTIONING OF THE SOFTWARE, THE CMC AND LGC ARE PROGRAMMED TO RECOGNIZE INTERNAL

FAULTS AND ERRONEOUS CONDITIONS, UPON RECOGNITION OF SUCH A CONDITIONP THE COMPUTER ISSUES A
PROGRAM ALARM, THE CMC AND LGC ALARMS WHICH INVALIDATE FUNCTIONAL CAPABILITY U_TIL CAUSE IS
REMEDIED ARE OUTLINED BELOW* THEY ARE CATAGORIZED BY SINGLE AND MULTIPLE OCCURRENCE=

SINGLE OCCURRENCE

ALARM CODE ALARM FAULT

00205 BAD PIPA READING (CMC ONLY)

00214 PROGRAM USING IMU

WHEN IMU TURNED OFF

00777 A PIPA FAIL CAUSED

ISS WARNING

Oll07 RESTART PHASE TABLE •

ENTRIES DISAGREE

01407 VG INCREASING

03777 ICDU FAIL CAUSED ISS WARNING

0_777 ICOU AND PIPA FAILS CAUSED

ISS WARNING

07777 IMU FAIL CAUSED ISS WARNING

10777 IMU AND PlPA FAILS CAUSED

ISS WARNING

13777 IMU AND ICDU FAILS CAUSED

ISS WARNING

14777 IMUt ICDU_ PIPA FAILS CAUSED

ISS WARNING

CONTINUOUS OCCURRENCE

20430 INTEGRATION CAUSING OVER-

FLOW THAT RECTIFICATION

WOULD NOT ELIMINATE

20607 NO SOLUTION FROM CONIC

ROUTINE

20610 P37 POSITION VECTOR iT

IGNITION TOO SMALL ¢CMC ONLY]

21103 FORBIDDEN STEP EXECUTED

2_20# ZERO OR NEGATIVE WAITLIST

CALL

2_206 DISPLAY SYSTEM ADDRESS

BUFFERS FULL

MISSION REV DATE SECTION . i GROUP PAGE
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MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

21210 JOB ALREADY WAITING IN PARTICULAR

STALL ROUTINE

21302 SQUARE ROOT CALLED WITH NEGATIVE

ARGUMENT

21501 DISPLAY SYSTEM ALARM FROM INTERNAL

USE

21502 ILLEGAL REQUEST FOR A FLASHING

DISPLAY {CMC ONLY}

21521 NEW PROGRAM REQUEST CANNOT

BE MADE AFTER PII STARTED {CMC ONLY)

31104 TOO MANY JOBS ATTEMPTING TO

USE JOB DELAY ROUTINE

31201 EXECUTIVE OVERFLOW-NO VACANT AREAS

31202 EXECUTIVE OVERFLOW-NO JOB REGISTER SETS

31203 NEW TASK CANNOT BE INSERTED

SUCCESSFULLY IN WAITLIST SYSTEM

3L207 NO VACANT AREA AVAILABLE FOR

MARK DATA

31211 OPTICS USE NOT ALLOWED WITH

EXTENDED VERB BEING PERFORMED

PARTICIPATION

GUIDANCE OFFICER

FLIGHT CREW

FLIGHT DIRECTOR

DATA SOURCES

CMC DSKY/PROGRAM ALARM LIGHT

CMC MONITOR I H/So MSK 966

LGC MONITOR H/St MSK 1594

CCATS CMC OR LGC DOWNLINK READOUT

PROCEDURE

A, INDICATION

CREW OBSERVES PROGRAM ALARM LIGHT AND KEYS VOSN09 TO VERIFY ALARM. GDO OBSERVES
PROGRAM ALARM VIA FAILREGS USING MSK 966 {CMC)t MSK 1594 (LGC}_ OR CCATS CMC/LGC

DOWNLINK READOUT,

B, ACTION

ALARM IS IDENTIFIED AS APPLIOAB_E TO A GO/NO-GO DECISION, IF 1T IS IN
o'COntiNUOUS=* CATEGORY DSKY ERROR RESET IS PERFORMED TO VERIFY RE-OCCURRANCE,
AFIER IDENTIFICATION GDO DECLARES tl CMC GO ON PROGRAM ALARM tl OR II CMC NO-GO ON
PROGRAM ALARM= II

_ISSION REV DATE SECTION GROUP PAGE
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R ITEiv

5-_6E CRITERIA FOR CSM G AND N NO-GO BASED ON {MC/IHU ALIGNMENT DISCREPANCY (OPTICS/WINDOW/MARK CHECK)

COMMENTS

FOR THHUSTING MANEUVERSo THE CMC 15 REQUIRED TO ESTABLI@H THE DESIRED IMU ALIGNMENT AND
ORIENT THE SPACECRAFT TO THE DESIRED THRUST DIRECTION, PRIOR TO EACH MANEUVER THE GROUND
PROVIDES VISUAL CHECK DATA TO VERIFY THE C@M/IMU ORIENTATION. IF THE VISUAL CHECK EXCEEDS
THE SIGHTING UNCERTAINTY_ {SEXTANT FOVt 2,2 pEG-- HORIZON DEFINITIONt 4 BEG) THE CMC HAS
FAILED TO ORIENT THE CSM TO THE REQUIRED THRUST DIRECTION, THIS IMPL|E5 INHERENT ERRORS
WOULD BE CREATED IF THE G AND N IS ALLOWED TO CONTROL THE MANEUVER, THE SIGHTING
UNCERTAISTY ACCOUNTS FOR ATTITUDE HOLD DEADBANDt OPTICS POSITIONING_ AND ACTUAL HORIZON
DEFINITION,

PARTICIPATION

GUIDANCE OFFICER

CAPCOM

FLIGHT CREW

DATA SOURCES

GUIDANCE OPTICS SUPPORT TABLED MSK 229

PROCEDURE

A. pREPARATION

THE GOD GENERATES THE OPTICS DATA TO BE PASSED BY THE CAPCOM AS PART OF THE
MANEUVER PAD,

B, ACTION

AFTER THE LAST PRE-MANEUVER IMU ALIGNMENTo THE FLIGHT CREW MANEUVERS TO THE
D_TERMINED THRUSTING ATTITUDE, THE VISUAL SIGHTING DATA OBTAINED FROM THE

MANEUVER PAD IS VERIFIED. IF THE SIGHTING DATA EXCEEDS THE UNCERTAINTY THE G
AND N IG ==NO-GO It= IF MANEUVER IS CR1TICALt CREW CONTINUES PREPARATION FOR
SCS EXECUTION-- IF NOTt PREPARATION IS DELAYED UNTIL G AND N ERROR I5
RESOLVED,

MISSION REV DATE SECTION GROUP PAGE

APOLLO 14 FNL 12/15/70 TRAJECTORY AND MANEUVERS
GUIDANCE , 9-39



NASA - Manned_Spacecraft Center

mSStON RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

5-4GC CRITERIA FOR LM G AND N NO-GO BAEED ON LGC/IMO ALIGNMENT DISCREPANCY (COAS CHECK)

COMMENTS

FOR THRUSTING MANEUVERSo THE LGC 15 REQUIRED TO ESTABLISH THE DESIRED IMU ALIGNMENT AND
ORIENT THE SPACECRAFT TO THE DESIRED THRUST DIRECTION, PRIOR TO CERTAIN CRITICAL MANEUVERS
THE GROUND PROVIDES VISUAL CHECK DATA TO VERIFY THE LM/IMU ORIENTATION. IF THE VISUAL CHECK
EXCEEDS THE SIGHTING uNCERTAINTy (COAG CDDRDINATESo +/- 2 DEG) THE LGC HAS FAILED T_ ORIENT
THE LM TO THE REQUIRED THRUST DIRECTION* THUS INHERENT ERRORS WOULD BE CREATED IF THE G AND
N IS ALLOWED TO CONTROL THE MANEUVER, THE SIGHTING UNCERTAINTY ACCOUNTS FOR ATTITUDE HOLD
DEADBAND AND ASSUMES A CALIBRATED COAS*

PARTICIPATION

GUIDANCE OFFICER

CAPCOM

FLIGHT CREW

DATA SOURCES

LM OPTICS SUPPORT TABLED MSK 239

PROCEDURE

A, pREPARATION

THE GDO GENERATES THE OPTICS DATA TO BE PASSED BY THE CAPCDM AS PART OF THE
MANEUVER PAD,

BI ACTION

AFTER THE LAST PRE-MANEUVER IMU ALIGNMENT THE FLIGHT CREW MANEUVERS TO THE
DETERMINED THRUSTING ATTITUDE, THE VISUAL SIGHTING DATA FROM THE MANEUVER
PAD IS VERIFIED. IF THE SIGHTING DATA EXCEEDS THE UNCERTAINTY_ THE G AND N
15 IINO-GO If, IF MANEUVER IS CRITICALP CREW CONTINUES pREPARATION FOR AGS
EXECUTION-- IF NOTo PREPARATION IE DELAYED UNTIL G AND N ERROR IS RESOLVED.
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5-46D CRITERIA FOR CMC/LGC NO-GO FOR MANEUVER DETERMINATION AND/OR MONITORING {STATE VECTOR ERROR)

COMMENTS

THERE ARE IN-FLIGHT SITUATIONS WHERE STATE VECTORS ARE UPLINKED TO CMC/LOC WITHOUT
SUFFICIENT SUBSEQUENT GROUND STATION COVERAGE TO VERIFY PROPER ONBUARP ACCEPTANCE VIA
TELEMETRY, IN SUCH INSTANCES DATA IN THE FORM OF A GET, LATITUDE_ LONGITUDE* AND ALTITUDE
VALID AT THE GET ARE PROVIDED, THIS GET IS INPUT INTO CNC/LGC AND THE STATE VECTUR IS

INTEGRATED TO THIS TIME. THIS A CHECK ON THE ONBOARD COMPUTER PROPER ACCEPTANCE OF A GROUND
UPLINKED NAV VECTOR AND ITS ABILITY TO INTEGRATE PROPERLY. DATA PRIORITY HAS SET THE
ALLOWABLE DIFFERENCES IN LATITUDE AND LONGITUDE AT +/- 0,02 DEG AND +/- 0,2 N,N. IN

ALTITUDE.

PARTICIPATION

GUIDANCE OFFICER

FLIGHT DYNAMICS OFFICER

_APCDM

FLIGHT CREW

DATA SOURCE5

CHECKOUT MONITOR DISPLAY* MSK 1619 APPLICABLE NAVIGATION UPDATE DISPLAY, MSK 276 OR MSK 279

PROCEDURE

ACTION

GOD GENERATES THE APPLICABLE NAVIGATION UPDATE AND PROVIDES fO0 WITH THE UPDATE TIMETAG,
FDO ADJUST THE TIMETAG BY A GIVEN INCREMENT AND GENERATES LATITUDE_ LONGITUDE* AND ALTITUDE
ON CHECKOUT MONITOR FOR THE ADJUSTED TIME. THIS INFORMATION 15 VOICED TO FLIGHT CREW BY
CAPCOM, CREW TAKES APPROPRIATE ACTION TO VERIFY ONBOARD INTEGRATION TO THE SPECIFIED POINT

IN TIME,
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;-4T SPACECRAFT TIMING

COMMENTS

A THROUGH F,

TIMING ERRORS LESS THAN 2 SECONDS DURING THESE PHAGES DO NOT ADVERSELY

AFFECT THE MANEUVER AND/OR THE MONITORING OF THE MANEUVER, ERRORS IN EXCESS
OF 2 SECONDS ARE READILY DETECTED AND EASILY CORRECTED WHEN THE CMC AND LGC
ARE OPERATING NORMALLY,

G AND H,

IN ORDER TO USE THE DOWNLINK VECTORS ILGC AND AGS) FOR COMPARISON WITH MSFN
TO DETERMINE GUIDANCE SWlTCHOVER THE TIMING OF THE COMPUTERS MuST BE WITHIN
,3 SECONDS OF MSFN,

I AND J.

THE ACTIVE VEHICLE COMPUTER TIMING MUST BE ACCURATE TO ,5 SECONDS TO

ACCOMPLISH RENDELVOUS AND SEXTANT TRACKING,

NOTE

THE ABOVE ARE L]MIT5 ON TIMING ERRORS
AND UNDER NORMAL CONDITIONSP THE

CLOCKS WILL BE MAINTAINBD AS
ACCURATELY AS POSSIBLE,
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5-57 MCC EXECUTION CRITERIA

COMMENTS

A, THE FLIGHT OPERATIONS-DIRECTOR HAS REQUESTED THAT_ IF ROSSIBLE_ ALL SRS
MCCIS SHOULD BE GREATER THAN _ SECS,

B, MCC2 AND MCC4 ARE SELECTED AS THE PREFERRED MCC EXECUTION POINTS FOR THE
FOLLOWING REASONS---

I. EPHEMERIS IS BETTER KNOWN AT MCC2 THAN AT MCO1t AND AT MCC_ THAN AT MCC3,

2, THE NOMINAL DELTA V GROWTH RATE BETWEEN MCCL AND MCC2 IS SMALL.

3, AT MCC4t THE TRAJECTORY IS LESS SENSITIVE TO SMALL DISPERSIONS THAN AT MCC3,

C, MCC2 IS PREFERRED OVER HCCEt IF THE COST IS NOT PROHIBITIVE FOR THE
FOLLOWING REASONS -m"

i, THE KNOWLEDGE OF THE STATE VECTOR IS BETTER AT HCC2, {SAME AS B-I ABOVE,)

2, A MINOR DISPERSION AT MCC2 WILL NOT BE PROPAGATED AS LONG AS WOULD BE THE SAME
DISPERSION,

D. TO AVOID THE UNDESIRABLE REGION 3 SECS OR LESS SPS BURNS AND TO AVOID
EXECUTING MCC3p A NON-FREE MCC2 WILL BE EXECUTED PROVIDING A SAFE ABORT
CAPABILITY AT LOI+2 HRS REMAINS,

E_ HCC2 WAS SELECTED AS THE NOMINAL POINT TO GO NON-FREE RETURN ON A HYBRID
MISSION FOR THE FOLLOWING REASONS---

I, THE KNOWLEDGE OF THE EPHEMERIS IS BETTER T_AN AT MOOt,

2, NOMINALLY THE DELTA V GROWTH RATE IS SMALL BETWEEN MCCZ AND MCC2,
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5-59 LOI TARGETING CONSTRAINTS

COMMENTS

THE CONSTRAINTS SPECIFIED IN THIS RULE ARE FOR USE IN BOTH THE TARGETING OF LOI AND THE
EVALUATION OF THE FOURTH SCHEDULED MIDCOURSE. THE BASIC PHILOSOPHY IG THAT IF LO! CAN BE

TARGETED WITHIN THESE CONSTRAINTS THE MIDCOURSE CORRECTION WILL NOT BE REQUIRED, THE TWO
MAJOR CONSIDERATIONS USED WHEN EVALUATING AN LOI MANEUVER ARE THE COMPATIBILITY OF THE
MANEUVER WITH ESTABLISHED MONITORING TECHNIQUES AND THE TOTAL DELTA V REQUIRED FOR THE

LOI/DOI MANEUVER COMBINATION.

THE SPECIFIC CONSTRAINTS AND THEIR RATIONALE ARE AS FOLLOWS---

(1) THE PERICYNTHIAN OF THE APPROACH HYPERBOLA IS CONSTRAINED TO BE WITHIN +1- ZO

N,M, OF THE TARGETED PERICyNTHIAN. THIS ALTITUDE IS ESTABLISHED EITHER BY TLI OR
BY THE FIRST EXECUTED MIDCOURSE CORRECTION. ALTHOUGH THE LIMITS ARE 3OMEWHAT
ARBITRARY (I,Eo_ VIOLATION DOES NOT NECESSARILY PRESENT A CREW HAZARD)t THEY DO
REPRESENT A REASONABLE TOLERANCE AROUND TARGET, MORE SIGNIFICANT DEVIATIONS CAN

LEAD TO uNDESIRABLY LOW PERICYNTHIANS OR NECESSITATE LARGE APSIDAL ROTATIONS

DURING LOI TO ESTABLISH ACCEPTABLE ORBITAL CONDITIONS FOR THE DOI MANEUVERo IN
ANY CASEp MCC4 SHOULD NOT BE REQUIRED FOR PERICYNTHIAN ALTITUDE ADJUSTMENT UNLESS
PREVIOUS CONDITIONS REPRESENTED GREATER THAN } 51GMA DISPER31ON_.

2. THE ALTITUDE OF THE NODE IS CONSTRAINED TO BE BETWEEN -EO AND +E5 N,M. OF THE

TARGETED PERICYNTHIAN ALTITUDE. THE LOWER LIMIT IS DETERMINED BY i ABOVE WHILE
THE UPPER BOUNDARY CONSTRAINS THE APSIDAL ROTATION POSSIBLE DURING LOI, THUS
MAINTAINING THE ABORT MODES IN A NEAR-NOMINAL TIME FRAME. THIS BECOME5 ESPECIALLY

IMPORTANT ON HYBRID TRAJECTORIES WHERE THE GAP BETWEEN MODES I AND II MUST BE
WELL DEFINED IN ORDER FOR SPECIAL CREW PROCEDURES TO BE IMPLEMENTED ACCORUINGLY,

LARGE APSIDAL ROTATIONS COULD WIDEN THIS GAP_ WITH THE POSSIBILITY OF RENDERING
REHEARSED ABORT TECHNIQUES INADEQUATE,

MISSION REV DATE SECTION GROUP PAGE

APOLLO 14 FNL 2/15/70 TRAJECTORY AND TRANSLUNAR
GUIDANCE COAST _-44



NASA - Manned Spacecraft Center

MISSION RULES

SECTION_ - TRAJECTORYANDGUIDANCE

R ITE_

5-60 LOI COMMITMENT CRITERIA

COMMENTS

IN ORDER FOR LOT TO BE GO_ SEVERAL MAJOR MILESTONES MUST BE MET (FROM A TRAJECTORY/MANEUVER
STANDPOINT). THESE INCLUDE---

A, COMMITMENT TO _ HOURS (AT LEAST) IN LPO, THIS REQUIREMENT MUST BE MET TO

INSURE ADEQUATE POST LOT TRACKING FOR A VALID TEl SOLUTION, THIS ALLOWS A
FULL UNPERTURBED REV OF TRACKING ON WHICH TO COMPUTE TEl, PRESENTLYt ONE REV

OF TRACK IS THE MINIMUM ACCEPTABLE AMOUNT UPON WHICH TO BASE MANEUVER
COMPUTATIONS,

B, THERE SHOULD BE ENOUGH SPS FUEL FOR LOT TEl PLUS TEC MCC AND RESERVES IN
ORDER TO COMMIT TO LOT-- HOWEVERt CONSIDERATION WILL BE GIVEN TO USING THE

DPS FOR LOT WHEN TRANSLONAR MIOCOURSE REQUIREMENTS PRECLUDE USING THE SP5
FOR LOI AND TEl, THE BASIC PREMISE IS THAT EVEN WITHOUT A LUNAR LANDING
THERE IS STILL ENOUGH TO BE GAINED IN LUNAR ORBIT TO WARRANT CONTINUING _ITH

LOI*

PARTICIPATION

FDO

RETRO

FO

G AND C

DATA SOURCES

LOT PLANNING/GPM

RTE DIGITALS

MPT

PROCEDURES

NOMINAL MISSION PROCEDURE

A, LOT WILL BE TARGETED BY FDO TO INSURE EXECUTION WITHIN CONSTRAINTS,

B, THE MANEUVER WILL BE TRANSFERRED TO THE MPT SO THAT RETRO CAN COMPUTE A RTE
SOLUTION,

C, THE DELTA v REQUIRED FOR THESE MANEUVERS _PLUG TEC MCC AND R_BERVESI MUST BE
COMPARED AGAINST THE DELTA V REM AS SUPPLIED FROM G AND C,

D, FOR 51TUATION$ WHERE THE TIMELINE HAS BECOME CROWDED EOMFR MAY BE GOTTEN
FROM NCC TRADEOFF DISPLAYt THUS ELIMINATING RETRO TEl CALCULATIONSt ETC,_
FROM THE WORK SCHEDULE.

REFERENCE

APOLLO TECHNIQUES DOCUMENT_ S-PA 9 TO 41t MISSION F/G TL MCC AND LOft FEBRUARY 2_o 1969,
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5-Bl PREMATURE LOI SHUTDOWN

COMMENTS

A. SPS SHUTDOWN BUT WITHIN SPS OPERATING LIMITS,

WHEN POSSIBLE, IT IS DESIRABLE TO ACHIEVE A STABLE LUNAR ORBIT, IF THE SP$
5HUTSDOWN PREMATURELY DUE TO A GUIDANCE OR CONTROL PROBLEM BUT 15 STILL
OPERABLE_ A MANUAL RESTART SHOULD BE ATTEMPTED TO OBTAIN A STABLE LUNAR
ORBIT,

PARTICIPATION

CREW

DATA SOURCES

ONBOARD MONITORING

PROCEDURE

CREW WILL USE STANDARD SPS RESTART PROCEDURES,

REFERENCE

MISSION ABORT PLAN.

COMMENTS

B, SPS SHUTDOWN AND OUT OF GPS OPERATING LIMITS,

i, WITH THE SPS OUT OF LIMITSt A LOI ABORT MUST BE PERFORMEDe THE LOI
ABORT CAN BE DIVIDED INTO THREE BASIC REGIONS WITH THREE BASIC PROCEDURES,

CA) THE FIRST REGION CALLED MODE I HAS A POST-ABORT TRAJECTORY RESULTING 1N A
DIRECT RETURN TO EARTHe THE DELTA V REQUIRED FOR A MODE I INCREASES AS LOI
PROGRESSES THROUGH THE ABORT REGION,

{B) THE SECOND REGIOND OR MODE lip 15 A TWO-IMPULSE ABORT IN WHICH THE FIRST
IMPULSE RESULTS IN A STABLE LUNAR ORBIT (CLEAR PERIGYNTHIAN WITH A PERIOD LESS
THAN ABOUT 40 HRS)J THE SECOND IMPULSE IS BASICALLY A TEI PERFORMED NEAR
PERICYNTHIANo THE DELTA V REQUIRED FOR A NODE iI ABORT DECREASES AS LOI
PROGRESSES THROUGH THE ABORT REGION.

(C) THE THIRD REGIONt OR MODE IIIp HAS A PRE-ABORT TRAJECTORy THAT IS A STABLE
LUNAR ORBIT AND IS BASICALLY A TEI MANEUVER* THE DELTA V REQUIRED FOR A MODE III
ABORT INCREASES AS LOI PROGRESSES THROUGH THE ABORT REGION,

2, IDEALLY_ THE LM DPS DELTA v CAPABILITY EXCEEDS THAT REQUIRED TO ABORT,
HOWEVERt SOME AREAS OF THE MODE I ABORT REGION REQUIRE MORE DELTA V THAN IG
AVAILABLE IN THE DPSt ABORTS FROM THESE AREAS REQUIRE AN ADDITIONAL BURN

FROM THE LM APS, ...........

IA) FOR MODE I ABORTSt THE MODE I ABORT REGION IS SUBDIVIDED INTO THREE
DIFFERENT AREAS WHICH ARE DEFINED AS A FUNCTION OF THE LOI DELTA VM (MAGNITUDE)
EXISTING AT GP$ CUT OFF, DEPENDING ON THE VALUE OF DELTA VM THREE DIFFERENT TYPES
OF ABORT MANEUVERS ARE PERFORMED

(l) IN THE AREA DEFINED BY DELTA vM OF 0 TO 238 FPS (APPROXIMATELY O TO 33
SEC) A DP$ BURN WILL BE PERFORMED AT LOI IGN + 2 HR* THIS MANEUVER WILL BE

COMPUTED ON THE GROUND* LOI IGN + 2 HR, WAS CHOSEN FROM IGNITION TIME OF THIS DPS
BURN BECAUSE THE LM CAN BE PREPARED FOR A G.N BURN BY THE CREW IN THAT TIME SPAN,
THEREFORE BASED ON THIS IGNITION TIME THE THE DELTA VM OF 23_ FPS INTO THE LOI
BURN REPRESENT5 THE POINT AT WHICH ALL THE DELTA V CAPABILITY IN THE LM OPS IS
UTILIZED IN THE ABORT BURN, TO DELAY THE IGNITION SIGNIFICANTLY WOULD INCREA3E

THE REQUIRED ABORT DELTA V BEYOND THAT AVAILABLE IN THE ORS,
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ONTtl

12) IN THE AREA DEFINED BY DELTA VM OF 2BB TO _4B FPS (APPROXIMATELY _S TO
TO 1.15 A DP$ BURN WILL BE PERFORMED AT LOI IBN+ BO MIND THIS MANEUVER IS EASED
ON A CREW CHART OF ABORT DELTA V VERSUS DELTA V GAINED AND A SET OF PRE-LOI
ESTABLISHED FDAI ATTITUDES, LOI IGN . 30 MINI WAS CHOSEN FOR IGNITION OF THIS DP5
BUT BECAUSE THE LM CAN BE PREPARED BY THE CREW IN THAT TIME SPAN, THEREFORE BASED
ON THIS IGNITION TIME THE SPREAD BETWEEN DELTA VM INTO THE LOI BURN REPRESENTS
THE ENTIRE DELTA V CAPABILITY OF THE DPS, TO DELAY THIS IGNITION SIGNIFICANTLY
WOULD INCREASE THE REQUIRED ABORT DELTA V BEYOND THAT AVAILABLE IN THE DPS,

IS) IN THE AREA DEFINED BY DELTA VM OF 5A5 TO 725 FP5 (APPROXIMATELY Z+Z5
TO l+Bo) A DPB BURN TO DEPLETION WILL BE pERFORMED AT LOI IGN + 30 HIM FOLLOWED
BY A SUPPLEMENTAL APS BURN AT DP5 IGN . 2 HRe THE DPS MANEUVER AT LOI ION + _0
MIN IS BASED ON A CREW CHART OF ABORT DELTA V VERSUS DELTA V GAINED AND A SET OF
PRE-LOI ESTABLISHED FDAI ATTITUDES, THE APS SUPPLEMENTAL BURN IS COMPUTED BY THE
GROUND BASED ON POST-DPS BURN TRACKING*LOI IGN + 30 MIN WAS CHOSEN FOR IGNITION
OF THE OPS ABORT BoRN BECAUSE THE LM CAN BE PREPARED BY THE CREW_ AND THE DELTA V
AVAILABLE FROM THE APS CAN SUPPLEMENT THE DPS TO ACHIEVE THE REQUIRED DELTA V. TO
DELAY THE IGNITION SIGNIFICANTLY WOULD INCREASE THE REQUIRED ABORT DELTA V BEYOND
THAT AVAILABLE,

(B) FOR MODE I1ABORTSt A DPS BURN IS REQUZRED AT LOI ION . 2 HRS wITH A SECOND
IMPULSE OCCURING NEAR PERICYNTHIAN (EXACT TIME IS A FUNCTION OF THE ORBITAL
PERIOD AND ORIENTATION), IF THE REQUIRED SECOND IMPULSE IS BEYOND THE REMAINING
DPS CAPABILITY, THE ADDITIONAL DELTA V SHOULD BE APPLIED AS SOON AS POSSIBLE
AFTER DPS DEPLETION IN ORDER TO REDUCE THE DELTA V COAST, THE MODE II MANEUVERS
ARE COMPUTED ON THE GROUND, THE ABORT MODE CHANGEOVER FROM MODE I TO MODE II
OCCURS WHEN THE REQUIRED ABORT DELTA VIS FOR BOTH MODES ARE THE SAME,

IC) FOR MODE Ill ABORTS_ THE DPS ALONE CAN PERFORM THE TEl, THE MODE III REGION
IS ENTERED WHEN THE PRE-ASORT TRAJECTORY HAS A CLEAR PERICYNTHIAN AND A PERIOD OF
LESS THAN ABOUT 15 HRS, ALL MODE III MANEUVERS ARE COMPUTED ON THE GROUND,

3, FOR A SHUT DOWN OF THE BPS ENGINE AT ANY POINT DURING THE LOI BURN_ THE
OPS OR DPS+APS ENGINE(S) HAVE THE CAPABILITY TO PROVIDE THE NECESSARY DELTA
V FOR THE APPROPRIATE ABORT MANEUVER SEQUENCE, THE SPS CONTROL LIMITS HAVE
BEEN APPLIED TO VARIOUS ABORT MODE REGIONS OF THE LOI BURN TOt AS FAR AS
POSSIBLE, PRECLUDE A SHUTDOWN IN OTHER AREAS OF THE MODE I REGION, IN THE
FIRST AREA OF THE MODE I REGION (DELTA VM FROM O TO 238, O TO BB SEC) THE
TIGHT LIMITS APPLY, IF THE ENGINE IS GOXNG TO DEGRADE THE TIGHT LIMIT WILL
INCREASE THE PROBABILITY OF SHUT DOWN IN THIS AREA, A SHUTDOWN HERE RESULTS
IN A LOI TIC . 2 HR* DPS ABORT BURN TARGETED BY THE GROUND WHICH IS MORE
ACCEPTABLE THAN AN ABORT OFF THE CREW CHART AT LOI TIG+ _O MIN, WHEN DELTA
vM=2BBt ABORT 33 SIC INTO THE LOI BURN* THE LOOSE CONTROL LIMITS BECOME
EFFECTIVE AND ARE IN EFFECT UNTIL DELTA VM-ZSZ2t ABOUT 3+20 INTO THE BURN,
THIS ENCOMPASSES THE REMAINDER OF THE MODE I REGIONp ALL THE MODE IIw AND
THAT PORTION OF THE MODE Ill WHERE THE ORBITAL PERIOD IS ABOUT 7 HRS, THE
RELAXATION OF THE LIMITS TO ALLOW OPERATION OF THE SPS IN A MORE DEGRADED
CONDITION INCREASES THE PROBABILITY OF GETTING BEYOND THE REGION WHERE AN
ABORT OFF THE CREW CHART IS REQUIRED, OR A DPS+APS BURN IS REQUIRED,THE

_MITS._RE _EPT L_O_,ACRO$S TH_MQp_ _I AND F_RBT. PART ,OF ;THE ,MODE. _III
E_ON INo_bER _0 A_T_'JN A'R_ONAEL_'_U_ bREty_L"PERIbB"JG_EA_EN'f_A_'bR

EQUAL TO 7 HRS) SINCE VIOLATION OF THE TIGHT SPS CONTROL LIMITS PRECLUDES A
LUNAR LANDING ANYWAY, OPERATION OF THE SPS BELOW THESE LIMITS HAS LITTLE TO
GAIN AND THE DELTA V REQUIRED FOR TEl INCREASES THROUGHOUT MODE IIl, THE
LIMITS BECOME TIGHT AGAIN THROUGHOUT THE REMAINDER OF THE LOI BURN, IF THE
ENGINE IS OPERATING UNDER TIGHT LIMITS AT THIS TIME IN ALL PROBABILITY IT
WILL CONTINUE TO OO SO SINCE IT HAS BEEN BURNING FOR 3+SO,IF FOHCED TO SHUT
DOWN IN THIS REGION THERE IS MORE THAN SUFFICIENT DPS DELTA V TO DO TEI
WITH, THERE IS ALSO THE APS FOR A BACKUP TO THE DPS_ ALSO THE TIGHT LIMITS
PERHIT AN SPS RESTART SO THAT IT COULD SERVE AS A FURTHER BACKUP TO THE DPB
AND APS ENGINESo
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CONTll

PARTICIPATION

CREW

RFO FDO

DATA SOURCE

ONBOARD MONITORING

RETURN TO EARTH DISPLAYS

GENERAL PURPOSE MANEUVER TABLE

PROCEDURES---

AJ MODE I

1, DELTA VM 0-238 FPS (0-33 SEC)

A* TERMINATE LOI ON SPS TIGHT CONTROL LIMITS

B, EXECUTE DPS BURN AT LOI IGN+2 HR USING GROUND COMPUTER

2. DELTA VM 238-594 FPS (33 SEC-I-15)

A, TERMINATE LOI ON BPB LOOSE CONTROL LIMIT

B= EXECUTE DPS BURN AT LOI ION.30 MIN USING DATA FROM THE CREW CHART

3, DELTA VH 545-725 FPS 1Z.15-1+39)

A, TERMINATE LOI ON SPS LOOSE CONTROL LIMITS,

B, EXECUTE DPS BURN TO DEPLETION AT LOI IGN+ 30 MIN (USING CREW CHART( AND A
SUPPLEMENTAL APS BURN AT LOI ION + 2 1/2 HRS USING GROUND COMPUTER*

B, MODE If,

1. TERMINATE LOI ONLY FOR VIOLATION OF SPS LOOSE LIMITS (SPS UNSAFE),

2, EXECUTE DPS BURN AT LOI ION + 2 HRG (GROUND COMPUTED)*

3, EXECUTE OPS TEl (GROUND COMPUTED) NEAR PERICYNTHIAN* SUPPLEMENT WITH
APS IF REQUIRED,

C, MODE Ill.

1. TERMINATE SPG ON TIGHT OPERATING LIMITS WHEN PERIOD IS LESS THAN 7 HRS
(CREW CHART)=

2. EXECUTE DPS TEl NEAR PERICYNTHIAN (GROUND COMPUTED)
-T

D, THESE PROCEDURES MINIMIZE THE NEED FOR TWO-IMPULSE ABORT BURNS BY TERMINATING LOI
(TIGHT LIMITS) IN THE EARLY PART OF MODE I AND WELL INTO MODE IlIo ALSO ALLOW THE GPS TO
BURN (LOOSE LIMITS( IN THE REST OF MODE I_ MODE IX AND THE EARLY PART OF MODE Ill,
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5-62 SPS FAILURES

COMMENTS

DATA PRIORITY HAS ESTABLISHED THE FOLLOWING GUIDELINES FOR SPS FAILURES AT IGNITION---

A. IF THE SPS FAILS AT IGNITION FOR A MOCP THE GROUND WILL PASS A FLYBY
MANEUVER FOR EXECUTION WITH THE DPB OR THE SM-RCS,

B, IF THE SPS FAILS AT IGNITION FOR LOIP THE CREW WILL EXECUTE THE MCC5 ABORT
MANEUVER ALREADY ONBOARD WITH DPS OR SM-RCS AT PC +2 HOURS,

C, IF THE SPS FAILS AT IGNITION OF DOlt THE GROUND WILL PASS A DPS TEl AS SOON
AS PRACTICAL {EARLIEST WOULD BE 4-_/2 HOURS AFTER LOI),

PARTICIPATIUN

FLIGHT CREW

CAPCOM

FD

FDO

RETRO

DATA SOURCES

MCC TRADEOFF

RTE DIGITALS

PROCEDURES

THE MISSION TECHNIQUES FOR THIS PARTICULAR FAILURE WOULD BE AS FOLLOWS---

A, FOR SPS FAILURES AT MCC

1, FDO WOULD TARGET A FLYBY MOC WHICH wOULD BE CONSISTENT WITH THE DESIRED RETURN
TIME AND LANDING AREA (AS SPECIFIED BY THE RETRO) AS WELL AS SATISFYING THE FLYBY
ALTITUDE CONBTRAINTS (60 LESS THAN HP LESS THAN 150O),

2, RETRO WOULD COMPUTE ATE MCC TO INSURE ALL CONSTRAINTS HAVE BEEN MET {FLIGHT
TIMEr LANDING AREAt ETC,)

B, FUR SPS FAILURES AT LOI

i. CREW WILL EXECUTE THE PC +2 MANEUVER ALREADY ONBOARO UNLESS CONDITIONS DICTATE
ANOTHER MANEUVER,

2, RETRO COULD CALCULATE A MANEUVER AT A LATER T1ME_ TO A DIFFERENT LANDING AREA OR
FOR A DIFFERENT RETURN TIME DEPENDING ON LM PREPARATION TIME_ DPS DELTA V
AVAILABLEt AND TIME CRITICALITY OF THE SITUATIONo

C, FOR SPS FAILURES AT DOI

E, RETRO WILL COMPUTE A DPB TEI FOR EXECUTION AS SOON AS PRACTICAL, THE NOMINAL TIME
FOR THIS MANEUVER WOULD BE DOE + A-i/2 MOURBI

2, IF IT IS DECIDED TO REMAIN IN LPO LONGER THAN SPECIFIED TIME (ABOVE)p RETRO WILL
COMPUTE THE DPS TEl CONSISTENT WITH THE MISSION PLAN,

REFERENCES

APOLLO TECHNIQUES DOCUMENT_ S-PA-9TO4_t MISSION F/G CONTINGENCY PROCEDURESt FEBRUARY 12t
1969=

MISSION REV DATE SECTION GROUP PAGE
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NASA - Manned Spacecraft Center
MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

_-76 DOI TARGETING

Z. DURING TLCt LOI AND OOI ARE TARGETED TO PRODUCE A GROUNDTRACK THAT IS OPTIMUM FOR
PHOTOGRAPHING SPECIFIC LANDMARKS AND TO PRODUCE THE FOLLOWING CONDITIONS AT PDI---

A* 5OiOOO FT* HP,

B* DESIRED AZIMUTH

Ce ZERO OUT-OF-PLANE ERROR (WEDGE ANGLE}

2. IF A DISPERSION OCCURS DURING LOft OOI WILL BE TARGETED WITH THE FOLLOWING ORDER OF
PRIORITY---

A, PRODUCE A 50rOOD FT HP AT POI KEEP THE WEDGE ANGLE ZERO BUT VARY THE DESIRED
AZIMUTH +/- 10 DEG IN ORDER TO ACHIEVE A DESIRED PHOTOGRAPHIC GROUNDTRACK=
(DESIRED IS DEFINED AS WEDGE ANGLE AT THE PHOTO SITE LE55 THAN *25 DEGo}

B, PRODUCE A 50tOOO FT HP AT PDI VARY THE AZIMUTH +/- _0 DEG AND THE WEDGE
ANGLE AT PDI UP TO =5 DEG IN ORDER TO ACHIEVE AN ACCEPTABLE PHOTOGRAPHIC
GROUNDTRACK,(ACCEPTAGLE 15 DEFINED AS WEDGE ANGLE AT THE PHOTO SITE LESS
THAN ,5 DEG,}

C, IF AN ACCEPTABLE PHOTOGRAPHIC GROUNDTRACK CAN NOT BE FOUND BY APPLYING 2Bt
THEN ALL PHOTO CONSTRAINTS ON THE GROUNDTRACK ARE DROPPED, DOI WILL THEN BE
TRAGETED TO ACHIEVE A 50_O00 FT HP AT PDIt WITH ZERO WEDGE ANGLE AT PDI AND
NO CONGTRAZNT$ ON THE AZIMUTH ISEE MISSION RULE 5-S1 FOR FURTHER
INFORMATION)

MISSION REV DATE SECTION GROUP PAGE

APOLLO l_ FNL L2/15/70 TRAJECTORY AND LUNAR ORBIT
GUIDANCE 3-50



NASA - Manned Spacecraft Center

MISSION RULES

SECTION 3 " TRAJECTORY AND GUIDANCE

R ITEM

_-77 DOI COMMITMENT CRITERION

COMMENTS

BY GENERAL AGREEMENTt A tO, FOR OOZ WILL NECES@ITATE AT LEAST TWO REVOLUTIONS IN THE
POST-MANEUVER ORBIT* THE PURPOSE FOR THE RULE IS TO PROVIDE ONE FULL REV OF TRACKING TO
OBTAIN A POSTBURN VECTOR WITH WHICH TO COMPUTE TEl, THIS MANEUVER COULD THEN BE PASSED ON
THE NEXT FRONT SIDE PASS,

PARTICIPATION

FO0

RETRO

FD

DATA SOURCE5

LM DESCENT PLANNING DISPLAY

RETURN TO EARTH DIGITALS

PROCEDURES

THE NOMINAL MISSION TECHNIQUES WOULD BE---

A, FDO WILL COMPUTE DOI IN OBSERVANCE WITH MISSION RULE 5-76,

B, FO0 WIlL TRANSFER THE MANEUVER TO THE MPT,

C* RETRO WILL COMPUTE A TEI MANEUVER TO INSURE RETURN CAPABILITY, THIS MANEUVER
WOULD NOT BE PASSED*

REFERENCES

APOLLO TECHNIQUES DOcuMENTt S-PA-9 TO 4It MISSION F/G TL MCC AND LOIP FEBRUARY ETp _969,

_ MISSION REV DATE SECTION GROUP PAGE

APOLLO 14 FNL L2/15/70 TRAJECTORY AND LUNAR ORBIT
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MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

BAIL OUT MANEUVER RECOMMENDATION

FOLLOWING DOlo FDO WILL EVALUATE THE GNCS_ EMSI MSFN DOPPLER REBIDUALSt AND MSFN SHORT ARC AND
RECOMMEND A STAY/NO STAY OEOLSION* A STAY RECOMMENDATION REQUIRES THAT THE POST-DOI TRAJECTORY
HAVE AT LEAST A i N,Ma CLEARANCE ABOVE THE HIGHEST PEAK ON THE GROUNDTRACK, THE HIGHEST PEAK IS
2*9 NoH* ABOVE THE RADIUS LL5 AND OCCURS AT 7,6 DEG E, TO ACHIEVE AT LEAST A 1 NeM* CLEARANCE
ABOVE THIS PEAKp A Hp=3*8 NoN, MUST BE CONFIRMED, THE FOLLOWING CHART WILL BE UTILIZED FOR THE
STAY/NO STAY RECOMMENDATION---

GNCS 5 S S $ 5 X X X

ENS S/NS/X S/NS/X S/NS/X 5/X NS $ S S

MSFN NS 1
DOPPER + NS S X X X S NS
RESIDUALS PILOT RPT

OF ATT,DE\

MSFN SINB/X _/NS/; N5 S/) X X X B/X NS S/NS/_
SHORT
ARC

I ACTION E N$ NS NS B S NS NS S NS NS

NOTES---

S= STAY

NS= NO STAY

X= NOT AVAILABLE/INVALID

PILOT REPORT OF PITCH ATTITUDE DEVIATION DOWN WEIGHTS THE DOPPLER VOTE DUE TO RADIAL VELOCITY
ERRORS AT DOI WHICH DOPPLER CANNOT DIFFERENTIATE FROM HORIZONTAL ERRORS (PITCH ATTITUDE
DEVIATION ONLY)

!

I

MISSION, EV,DATE,S CTXONLPAIAPOLLO Z_IFNL 112/15/70 ITRAJECTORY AND LUNAR ORBIT

I I I GUIDANCE ?-52
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SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEW

5-B1 LPO PLANE AND ALTITUDE CONSTRAINTS

COMMENTS

THE PLANAR ORIENTATION OF _HE LPO GOING INTO POWERED DESCENT WILL BE ESTABLISHED BY THE

TARGETING ORBIT DETERMINATION AND EXECUTION OF THE TLC MCCIS AND LOT. DOI EXPECTED ERRORS
AFTER THE LOI TEuUENCE ARE PREDICTED TO BE WITHIN 0.5 DEG OUT-OF-PLANE AND 2 DEGREE5 IN
AZIMUTH= CREW TRAINING AND ONBOARD DATA (MAPSt ETC=I WILL BE BASED ON THESE EXPECTED
ERRORS.

THE DOT MANEUVER WILL BE TARGETED TO ACHIEVE A PERICYNTHIAN OF 501GO0 F'T AT PDI, THE

PREDICTED HEIGHT OF PERICYNTHIAN AT PDI WILL BE MONITORED TO ASSURE THAT AT PDI IT WILL BE
BETWEEN 30rOOD AND 7G_O00 FT, IF A CORRECTION IS REQUIRED_ IT WILL BE MADE PRIOR TO LM
ACTIVATION IMMEDIATELY AFTER CREW WAXEUP. THE CRITERIA FOR AN ALTITUDE CORRECTION WILL BE
BIASED USING PREMISSION OR REAL-TIME COMPUTED ALTITUDE UNCERTAINTY AND PROPAGATION BIASES.
THE ANTICIPATED LIMITS ARE 33t000 AND 67_000 FT* IF h CORRECTION IS REQUIREDt PERICYNTHIAN

WOULD UE RAISED TO 35t000 FT FOR LOW VIOLATION OR LOWERED TO 50t000 FT FOR HIGH VIOLATIONS,

AN IMMEDIATE CORRECTIVE MANEUVER WILL BE SCHEDULED FOR CASES IN WHICH THE CURRENT
PERICYNTHIAN DROPS BELOW 30,000 FT* THIS NUMBER IS CONSIDERED TO BE THE LOWER BOUNDARY FOR
GUARANTEED CREW SAFETY* THE ADJUSTMENT TO PERICYNTHIAN WOULD BE TARGETED TO INSURE THAT AN
ADDITIONAL ALTITUDE CORRECTION PRIOR TO POT WOULD NOT BE NECESSARY, THE TARGET PERICYNTHIAN
WOULD BE BIASED USING WORST CASE PROPAGATION AND ALTITUDE UNCERTAINTIES,

TO MAINTAIN THE APPROACH OVER FAMILIAR TERRAINP AND ACCEPTABLE PERICYNTHIAN CONDITIONSt

ADDITIONAL MANEUVERS WILL BE SCHEDULED IF NEEDED TO CORRECT DISPERSIONS PRIOR TO UNDOCKING*

PARTICIPATION

FDO

FD

CREW

DATA SOURCES

LM DESCENT PLANNING

FDO ORBIT DIGITALS

CHECKOUT MONITOR

PROCEDURE

FDO WILL USE OPTIONS OF THE LOP DISPLAY TO CORRECT PLANAR DISPERSIONS DETELTED PRIOR TO
UNDOCKING=

REFERENCE

OPERATIONAL OPINION

MISSION REV DATE SECTION GROUP PAGE
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MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

5-82 NOUN 69 CORRECTION LIMITS

COMMENTS

TO CORRECT FOR ANY DOWNRANGE POSITION ERROR AT PDI_ THE GROUND COMPUTES THE ERROR IN THE
ONBOARD STATE VECTOR AND UPLINKS THE DOWNRANGE COMPONENT AS A CHANGE TO THE POSTION OF THE

LANDING SITE, THIS CORRECTION IS BOUNDED IN MAGNITUDE AS FOLLOWS---

A, A MINIMUM CORRECTION OF BOO0 FT IS uSED, THIS LIMIT IS DERIVED FROM THE
ACCURACY OF THE TECHNIQUES USED IN COMPUTING rHE DOWNRANGE ERROR, UNDER

SOME CIRCUMBTANCESt EXTREMELY SMOOTH DATAt CONSIDERATION WILL BE GIVEN TO
USING SMALLER CORRECTIONS,

B. AN UPPER LIMIT OF 35oOOO FT IS USED, THIS NUMBER IS DERIVED FROM THE RADIAL
ABORT LIMIT OF 35 FPS, THIS IS BECAUSE THE N69 CORRECTION DOES NOT CORRECT
ANY ERRORS IN THE STATE VECTOR_ BUT ONLY ALLOWS A BAD STATE VECTOR TO LAND

AT THE RIGHT PLACE, A 35tOO0 FT ERROR TRANSLATES INTO A 35 FPS RADIAL
ERROR. ANY GREATER CORRECTION WOULD BE CAUSE FOR ABORT,

PARTICIPATION

FDO

DATA SELECT

CREW

PROCEDURE

THE DATA SELECT COMPUTES THE NE9 CORRECTION USING DOPPLER RESIDUALS AND THE LEAR PROCESSOR,
SELECT THEN VOICES THE COMPUTED CORRECTION TO FDO, IF THE N69 IS WITHIN LIMITS AND THE
THRUST IS COMPATIBLE WITH THE CORRECTION_ THE FDO RELAYS THE NS9 TO THE CREW THRU THE
CAPCOM AT TWO MINUTES INTO THE DESCENT. THE CREW INPUTS THE NED VIA THE DSXY.

5-83 CIRCULARIZATION MANEUVER TARGETING

COMMENTS

THE CIRCULARIZATION MANEUVER CAN BE TARGETED TO RESULT IN A CIRCULAR ORBIT AT ANY SPECIFIED
TIME. THE CHOICE OF TIME IS ARBITRARY BUT SHOULD BE CHOSEN TO SIMPLIFY RENDEZVOUS. THE TWO
CHOICES ARE AT PDI TIME OR NOMINAL RENDEZVOUS TIME. THE SECOND OPTION WAS SELECTED BY DATA
PRIORITY BECAUSE OF THE RELATIVELY LOW PROBABILITY OF HAVI_:G TO ABORT A DESCENT AND THE
DESIRABILITY OF MAKING THE NOMINAL RENDEZVOUS AS CLEAN AS POSGIBLE.

5-84 LLS POSITION UPDATING VIA SEXTANT SIGHTINGS

COMMENTS

DURING THE LUNAR ORBITS JUST PRIOR TO THE DESCENT MANEUVERt SEXTANT LANDMARK TRACKING WILL
BE UTILIZED BY THE CSM TO ACCURATELY DETERMINE THE CSM POSITION RELATIVE TO THIS KNOWN
LANDMARK, BY KNOWING THE EXACT INERTIAL POSITION OF THE CSM (MSFN) ANO THE EXACT LOCATION

OF THE LANDING SITE RELATIVE TO THE OBSERVED LANDMARKt THE INERTIAL POSITION OF THE LLS MAY
BE ACCURATELY DETERMINED AND THUS COMPATIBLE WITH THE INERTIAL TARGETING OF THE POWERED
DESCENT MANEUVER,

IIO_EVEkP ANY DIFFERENCES BETWEEN THE BEST PREMIS$10N VALUE OF THE LLS (PHOTOGRAPHS) AND

THOSE UP THE SEXTANT SIGHTINGS MUST BE SCRUTINIZED FOR REASONABLENESS, EACH INTENDED
LANDING SITE HAS INDIVIDUAL AMOUNTS OF DATA AVAILABLE REPRESENTING ITS KNOWN INERTIAL
RELATIVE ACCURACY, THUS9 A REASONABLE DIFFERENCE_ IN TERMS OF ABSOLUTE NUMBER VA|RES WITH
EACH SITE,

_ISSION REV DATE SECTION GROUP PAGE
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MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITE_

_-85 ALLOWABLE PLATFORM MISALIGNMENT FOR POI,

COMMENTB---

THE POWERED DESCENT SHOULD NOT BE INITIATED IF THE PGNS WILL ACCUMULATE POWER NAVIGATION ERRORS

SUCH THAT A LM ABORT WITH THE PUNS WOULD NOT ACHIEVE AN ORBIT WITH A PERICYNTHIAN GREATER THAN
30_OOO FT. THESE NAVIGATION ERRORS CAN RESULT FROM UNCOMPENSATED STATIC DRIFTS OF THE LM
PLATFORM. IF DRIFT RATES OF A LEVEL SUFFICIENT TO GIVE 0,S DEC MISALIUNMENT ABOUT PITCH (Y AXIS]

AND YAW (x AXIS) EXIST AT POI THEN THE MANEUVER WILL BE SLIPPED ONE REVOLUTION IN AN EFFORT TU
COMPENSATE THE DRIFTI THIS MIBALIGNMENT MAGNITUDE ALLOWS A DESCENT ABORT FROM THE H3 TRAJECTORY
AT ANYTIME WITH A RESULTANT SAFE ORBIT. THE DRIFT RATES ARE ESTABLISHED BY SUCCESSIVE P_21_
AFTER FINE ALIGNING THE PLATFORM USING GROUND COMPUTED TORWUEING ANGLESo

PARIICIPATION---

GUIDANCE OFFICER

LM CONTROL

CAPCOM

FLIGHT CREW

DATA SOURCES---

LM OPTIC5 suPPORT TABLEt NSK 239

TORQUEINO ANGLE_ FROM LM PUNS P52

PROCEDURE---

THE LM PLATFORM IS COARSE ALIGNED TO THE CSM PLATFORM AT LH ACTIVATION. COARSE ALIGN
INFORMATION IS THEN PASSED BY THE FLIGHT CREW TO THE GROUND WHO IN TURN COMPUTES FINE ALIGN
TORQUEING ANGLEB FOR EXECUTION BY THE CREW VIA V42, THIS REBULTS IN A LM PLATFORM ALIGNED
WITHIN THE ACCURACY OF THE PROCEDURE, THE COMPLETE PROCEDURE 15 THEN REPEATED EXCEPT THAT A
SECOND V42 ISN fT EXECUTEDG THE INTENT BEING THAT ANY SIGNIFICANT DRIFT WILL SHOW UP IN THE
GROUND COMPUTED FINE ALIGN ANGLES= ALSO TWO BUCCEBBIVE P52tS ARE PERFORMED TO FURTHER
VERIFY STATIC DRIFT. WHEN UNACCEPTABLE DRIFT EXIST THEN PDI IS DELAYEDt IF NECESGARYt UNTIL
ADEQUATE GYRO COMPENSATION IS PERFORMED,

MISSION REV DATE SECTION GROUP PAGE
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MISSION RULES

SECTION _ - TRAJECTORY AND GUIDANCE

R ITEt_

5-89 LANDING RADAR CONSTRAINTS

COMMENTS

IN ORDER TO SUCCESSFULLY COMPLETE THE POWERED DESCENT MANEUVERJ UNCERTAINTIES IN LOCAL
TERRAIN/ALTITUDE MUST BE MEASURED VIA LANDING RADAR TO EFFECT TOUCHDOWN. HOWEVERt THIS DATA
MUST BE _UALITATIVELY JUDGED PRIOR TO ITS INCORPORATION. SHOULD LANDING RADAR DATA NOT BE
AVAILABLE BEFORE THE PNGS ESTIMATE OF A_TITUDE REACHES IO_OUO FEETp AN ABORT WILL BE

PERFORMED. THIS ACTION IS SUBSTANTIATED BY DISPERSION ANALYSIS WHICH DEMONSTRATE THAT THE
PNGS ESTIMATE OF ALTITUDE CAN BE SIGNIFICANTLY IN ERROR, SHOULD THIS ERROR BE SUCH THAT THE

P_US IS ACTUALLY LOWER THAN ITS OWN ESTIMATEt THE REMAINING _UIDANCE/TRAJECTORY PROFILE
WILL UNKNOWINGLY PENETRATE THE LUNAR SURFACE, CONVERSELYJ IF THE PNGS WERE TRULY HIGHER

THAN ITS OWN ESTIMATED CONTINUATION OF THE POWERED DESCENT WOULD RESULT IN FUEL DEPLETION.

A. SIXTY SECONDS AFTER LANDING RADAR LOCK ON HAS BEEN A_HIEVEO_ THE DIFFERENCE IN
ALTITUDE ESTIMATES BETWEEN THE PNG$ AND THE LANDING RADAR MUST BE WITHIN AN
ACCEPTABLE TOLERANCE. ESTABLISHING A LIMITING DIFFERENCE PREVENTS LARGE ALTITUDE

,tDELTAS,t FROM CAUSING UNACCEPTABLE TRANSIENTS IN THE DESCENT
GUIDANCE/TRAJECTORY LOGIC,

B* DISPERSION ANALYSIS HAVE ALSO SHOWN THAT IF ACCEPTABLE LANDING RADAR IS
CONTINUALLY AVAILABLE TO HIGH GATEt A SUBSEQUENT LOSS WILL NUT DEGRADE THE PNGS
ABILITY TO REACH A SAFE POINT FROM WHICN THE PILOT MAY TAKEOVER AND LAND

MANUALLY,

C&D THE ABOVE IS ALBO TRUE IN THE CASE WHERE THE LANDING RADAR HAB BEEN ACCEPTABLE
BUT INTERMITTENT THROUGHOUT P-63 SO LONG AS THE UNCERTAINTY IN ALTITUDE IS LESS

THAN iO00 FEET AT HIGH GATE OR LESS THAN 1000 FEET WHEN LOCK ON IS REGAINED.

PARTICIPATION

CREW

GO0

FDO

DATA SOURCE

PROCEDURES

SHOULD ANY OF THE ABOVE CONSTRAINTS BE VIOLATEOt THE GROUND WILL RECOMMEND AN ABORT.

MISSION REVIDATE SECTION GROUP PAGE
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MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

3-90 CRITERIA FOR TERMINATION OF POWERED DESCENT (PGNS NAVIGATION ERRORS)
A,I=2

3,4

COMMENT

THE POWERED DESCENT PHASE WILL NOT BE CONTINUED IF THE PGN5 HAS NAVIGATION ERRORS SUCH THAT
A LM ABORT WITH THE PGNS WOULD NOT ACHIEVE AN ORBIT WITH A PERICYNTHIAN ALTITUDE GREATER
THAN 3O_OOO FEET. SINCE PNGS NAVIGATION ERRORS CAN ARISE FROM INITIAL CONDITION ERRORS (IMU
MIBALIGNMENT OR STATE VECTOR ERROR) OR FROM POWERED FLIGHT FAILURES (PIPA BIAS. IMU DRIFT_
ETC=)t THE AGS MAY OR MAY NOT CONFIRM A PGN$ ERROR, IN ADDITIONo FOR LOW TRAJECTORIES. THE

PGNB WILL NOT BE ABLE TO PERFORM A SAFE ABORT WITHOUT LANDING RADAR ALTITUDE INFORMATION
BEING INCORPORATED INTO THE STATE VECTOR=

RULE 5-90A - 1 PROVIDES THE LIMITS FOR THE CASES WHERE THE PGNS NAVIGATION ERRORS ARE
CAUSED BY POWERED FLIGHT FAILURESI THE TRAJECTORIES ARE LOWt AND LANDING RADAR ALTITUDE
INFORMATION IS MISSING,

RULE 5-BOA L 2 PROVIDES THE LIMITS FOR THE CAGES WHERE THE PGNS NAVIGATION ERROR5 ARK
CAUBED BY POWERED FLIGHT FAILURES, THE CROSSRANGE LIMIT IS BASED ON THE G AND N PIPA FAIL
REDLINE.

RULE 5-90A - 3 PROVIDES THE LIMITS FOR THE CASEG WHERE THE PGNS NAVIGATION ERRORS ARE
CAUSED BY INITIAL CONDITION ERRORBo THE TRAJECTORIES ARE LOW. AND THE LANDING RADAR

ALTITUDE INFORMATION IS MISSING*

RULE 5-90A - 4 PROVIDES THE LIMITS FOR THE CASES WHERE THE PGNS NAVIGATION ERRORS ARE
CAUSED BY INITIAL CONDITION ERRORS ARE CAUBED BY INITIAL CONDITION ERRORSt OR A COMBINATION
OF POWERED FLIGHT AND INITIAL CONDITION ERRORS=

PARTICIPATION

GUIDANCE OFFICER

FLIGHT DYNAMICS OFFICER

CAPCOM

DATA SOURCES

GUIDANCE GTRIPCHARTS

GUIDANCE ASCENT/DESCENT DIGITALS

LAD_ MSK 088

PROCEDURE

ACTION

GOO DETECTS AND CONFIRMS FROM THE GUIDANCE STRIPCHARTS OR M&K 2Z8 THAT A COMPONENT
DIFFERENCE LIMIT HAS BEEN VIOLATED* THE DEGRADING SYBTEM IS VERIFIED BY COMPARING THE
VELOCITY DIFFERENCE BASED ON ALL SOURCES* If THE DEGRADATION 15 VERIFIED IN THE PGNSo GDO
ANNOUNCES tIPGNS NO-GOt ABORT OVER FLIGHT DIRECTOR LOOP* AFTER DIRECTION FROM FLIGHT
DIRECTORt CAPCOM RELAYB THE SAME OVER TME AIR TO GROUND LOOP=

MISSION REV DATE SECTION GROUP PAGE

APOLLO 14 FNL ,2/1B/7O TRAJECTORY AND DESCENT
GUIDANCE S-57



0

NASA - Manned Spacecraft Center
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SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

5-90 POWERED DESCENT TERMINATION

A.St71
8

COMMENTS

5. IN THE EVENT THE GUIDANCE COMMANDED THRUST SHOULO BEGIN TO INCREASE INORMALLY
DECREASES) PRIOR TO P-S_/S4 PROGRAM SWITCH9 THE GUIDANCE WILL _LTIMATELY COMMAND RAPID AND

SEVERE ATTITUDE GYRATION$o THESE TRANSIENTS ARE T IN RESPONSE TO SUCH THINGS AS A LOW
THRUSTING ENGINE OR FAILURE OF THE GUIDANCE TO CONVERGE UPON THE REQUIRED HIGATE TARGETS.
IN ANY EVENT_ THE GUIDANCE WILL FAIL TO CONVERGE WITH THE IMPLICIT RESULTS BEING
CATOSTROPHIC,

IN THAT PROGRAM SWITCH OCCURS AT A TOO OF 80 SECS, THE ADDITIONAL 20-SEC TIME D_LAY MAKES
IT IMPOSSIBLE FOR THE GROUND TO RESPOND AFTBR TGO= 80 SECS,

7. AS DESCRIBED ABOVEt ONCE THE POINT WHERE THE TIME DELAY FOR GROUND RESPONSE TO
INCREASING THROTTLE COMMANDS HAS BEEN PASSEDe THE CREW MUST ACTIVELY O_GERVE THE THROTTLE
RESPONSE. AS THE CREW HAS NO MEANS OF VISUALIZING A THROTTLE INCREASEI THEY NEED ONLY
RESPOND TO A FAILURE TO HAVE THE THRUST ENTER THE THROTTLEABLE REGION=

8, SHOULD THE THRUST FAIL TO COME UP TO THE FTP FOLLOWING IGNITION, THE GUIDANCE WILL NOT
BE ABLE TO MEET THE DESIRED HIGATE CONDITIONS AS WILL BE EVIDENCED BY AN INCREASING GTC.

5-90 CRITERIA FOR TERMINATION OF POWERED DESCENT (FAILURE OF LGC PROGRAM CHANGE)
A.9

COMMENT

TO REDUCE GUIDANCE SENSITIVES IN THE REGION OF HIGH GATE_ THE LGC _RAKING PHASE (PSi)
TARGETS ARE PROJECTED PAST THE ACTUAL DESIRED CONDITIONS. FOR THE NOMINAL TARGETED DESCENT

PROFILE, THE HIGH GATE CONDITIONS ARE SATISFIED A SPECIFIED DELTA TIME BEFORE THE TARGET
CONDITIONS. THE DELTA TIME IS STORED IN ERASABLE MEMORy AS TENDBRAK AND CURRENTLY EQUALS 02
SECONDS. THE LGC AUTOMATICALLY EXITS PE3 ANO CALLS PS_ ON THE FIRST COMPUTATION CYCLE AFTER

T GO EQUALS bO SECONDS. IF THIS DOES NOT OCCUR/ THE LGC HAS FAILED INTERNALLY. FAILURE OF
THE PGNS REQUIRES 5WITCHOVER TO THE AGS. THEREBY TERMINATING POWERED DESCENT.

PARTICIPATION

FLIGHT CREW

GUIDANCE OFFICER

CAPCOM

DATA SOURCES

ONBOARD DSKY

GUIDANCE ASCENT/DESCENT DIGITALSt MSK 218

PROCEDURE

A. INDICATION

CREW OBSERVES DSKY DISPLAYS FAIL TO CHANGE TO PG# WHEN THE PO3 T GO

DECREASES TO 60 SECONDS. GUIDANCE OFFICER OBSERVES TELEMETRY INDICATION OF
P6_ AFTER T GO DECREASES TO 60 SECONDS ON MSK 218.

B, ACTION

IF CREW TAKES ACTION_ SWITCHED TO AGS AND ANNOUNCES _ABORTt LGC NO-GO* Pb4
FAIL TM OVER AIR TO GROUND LOOP, IF GDO TAKES ACTION, ANNOUNCES llLGC NO-GOt

P64 FAIL SWITCHOVER TO AGS AND ABORTtI_ OVER FLIGHT DIRECTOR LOOPt CAPCOM
RELAYS SAME OVER AIR TO GROUND LOOP,

MISSION REV DATE SECTION GROUP PAGE
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MISSION RULES

SECTION _ " TRAJECTORY AND GUIDANCE

R ITEM

5-90 CRITERIA FOR TERMINATION OF POWER DESCENT (PGNS PROGRAM ALARMS)
A,IO

COMMENT

THE RELIABILITY OF THE LGC'A5 A CONTROL DEVICE I5 DEPENGENT ON THE COMPUTATIONAL INTEGRITY
OF THE SOFTWAREt THE LGC IS PROGRAMED TO RECOGNIZE INTERNAL FAULTS OR ERRONEOUS CONOITIONSP
AND CONSEQUENTLY ISSUES A PROGRAM ALARM. THE ALARMS WHICH ARE CUNSIDERED TO INVALIDATE THE
LGC AS A GUIDANCE SYSTEM ARE LISTED BELOW---

ALARM CODE ALARM FAULT

20105 AOT MARK SYSTEM IN USE

00214 PROGRAM USING IMU WHEN TURNED OFF

20430 ACCELERATION OVERFLOW IN INTEGRATION

20607 NO 50LUTION FROM TIME-THETA OR TIME-RADIUS ROUTINE

21103 UNUSED CCS BRANCH EXECUTED

01107 PHASE TABLE FAILURE_ ASSUME ERASABLE MEMORY DESTROYED

21204 WAITLIST ON JOB FUNCTION CALL_O WITH ZERO OR
NEGATIVE DELTA TIME.

21302 SQUARE ROOT CALLED NEGATIVE ARGUMENT

21501 KEYBOARD AND DISPLAY ALARM DURING INTERNAL USE

00#02 FINDCDUW NOT CONTROLLING ATTITUDE
(CONTINUING)

PARTICIPATION

GUIDANCE OFFICER

FLIGHT CREW

CAPCOM

DATA SOURCES

PROGRAM ALARM LIGHT LGC MONITOR H/St ASCENT/DESCENT DIGITALS MGK 218

PROCEDURE

GRUUND OR FLIGHT CREW OBSERVES THE PROGRAM ALARM LIGHT, AND IDENTIFIES THE ALARM VIA VO5NO9
OR LGC DOWNLIST OF FAILREG=$* IF THE ALARM IS ONE LISTED ABOVE_ GUIDO ANNOUNCES. tlLGC
NO-GOt 5WITCHOVER TO AG5 AND ABORT'to

MISSION REV DATE ISECTION GROUP PAGE
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R ITEM
..m..-.-

5-90B POWERED DESCENT TERMINATION

COMMENTS---

SHOULD AN ABORT BE REQUIRED DURING THE LATTER PORTIONS OF THE POWERED DESCENT TRAJECTORYP
IT CANNOT BE PERFORMED IF THE ALTITUDE RATE (AT THE TIME OF THE ABORT) CANNOT BE NOLLED BY
THE ABORT MANEUVERt PRIOR TO PENETRATING THE LUNAR SURFACE,

CONVERSLY SHOULD THE ALTITUDE RATE EXCEED THE ABILITY OF THE LM TO NULL IT PRIOR TO
PENETRATION A SUCCESSFUL LANDING OBvIOuSLY CANNOT BE COMPLETED AND AN ABORT IS REQUESTED*

PARTICIPATION

FDO

FD

CAPCOM

DATA SOURCE

H VS H DOT ANALOG

LAD

PROCEDURE---

DUE TO SIGNIFICANT TIME DELAYS ASSOCIATED WITH PROCESSING THE TRAJECTORY INFORMATION BY
WHICH THIS DECISION IS MADE THE FDO MUST CAREFULLY A_$ESS THE CURRENT VEHICLE STATE IN
RELATIONSHIP TO THE ABORT LIMIT LINE* DEVIATIONS AWAY FROM THE NOMINAL THAT WILL CLEARLY

VIOLATE THIS LIMIT LINE MUST BE RECOGNIZED AS REPRESENTINU AN ABORT SITUATION AND
APPROPRIATE REACTIONIS REQUISITE.

5-91 NO TRAJECTORY CONSTRAINTS AFTER CREW TAKEOVER

COMMENTS

THROUGHOUT POWERED DESCENT_ THE GROUND HAS THE CAPABILITY TO MONITOR PROPER OPERATION OF
THE PNGS AND AGS AND THE EFFECT THAT THE GUIDANCE SYSTEM HAS ON THE DESCENT TRAJECTORY.
THIS MONITORING ALLOWS LIMITATIONS TO BE IMPOSED ON THE GUIDANCE SYSTEM TO AVOI_ UNSAFE
CONDITIONS, ONCE THE CREW HAS ASSUMED MANUAL CONTROL_ NO INITIALIZATION OR PREDICTIONS OF

THE RESULTANT TRAJECTORY CHARACTERISTICS CAN BE MADE-- AND THUS NO VALID MEANS OF LIMITING
THE CREWIS ACTIONS CAN BE ESTABLISHED, THE PROBLEM IS FURTHER COMPLICATED BY THE TIME
DELAYS ASSOCIATED WITH THE ACTION/REACTION/ACTION CYCLE NECESSARY TO AVERT AN _DEBIRAbLE
SITUATION.

PARTICIPATION

N/A

DATA SOURCE

N/A

PROCEDURE

N/A

MISSION REV ]DATE SECTION GROUP PAGE
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MISSION RULES

SECTION _ - TRAJECTORY AND GUIDANCE

R ITEM

5-101 LM LIFT-OFF DELAY

COMMENT---

THE ENTIRE RENDEZVOUS SEQUENCE IS DETERMINED BY THE CONDITIONS AT INSERTION*THESE
CONDITIONS* THOUGH SOMEWHAT CORRECTABLE VIA A TWEAK MANEUVERI ARE TIGHTLY BOUNDED BY THE
TIME OF LIFT-OFF, IM ORDER TO AVOID GREATLY DISPERSED OR EVEN ENTIRELY DIFFERENT RENOEZVOUG
BEQUENCES_ EXCEBSIVELY LATE LAUNCHES MUST BE PREVENTED, IN MOST INSTANCEG AN EARLIER
DOCKING TIME IS OBTAINED BY DELAYING LIFT-OFF ONE REV AND LAUNCHING ON TIME,

FOR THE COELLIPTIC SEGuENCE RENDEZVOUSt LAUNCH MAY BE DELAYED 90 SECONDS WITH NO SLIP IN
DOCKING TIME AND NO CHANGE IN THE RENDEZVOUB PROFILE,

FOR THL SHORT KENDEZVOUSt THE ACCEPTABLE DELAY IS ZO SECONDGt BUT THE CRITERION HERE IS ONE
OF REASONABLENESS RATHER THAN PRECISE NUMBERS* DELAYS GREATER THAN 10 SECONDS BEGIN TO
PRODUCE LARGE TWEAKS AS WELL AS LARGE TPI DELTA VISo FUTHERMOREt IT IS FELT THAT 10 SECONDS
IS ADEQUATE TIME FOR THE NECESSARY CREW TROUBLE-GHOOTINB AND ANY PROBLEM NOT SOLVABLE IN

THIS TIME FRAME I5 THE TYPE PROBLEM THAT COULD MAKE THE SHORT RENDEZVOUS MAZARDOUSt THUG A
ONE-REV DELAY IN LAUNCH IS WELL ADVISED,

PARTICIPATION---

CREW

PROCEDURES---

IF LAUNCH IS NOT AUTOMATICALLY INITIATED CREW WILL PROCEED THROUGH NO AUTO IGNITION
CHECKLIBT, IF NO IGNITION AFTER THATP LAUNCH IS DELAYED ONE REV WHILE THE PROBLEM IS
ATTACKED BY GROUND AND CREW.

MIB$ION REV DATE SECTION GROUP PAGE

APOLLO _q FNL 12/lfi/7OlTRAJECTORY AND ASCENT
GUIDANCE _-bl
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u0sslou eULES
SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

5-I02, CRITERIA FOR GUIDANCE 5WITCMOVER TO AG5 (PGN$ FAILURE)

COMMENTS

THE RELIABILITY OF THE LGC AS A CONTROL DEVICE IS DEPENDENT ON THE COMPUTATIONAL INTEGRITY

OF THE SOFTWARE, THE LGC IS PROGRAMED TO RECOGNIZE INTERNAL FAULTS OR ERRONEOUS ¢ONDITIONG,
AND CONSEQUENTLY ISSUES A pROGRAM ALARM, THE ALARMS WHICH ARE CONSIDERED TO INVALIDATE THE
LGC AS A CONTROL DEVICE ARE LISTED BELOW---

ALARM CODE ALARM FAULT

20105 AOT MARK SYSTEM IN USE

00214 PROGRAM USING IMU WHEN TURNED OFF

20430 ACCELERATION OVERFLOW IN INTEGRATION

20607 NO SOLUTION FROM TIME-THETA OR TIME-RADIUS ROUTINE

21103 UNUSED CCS BRANCH EXECUTED

Oi10T PHA_E TABLE FAILUREe ASSUME ERASABLE MEMORY DESTROYED

21204 WAITLIST ON JOB FUNCTION CALLED WITH ZERO OR NEGATIVE
DELTA TIME

2E302 SQUARE ROOT CALLED wITH NEGATIVE ARGUMENT

2_50_ KEYBOARD AND DISPLAY ALARM DURING USE

PARTICIPATION

GUIDANCE OFFICER

FLIGHT CREW

CAPCOM

DATA SOURCES

LGC MONITOR-H/St ASCENT/DESCENT DIGITALSt MSK 1594_ MSK 218

PROGRAM ALARM LIGHT

PROCEDURE

A= INDICATION

GROUND OR FLIGHT CREW OBSERVES PROGRAM ALARM LIGHTt AND IDENTIFIES THE ALARM
VIA VOSNO9 (DISPLAY ALARM CODE) OR LGC DOWNLINKED FAILREGIS,

MISSION REV DATE SECTION GROUP PAGE
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MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

5-1021 CRITERIA FOR GUIDANCE SWITCHOVER TO AGB {PONE NAVIGATION ERRORS)

COMMENT

DURING ASCENT THE INSERTION CONDITIONS ARE PREDICTED BY APPLYING THE EXPECTED ACCELERATION
PROFILE TO THE ONBOARD AND GROUND NAVIGATION SDURCE$o THE ACCELERATION THE ADS EPHEMERIBe
THE INSERTION CONDITIONS MONITORED PROFILE IS GENERATED FROM THE STATE OF THE CURRENT
GUIDANCE SYSTEM AND THE NOMINAL INSERTION TARGETBe THE PREDICTION CAPABILITY CAN BE UBED TO
DETERMINE THE REUUIREMENT FOR GUIDANCE SWITCH OvER TO THE AGED IN DOING SOP THE EXPECTED
PGNS PROFILE IS APPLIED TO ARE PERICYNTHION AND APOCYNTHIAN ALTITUDES AND WEDGE ANGLE*

THE MINIMUM ACCEPTABLE HP I$ S0_ODD FEET TO INSURE CREW SAFETYo THE ACCEPTABLE LIMITS FOR
HA AND WEDGE ANGLE ARE TARGET VALUE PLUG AO NINe AND 1tO DEGREEt RESPECTIVELY, THESE VALUES
ARE ARBITRARILY SELECTED AS A REASONABLENESS LIMIT* BINCE SWITCHOVER WILL NOT BE REQUESTED
AFTER T GO DECREASES BELOW 30 SECONDS_ A SLIGHTLY DIFFERENT VALUE WILL BE USED FOR CALLING
SWITCHUVER ON HPt PRELIMINARY ERROR ANLYSIS INDICATEE THAT IF HP DECREASES TO 40rOOD FEET
AT T GG = 30 SECONDEr A 70 PERCENT PROBABILITY EXISTS THAT HP WILL DECREASE BELOW 30tODD
FEET AT INSERTIONt ALLOWING LESS THAN A TO PERCENT CHANCE OF OBTAINING ACCEPTABLE
CONDITIONS SEEMS UNREASONABLEo THEREFOREt sWITCHOVER WILL BE REQUESTED IF AGE PREDICTED MP
DECREASES TO 4Or000 FEET* SINCE THE HA AND WEDGE ANGLE LIMITS ARE STRICTLY ARBITRARY_ NO
PROTECTION WILL BE APPLIED FOR THE 30 SECOND EARLY DECISIONe

PARTICIPATION

GUIDANCE OFFICER

CAPCOM

DATA SOURCES

DELTA VS HP_ MGK 217

GUIDANCE ASCENT/DESCENT DIGITALBt MSK 218

PROCEDURE

A, I_OICATIGN

GDO OBSERVES HAt HP_ OR SIGMA APPROACH LIMIT VALUEe GOO DETERMXNES WHICH

SYSTEM IS DEGRADING BY COMPARING VELOCITY €OMPONENTSt ATTITUDESD AND
sELECTED TRAJECTORY PARAMETERS BASED ON ALL NAVIGATION SOURCESe

B* ACTION

IF ERRORS ARE DETERMINED TO BE IN THE PONE AND T GO 1S GREATER THAN _O
sECONDEr ODD DECLARES ttGUIDANCE SWITCHOVERt PGNS NAVIGATION tl OVER FLIGHT
DIRECTOR LOOPo CAPCDM RELAYS SAME TO CREW OVER THE AIR TO GROUND LOOP=

MISSION REV DATE SECTION GROUP PAGE
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MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

_-103/ CRITERIA FOR GUIDANCE 5WITCHOVER TO AG_ (PGN5 FAILURE)

COMMENTS

SAME AS MISSION RULE 5-I02A

PARTICIPATION

SAME AS MISSION RULE 5-I02A

DATA SOURCES

SAME AS MISSION RULE 5-_02A

PROCEDURE

SAME AS MISSION RULE 5-EO2A

MISSION _EV DATE SECTION GROUP PAGE
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MISSIOm RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM
_.i ..n-.

i-1031 CRITERIA FOR GUIDANCE SWITCHOVER TO AOS (PGNS FAILURE)

COMMENTS

DURING THE POWERED ASCENT PHASED CONTROL WILL BE SWITCHED TO THE AGS WHEN THE PGNS
NAVIGATION DEGRADES TO THE EXTENT WHERE A SAFE iNSERTION ORBIT CAN NO LONGER BE OBTAINED,
THE DEGRADATION IN THE NAVIGATION IS MONITORED BY COMPARING TRAJECTORY PARAMETERS BASED ON
PGNSt AGSI AND MSFN SOURCES, THE PRIMARY PARAMETERS MONITORED ARE VELOCITY COMPONENT
DIFFERENCES, THE LIMiTiNG VALUES OF THE DIFFERENCES HAVE BEEN RECOMMENDED BY GUIDANCE AND
PERFORMANCE BRANCH/MPAD AS DELTA VX • 24 FPSp DELTA VY • 90 FPGo AND DELTA VZ • 37 FPSe THE
VALUES WERE DETERMINED BY DISPERSION ANALYSIS USING THE MONTE CARLO TECHNIQUE= THE VALUES
REPRESENT ERRORS WHICH PRECLUDE MAKING A SAFE ORBIT iNSERTION= THUS= IF THE PGN5 NAVIGATION
IS CONFIRMED AS THE DEGRADED SYSTEM AND ANY PGNS-MSFN VELOCITY DIFFERENCE EXCEED THE
LIMITING VALUEr SWlTCHOVER TO AGS GUIDANCE WILL BE EXECUTED, IN SITUATIONS WHERE A VALID

MSFN VECTOR ISN'T AVAILABLE OOPPLER/PGNS RESIDUALS WILL BE USED TO CONFIRM ANY AGS/PGN$
DIFFERENCES, THE LIMITING DOPPLER/PGNS RESIDUALS ARE DEPENDENT ON THE LANDING SITE GEOMETRY
RELATIVE TO THE EARTH/MOON LINE, FOR HOt THE LIMIT VALUES HAVE BEEN DETERMINED BY MPAD TO
BE 10 FPS FOR DOWN RANGE ERRORS AND 55 FPS FOR RADIAL ERRORS, A LIMITING VALUE OF DELTA
VY=4E FPS WILL BE MAINTAINED FOR DIRECT RENDEZVOUS AND DELTA vY=gO FPS WILL APPLY FOR A
COELLIPTIC SEWUENCE, THIS IS TO PRECLUDE UNDESIREABLE OUT-OF-PLANE CONDITIONS AT TPI FOR
THE DIRECT RENDEZVOUS= IT SHOULD BE NOTED THAT ONLY 0=5 DEO { 45 FPSI OF WEDGE ANGLE _S
STEERED OUT BY THE AGS DURING ASCENT,

PARTICIPATION

GUIDANCE OFFICER

FLIGHT DYNAMICS OFFICER

CAPCOM

FLIGHT CREW

FLIGHT DIRECTOR

DATA SOURCES

GUIDANCE ASCENT STRIPCHART5

GUIDANCE ASCENT/DESCENT DIGITALSt MSK 218

TRAJECTORY PLOTBOARDS

TLM SOURCE COMPARISON_ MSK 0085

PROCEDURE

THE GDO MONITORS THE MSFN_ PGNS_ AGS VELOCITY DIFFERENCES, THE GDO IN COOPERATION WITH FDO
DETERMINES THE ERRONEOUS SYSTEM BY SWITCHING SOURCES ON TRAJECTORY PLOTBOARDS= IF THE PGNS
IS DETERMINED AS THE DEGRADED SYSTEM AND ANY DIFFERENCE VALUE EXCEEDS THE LIMITING VALUEP
GDO DECLARES OVER THE FLIGHT DIRECTOR LOOPt olPGNS NAVIGATION NO-GOw AGS SWITCHOVER II,
CAPCOM RELAYS RECOMMENDATION TO CREW OVER AIR TO GROUND LOOP= FLIGHT CREW PLACES THE GUI_
CONTROL SWITCH TO AGS,

MISSION REV DATE SECTION GROUP PAGE
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MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

)-103( CRITERIA FOR SWITCHOVER TO AGS GUIDANCE (AGS PREDICTED INSERTION CONDITIONS}

COMMENT

SEE RATIONALE FOR MISSION RULE 5-_02B

PARTICIPATION

N/A

)ATA SOURCES

N/A

PROCEDURE

N/A

_-103C CRITERIA FOR GUIDANCE SWITCHOVER TO AGS (PGN$ FAILURE WITHOUT MSFN CONFIRMATION)

COMMENT

SEE RATIONALE FOR MISSION RULE 5-103B

PARTICIPATION

N/A

DATA SOURCES

N/A

PROCEDURE

N/A

i

MISSION REV DATE SECTION GROUP PAGE
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MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

5-104 DECLARATION OF AGS NO-GO FOR NAVIGATI65 ERRORS

COMMENT

SINCE CONSIDERATION MAY BE' GIVEN TO UTILIZE THE AO& FOR GUIDANCE CONTROL FOR INSERTION_ ITS
NAViGATiON MUST BE MONITORED TO iNSURE THE CAPABILITY FOR REACHING A SAFE ORBIT. THE
NAVIGATION IS INITIALLY MONITORED IN THE NAME MANNER AS THE PENS BY COMPARING VELOCITY
COMPONENT DIFFERENCES. ONCE ANY VELOCITY DIFFERENCE IG VIOLATED. THE PREDICTED AGS
INSERTION CONDITIONS ARE EVALUATED. THE AG$ IS DECLARED NO-GO WHEN ERRORS RESULT IN
INSERTION CONDITIONS THAT VIOLATE THE FOLLOWING---

HP LESS THAN 30000 FEETt HA GREATER THAN THE TARGETED VALUE PLUS #O NAUTICAL MILESt OR A
WEDGE AN_LE GREATER THAN 1 DEGREE.

PARTICIPATION

GUIDANCE OFFICER

FLIGHT DYNAMICS OFFICER

CAPCOM

FLIGHT CREW

DATA SOURCES

GUIDANCE ASCENT STRIPCHARTS

GUIDANCE ASCENT DESCENT DIGITALSt HSK 218

TRAJECTORY pLOTBOARDE

PROCEDURE

THE GDO MONITORS MSFNo PGNG9 AGE VELOCITY DIFFERENCES AND PREDICTOR INSERTION CONDITIONS*
THE GDO AND FDO COOPERATE TO DETERMINE THE ERRONEOUS SYSTEM BY SWITCHING PREDICTOR SOURCES*
IF THE AGE I5 DETERMINED TO BE THE DEGRADED SYSTEM AND EXCEEDS THE LIMITS. GDO DECLARES
I°AGS NAVIGATION NO'GO D° OVER THE FLIGHT DIRECTOR LOOP* CAPCOM RELAYS THE SAME TO CREW OVER
THE AIR TO GROUND LOOP*

MISSION REV DATE SECTION GROUP PAGE
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MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEMI

5-105 NO GUIDANCE SWITCHOVER AFTER T GO • 30 SECONDS

COMMENT

GUIDANCE SWITCHOVER IS REQUESTED WHEN THE PRIMARY SYSTEM HAG DEGRADED AWAY FROM NOMINAL TO
AN UNACCEPTABLE EXTENT* AFTER SWlTCHOVERt LARGE STEERING TRANSIENTS ARE INCURRED AS THE
BACKUP SYSTEM ATTEMPTS TO CORRECT THE DEVIATION* IF Sw|TCHDVER IS TO BE EXERCISED_ ADEQUATE
TIME SHOULD BE ALLOWED PRIOR TO INSERTION FOR THE TRANSIENTS TO _E DAMPED OUT, AS A RESULTt
THE GROUND WILL NOT REQUEST GUIDANCE SWITCHOVER AFTER T GO E_UAL$ 30 SECONDS, THE TIME
INTERVAL WAS SELECTED BASED ON PREVIOUS MISSION EXPERIENCE AND ACCOUNTS FOR DATA DELAYS AND
REACTION TIMES,

PARTICIPATION

N/A

DATA SOURCES

N/A

PROCEDURE

N/A

MISSION REV DATE SECTION GROUP PAGE
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MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

5-i11 RENDEZVOUS MANEUVER SELECTION LOGIC

COMMENTS---

THERE ARE SEVEN ACCEPTABLE. TECHNIQUES WHICH PROVIDE ONBOARD RENDEVOUS NAVIGATION, EACH OF

THESE SCHEMES WILL PROVIDE CORRECTED STATE VECTORS WITH WHICH ONBOARO COMPUTERS CALCULATE
RENDEZVOUS MANEUVERS, THE RULE IS PROVIDED THAT THE CREW MIGHT HAVE A BASIS FOR SELECTING
THE MOST CORRECT OF THE SOLUTIONS AVAILABLE,

BY EXAMINING THE THREE AVAILABLE SOLUTIONS (PGNCSp AGS_ CMC IN ORDER OF PRIORITY) THE CREW
WILL ESSENTIALLY VOTE TWO-OF-THREE AND EXECUTE THE HIGHER PRIORITY OF THE MORE CLOSELY

AGREEING SOLUTIONS, AGREEMENT HAS BEEN DEFINED BASED ON THE PREDICTED ACCURACIES Of THE
VARIOUS NAVIGATION 5CHEMES AND_ WHILE SOME CASES MAY REALIZE BETTER AGREEMENT THAN THIEf

THE NUMBERS PROVIDED ARE ADEQUATE FOR ALL RENDEVOUS PROFILESt INCLUDING DESCENT ABORTS,

IT IS RECOGNIZED THAT CERTAIN JUDGEMENTS WILL BE MADE BY THE CREW WHEN NAVIGATION SYSTEMS
PERFORMANCE BECOMES DEGRADED DUE TO ONBOARD MALFUNCTIONS, IN SUCH CASEGt WHEN GROUND

ASGISTANCE .IS UNAVAILABLEP CREW JUDGEMENT 15 DEPENDED uPON TO EXECUTE THE MOST CORRECT OF
THE AVAILABLE SOLUTIONS.

DATA SOURCES

CSM

LM

PARTICIPATION

CREW

PROCEDURE

ONBOARD

MIGSIQN REV DATE SECTION GROUP PAGE
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MISSION RULES

SECTION S - TRAJECTORY AND GUIDANCE

R ITEM

5-112 RENDEZVOUS TARGETING CONSTRAINTS

COMMENTS

LIFT-OFF WILL BE COMPUTED FOR BOTH THE COELLIPTtC SEQUENCE AND THE SHORT RENDEZVOUS
OBSERVING SEVERAL CONSTRAINTS* THESE GUIDELINES ARE DESIGNED TO AFFORD AN ENTIRELY NOMINAL
RENDEZVOUS IN TERMS OF CREW TRAININGw RELATIVE VEHICLE TRAJECTORIESP ETC, t SO AS TO
MAXIMIZE THE APPLICABILITY OF THIS TRAINING*

THE FIRST CONSTRAINT IS A 15 NM DELTA He FOR THE COELLIPTIC SEQUENCE THIS DELTA H, 1S
ESTABLISHED AT CDHo WHILE IN THE SHORT RENDEZVOUS IT IS ONE OF THE TPI OFFSET CONDITIONS TO
BE ACHIEVED= THIS NOMINAL DELTA H STANDARDIZES THE ENTIRE TERMINAL PHASE TRAJECTORY*

OTHER TPI POSITION CONSTRAINTS IFOR THE SHORT RENDEZVOUS) ARE THAT TPI WILL OCCUR 38
MINUTES AFTER INSERTION AT A PHASE ANGLE OF 1,69 DES* FOR THE ¢OELLIPTIC SEQUENCE
RENDEZVOUSt TPI WILL OCCUR 16 MINUTES PRIOR TO SUNRISE AT AN ELEVATION ANGLE OF 26,b DES*

DATA pRIORITY HAS ESTABLISHED THAT THE SHORT RENDEZVOUS WILL BE ATTEMPTED (FROM A
TRAJECTORY STANDPOINT)t ONLY WHEN THE INSERTION WEDGE ANGLE IS PREDICTED TO BE ZERO* THIS
CRITERION WAS DETERMINED BECAUSE OUT OF PLANE CONDITIONS AT TPF ARE GENERALLY UNDESIRABLE
AND COMMITTING TO THE SHORT RENDEZVOUS KNOWING THESE CONDITIONS WILL EXIST WAS THOUGHT TO
BE ILL-ADVISED, THUSt ONLY AS LONG AS ASCENT YAW STEERING CAN REDUCE THE INSERTION WEDGE TO
ZEROt WILL THE SHORT RENDEZVOUS BE CONSIDERED AN ACCEPTABLE TECHNIQUE,

THE FINAL CONSTRAINT APPLIES ONLY TO THE COELLIPTIC SEQUENCE* SPECIFICALLY_ LIFT-OFF WILL
BE ESTABLISHED SUCH THAT CDH SHOULD BE APPROXIMATELY ZERO DELTA V, THIS CRITERION WAS
ESTABLISHED IN DATA PRIORITY AS A DESIRABLE CONSTRAINT SINCE IT MAXIMIZES THE PROBABILITY
OF BEING ABLE TO FOREGO ¢DH THUS AFFORDING A LONGP UNDISTURBED TRACKING ARC FOR THE TP[
SOLUTIONSt IN ADDITION TO ELIMINATING ONE MANEUVER*

DATA SOURCES

RPT (RENDEZVOUS PLAN TABLE)

LTT (LAUNCH TARGETING TABLE)

MPT

PARTICIPATION

FDO

PROCEDURES

COELLIPTIC RENDEZVOUS SEOUENCE_"

BY UTILIZING THE VARIOUS CONTROLS AVAILABLE IN THE LAUNCH WINDOW PROGRAMt FDO CAN ESTABLISH
THE NOMINAL DELTA H AND TPI TIMES, THE GENERAL TECHNIQUE USED IS TO VARY BOTH HORIZONTAL
AND RADIAL INSERTION VELOCITY UNTIL THE DESIRED CONDITIONS ARE MET, THIS IS NORMALLY DONE
uTILIZING CURVES SUPPLIED BY MPAD= THE FINAL MANEUVER WILL BE TRANSFERRED FROM THE LAUNCH
WINDOW (RPT) TO THE MPT*

SHORT RENDEZVOUS--- ALL SHORT RENDEZVOUS CONSTRAINTS CAN BE MET WITH ONE ITERATION OF THE
LAUNCH TARGETING TABLE_ ALL CONSTRAINTS ARE MET AUTOMATICALLYt THUS ELIMINATING THE NEED

O_.M_NUAL._TERAT_O_, THE HA_UVER _L_ E_ COffPUT_D, IN THE LTT_ TRaNSFeRRED TO THE LAUNC_

M

MISSION REV I DATE SECTION GROUP PAGE
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MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

5-113 COELLIPTIC SEQUENCE RENDEZVOUS EXECUTION CONSTRAINTS

COMMENTS

THE NOMINAL DELTA H IS DEFINED AS THE TARGETED DELTA H DURING RENDEZVOUS PLANNING, THIS
DELTA H WILL BE MAINTAINED WITHIN +/" 5 MINUTESt A5 LONE AS CONDITIONS WILL ALLOW. IT WILL
HOWEVERt BE THE FIRST CONSTRAINT TO BE SLIPPED IN THE PRESENCE OF REAL TIME DISPERSIONS_
ETC,

TP1 WILL NOT BE MOVED ANY EARLIER THAN 31 MINUTES PRIOR TO SUNRISE DUE TO CSM TRACKING
CONSTRAINTS, NAMELYP Bl MINUTES ALLOWS THE CMP _ MINUTES AFTER SUNSET IN WHICH TO OBTAIN
SEXTANT TRACKING FOR _IS TPI SOLUTION, SINCE THE CMC SOLUTION IS INVOLVED IN THE VOTING
LOGIC CONCERNING WHICH TPI TO EXECUTE AND SINCE SEXTANT TRACKING IS REQUIRED {ALONG WITH

VHF RANGING) TO OBTAIN A CMC SOLUTION_ THIS CONSTRAINT MUST BE OBSERVED, THOUGH TPI IS
SCHEDULED 16 MINUTES PRIOR TO SUNRISEt THIS CONSTRAINT ALLOWS IT TO BE MOVED UP TO Z5

MINUTES EARLY IF REAL TIME CONDITIONS DICTATE, THERE IS NO CONSTRAINT ON MOVING TPI LATER
THAN NOMINAL.

THE DELTA T BETWEEN CDH AND TPI IS NOMINALLY 38 MINUTES, THIS PRESENTS A COMFORTABLE
TIMELINE FOR RENDEZVOUS NAVIGATION_ MANEUVER COMPUTATION AND BURN PREPARATION, IN THE
PRESENCE OF REAL-TIME DISPERSIONS* THIS DELTA MAY BE SHORTENED TO AS LITTLE AS 30 MINUTESp
BUT THIS IS UNDESIREABLE, IT WILL BE MAINTAINED ABOVE 32 AS LONG AS IS FEASIBLE* THIS
CONSTRAINT WILL BE THE LAST GUIDELINE TO BE VIOLATED,

DATA SOURCES

RET (RENDEZUOUS EVALUATION TABLE)

RPT (RENDEZVOUS PLAN TABLE)

MPT {MISSION PLAN TABLE)

PARTICIPATION

FOG

FLIGHT

CREW

PROCEDURES

DURING THE COURSE OF RENDEZVOUS PLANNINGt FDO WILL EXAMINE PARAMETERS SUCH AS DELTA Mt TPI
TIME RELATIVE TO SUNRISEt ELEVATION ANGLE. ETC, THE NOMINAL LIFT-OFF WILL MAINTAIN ALL OF
THESE PARAMETERS AT THEIR PREMISSION VALUES, AFTER INSERTIONt HOWEVER_ IF DISPERSIONS
BEGIN TO DEVIATE THE TRAJECTORY FROM THE NOMINAL_ CERTAIN OF THESE PARAMETERS WILL BE
ALLOWED TO VARY, THE THREE PARAMETERS THAT ALLOW THE MOST FLEXIBILITY IN MANEUVER
COMPUTATION/EXECUTION ARE TPI TIME_ DELTA H, AND FINALLY THE DELTA T FROM CDH TO TPI,

THESE QUANTITIES WILL BE VARIED, AS REQUIREDt IN THE ORDER THEY ARE LISTED. REPRESENTATIVE
VARIATIONS ARE--- +/- 5 MINUTES_ +/- 3 N,M,* AND + B TO 5 MINUTES, ONLY UNDER THE MOST
EXTREME CIRCUMSTANCES WOULD THE DELTA T FROM CDH TO TPI BE DECRESASED SIGNIFICANTLY* AS THE
DELTA T IS CRITICAL IN OBTAINING GOOD ONBOARO TPI SOLUTIONS. DELTA T IS CRITICAL IN
OBTAINING GOOD ONBOARD TPI SOLUTIONSI IN FACT* DELETING CDH HAS BEEN SHOWN TO BE* IN

CASESP AN ACCEPTABLE ALTERNATE TO SHORTENING THE DELTA T BETWEEN THE TWO MANEUVERS.

ENGINEERING JUDGEMENTt COUPLED WITH SIMULATION EXPERIENCEJ MUST TEMPER THE VARIOUS
TRADEOFFS THAT HAVE TO BE MADE DURING RENDEZVOUS PLANNING,

MISSION !REV DATE SECTION GROUP PAGE
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MISSION RULES

SECTION _ = TRAJECTORY AND GUIDANCE

R ITEt_

_-114 TWEAK/BAIL-OUT DECISION CRITERIA

COMMENTS

DATA PRIORITY HA5 ESTABLISHED CERTAIN CRITERIA IN THE PRESENCE OF WHICH THE BAIL-OUT
MANEUVER (TO TRANSFER FROM THE SHORT RENDEZUOUS SEQUENCE TO THE STANDARD COELLIPTIC
SEQUENCE) WILL BE EXECUTED, THE PRIMARY CONSIDERATION IS THE DELTA V LIMIT WHICH WAS
ESTABLISHED USING TWO RATIONALE, THE FIRST IS THAT RETROGRADE TWEAKS ARE NECESSARILY
LIMITED TO 60 pPS DUE TO LM -X ROB BURN CONSTRAINTS CONSIDERATIONS, SINCE THIS LIMIT
EXISTS AND ANY VALUE FOR EITHER POBIGRADE OR OUT-OF PLANE TWEAKS GREATER THAN 60 FPS WOULD
BORDER ON uNREASONABLENESS_ THE SECOND RATIONALE I5 SIMPLY A REASONABLENESS TEST, THUS, THE
RULE STATES THAT ANY TWEAK LARGER THAN SO FPS WILL RESULT IN EXECUTION OF THE BAIL-OUT
MANEUVER*

THE SECONDARY (IN TERMS OF PROBABILITY) CONSIDERATION IS A PURE TRAJECTORY CONCERN, NAMELY
THAT THE BAIL-OUT WILL BE EXECUTED IF THE POST-TWEAK PERICYNTHIAN IS LESS THAN 5 MINUTES,
ALTHOUGH THIS pERILUNE IS ALWAYS BEHIND THE SPACECRAFT, AND pROPER EXECUTION OF THE ENSUING
RENDEZVOUS WOULD RESULT IN CONTINUAL INCREASES IN PERILUNEt IT SEEMS WELL ADVISED TO
MAINTAIN A CLEAR ORBIT AT ALL TIMESt IF ONLY TO PROTECT AGAINST THOSE REMOTE FAILURES THAT
COULD LEAVE THE LM IN A LOW/IMPACTING ORBIT WITHOUT PROPULSION*

DATA SOURCES---

ARM

SHORT ARM

PARTICIPANTS

POD

FLIGHT

CREW

PROCEDURES

AFTER INSERTIONt FDO WILL EXAMINE THE TWEAK MANEUVERS ON THE SHORT ARM DISPLAY* AFTER
DECIDING WHICH OF THE THREEt AVAILABLE SOLUTIONS (PNGSt AGS_ MSFNI IS MOST CORRECT, THE
RULES WILL BE INVOKED, IF EITHER CRITERIA IS VIOLATED_ HE WILL RECOMMEND EXECUTION OF THE
BAIL-OUT MANEUVER TO THE pLIGHT DIRECTOR, THE SOLUTION FOR THE BAIL-OUT MANEUVER IS
AVAILABLE ON THE ARM DISPLAY AND WILL BE FROM THE SAME SOURCE AS THE ONE USED FOR THE TWEAK
DECISION*

THE DECISION WILL BE VOICED TO THE CREW AT APPROXIMATELY INSERTION PLUS 2 MINUTE5 ALONG
WITH THE IGNITION TIME AND DELTA V COMPONENTS. THE CREW WILL EXECUTE THE TWEAK AT
INSERTION PLUS _ MINUTES OR THE BAIL-OUT AT INSERTION PLUS 5 MINUTES=

MISSION REV DATE SECTION GROUP PAGE
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MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

R ITEM

5-1Z5 REQUIRED RENDEZVOUS NAVIGATION TECHNIQUES

COMMENTS---

DATA PRIORITY HAS ESTABLISHED THAT IN ORDER TO COMMIT TO THE SHORT RENDEZVOUSP TWO
INDEPENDENT ONBOARD NAVIGATION METHODS MUST BE AVAILABLE, THE LISTED TECHNIQUES REPRESENT
THOSE METHODS THAT ARE ADEQUATE TO SUPPORT THIS RENDEZVOUS PROFILE, BASED ON THIS
GROUNDRULEP A MATRIX WAS CONSTRUCTED TO IDENTIFY THOSE COMBINATIONS OF FAILURES WHICH
VIOLATE THIS CRITERION (SEE RULE 3-81),

THE RATIONALE BEHIND THIS DECISION WAS---

I* DUE TO THE SENSITIVITY OF THE SHORT RENDEZUOUS TRAJECTORY TO 3G DISPERSIONSp THE
GROUND (UTILIZING MSFN DATA) IS NOT NOMINALLy CONSIDERED AN ACCEPTABLE SOURCE FOR TPI,

2, THE GROUND CAN COMPUTE AN ACCEPTABLE CSIo CDHI AND TPI SEQUENCE USING M_FN DATA,
SINCE THIS SEQUENCE IS ONLY SLIGHTLY LESS DESIREABLE THAN THE NOMINAL TECHNIQUEt IT IS THE
PRIMARY BACKUP AND WILL BE EXECUTED IN ALL CASES _EXCEPT TIME CRITICAL), DURING THE
COELLIPTIC SEQUENCE HOWEVER_ THE GROUND IB ONLY A BACKUP FOR MANEUVER COMPUTATION AND WILL
PASS SOLUTIONS FOR EXECUTION ONLY WHEN VEHICLE SYSTEM FAILURES MAKE ONBOARD NAVIGATION
IMPOSSIBLE*

3, A GROUND COMPUTED TPI {FOR THE BHORT RENDEZVOUB) IS THE LEAST DESIREABLE OF THE
OPTIONS FOR RENDEZOUS, IN CRITICAL BITUATIONS HOWEVERt BROUGHT ABOUT BY SINGLE OR MULTIPLE
FAILURES POST-TWEAKt THE GROUND WILL PASS TPI FOR ONBOARD EXECUTION* HOWEVERt ONBOARD
NAVIGATION IS RECOGNIZED AS MANDATORY FOR MCC 2 COMPUTATION THESE CASGS=

COMMITMENT TO THE SHORT RENDEZVOUB MAY INVOLVE TWO DIFFERENT TIME-FRAMES, MAJOR SYBTEM5
VERIFICATION WILL BE CONDUCTED PRIOR TO LIFT-OFF, IF AT THAT TIME ALL CRITICAL SYSTEMS ARE
VERIFIED-WHETHER BY ACTUAL TEST OR ASSUMPTIONS BABED ON PREVIOUS PERFORMANCE-L/O WILL BE
TARGETED ASSUMING THE SHORT PROFILE* IF SYSTEM FAILURES CAUSE VIOLATION OF THE MATRIX IN
RULE S-Blt L/O WILL BE TARGETED FOR THE COELLIPTIC SEQUENCE,

ANOTHER _O/NO GO OPPORTUNITY IS PRESENTED IN THE TIME FRAME BETWEEN INSERTION AND THE
TWEAK/BAIL OUT DECISION, SINCE THIS TIME FRAME (2-3 MINUTES) IS TOO BRIEF FOR MAJOR SYSTEM
CHECKSt ONLY THE MANDATORY LM COMPUTERS WILL BE VERIFIEDt BASED UPON THEIR ASCENT
PERFORMANCE, ALL OTHER SYSTEMS WHICH WERE VERIFIED ON THE SURFACE ARE ASSUMED TO BE
FUNCTIONING PROPERLY. FAILURE OF A MANDATORY COMPUTER WOULD NORMALLY RESULT IN EXECUTION
OF THE BAIL OUT MANEUVER,

PARTICIPANTS--"

FLIGHT DIRECTOR

FDO

GUIDANCE

CONTROL

TELMU

G&C

cRE_
PROCEDURES---

l* PRIOR TO L/O* ALL INVOLVED MOCR POSITIONS MUST IDENTIFY TO FLIGHT ANY FAILED SYSTEMS,
THIS MAY REQUIRE CREW CHECKS* FLIGHT WILL DETERMINE WHICH RENDEZVOUS PROFILE IB TO BE
EXECUTED,

2, FDO WILL TARGET L/O AB A FUNCTION OF THE PROFILE TO BE FLOWN,

5, AT INSERTION_ STATUS OF ANY MANDATORY LM COMPUTER WELL CHECKED, BARRING FAILURE OF A
COMPUTER_ THE NOMINAL RENDEZVOUS TIMELINE WILL PROCEED,

4, FOO WILL PASS THE TWEAK OR THE BAIL OUT MANEUVER IN ACCORDANCE WITH THE POST-INSERTION
DECISION,
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5"12Z TEC MCC ENTRY TARGETING

COMMENTS

A= THE STEEP TARGET LINE IS FOR THE CENTER OF THE CORRIDOR= THIS INSURES A SAFE
ENTRY FROM HIGH GS (THE NOMINAL IS ABOUT 6G) AND AT THE SAME TIME_ IT AVOIDS
FLYING IN A SENSITIVE REGION OF THE CORRIDOR THAT IS SUSCEPTIBLE TO SKIPPING
OUT.

THE G AND N OPERATES VERY WELL FROM THE STEEp TARGET LINE EXCEPT THAT IT
LIMITS THE MAXIMUM RANGE CAPABILITY TO LESS THAN 2000 N,Mat BUT THE NOMINAL
ENTRY RANGE IS APPROXIMATELY 12_0 N.M,o SO THIS DOES NOT CAUSE ANY PROBLEM,
THE EMS ENTRY MODE USES THE CONSTANT G MODE UNTIL THE ENTRY VELOCITY FALLS
B_LON 2fl_300 FPS_ AND THEN THE EMG IS USED FUN RANGING 30 ITS OPERATION IS
COMPATIBLE WITH THE STEEP TARGET LINE,

B, THE SHALLOW TARGET LINE ALLOWS THE G AND N TO FLY ITS MAXIMUM RANGING
CAPABILITY OF 2300 N,M, FOR LUNAR RETURN VELOCITIES. THIS IS A SKIP-TYPE
ENTRY WHICH IS A VERY SENSITIVE TYPE OF ENTRY. FOR VELOCITIES EQUAL TO OR
LESS THAN 31_000 FRS_ THE STEEP TARGET LINE LIMITS THE G AND N GUIDED RANGE
TO AROUND 1300 N,M. FOR VELOCITIES EQUAL TO OR LESS THAN _ltO00 FPSp THE
SHALLOW TARGET LINE IS REQUIRED IN ORDER FOR THE G AND N TO FLY GREATER
RANGES.

5_122 TEC MCC PHILOSOPHY

COMMENTS

A AND B.

THE G AND N IS THE BEST MODE FOR CONTROLLING A BURNP AND IS DESIRED, WHEN
THE GAMMA IS OUTSIDE THE ENTRY OORRIDORp AN MCC WILL BE SCHEDULED* AS SOON
AS IT CAN BE WORKED INTO THE TIMELINE BECAUSE IT IS DESIRABLE TO STAY WITHIN

THE CORRIDOR AT ALL TIMES.

C, AN SPS MINIMUM IMPULSE BURN RESULTS IN A DELTA V THAT IS A FUNCTION OF THE
MASS OF THE VEHICLE CONFIGURATION. PREMISSION TRANSEARTH PLANNING RESULTS
IN A DELTA V E_UIVALENT TO A MINIMUM IMPULSE VALUE WHICH REFLECTS NOMINAL
MANEUVERS, BUT MANEUVERS ARE NEVER COMPLETELY NOMINALt HENCE, A PERMISSION

DELTA V BASED ON THE NOMINAL MAY NOT BE RELEVANT TO THE REAL TIME MINIMUM
IMPULSE DELTA V, IN PACT_ IT IS POBSIBLE TO DEFINE A DELTA V SMALLER THAN

THE REAL TIME MINIMUM IMPULSE DELTA V WHICH MEANS THAT TO uSE THE SPS FOR AN
MCC, ONE WOULD HAVE TO VIOLATE THE RULE, THEREFORE= IT IS BEST TO DEFINE
THE DELTA V AS THAT INHERENT IN A MINIMUM IMPULSE SPS BURN,

REFERENCE

DATA PRIORITY

OPERATIONAL OPINIONS=
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5-123 TEC MCC FOR LANDING AREA CONTROL

COMMENTS

ASB* AN MCC CAN BE USED TO, CONTROL THE LANDING AREA PRIOR TO E1-24 MRS FOR
AVOIDING BAD WEATHER, OR FOR RECOVERY ACCESSe

EI DELTA V REQUIRED TO CHANGE LANDING LONGITUDE 1 DEC

60-70 HRS APPROX. 5 FPS

24 HRS APPROX. 25 FPS

15 HRS APPROX, 55 FPS

THE DATA ABOVE SHOW THAT AFTER EI-24 HRSt IT TAKES OUITE A BIT OF OELTA V TO
CHANGE THE LANDING AREA VERY MUCH. IF A LARGE MCC I5 DONE_ IT WOULD REQUIRE
SEVERAL HOURS OF TRACKING AND THEN ANOTHER MCC PRIOR TO ENTRY, BUT PRIOR TO
EI-24 HRBt THE AREA CAN BE CHANGED WITHOUT MUCH DELTA V AND WITH PLENTY OF
TIME TO TRACK AND DO ANY NEEDED MCC,

IT SHOULD BE EMPHASIZED THAT THE LOCATION OF THE OPERATIONAL FOOTPRINT HAS
AS ITS PRIMARY OBJECTIVE THE REQUIREMENT THAT IT CONTAIN NO LAND MASSES*
BECAUSE OF THE RELATIVELY LARGE NUMBER OF SMALL ISLANDS IN THE MID-PACIFIC
AREA* IT IS NOT ALWAYS POSSIBLE TO MEET THE ABOVE REQUIREMENT= IN THESE
CASES, SMALL LAND MASSES ARE ACCEPTABLE WITHIN THE FOOTPRINT, PROVIDED THAT
THEY ARE AWAY FROM THE PRIME AND BACKUP TARGETS WITHIN THE FOOTPRINT, THAT
ISt IN AREAS WHERE OPERATIONAL OPINION DICTATES THAT LAND IMPACT IS HIGHLY
UNLIKELY BECAUSE THESE AREAS REPRESENT EXTREME GUIDANCE DISPERSIONS WITHIN

SYSTEM LIMITS,

IN REAL TIME FOR REASONS OF WEATHER AVOIDANCEt GUIDANCEP OR TRAJECTORY
ANOMALIES, IT MAY BECOME NECESSARY TO SHIFT THE FOOTPRINT TO ACCOMMODATE A
RELOCATION OF THE TARGET POINT, IN SUCH CASESD THE SHIFT OF THE FOOTPRINT
MAY RESULT IN CONTAINING LAND MASSES* IF THIS OCCURSt A REAL TIME AGREEMENT
MUST RESULT BETWEEN FDB AND LRD TO BUY OFF ON THE ACCEPTABILITY OF THESE
LAND MASSES wITHIN THE FOOTPRINT*

NOTE---

THE AREA THAT IS OPERATIONALLY ACCESSIBLE IS BASED UPON ENTRY FLIGHT PATH
ANGLES BETWEEN " 6*3 DEGREE TO " 6,6 DEGREE (MEC-7 EXECUTION CRITERIA) AND
THE DISPERSIONS ASSOCIATED WITH EACH OF THE ENTRY MODES. THE El POINT AND
THE CONSTANT 4G RANGE POTENTIAL VARY AS THE ENTRY FLIGHT PATH ANGLE VARIES
ABOUT THE NOMINAL OF -6=5 DEGREE* THE EI POINT CHANGES 10 NoR, PER eZ DEGREE
AND THE CONSTANT 4G RANGE POTENTIAL CHANGES 25 NoMo UPRANGE PER -.1 DEGREE
AND 45 N*M. DOWNRANGE PER +,2*

THE G AND N LANDING AREA - THE 70 NoN*TO EITHER SIDE OF THE GROUND TRACK IS
THE CROSSRANGE CAPABILITY OF THE G AND N AT 1250 N,M. THE 91BN*MoUPRANGE IS
THE SHORTEST POSSIBLE RANGE FOR A CONSTANT 4B ENTRY* THE 2000NON* DOWNRANGE
IS BASED ON FLYING THE G AND N TO THE MAXIMUM OPERATIONAL RANGE OF 1800 N,M*

AND A_LOWING AH ADDITIONAL _ NoM.=PA_I, , :;; ...... _ ;. = _',!rf " "'_ ..... 'L''i; :.......

THE EMS LANDING AREA - THE +/- 52 N,M* IN CROSSRANGE 15 THE EMS CROGSRANGE
DISPERSION. THE 61 N,M, UPRANGE BOUNDARY IS THE SUM OF---

A. 26 NoM* FROM EMS DISPERSION*

B. lO NoMo FROM -*Z DEGREE FLIGHT PATH ANGLE CHANGE*

C. 25 N.M. FROM 4G RANGE POTENTIAL CHANGE.

THE 91 N*Mo DOWNRANGE BOUNDARY IS THE SUM OF---

A, 26 N.M. FROM EMS DISPERSION.

B. 20 NoN* FROM &.2 DEGREE FLIGHT PATH ANGLE CHANGE*

C. 45 N.M. FROM 4G RANGE POTENTIAL CHANGE.

FOR AN EARLY G AND N FAILURE_ THE EMS ENTRY IS TARGETED TO THE CONSTANT 4G .
TRAGET POINTy THEREFOREt THE OPERATIONAL FOOTPRINT ASSUMES THAT THE EMS
TARGET POINT5 ARE COINCIDENT WITH THE CONSTANT 4G TARGET POINTSe
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¢ONTmI

THE CONSTANT 4G LANDING AREA - THE +/- 27 N,M*t IS THE CROSSRANGE DISPERSION
FOR A CONSTANT 4G ENTRY, THE ZlO N*M= UPRANGE BOUNDARY 15 THE SUM OF _-

A, 73 N,M= FROM 4G DISPERSION=

Bo _0 N,M, FROM ",_ DEGREE FLIGHT PATH ANGLE CHANGE,

C= 25 NeM* FROM #G RANGE POTENTIAL CHANGE,

THE _40 N,M, DOWNRANGE BOUNDARY IS THE SUM OF---

A* 73 N,M, FROM 4G DIGPERBION,

Be 20 N*M, FROM +,20EGREE FLIGHT PATH ANGLE CHANGE,

C, _5 NeHe FROM 4G RANGE POTENTIAL CHANGE*

--250 NM--

•_-152 aa-'_ _Roll rightconstant4g IP
/--

'70 NM,15NM-/ , / '
/_"-_-._----'_ _ NM 2000 NM

• __"_gOtl le_-'_-,:\ Constant 4g entry dispersion area
Constant X--EMS dispersionarea
4g IP
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5-125 BACKUP ENTRY CONSTRAINTS

COMMENTS

A, THE CONSTANT G ENTRY 'IS A BACKUP TO THE G AND N ENTRY MODE, AFTER PEAK G THE
LIFT VECTOR 15 MANUALLY BANKED TO THE RIGHT (NORTH) AND CONTROLLED TO
MAINTAIN A PREDETERMINED G-LEVEL. A CONSTANT G MODE OF EQUAL TO OR LESS THAN
3 G IS VERY SENSITIVE AND MAY SKIP OUT, A CONSTANT G MODE OF EUUAL TO OR

GREATER THAN 5 G IS DIFFICULT TO CONTROL BECAUSE IT REQUIRES SEVERAL LARGE
CORRECTIONS (30 DEG - 50 DEG) OF THE LIFT VECTOR ORIENTATIONS TO MAINTAIN
THE CONSTANT G, THERE IS ALSO A CREW HAZARD ASSOCIATED WITH SUSTAINED GJB OF

5 G,

B, T_E EMS IS USED FOR RANGING ONLY WHEN THE G AND N HAS FAILED, IN THIS CASE.

THERE IS NOT ANY POSITIVE CHECK ENTRY, IT COULD CAUSE A TRAJECTORY THAT
WOULD SKIP OUT AND BE CATASTROPHIC-- BUT, ONCE THE VELOCITY 15 EQUAL TO OR
LESS THAN 25.500 FPS AN EMS FAILURE WOULD ONLY CAUSE A MISS OF THE TARGET,

DURING THE EARLY PART OF THE ENTRY, THE CONSTANT G MODE CAN BE FLOWN U$1NG
THE EMS G DISPLAY AND CHECKED BY THE G-METER OR VICE VERSAo IF THEY
DISAGREEt A SEAT-OF-THE-PANTS MEASUREMENT MUST BE USED TO DETERMINE WHICH IS

CORRECT,

REFERENCE

MEMORANDUM, SUBJECT--- LOAD FACTOR DURATION ENCOUNTERED DURING LUNAR RETURNS ENTRY WITH THE

CONSTANT G BACKUP MODE_ DATED AUGUST 7t _gbBo
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i-126 WEATHER AVOIDANCE DURING ENTRY

COMMENTS

THE G AND N HAS THE CAPABILITY OF FLYING AN ENTRY FROM 1100 N,M, TO 2500 N,M, RANGEr BUT IT

HAS BEEN AGREED WITH THE CREW IN DATA PRIORITY MEETINGS THAT IHE RANGE WILL BE LIMITED TO
iBOO N,M= A RANGE OF LESS THAN 1800 N,M, AVOIDS THE USE OF P6b, P86 TARGETS FOR A
TRAJECTORY THAT SKIPS TO A REGION WHERE THE DRAG LEVEL IS LESS THAN Oa2G,

THEREFOREt THE G AND N ENTRY RANGE CAN BE VARIED FROM llO0 NoM, TO IdOO N,M, FOR AVOIDING
WEATHER AND THE EMS ENTRY RANGE CAN VARY FROM iIOO NoM= TO 16DO N,M, FOR WEATHER AV)IDANCE,

REFERENCE

OPERATIONAL OPINIONS, DATA PRIORITY S-PA-gT-O40 (TEIp MCC AND ENTRY),
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5-127 PREDICTED ENTRY CORRIDOR VIOLATION AFTER THE LAST MCC OPPORTUNITY

COMMENTS

THE LAGT MCC I5 SCHEDULED AT EI-3 HRSp AND IT TAKES ABOUT AN HOUR OF TRACKING TO DETERMINE
AN ACCURATE STATE VECTOR AFTER THE BURN, AT EI-3 HRSt IT TAKES APPROX* @ FPS TO CORRECT 1
DEG OF GAMMA AT EIp BUT AFTER ABOUT EI-2 HRSo THE DELTA V REQUIRED TO CORRECT GAMMA AT EIGROWS RAPIDLY,

IF THE UNDERSHOOT LINE 15 EXCEEDED, FULL LIFT SHOULD BE FLOW UNTIL AFTERPEAK G TO AVOID
HIGH GSo THEN THE CONTROL MAY SE GIVEN TO THE G AND N TO GET AS CLOSE TO THE TARGET ASPOSSIBLEJ

IF THE OVERSHOOT LINE 16 EXCEEDEDt NEGATIVE LIFT SHOULD BE FLOWN UNTIL AFTER 2G_S ARE
REACHED TO ASSUNE CAPTURE, IN THIS CASE THE G AND N WOULD FLY UP AGAINST THE ZOG LIMITERo
TRYING TO HIT THE TARGET, BUT WOULD STILL LAND LONG-- THEREFOREP AFTER CAPTURE A CONSTANT
4G ENTRY SHOULD DE FLOWN, THE 4G ENTRY HAS A SHORT RANGE ASSOCIATED WITH IT AND WOuLo AVOIDTHE HIGH GtS,

REFERENCE

OPERATIONAL OPINION, DATA PRIORITY S-PA-gT-040 (TEIt MGCo AND ENTRY),
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5-130 G AND N NO-GO CRITERIA DURING ENTRY

COMMENTS

A* AND B*

WHEN THE ENTRY RANGE IS GREATER THAN 1350 N*M*t THE CMC WILL ENTER PSb WHICH
DISPLAYS A TARGET VELOCITY AS VL AND OL AND CAN BE USED TO QUALIFY THE CMC
NAVIGATION PRIOR TO PEG IN ORDER TO COMMIT THE G AND N FOR THE REMAINDER OF
THE ENTRY* THE CREW IS VOICED THE G AND N GO/NO-GO* THE LIMITS ARE BASED UN

VAR]OU$ ERRORS SOURCES {ATMOSPHEREt L/Dr G AND N 3 SIGMA ERRORSm ETC*) WHICH
ARE FIXED PREMISSIONt HOWEVERt THE LIMITS MUST ALSO INCLUDE A BIAS FUR THE
SPECIFIC ENTRY RANGE AND ENTRY CONDITIONS WHICH CANNOT BE FIXED PREMISSIUN,

THEREFORE_ THE LIMITS ON VL AN_ DL WILL BE DETERMINED FROM CURVES DURING
REAL TIME,

C* AND D*

THE G AND N IS DESIGNED SUCH THAT IT SHOULD ALWAYS FLY THE ENTRY WITHIN THE
EMS ON-SET AND OFF-SET LIMIT LINES* IF THE G-METER AGREES WITH THE G
INDICATED BY THE EMBo THERE ARE TWO INDEPENDENT SOURCES THAT INDICATE THE G
AND N IS NOT PERFORMING PROPERLY*

E, AND F*

AT El-Z7 MIN, A HORIZON MONITOR ATTITUDE CHECK IS MADE ON THE G AND N, T_
CREW ORIENTS THE $/C TO A HEADS DOWN_ BLUNT-E_D FORWARD ATTITUDE wITH THE
_i.7 DEC WINDOW MARK ON THE HORIZON AND COHRARE THE PITCH GIMBAL ANGLE wITH
THE PAD VALUE* IF THE DIFFERENCE IS GREATER THAN +/" 5_ T_E O AND N 15
NO-GO*

G_ NO RATIONALE REQUIRED*

5-E31 TEl ABORTS AND RESIDUAL TRIMMING PHILOSOPHY

COMMENTS

ONCE THE GPS BURN HAS BEGUN FOR THE TEl MANEUVER THERE SHOULD BE NO MANUAL SHUTDOWNS _URI_G
THE BURN, THERE SHOULD BE AS MANY MANUAL RESTARTS AN NECESSARY TO COMPLETE THE BURN=

WHERE THERE 15 A PREMATURE SHUTDOWN FOR CAUSES OTHER THAN A MANUAL SHUTDOWNt ACTIbN i_
PREDICATED ON THE ROB DELTA V CAPABILITY BECAUSE THE RCS IS THE ONLY VIABLE THRUSTER

CAPABILITY REMAINING, EXPERIENCE HAS SHOWN THAT THE COMPUTED TEI MANEUVER PERF(}RMED UNDER
G+N CONTROL HAS NEVER RESULTED IN TEC MIOCOURSES TOTALING GREATER THAN 8 FP$, IT CA_ ALSU
BE SHOWN THAT THE DELTA V NEEDED TO CORRECT TEl DISPERSIONS AT CUTOFF GROWS TO 2,_ TIMES
THAT VALUE AT TEl .17 HOURSt MCC 5 NOMINAL EXECUTION TIME= IT IS DESIRED TO MAINTAIN 20 FP5
FOR RCS DELTA V MCC CAPABILITY, THEREFORE IF THE ENGINE SHUT_ DO'_N WITH TEl UELTA v

REMAINING GREATER THAN RCS DELTA V CAPABILITY LES_ 20 FPs THE SP5 SHOULD BE NESTARTE_ ASAP

AND THE TARGETED BURN COMPLETED, THIS WILL MAINTAIN ALL RC5 DELTA V CAPABILITY TO PERFURM
MIDCOURSEB WITH, THE BURN NEED NOT BE TRIMMED SINCE TH_ CORRECTIVE DELTA V _ROwTH RATE i_
GMALL AND CAN BE TAKEN CARE OF WITH THE HiDCOURSE MANEUVERS,

IF THE ENGINE 5HUTB DOWN WITH TEl DELTA v REMAINING LESS THAN RCS DELTA V CAPABILIIY LES_

20 FPB THE CREW AT THEIR DISCRETION CAN EITHER RESTART THE SPS UR ubE THE RCS A_AP TO
COMPLETE THE TARGETED BURN= THE BURN NEED NOT BE TRIMMED FOR THE ABOVE REASON* IF THE _P5
IS UBEDt ALL RCS DELTA V CAPABILITY REMAINS FOR MIDCOQRSE CURHECTIO=_* IF THE RCS IS U3EU TO

COMPLETE THE BURN AT LEABT 20 FP5 REMAINS FOR MIDCOURSE CORRECTIU_5 WH|CH HAS BEEM SHOWN TO
BE SUFFICIENT,

IF THE CUTOFF RESIDUALS ARE LESS THAN 5 FPS THE RC5 CAN BE USL_ TO TRIH TJ_E BURN PRLtPERLY.
ANY ERRORS CAN BE TAKEN OUT IN THE MIDCOURSE, ITtS BEST TO TRIM THE bvRN ACCURATELY IN x
AND Z BECAUSE THEY AFFECT LONGITUDE AND CORRIDOR CONTROL FOR LNTI<Y,
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5-131
CONTOl

ALL THE ABOVE IG APPLICABLE TO A DPS TEI ALSO* WHERE A DPG TEI lS DUNE WITH AN OPERATIONAL
$PS AS A BACKUP AND THE DPS SHUTDOWN IN THE MODE llI REGIONt THE DP$ SHOULD BE ABANDUNED
AND THE EPE RETARGETED FOR THE NEXT TEl WHICH WILL OCCUR NEAR THE NEXT PERICYNTHION* THIS
lS THE OPTIMUM TIME IN TERMS OF DELTA Ve IF THE SHUTDOWN OCCURS IN THE MODE I REGION THE
DPS SHOULD BE ABANDONED AND THE SPS TARGETED AT TEl + 2 HOURS TO ACHIEVE ENTRY CONDITIONS*
AT LEAST TWO HOURS I5 NECEGSARY TO CONFIRM THE ORIGINAL NANEUVERt BUILD A USABLE VECTOR TO
COMPUTE THE CORRECTIVE HANEUVERt DO THE CONPUTATIONSe READY THE SYSTEMS AND PASS THE DATA
TO PERFORM THE MANEUVERe IT IS NOT WISE TO WAIT MUCH BEYOND 2 HOURS BECAUSE THE TRAJECTORY
THAT REEULTE FROM A BHUTDOWN IN THE MODE I REGION IS A NON-EARTH ENTERING TRAJECTORY AND
THE SOONER THE CREW GETS BACK ONTO THE CORRECT TRAJECTORY THE SETTER EINCE THE CORRECTIVE
DELTA V REQUIRED GROWB RAPIDLY,

IN THE CASE WHERE THERE NO 5PS OR DPS IGNITION ON THE ORIGINAL TEl MANEUVER IT IS BETTER TO
SLIP i REVIt DO MALFUNCTION PROCEDURES AND TRY AGAIN AT THE NEXT OPPORTUNITYI NO CAPABILITY
IE LOST SLIPPING 1REVt BECAUSE THE LANDING TIME REMAINE THE SAME FOR ONLY ABOUT A _0 FPG
INCREAEE IN TEI DELTA Vm

DATA EOURCEG

ONBOARD MONITORING

RETURN TO EARTH DISPLAYE

FDO ORBIT DIGITALS

CHECKOUT MONITOR

PARTICIPATION

CREW

FDO

RFO

FD

PROCEDURE

Am NO SPS OR DPS IGNITION

lm RETARGET TEl FOR 1REVe LATER

2m CREW EXECUTE STANDARD MALFUNCTION PROCEDUREE

Bo PREMATURE BPE SHUTDOWN

1* CREW RESTART ASAP AND COMPLETE THE TARGETED

BURN WITH NO TRIM

_ TRIM_1 _ AND _ IF SHUTDOWN RE$IDUALE LEES THAN _ FPE*

Cm PREMATURE DPS SHUTDOWN WITH OPERATIONAL sPG AS BACKUP*

i_ MODE IIl REGION

CA) RETARGET SPS FOR NEXT TEl

2* MODE I REGION

{A) RETARGET BPS FOR TEI+ 2 HR*
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6-i S-IC STAGE LOSS OF THRUST

THE S-IC STAGE ENGINE START SEQUENCE USUALLY BEGINS AT TEl - 8,9 SECONDS AND SHOULD ATTAIN
90 PERCENT THRUST PRIOR TO LIFTOFF, NOMINAL TIME FOR INBOARD ENGINE CUTOFF IS TEl + i_4,6

SECONDS-- OUTBOARD ENGINES AT TB2 + 2BoB SECONDS, TWO ENGINE OUT AUTO ABORT IS DEACTIVATED
AT TBI. 120 SECONDSo FOR EARLY ENGINE OUT (APPROX, 20 SECONDS) HIGH-Q WILL OCCUR 25 TO 30
SECONDS LATER THAN NOMINAL CONDITIONSo

FAILURE POINTS

I, LOX OR FUEL PREVALVE CLOSES PREMATURELY

2* PREMATURE ENERGI£ATION OF ENGINE CONTROL SOLENOID

3, GAS GENERATOR CONTROL VALVE CLOSES PREMATURELY

4. FUEL CUTOFF SENSOR SENSES PREMATURELY AFTER ARMING

5, _ATTERY NO, i LOSS OF POWER

6= NO POWER TRANSFER SIGNAL FROM MAIN POWER DISTRIBUTOR

7, SWITCH SELECTOR FAILURE

B, PREMATURE THRUST-NOT'Ok SIGNAL

9, PREMATURE ENGINE CUTOFF SIGNAL FROM TIMER DISTRIBUTOR

10, GIHBAL DUCT FAILS

11, SLIDING JOINT FAILS

12, PREMATURE IqTWO ADJACENT OUTBOARD ENGINES OUT tt CUTOFF GIGNAL FROM
PROPULSION DISTRIBUTOR

CONSEQUENCES

MALFUNCTIONS OCCURRING AT LIFTOFF OR WHEN THE VEHICLE IS IN THE PAD VICINITY CAN CAUSE PAD
FALLSACK_ COLLISION WITH HOLDOOWN ARMS OR OTHER PERIPHERAL GROUND EQUIPHENTt OR COLLISION
WITH THE LAUNCH TOWER. DUAL ENGINE FAILURES RESULT IN FALLBACK FOR ALL CASES EXAMINED AND
FOR ALL FAILURES FROM 0 TO 30 SECONDS, SINGLE ENGINE FAILURES - (ENGINE i OR _ BETWEEN TEl
+ 0 SECOND AND TEl . _,5 SECONDS - ENGINE 2 OR 3 BETWEEN TBI+ 0 SECOND AND TEl + 2.0
SECONDS) WILL RESULT IN LOSS OF CONTROL DURING THE INTERVAL TBI+ I}3 SECONDG AND TBI. 151

SECONDSt ALL OTHER SINGLE ENGINE FAILURES ARE CONTROLLABLE, FOR TWO ADJACENT SIDE CONTROL
ENGINES FAILEDt LOSS OF ROLL CONTROLLABILITY RESULTS, ADJACENT CONTROL ENGINE FAILURES PROM
0 TO 30 SECONDS RESULT IN STRUCTURAL FAILURE BUT TWO OPPOSITE CONTROL ENGINES FAILED ARE

LESS SEVERE AND WILL NOT RESULT IN BREAKUP,

CONTINGENCY CONDITION

LOSS OF THRUST - ENGINE 3 OR 4

THIS RULE APPLIES ONLY FOR THE UNIQUE CASE OF ENGINE 3 OR 4 THRUST LOGS BETWEEN O TO 45
SECONDS, IT ]G AN INFORMATION RULE ONLY AND IS USED TO INFURM THE RANGE SAFETY OFFICER THAT
ENGINE 3 OR 4 18 OUT,

FAILURE POINTS (ENGINE 3 OR 41

l, LOX PREVALVE CLOSES PREMATURELY

2. GAS GENERATOR CONTROL VALVE CLOSES PREMATURELY

3. SWITCH SELECTOR PREMATURE SIGNAL

A, PREMATURE THRUST-NOT-OK SIGNAL

5. PREMATURE ENGINE CUTOFF SIGNAL FROM TIME DISTRIBUTORS

CONSEQUENCES

LOSS OF THRUST ON ENGINE 3 OR 4t uNDER CERTAIN WIND CONDITIONSt MIGHT CAUSE THE VEHICLE TO
VIOLATE A RANGE SAFETY DESTRUCT LINE, IN THE EVENT OF ENGINE 3 OR A LUSS OF THRUSTt THE
RANGE SAFETY OFFICER WILL USE AN ALTERNATE DESTRUCT LINE ESPECIALLY FOR THIS UNIQUE CASE.

MISSION REV DATE SECTION GROUP PAGE

APOLLO 14 FNL 12/15/70 SLV SYSTEMS
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MISSION RULES

SECTION 4 - 5LV SYSTEMS

l ITEM

-2 LOSS OF ATTITUDE CONTROL DURING BOOST PHASE

LOSS OF ATTITUDE CONTROL CAUSES LOSS OF GUIDANCE AND POSSIBLE LOGS OF VEHICLE,

FAILURE POINTS

l. ST-12A PLATFORM FAILURE LOSS OF ATTITUDE REFERENCE

2* LVDC/LVDA FAILURE LOSS OF ATTITUDE COMMAND OR ATTITUUE
ERROR SIGNAL

3. FLIGHT CONTROL COMPUTER FAILURE ANGULAR RATE SIGNAL LOST OR SATURATEDATTITUDE ERROR SIGNAL LOST OR SATURATED

4, SWITCH SELECTOR FAILURE INADVERTENT SEQUENCING OR INHIBITING OF
STAGE COMMAND

5, CONTROL EDS RATE GYRO FAILURE LOSS OF ANGULAR RATE SIGNALS

6= CONTROL SIGNAL PROCESSOR LOG8 OF ANGULAR RATE 51GNAL5

CONSEQUENCES

A. S-IC BURN

TOWER COLLISION CAN OCCUR AT LIFTOFF. DURING HIOH-_ REOION, RAPID DIVERGENCE
WILL OCCUR WITH POSSIBLE LOSS OF THE CREW, IN THE POST NIGH-Q REGION, THESE
FAILURES WILL CAUSE EITHER HIGH RATES OR DIVERGENCE FROM THE NOMINAL FLIGHT
PATH WITH NO STRUCTURAL BREAKUP OR LOSS OF CREW.

B. S-II 8URN

THESE FAILURES WILL RESULT IN EITHER HIGH RATES OR DIVERGENCE FROM THE
NOMINAL FLIGHT PATH WITH NO STRUCTURAL BREA_,UP OR LOSS OF CNEW.

C, S-IVB BURN

EFFECTS ARE TME SAME AS FOR S-II BURN.

R5-602_ R6-602)

VehicIe Eates (R8o O2_ -,
R12-602, R13-602)

LVDC/LVDA Computational Failure L( of

Abnormal Attitude Error _rol
Signals Loss of Attitude •

Control Alert

Failure to Initiate Proper
Guldence Sequence

Abnormal N-IVB EngineActuator (Actuator |_ardover) .

[I_-Eo--_%rFlg nition
--Failure of S-IVB Engine

IIydraulics _,

Abnormal S.IC Engine Actuator
(Actuator Ilardover)

LOGIC SCHF_IE

Implies that all inputs must he
present before there is an output

Implies that any single input
iS _u£flclent for an output



NASA - Manned Spacecraft Center

MISSION RULES

SECTION 4 - 5LV SYSTEM5

Loss of Attltude Control Alert

TL¢ - F_R D26

VL DIEMB - EMR D25r_ 1--_ l-J h_ ILVDC/LVDA Computational Failure

D TLC MC26D9

S-_C P Act. (>--+5°) - Gl-101 thru GI-104

A _l_ Ahno_ls-I_EngineA:t°ator(Actuator.a_dover)
C Y Act. (>+5°) - G2-1OI thru G2-I04

_rS/T

S-_B P Act. (>-+5°) - Gi-403 _Pr--_°r _o

Abnormal S-IVB Engine Actuator (Actuator Rardover)

A Y Act. (>+5") - G2-403C r, Burn

T

Hydraulic System Pressure (<1700 PSIA) - D41-403 2
S-_VB c_

R Bvdraulle Reservoir Pressure (Approx. O) - D42-403 _ out Of Failure of S-1VB Engine H_draullcs

Y Hydraulic Level (Approx. 0 Percent) - L7-403D m 3

IGM Initiate

g ;E Fall to Roll

Q Fall to Stop Pitch Failure to Initiate Proper Guidance Sequence

U Fall toSt_RollE .....

Fall to Chan_o Time Bass_ _ '.

r-------

×x-Sx (>A) H60-603 _ Vote

Roll Ladder (>A) E56-603 2
of

Roll Error (>A) R69-603 _ 3

Xy-Oy (>B) B60-603
Vote

I Abnormal Attitude Error Sisnal
P_itchLadder (>B) H54-603 B 2 ___(>__._.__

Pitch Error (>B) H71-603 of_3

Xz-Gz (>B) H60-603 m Vot_

Yaw Ladder (>B) H55-603 2' ofD

Yaw Error (>B) H70-603 D 3
-- A " 5° (S-It, S-II Burn_

A - 3.5" (S-IVB Burn)

B " 5 ° (S-lC, S-lI & SmlVB Burn)

MISSION REV DATE SECTION GROUP PAGE

APOLLO 14 FNL _2/15/70 SLY SYSTEMS
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MISSION RULES

SECTION 4 - SLV SYSTEMS

R ITE_

6-_ L.VJ PLATFORM FAILURE - ACCELEROMETER

THREE PENDULOUS INTEGRATING _YRO ACCELE_OMETER8 ARE MOUNTED ON THE INNER GIMBAL OF THE
ST-E24 AND ORIENTED SUCH THAT EACH INPUT AXIS IS ALIGNED WITH THE RESPECTIVE X_ Yt AND Z
AXES CTHRUSTt CROSSRANGE AND DOWNRANGE AXES AT LIFTOFF) OF THE VEHICLE* EACH ACCELEROMETER

IS USED TO CONVERT DYNAMIC ACCELERATION ALONG ITS INPUT AXIS TO A PRECESSION ABOUT ITS
RESPECTIVE OUTPUT AXIS, THIS PRECESSION* MONITORED BY AN OPTICAL ENCODERt IS PROPORTIONAL
TO THE INTEGRAL OF ACCELERATION AND PROVIDES VELOCITY INFORMATION TO THE LVDA. SIGNAL

GENERATOR PICKOFFS FOR EACH AXIS MEASURES THE PRECESSION ANGLE AND PROVIDES A NULL SI3NAL
TO THE ACCELEROMETER TORQUE MOTORS*

FAILURE POINTS

FAILURE OF THE FOLLOWING RESULTS IN ZERO OR ERRONEOUS OUTPUT AND CONSTITUTES A LOSS OF

PERTINENT VELOCITY DATA REQUIRING SWITCHING TO ALTERNATE CHANNEL OR TO FAILURE BACKUP
INFORMATION.

l* ENCODER FAILURE

2. ACCELEROMETER FAILURE

3. PLATFORM AC POWER SUPPLY FAILURE

4, ACCELEROMETER SERVO LOOP FAILURE

5o GN2 BEARING SUPPLY FAILURE

CONSEQUENCES

ACCELERONETER FAILURE IN ONE OR MORE AXES WILL RESULT IN THE VEHICLE ACHIEVING A DEGRADED
ORBIT* FAILURE WILL HAVE NO EFFECT ON VEHICLE TRAJECTORY DURING S-IC BURN* FAILURE IN ANY
AXIS WILL RESULT IN UTLILIZING PRESTORED F/M PROFILE DATA FOR THE FAILED AXIS IN THE
GUIDANCE COMPUTATION* AN LVDC NAVIGATION UPDATE MAY BE REQUIRED TO PROPERLY INITIATE TB6
AND FOR ACCEPTABLE TLI BURN NAVIGATION*

MIBSION REV DATE SECTION GROUP PAGE

APOLLO IA FNL 12/).5/70 SLV SySTE'MS
A-A
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MiSSiON RULES
SECTION4 - SLYSYSTEMS

R ITEM

61_ LIV" INERTIAL PLATFORM ATTITUDE REFERENCE FAILURE

THE ATTITUDE OF THE VEHICLE iS MEASURED IN THE PLATFORM INERTIAL COORDIANTE SYSTEM USING
DUAL BPEED REBOLVERS (FINE AND BACKUP GIMBAL ANGLES) FOR EACH OF THE THREE AXES' THE
RESOLVERS MOUNTED ON THE GIMBAL PIVOT POINTS OUTPUT A PHASE SHIFTED SIGNAL WHICH IS
PROPORTIONAL TO THE DIFFERENCE IN POSITION BETWEEN THE VEHICLE BODY AND THE SPACE FIXED
REFERENCE"

FAILURE POINTS

FAILURE IN ANY OF THE FDLLOWINO AREAS RESULTS IN A ZERO OR ERRONEOUS GIMBAL ANGLE REAOINbS
AND WILL REQUIRE BACKUP MODE OF OPERATIONI

1" GYRO FAILURE

2, RESOLVER FAILURE

3, POWER SUPPLY FAILURE

A. GN2 BEARING SUPPLY FAILURE

5, GIMBAL SERVO LOOP FAILURE

CONSEQUENCES

FAILURE OF THE ST-E26 INERTIAL PLATFORM ATTITUDE REFERENCE SYSTEM IN ONE OR MORE AXES WILL
CAUSE A FAILURE OF THE GIMBAL ANGLE REASONABLENESS TEST, THE ATTITUDE ERROR COMMAND8 FOR

THE FAILED AXIS WILL BE FROZEN AT THE LAST PREFAILURE VALVE BY THE FLIGHT PROGRAM DUE TO
THE FAILURE OF THE GIMBAL ANGLE REASONABLENESS TEST, THE GIMBAL ANGLE REASONABLENESS TEST
FAILURE WILL INDICATE A GUIDANCE REFERENCE FAILURE BY SETTING D# AND DB (MODE CODE 26 _IT

D8 SET TO t'ONEtl) AND ENABLE CIRCUITRY FOR SPACECRAFT GUIDANCE CONTROL OF THE LAUNCH
VEHICLE, THE CREW SHOULD INITIATE SPACECRAFT GUIDANCE CONTROL WHEN ONBOARD DIBPLAYS
INDICATE A LAUNCH VEHICLE GUIDANCE REFERENCE FAILURE,

A FAILURE DURING LAUNCH PHASE WILL RESULT IN THE FOLLOWING CONDITIONS IF SPACECRAFT
GUIDANCE CONTROL iS NOT INITIATED---

S-IC BURN - ATTITUDE RATES WILL INCREASE AND EXCEED THE EDS AUTO ABORT LIMITS IN HIGH-O
REGION,

S-If BURN AND S-IVB BURN PRIOR TO LABT _0 SECONDS OF FLIGHT - ATTITUDE ERROR WILL INCREASE

AND THE VEHICLE WILL FAIL TO ACHIEVE A SATISFACTORY ORBIT,

S-IVB _URN DURING LAST 50 SECONDS OF ELIBHT - VEHICLE MAY BE INSERTED INTO PARKING ORBIT
BUT WILL ULTIMATELY ABORT DUE TO TUMBLE, NOMINAL S-IVB CUTOFF WILL NOT BE ACHIEVED FOR A
FAILURE PRIOR TO ENTRY OF THE HIGH SPEED LOOP FOR THE ASCENT TO ORBIT AND OUT OF ORBIT
PHASES OF THE MISSION,

ORBITAL COAST PHASE - VEHICLE DRIFT RATES OF ./" 0,2 DEGREE/SECOND IN PITCH AND YAW AND */"

0,5 DEGREE/SECOND IN ROLL MAY BE EXPERIENCED_ ASSUMIN_ AN OPERATIONAL S'IVB APS,

SECOND S-IVB BURN PRIOR TO'ENTRANCE OF THE HIGH SPEED LOOP - THE ERRONEOUS GIMBAL ANGLE
VALUES MAY CAUSE THE NAVIGATION CALCULATIONS TO DIVERGE FRUM THE END CONDITIONSo PREVENTING
THE (F/M) C ACCELERATION PROFILE FROM BEING RESOLVED, FAILURE TO RESOLVE THE ACCELERATION
PROFILE WILL RESULT IN THE ABILITY TO ENTER THE HIGH SPEED LOOP AND THE VEHICLE FAILURE TO
ACHIEVE PROPER TLI,

SECOND S-IVB BURN AFTER ENTRANCE OF THE HIGH SPEED LOOP - THIS FAILURE HAS NO MAJOR EFFECT
ON NOMINAL TLI PARAMETERS.

SPACECRAFT GUIDANCE CONTROL SHOULD BE IMPLEMENTED BY THE CREW ANY TIME THE ATTITUDE

REFERENCE FAILURE OCCURS BETWEEN LIFTOFF AND NOMINAL SPACECRAFT SEPARATION, IF A OUIDANCE
REFERENCE FAILURE AND AN E-IC ENGINE FAILURE OCCUR BETWEEN LIFTOFF ANU LIFTUFF PLUS 50
SECONDS_ THE CREW SHOULD ABORT IF THE CREW ABORT LIMITS ARE EXCEEDED DURING MAX-_ TO
PRECLUDE LAUNCH VEHICLE STRUCTURAL BREAKUP. STRUCTURAL BREAKUP WILL OCCUR BECAUSE THE
SPACECRAFT GUIDANCE SCHEME DOES NOT INCLUDE AN ENGINE OUT CAPABILITY,

MISSION REV DATE SECTION BRDUP PAGE

APOLLO 1_ FNL L2/15/70 SLV SYSTEMS
4-5
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MISSION RULES

SECTION A - SLV SYSTEMS

R ITEM

6-E EXCESSIVE ATTITUDE ERROR IN PITCH OR YAW DURING S-If BURN

EXCESSIVE ATTITUDE ERROR IN PITCH OR YAW DURING THE S-II BURN CAN CAUSE FIO0 LIMIT LI_NES TO
BE CROSSED IN S-I! OR S-IVB FLIGHTt OR POSSIBLE LOSS OF PLATFORM IF FAILURE IS IN THE YA_
PLANE,

FAILURE POINTS

Z* IU FLIGHT CONTROL COMPUTERt S-II PITCH ERROR AMPLIFIER OR FILTER

2, IU FLIGHT CONTROL COMPUTER_ S-IT YAW ATTITUDE ERROR AMPLIFIER OR FILTER

CONSEQUENCES

A FEw FAILURES OF THE PITCH OR YAW ATTITUDE ERROR AMPLIFIERS OR FILTER_ WILL RESULT IJ_ A
ZERO SIGNAL TO tHE PITCH OR YAW BERVO AMPL2FIERS, THE PITCH Ok YAW ACTUATORS WILL NOT
RESPOND TO THE COMMAND. THE ATTITUDE ERROR WILL BUILO UP UNTIL AN ABORT LIMIT IS REACHED OR
UNTIL S-IVB STAGING, _FTER STAGING TO S-IVB_ THE RESULTS OF THE FAILURE WILL BE EL1MINAT_U
DUE TO THE CHANGE IN FILTER AND THE AgDITION OF A TRIPLE REOUNDANT CIRCUIT,

6-? S-II STAGE LOSS OF THRUST

THE S-II STAGE ENGINE START SEQUENCE USUALLY BEGINS AT TB_ + 1,4 SECONDS AND SHOULD ATTAIN
90 PERCENT THRUST BY TB3 + 5 SECONDS* THE S-IT DEPLETION CUTOFF CIRCUITY IS THE PRIMARY
SIGNAL FOR S-II ENGINES CUTOFFe THE CIRCUITRY IS ENABLED AT TB3 + 5 MINUTES 55,0 SECUNDS
WITH NOMINAL CUTOFF OCCURRING AT TB3 + B MINUTES _#,1 5ECONOS,

FAILURE POINTS

1, SWITCH SELECTOR FAILURE

2, LOX PREVALVES FAIL CLOSED

3. LH2 PREVALVES FAIL TO OPEN PRIOR TO ESC

A* LOX OR LM2 VENT VALVES FAIL OPEN

5, LOSS OF ENGINE READY OR START SIGNAL

b, LOSS OF MAIN BATTERY POWER

7, LOX OR LH2 TANK PRESSURE REGULATOR REGULATES LOW

8, LOX OR LH2 FILL AND DRAIN VALVES FAIL TO REMAIN CLOSED

9, PREMATURE ENGINE CUTOFF SIGNAL FROM EOA

CONSEQUENCE5

LOSG OF THRUST ON A SINGLE ENGINE DOES NOT CAUSE LOSS OF CONTROL, pARKING ORBIT INSERTION
IS POSSIBLE FUR ANY SINGLE ENGINE OUT ANY TIME IN S-IT FLIGHT, _ITH ONE ENGINE OUT AT OR

LATER THAN TB3 PLUS 2 MIN, i SEC,_ THE SPACE VEHICLE HAS A 50 PERCENT PROBABILITY OF
ACCOMPLISHING TLI.

TLI CAPA_ILI[Y IS LOST FOR --- CA) LOGS OF THRUGT OCCURS ON THE CENTER ENGINE PRIOR TO TB3

PLUS i MIN, 5& 5EC,t (B) LOSS OF THRUST ON AN UPPER ENGINE PRIOR TO TB3 PLUS 2 MIN 31 SEC,t
{C) LOSS OF THRUST ON A LOWER ENGINE PRIOR TO TB3 PLUS 2 MIN 3b SEC.

LOSS OF THRUST OF S-IT ADJACENT ENGINES INDICATES A DECREASE OF COKTROL AUTHORITY FROM
PREVIOUS VEHICLES* THE DECREASE IB CAUSED BY THE C_ BEING CLOSER TO THE ENGINE GIMBAL
PLANE, SMALLER _OMENTS THUS RESULT WHEN THE CONTROL ENGINES ARE DEFLECTED TO COMPENSATE FOR
THE MOMENT CAUSED BY LOSS OF THRUST* B-IT DUAL ADJACENT ENGINE FAILURES RESULT IN LOSS OF
CONTROL FOR EARLY FAILURES, TLI CAPABILITY FOR THESE CASES IS LOST PRIOR TO TB3 PLUS _ MIN

_0 SEC, EARLY STAGINU CAN BE SUCCESSFULLY ACCOMPLISHED AS EARLY AS 3 MIN_ SEC FOR THE ThO
ENGINE OUT CASE_t IF SAFE EDS LV SEPARATION RATES ARE NOT EXCEEDED, NO LOSS OF CONTROL
OCCURS FOR A SINGLE S-IC ENGINE OUT FOLLOWED BY A SINGLE B-IT ENGINE OUT*

MISSION REV DATE SECTION GROUP PAGE

APOLLO 18 FNL 2115/70 SLV SYSTEMS A-8
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R ITEM

6-B S-IT GIMBAL SYSTEM FAILURE (SINGLE ACTUATOR HARDOVER - INBOARD)

THE S-IT HYDRAULIC SYSTEM PROVIDES ATTITUDE CONTROL BY GIMSALLING ONE OR MORE OF THE FOUR
OUTBOARD ENGINES DURINQ POWERED FLIGHT, THE SYSTEM CONSISTS OF POUR INDEPENDENT)

CLOSED-LOOP) HYDRAULIC CONTROL SUBSYSTEMS) WHICH PROVIDE POWER FOR GIMBALLINGe
ELECTRO-HYDRAULIC ACTUATORS) MOUNTED IN PERPENDICULAR PLAhES, FURNISH GIMBAL FORCES BY
EXTENDING OR RETRACTING SIMULTANEOUSLY OR INDIVIDUALLY IN ACCORDANCE WITH ELECTRXCAL INPUT

SIGNALb, THE PRIMARY COMPONENTS ARE THE MAIN HYDRAULIC PUMP) AUXILIARY PUMP) AUXILIARY PUMP
ELECTRIC MOTOR) ACCUMULATOR RESERVOIR MANIFOLD ASSEMBLY) AND TWO SERVUACTUATOMS,

FAILURE POINTS

I, FAILURE OF SERVOACTUATOR

2. FAILURE OF ELECTRICAL CABLE ASSEMBLY

3. ERRONEOUS INPUT SIGNAL

CONSEQUENCES

IF A HARDOVER INBOARD ACTUATOR FAILURE OCCURS) THE FIRST EXPECTED STAGE DAMAGE WOULD BE
BURN-THROUGH OF THE FLEXIBLE CURTAIN PORTION OF THE BASE HEAT SHIELD, PRIOR TO S-IT INBOARD

ENGINE CUTOFF) S-I! STA_E DAMAGE WOULD OCCUR WITHIN 15 TO 20 SECONDS AFTER ACTUATOR
FAILURE, AFTER S-If INBOARD ENGINE CUTOFF, S-IT STAGE DAMAGE WOULD OCCUR WITHIN 25 TO 30
SECONDS AFTER ACTUATOR FAILUREo POTENTIAL CONSEQUENCES ARE FAILURE OF AN ENGINE ELECTRICAL
CONTROL PACKAGE WITH SUBSEQUENT LOSS OF THRUST AND OTHER UNDETERMINABLE EFFECTS, COLLAPSE
OF THE THRUST STRUCTURE DUE TO INDUCED THERMAL STRESSES AND LOSS OF ENGINE THRUST, AND/OR

LOSS OF S-II/SIVB SEPARATION COMMAND CAPABILITY DUE TO WIRING HARNESS DAMAGE,

MISSION REV DATE SECTION" GROUP PAGE

APOLLO 14 FNL 12/i5/7{] SLV SYSTEMS
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R ITEM

6-9 S-II SECOND PLANE SEPARATION FAILS TO OCCUR

THE S-If AFT INTERSTAGE NORMALLY SEPARATES AT TB3 + 30o7 SECONDS,

FAILURE POINTS

i. FAILURE OF ELECTRICAL CABLE ASSEMBLY 200W_

2o FAILURE OF ELECTRICAL CABLE ASSEMBLY 206A7W4

3, FAILURE OF ELECTRICAL CABLE ASSEMBLY 2ObWZ4

4= LSC SEPARATION ASSEMBLY FAILURE

51 INADEQUATE OUTPUT OF S-IC/S-II SECOND PLANE SEPARATION TRIGGER

6, INADEQUATE OUTPUT OF S-IC/S-II ORDNANCE ARM

7. SWITCH SELECTOR FAILURE

CONSEQUENCES

SUBSEQUENT LOSS OF VEHICLE DUE TO EXCESSIVE TEMPERATURES* FAILURE TO JETTISON THE S-IC/S-II
INTERSTAGE WILL LEAD TO EXCEEDING THE THERMAL ENVIRONMENT LIMITS IN THE S-II BOATTAIL AREA
WITH CROSS BEAM AND/OR OTHER STRUCTURAL FAILURE DUE TU HEAT FLOW AROUND THRUST CURTAIN PROM
IMPINGEMENT ON INTERSTAGEe EXCESSIVE TEMPERATURES ARE EXPECTED APPROXIMATELY e6 SECONP5

AFTER S-IC OBECO (APPROXIMATELY 35.3 SECONDS AFTER NORMAL INTERSTAGE JETTISON)o

MISSION REV DATE SECTION GROUP PAGE
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MISSION RULES

SECTION 4 - SLV SYSTEMS

R ITEM

6-10 S-IVB LOSS OF ENGINE HYDRAULIC FLUID

THE INDEPENDENTt CLOSED-LOOP S-IVB HYDRAULIC SYSTEM GIMBALS THE J-2 ENGINE DURING BOOSTt
COASTt AND ENGINE BURN OPERATIONS. A MAIN HYDRAULIC PUMP. AN AUXILIARY MOTOR-DRIVEN
HYDRAULIC PUMP_ AN ACCUMULATOR-RESERVOIRo TWO SERVUACTUATOMSp AND INTERCONNECTING TU_E AND
HOSE ASSEMBLIES COMPRISE THE S-IVB HYDRAULIC SYSTEM. EACH OF TWO IDENTICAL $ERVOACTUATOR

ASSEMBLIES PROVIDES MECHANICAL FORCE TO GIMBAL THE J-2 ENGINE. THE SERVO VALVE WITHIN EACH
ACTUATOR DIVERTS FLUID TO ONE SIDE OR THE OTHER OF THE ACTUATOR PISTONS IN ACCORDANCE WITH
SIGNAL_ RECEIVED BY THE SERVO VALVE TORQUE MOTOR FROM THE FLIGHT CONTROL COMPUTER IN THE

IU.

FAILURE POINTS

1, PITCH OR YAW ACTUATOR MALFUNCTION

2. MAIN HYDRAULIC PUMP FAILURE

9. HYDRAULIC HOSE OR TUBING FAILURE

4. AUXILIARY MOTOR-DRIVEN HYDRAULIC PUMP FAILURE

CONSEQUENCES

IGNITION OF THE S-IVB STAOE WITHOUT AN OPERATIVE HYDRAULIC SYSTEM WILL JEOPARDIZE CREW

SAFETY, THERE WILL BE A LOSS OF ENGINE _IMBAL CONTROL DURING MAINSTAGE OPERATIONt WHICH
PROBABLY WILL RESULT IN EXCESSIVE VEHICLE ATTITUDE RATES A_D GUIDANCE ERROR, IN THE CASE
WHERE THE AUXILIARY HYDRAULIC PUMP ALONE FAILS IDETECTED BY A LOSS OF SYSTEM PRESSURE AND A

RISE IN RESERVOIR LEVEL TO A VALUE GREATER THAN 50 PERCENT1. IT IS FELT THAT THIS WOULD NOT
SERIOUSLY AFFECT SYSTEM OPERATION. THE MAIN ENGINE-DRIVEN PUMP WILL DEVELOP SOON ENOUGH
DURING MAINSTAGE IGNITIUN TO MAINTAIN HYDRAULIC PRESSURE REQUIRED FOR FLIGHT CONTROL DURING
S-IVB BURN.

MISSION REV DATE SECTION GROUP PAGE
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MISSION RULES

SECTION 4 - SLV SYSTEMS

6-El S-IVB STAGS LOSS OF THRUST

THE S-IVB SHOULD ATTAIN 90 PERCENT THRUST BY TB4 . 6,5 SECONDS, APPROXIMATELY 148,4 SECONDS
OF S-IVB BURN IS REQUIRED TO REACH A 75 NAUTICAL MILE PERIGEE wITH NOMINAL S-IC AND S-If
PERFORMANCE, S-IVB ENGINE CUTOFF IS SCHEDULED TO OCCUR AT TB4 + 2 MINUTES 27*7 SECONDS PROM
A VELOCITY CUTOFF FOR A FIRST BURN DURATION OF 146,7 SECONDS, FOR SECOND BURN, THE S-IVB
SHOULD ATTAIN 90 PERCENT BY TB6 + 9 MINUTES 40,4 SECONDS, LENGTH OF THE S-IVB sECOND BURN
IS 36_.2 SECONDS,

FAILURE POINTS

io FUEL TANK PRESSURIZATION CONTROL MODULE LEAKS EXTERNALLY

2, LH2 TANK VENT AND RELIEF VALVE LEAKS OR FAILS TO REMAIN CLOSED

B= PREVALVE FAILS CLOSED

4, CONTINUOUS VENT CONTROL MODULE FAILURE

5, AMBIENT CONTROL HELIUM FILL MODULE FAILURE

6, INADEQUATE THERMAL CONDITIONING

7, MAIN OXIDIZER OR FUEL VALVE FAILS CLOSED

8, OXIDIZER TURBINE BYPASS VALVE FAILURE

9, ASI OR ASI VALVE FAILURE

10, START TANK DISCHARGE VALVE FAILURE

11o MAINSTAGE CONTROL MODULE FAILURE

12= pREMATURE THRUST-NOT-OK SIGNAL

CONSEQUENCES

J-2 ENGINE FAILURES WHICH CAUSE THE S--IVB TO FAIL TO ATTAIN THRUST WILL PRODUCE THE SAME
EFFECT AS TOTAL LOSS OF THRUST BUT WILL CAUSE NO STRUCTURAL BREAKUP DUE TO THE LACK OF
AERODYNAMIC FORCES, SUBSEQUENT ATTITUDE CONTROL CAN BE MAINTAINED BY THE APS, A pERTURBED
ORBIT CAN BE ACHIEVED FOR LOSS OF THRUST DURING THE LAST 2 SECONDS OF S'IVB FIRST BURN,
ORBITAL INSERTION MAY BE ACCOMPLISHED WITH SPS BURN FOLLOWING GET OF 8 MINUTES 37 SECONDSQ
FOR SECOND BURN, IF THE S-IVB STAGE FAILS TO ATTAIN THRUSTo THERE WILL BE NO RESTART AND
LOSS OF A MISSION OBJECTIVE* 1F THE 8-IVB LOSES THRUST AFTER MAINSTAGE OKt TLI OBJECTIVES
WILL BE LOSTo

i
MISSION REV DATE SECTION GROUP PAGE
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R ITEF

6-12 5-1VB COLD HELIUM SHUTOFF VALVEIS) FAIL OPEN

THE _OX TANK IS PREPRESSUR'IZED PRIOR TO LIFTOFF TO SB TO AZ PsiA BY A COLD _rELIUM FLOW FROM

GSE. HELIUM FLOW IS CONTROLLED BY THE NORMALLY CLOSED COLD HELIUM SHUTOFF VALVES, TH_
FLIGHT CONTROL PRESSURE SWITCH (SENSING TANK ULLAGE PRESSURE) CONTROLS PNEPRESSURIZATION BY
OPENING AND CLOSING THE COLD HELIUM SHUTOFF VALVES. THE COLD HELIUM SHUTOFF VALVES CAN BE
CLOSED BY FOUR SIGNALS---SWITCH SELECTOR COMMAND-LOX TANK FLIGHT CONTROL PRESSURE SWlTCHt
ACTIVATION OF LOX TANK REGULATOR BACKUP PRESSURE 5wlTCHt AND ESE COMMANDo THESE SIGNALS
APPLY POWER TO A SET OF MOMENTARY CONTACTS THAT OPEN AND REMOVE POWER FROM THE SOLENOID
OPERATED SHUTOFF VALVES AND ALLOW THEM TO CLOSE, THE ABSENCE OF ALL OF THE SIGNALS WILL
ALLOW THE MOMENTARY CONTACTS TO RETURN TO THEIR NORMALLY CLOSED POSITIONt APPLYING POWER TO
OPEN THE SHUTOFF VALVES. DURING BOOST THE LOX TANK PNBSSURIZATION SHUTOFF VALVES CLOSEU

CO_MANU I_ SENT b SECONDS AFTER LIFTOFF TO OISABLE SWITCH CONTROL OVER THE SHUTOFF VALVES,
THE COFIMAND WILL BE REMOVED PRIOR TO ESC TO ALLOW SUFFICIENT TIME FOR ANY WE_uIREO BOOST

MAKEUP PRESSURIZATION WITHOUT DANGER OF VENT FREEZING.

FAILURE POINTS

i, COLD HELIUM SHUTOFF VALVES FAIL OPEN

2. MOMENTARY CONTACT FAILS IN THE NORMALLY CLOSE POSITION

CONSEOUENCES

IF THE SHUTOFF VALVES FAlL OPEN DURING BOOSTt THE LOX TANK ULLAGE PRESSURE WILL RISE TO THE
VENT RELIEF SETTING AND THE HELIUM FLOW WILL BE VENTED OVERBOARDI THIS MAY RESULT IN
INSUFFICIENT HELIUM REMAINING FOR ADEQUATE PRESSURIZATION OF THE LOX TANK DURING BURNS* IN
ADDITIUNt THERE IS A POSSIBILITY THAT AFTER A TRANSIENT P=RIOD OF PRESSURIZATION SYSTEM
CHILLDOWNt THE COLD HELIUM FLOW COULD FREEZE OXYGEN IN THE VENT SYSTEM AND CAUSE A BLOCKAGE
OF THE PILOT POPPETS IN THE LOX TANK VENT AND RELIEF VALVES, THE LOX TANK ULLAGE PREBSURE
COULD THEN RISE PAST THE RELIEF SETTING TO A POTENTIALLY HAZARDOUS LEVEL,

7-i PRIOR Tu RESTART, INSUFFICIENT PROPELLANT REMAINS FOR ACHIEVEMENT OF ACCEPTABLE ALTERNATE
MISSIONS

S-IVB ENGINE FIRST BURN VELOCITY CUTOFF IS SCHEDULED TO OCCUR AT TB4 + 2 MINUTES 27,7
SECONDS _IVING A FIRST BURN DURATION OF 14E.7 SECONDSI S-IVB ENGINE SECOND BURN WILL INJECT

THE LAUNCH VEHICLE AND SPACECRAFT INTO AN ACCEPTABLE LUNAR TRAJECTORY BY A GUIDANCE
VELOCITY CUTOFF,

THE RESIDUAL PROPELLENT REMAINING AT TLI cuTOFF OR THE 105tOOO NM APOGEE 15 DEFINED BY

REALTIME ANAYSIS CONSIDERING THE FIRST S-IV_ BURN CHARACTERISTICS (THRUSTtFLOW RATEr
BURNTIMEt ETC,), SUFFICIANT PROPELLENT IS DEFINED SUCH THAT THE PROPELLENT EVALUATION IN
REAL TIME WILL INDICATE A ONE PERCENT 1-2.330) PROBABILITY OF ACHEIVING A 105.000 NM APOGEE
AT CUTOFF. THIS PROBABILITY IS BASED ON PERFORMANCE CAPABILITY ONLY, AND IF THERE ARE

HARDWARE FAILURE_ DURING THE MISSION_ CONSIDERATION WILL BE GIVEN AS TO THE EFFECT OF THE
FAILURE ON PERFORMANCE

FAILURE POINTS

ANY FAILURE WHICH RESULTS IN REDUCED PROPELLENTS FOR SIVB SECOND BURN

CONSEQUENCES

iF ADUITIONAL PROPELLANT IS USED DURING AN EXTENDED 5-1VB FIRST BURN OR IS LOST DURING
EARTH ORBITAL COAST BECAUSE OF A MALFUNCTION PRIOR TO SECOND BUN_t IT IB POSSIBLE THERE
WILL N_T BE ENOUGH PROPELLANT TO PERFORM A GUIDANCE VELOCITY CUTOFF AT TLI, IF SUFFICIENT
PROPELLANT DOES NOT REMAIN, THE STAGE WILL BE CUT OFF BY A DEPLETION CUTOFF CAUSING THE
LAUNCH VEHICLE AND SPACECRAFT TO BE INJECTED INTO AN EXTREMELY OFF-NOMINAL LUNAR
TRAJECTORY*
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7-2 LOSS OF ONE AP$ MODULE DURING TBSt TB8 PRIOR TO RESTARTt OR TB7

THE APS PROVIDES ATTITUDE CONTROL OF THE $-IVB IN THE ROLL AXIS DURING J-2 ENGINE BURN AND
IN ALL THREE AXES DURING COAST FLIGHT, THE APS ENGINES ARE LOCATED IN TWO MODULES l_O

DEGREES APART ON THE AFT SKIRT OF THE S'IVB* EACH NODULE CONTAINS FOUR ENGINES--- THREE 15U
POUND THRUST ENGINES AND ONE 7O POUND THRUST ENGINE--AND CUNTAINS ITS uWN OXIOIZERt FUEL_
AND PRESSURIZATION SYSTEM THAT UTILIZES NITROGEN TETRQXIDE AS T_E OXIDIZER AND MUNONE]HYL
HYDRAZINE AS THE FUEL, THE 1SO-POUND THRUST ENGINES UTILIZE EIGHT CONTROL VALVES (FOUR FUR
FUELp FOUR FOR OXIDIZER) 1N A FAIL-SAFE_ SERIES-PARALLEL ARRAN_tMENT, THE ENGINE FIRING
COMMANDS_ WHICH CONE FROM THE IUP ACTUATE THE _UAD-REDUNDANT ENGINE VALVESt ALLOWING THE
PROPELLANT TO FLOW INTO THE THRUST CHAMBER, NO IGNITION SYSTEM IS REQUIRED= SINCE THE FUEL
AND OX|DIZER ARE HYPERGOLIC, AN ABLATIVE MATERIAL IN THE THROAT OF THE NOZZLE ABSORBS HEAT
AND SLOWLY BURNS AWAY DURING MOTOR OPERATIONw THEREBY COOLING THE MOTOk,

FAILURE POZNT5

l, PROPELLANT SYSTEM LEAK

2a HIGH AND LOW HELIUM SYSTEM LEAK

3, EXCESSIVE USAGE OF PROPELLANT OR HELIUM DUE TO COMMANDS

CONSEQUENCES

LOSS OF ONE AP5 MODULE DURING S-IVB COAST PERIODS WILL RESULT LN THE LOSS OF A[TITUD_
CONTROL OF THE VEHICLE UNLESS ACTION IS TAKEN TO REMOVE PITCH ANO YAW CONTROL FROM THE APS
MODULES, BY GROUND COMMANDING lIS-IVB BURN MODE A AND B ONIIP APS PITCH AND YAW CONTROL
COMMANDS WILL BE SE_T TO THE S-IVB J-Z ENGINE GIMBAL SYSTEM, BY COMMANDING _FCC POWER UFF
A AND B, t POWER TO THE IU FLIGHT COMPUTOER IS TURNED OFFI WHICH ASSUHES REMOVAL OF A_L
CONTROL SIGNALS TO THE APS MODULES, DURING COAST PERIODSt THE CREW WO_LD CONTROL THE
VEHICLE IN PITCH AND YAW WITH THE CSM RCSo DURING S-IVB SECOND BURN_ THE $-IVB _iIMbAL
SYSTEM CA_ MAINTAIN PITCH AND YAW CONTROL, ONE OPERATIVE AP_ _ODULE CAN MAINTAIN RULL
CONTROL DURING S-IVB BURN, LOSS OF EITHER APS MODULE PRIOR TO OR DURING PROPELLANT DuMP NAY
RESULT IN LO_S OF ATTITUDE CONTROL AND FAILURE TO MAINTAIN PROPER LUNAR IMPACT ATTITUDE°
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7-3 J-2 ENGINE MAIN FUEL VALVE FAILS TO CLOSE

THE MAIN FUEL VALVE IS A BUTTERFLY-TYPE VALVE, SPRING LOADED TO THE CLOSED PO$1TIONP
PNEUMATICALLY OPERATED TO THE OPEN POSITION, AND PNEUMATICALLY ASSISTED TO THE CLOSED
POSITION, THE PURPOSE OF THIS VALVE IS TO CONTROL THE FLOW OF FUEL TO THE THRUST CHAMBER,

THE MFV IS CLOSEU DURING THE ENGINE CUTOFF SEQUENCE BY DEENERUIZING THE IGNITION PHASE
CONTROL VALVE WHICH ROUTES HELIUM CONTROL SYSTEM PRESSURE THROUGH THE NORMALLY OPEN PORT TO

THE CLOSING ACTUATOR OF THE MFV, OPENING CONTROL PRESSURE FRoM THE MFV IS VENTEO THROUGH
THE NORMALLY CLOSED PORT OF THE IGNITION PHASE CONTROL VALVE, THE VALVE IS SPRING LOADED TU
THE CLOSED POSITION AND STARTS TO CLOSE AS SOON AS OPENIMo PRESSURE 15 VENTED,

FAILURE POINTS

1, LOSS OF ENGINE CONTROL PNEUMATICS

2, MAIN FUEL VALVE FAILS OPEN

3, MAIN IGNITION PHASE SOLENOID AND MAIN HELIUM CONTROL SOLENOID FAIL OPEN

CONSEQUENCES

IF THE MAIN LH2 VALVE FAILS TO CLOSE AT FIRST BURN CUTOFF AND CANNOT BE COMMANDED CLOSEDo
LH2 WILL BE DUMPED OVERBOARD AND WILL RESULT IN PROPULSIVE VENTING DURING ORBITAL COAST,
LOSS OF FUEL COULD JEOPARDIZE THE MISSION BECAUSE OF INADEQUATE PROPELLANT REMAINING FOR A
NOMINAL TLI CUTOFF, THE COMMAND ACTION AFTER FIRST BURN SHOULD BE TO CLOSE THE N, O,
(NORMALLY OPEN) FUEL PREVALVE AND RECIRCULATION SHUTOFF VALVES TU CONTAIN THE FUEL, THE LH2
FEED HARDWARE AND ENGINE CHILLDOWN WILL BE ACCOMPLISHED BY THE ONBOARD SEQUENCED

18,6-SECOND FUEL LEAD WHICH STARTS WHEN THE PREVALVES ARE OPENED, NO LOX HARDWARE CHILLOOWN
WILL Bh ACCOMPLISHED AND IS CONSIDERED SATISFACTORY FOR A SAFE ENGINE START. AN LH2 LEAD
EXCEEDING 1B,6 SECONDS IS CONSIDERED AS UNDESIRABLE BECAUSE THE ENGINE WILL BE OVERCHILLED
AND WILL EXPERIENCE A HARD START AND PROBABLY EXPERIENCE COMBUSTION INSTABILITY,

THE LOX AND LH2 PREVALVES AND RECIRCULATION SHUTOFF VALVES ARE CLOSED AT TLI CUTOFF BY AN
ONBOARD SEQUENCE, FOR A MAIN LH2 VALVE FAILURE TO CLOSE, THERE WILL BE A SIMULATANEUUS LH2
AND LOX DUMP AT THE TIME OF LOX DUMP INITIATION,
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7-4 J-2 ENGINE MAIN OX1DIZER VALVE FALLS TO CLOSE

THE MAIN LOX VLAVE IS A BUTTERFLY-TYPE VALVE, SPRING LOADED TO THE CLOSED POSIT|UN_
PNEUMATICALLY OPERATED TO THE OPEN POSITION_ ANO PNEUMATICALLY ASSISTED TO THE CLOSED
pOSITION, THE PURPOSE OF THIS VALVE IS TO CONTROL THE FLOW OF OXIDIZER TO THE THRUST
CHAMBERo THE NOV IS CLOSED DURING THE ENGINE CUTOFF SEQUENCE BY O_ENER_IZING THE MAINSTAOE
CONTROL VALVE WHICH ROUTES HELIUM CONTROL SYSTEM PHEESURE THROUGH THE NORMALLY OYEN PuRr TO
THE CLOSING ACTUATOR OF THE NOV, OPENING CONTROL PRESSURE FROM THE NOV IS VENTED THROUGH
THE NORMALLY CLOSEO PORT OF THE MAINSTAGE CONTROL vALVE. THE VALVE IS SPRING LOADED TO THE
CLOSED POSITION AND STARTS TO CLOSE A3 SOON AS OPE_ING PRESSURE _5 VENTEO,

:ALLURE pOINTS

l, LOSS OF ENGINE CONTROL PNEUMATICS

2, MAIN LOX VALVE FALLS OPEN

3, MAINSTAGE CONTROL SOLENOID AND THE HELIUM CONTROL SOLENOID FALLS UPEN

CONSEQUENCES

IF THE MAIN LOX VALVE FAILS TO CLOSE AFTER A BURN PERIODF THERE WILL BE sEVERE ENGINE
DAMAGE BECAUSE OF A HIGH MIXTURE RATIO AT CUTOFF, THERE WILL BE A LOSS OF LOX OVERBOARD,

DURING ORBITAL COASTt LOX WILL BE DUMPED THROUGH THE J-2 ENGINE AND WILL RESULT IN
PROPULSIVE VENTING IF THE PREVALVE AND RECIRCULATION VALVE ARE NOT CLOSED, A SECOND BURN
SHOULD NOT BE ATTEMPTED WITH THIS FAILURE BECAUSE ENUINE DAMAGE RESULTING FROM THE FIRST
BURN LOX-RICH CUTOFF CANNOT BE ASSESSED IN REAL TIME,
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7=5 FAILURE TO SAFE THE RANGE SAFETY RECEIVERS AFTER INSERTION

THE RANGE SAFETY SYSTEM IS THE SYSTEM WHICH PERMITS THE RANGE SAFETY OFFICER TO DESTROY THE
VEHICLE IF IT BECOMES A SAFETY HAZARD DURING POWERED FLIGHT, THE SYSTEM IS SAFED uPON ORBIT
INSERTION BY GROUND COMMAND FROM THE RANGE SAFETY OFFICER (RSO), THE SAFE COMMAND DISARMS
THE SYSTEM BY REMOVING POWER FROM THE DECODER AND EBW FIRING UNIT,

FAILURE POINTS

1, CONTROLLER ASSEMBLY FAILURE

2, DECODER FAILURE

3, RELAY FAILURE

CONSEQUENCE5

FAILUR_ TO SAFE THE RANGE SAFETY RECEIVERS AFTER INSERTION WITH THE PROPELLANT DlSPERSZON
SYSTEM NOT ARMED DOES NOT POSE A PROBLEM, IT IS DESIRABLE TO HAVE THE RANGE SAFETY
RECEIVERS DISABLED, INADVERTENT ARMING OF THE PROPELLANT DISPERSION _YSTEM (EBW FIRINe
UNITS) I$ A POTENTIALLY EXPLOSIVE SITUATION, SHOULD THIS CONDITION EXIST, IMMEDIATE ACTION
SHOULD BE TAKEN TO SEPARATE THE SPACECRAFT TO A SAFE OISTANCE* IF THE PROPELLANT DISPERSION

SYSTEM IS INADVERTENTLY ARMED, ATTEMPTS TO SAFE SYSTEM SHOULD NOT BE MADE UNTIL THE
SPACECRAFT IS AT A SAFE DISTANCE,
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T-6 S-IVB COLD HELIUM SHUTOFF VALVES FAIL TO CLOSE

AT S-IVB ENGINE SHUTDOWN (TB5 AND TBT)P THE COLD HELIUM SHUTOFF VALVES ARE CLOSED TO
TERMINATE pRESSURIZATION HELIUM FLOW TO THE LOX TANK BY THE SWITCH SELECTOR COMMANDS _tLOX
TANK FLIGHT PRESSURE SYSTEM OFF II AND IILOX TANK PRESSURIZATION SHUTOFF VALVES CLOSE ON II
AND STAY CLOSED UNTIL ENGINE RESTART PREPARATIONS (TBO} PLUS 9 MINUTES 3B.4 SECONDS* THIS

PROVIDES SUFFICIENT NPSH FOR SAFE ENGINE RESTART AND IS USED TO PRESSURIZE THE LOX TANK
DURING MAINSTAGE OPERATION*

FAILURE POINTS

Z, SWITCH SELECTOR FAILURE

2, MAGLATCH RELAY FAILS TO SET

3, DIODE FAILS OPEN

4, RELAY FAILS TO ACTUATE

5, COLD HELIUM SHUTOFF VALVES FAIL OPEN

CONSEQUENCES

FAILURE OF THE COLD HELIUM VALVES TO CLOSE COULD RESULT IN UNCONTROLLED COLD HELIUM FLOW
INTO THE LO× TANK. FAILURE TO DISABLE THE LOX TANK PRESSURIZATION sYSTEM OR OF A LOX VENT
TU OPEN COULD LEAD TO AN EXCESSIVE DELTA P LOAD ON THE _-IVB COMMON BULKHEAD, FAILURE TO
CLOSE THE SHUTOFF VALVES WILL RESULT IN THE TOTAL DEPLETION OF COLD HELIUM AND LOSS OF
SECOND BURN TLI CAPABILITY BECAUSE THE LOX TANK ULLAGE PRESSURE COULD NOT BE MAINTAINED AT
A LEVEL 3UFFICIENT TO PROVIDE THE REQUIRED J-2 ENGINE LOX NPSH DURING SECOND BURN, THE
PARTIAL LOSS OF COLD HELIUM COULD MEAN INSUFFICIENT GAS AVAILABLE FOR LOX AND/OR LH2 TANK
BURNER NEPRESSUMIZATIUN PRIOR TO S-IVB RESTART AND THE USE OF THE AMBIENT REPR_SSURIZATION
SYSTEM WOULD BE REQUIRED,
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7-7 S-IVB AUXILIARY HYDRAULIC PUMP FAILS

THE ELECTRICALLY DRIVENt VARIABLE DELIVERYI FIXED ANGLE, CONSTANT DISPLACEMENT PUMP

SUPPLIES OPERATING PRESSURE HYDRAULIC FLUID FOR PREFLIGHT ENGINE GIMBALLING CHECKOUTSP NULL
POSITIONING DURING BOOST PHASED AND FLUID CIRCULATION TO MAINTAIN DESIRED TEMPERATURE
DURING BOOST AND COAST PHASE,

FAILURE POINTS

A, FAILURE TO TURN ON

i, SWITCH SELECTOR FAILURE

2, FAILURE OF MAGLATCH RELAY TO SET

3, LOSS OF SEQUENCER POWER

4, FAILURE OF RELAY TO ACTUATE

5, AFT BATTERY NO, 2 DEPLETED

b, FAILURE OF HPU MOTOR-DRIVEN SWITCH TO TURN ON

7, FAILED PUMP OR MOTOR

8. FROZEN PUMP SUCTION LINES

B, FAILUiYE TO TURN OFF

I, SWITCH SELECTOR FAILURE

2, MAGLATCM RELAY FAILS TO RESET

3. FAILURE OF GROUND CONTROL RELAY TO REMAIN DEACTUATED

4. FAILURE OF RELAY TO DEACTUATE

5. LOSS OF AFT BUS NO, i

6. FAILURE OF HPU MOTOR-DRIVEN SWITCH TO TURN OFF

CONSEQUENCES

A, FAILURE TO TURN OFF

FAILURE TO TURN OFF THE HYDRAULIC PUMP WILL DEPLETE AFT NO, 2 BATTERY IN
APPROXIMATELY 90 MINUTES AND OVERHEAT THE SYSTEM IN 70 NINUIES_ WHICH MEANS
A PARTIAL LOSS OF HYDRAULIC FLUID, AN INCREASE IN HYDRAULIC TEMPERATURE
CAUSES AN INCREASE IN FLUID VOLUMED AND IF THE PUMP IS SUCCESSFULLY TURNED

OFF_ ANY FLUID VOLUME GREATER THAN THE RESERVOIR CAPACITY WILL BB VENTE D
OVERBOARD,

B, FAILURE TO TURN ON

FAILURE OF THE HYDRAULIC PUMP TO TURN ON DURING THE THERMAL CYCLE PRIOR TO
RESTART COULD LEAD TO FREEZING OF THE HYDRAULIC OIL AND FAILURE OF THE MAIN

HYDRAULIC PUMP AT RESTART, FOR A LOSS PRIOR TO ENGINE REGTART THERE WILL BE
_o SYSTEM PRESSURE TO FILL THE ACCUMULATOR AND CENTER THE ENGINE. THIS COULD

D_LAY TIME FOR EFFECTIVE _UIDANCE CONTROL DURING RESTARTt HOWEVER, ATTITUDE
C_NTRUL WOULD NOT SERI(IUSLY BE AFFECTED DURING THE STARTIN_ TRANSIENT SINCE
FULL HYDRAULIC SYSTEM PRESSURE WOULD BE DEVELOPED BY THE MAIN

(LNGINE-DRIVEN) PUMP UY THE TIME THE ENGINE IS UP TO 90 PERCENT THRUST, FOR
THE CASE _URING T_Tt THE PUMP OFF COMMAND SHOULD BE SENT {ABAP) TO PRECLUDE
T_E POS_IL_ILITY L)F PU_P START WHILE THE CHILLDOWN PUMPS ARE OPERATINGt

BECAUSE THE INRUSH SURGE CURRENT MIGHT POSSIBLY DAMAGE THE INVERTER CURCUIT,
FOR LOSS OF THE PUFP PRIOR TO PASSIVATIONP THERE WILL BE NO SYSTEM PRESSURE
fC CENTER THE ENGINE, THIS WILL RESULT IN LOSS OF THRUST VECTOR CONTROL,

WHEN FLLIID IS NOT CIRCULATED9 C50-403 AND C5_-4O_ WILL REVERT TO A LOCALIZED

TEMPERATURE_ WITh GS0-4O_ AT A HIGHER TEMPERATURE DUE TO ITS LOCATION NEAR
THE LOX TURBINE, UURING CIRCULATION THE SYSTEM TEMPERATURES WILL CONVERGED
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7-7
CONT

Co AUXILIARY HYDRAULIC PUMP IS---

ON WHEN OFF WHEN

DAI-AO3 GREATER THAN 17DO PSIA D41-403 LESS THAN iTOO P_IA
L7-&O} LE_S THAN 50 PERCENT L7-401_ GREATER THAN 50 PEP{CENT

M22-404 GREATER THAN 20 AMP$ M22"AU4 APPROXIMATELY ZERO AMP5
D42-403 GREATER THAN _._7 PSIA D_-2-_*03 LESS THAN B9 pSIA
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7-8 LOSS OF ATTITUDE CONTROL

Vehicle Rate_ andS]

(R4-(_![_._S:.602, R6-602_ >

Vehicle Rates and

(R8-602r R12-602, R13-602) >

i Loss of Attitud@ Control Durln8 Orbit

I •

Loss of Attitude Control Aler_

ATTITUDE CONTROL OF THE ENTIRE SATURN VEHICLE IS CONTROLLED THROUGH TBE INSTRUMENT UNIT.
THIS CONIROL IS NECESSARY TO KEEP THE VEHICLE IN THE CORRECT LAUNCH TRAJECTORY FOR PROPER
ORBIT INSERTION AMP FOR MAINTAINING THE CORRECT VLHICLE ATTITUDE WHILE IN ORBIT*

FAILURE POINTS

l, SWITCH SELECTOR FAILURE

2. LVDC FAILURE

3. sr-I24PLATFORM FAILURE

4, APE FAILURE

CONSEQUENCES

LOSS OF ATTITUDE CONTROL DURING ORBIT WILL EVENTUALLY RESULT IN EXCESSIVE RATES IN THE

AFFECTED AXIS AJ_O AN INABILITY TO PERFORM REQUIRED MANEUVERS. THE LV/CSM ATTITUDE WILL BE

UNC_NTKOLLABLE AND WILL DIVERGe,
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7-g
CONT•

TLC - EMRD26 _

V MEMB - EMRD25 I LVDC/LVDAComputatfonaI Fa_]urD ID

TLCMC26D9

S-IVB Burn Mode On (KZ0_-602_Q!I._--_
Pitch APS Firing Inactive 2

(K133-404,K135_404) _ of --

Sw Sel Functions"FCCS-IVBBurn 3 Failureto

Vote Rec on f_F_ or_

Mode Off A&B"not issued _ Failureto Change Failureto Inlt_ateProperGuidanceSequene
Time Base ____

Sw Sel Sequencingin New Time
Base not issued _

' 2 'Time in PreviousTime Base
Continuesto Count 4, of --J

Time BaseModeCode Bit " _"I_,_
Rema_ns Zero*

* MC25D2 Zero Indicates Not in TB5

MC25DI Zero Indicates Not in TB6

Loss of Attitude Control Alert During Orbit

Xx-Ox (>A)B60-603 _ Vote

RollLadder (>A)H56-603 __> 2
of

Rol] Error (>A) I169-603 3

×_-:')_!-_'_)_Ij#0-603 "_ Vote _ Abnom_al Attitude Error Signal

Pitch Ladder (>B) g54-603 _ 2 --_
, of

PitchError (>B)B71-603 _ 3

A _ 3.5o (TB5,TB6 to TB6 + 583 sec,
xz-Oz (>B)H60-603 _ TB7 + O to TB7 + 900 sec)

Vote A = 4.5° (AfterTB7 + 900 see)

Yaw Ladder (>B)B55-603 _i z_2 i_ B = 2.5 ° (TBS,TB7 + 0 to TB7 + 960 sec)
Iot . B " 3.5° (TB6to TB6 + 583 sec)kYaw Error (>B) R70-603 IB ffi4.5o (AfterTB7 + 900 sec)
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T-9 CONTINUOUS VENT SYSTEM REGULATOR FAILS TO OPEN

THE CONTINUOUS VENT SYSTEM PROVIDES FOR LH2 TANK VENTING DURING COAST TO ASSIST IN

PROPELLANT SETTLING AND THERMAL CONDITIONING BY PREVENTING THE SULK TEMPERATURE FROM
INCREASING. THIS HELPS TO ENSURE PROPER CONDITIONS FOR ENGINE RESTART.

FAILURE POINTS

l. SWITCH SELECTOR FAILURE

2. SEQUENCE FAILS TO INITIATE LM2 CONTINUOUS VENT SHUTOFF VALVE OPEN

3+ lO AMP" MAGLATCH RELAY FAILS

A, ACTUATION CONTROL MODULE (LH2 CONTINUOUS VENT SHUTOFF VALVE) FAILS TO OPEN

CONSEQUENCES

IF THE REGULATOR (CONTINUOUS VENT RELIEF vALVE) FAILS TO OPEN AND THE ORIFICE ICONTINUOUS
VENT ORIFICE SHUTOFF VALVE) DOES OPENt PROPELLANT CONTROL WILL BE MAINTAINED BUT THE LIQUID
SATURATION TEMPERATURE WILL RISE ABOVE ENGINE RESTART LIMITS, THE HIGH BULK TEMPEHATURE
WILL CAUSE INADEQUATE NPSM AND THE J-2 ENGINE NPSH REQUIREMENT WILL NOT BE MET THROUGHOUT
SECOND BURN, A DEGRADED OFF-NOMINAL BURN WILL RESULT IN A PROBABLE CUTOFF THAT IS CREW
SAFE=
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Timefromendof blowdownto TB6 (hr:min:sec)

Maximum allowable LH 2 tar_k ullage pressure following blowdown.
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7-10 FAILURE TO TERMINATE APS ULLAGE ENGINEIS) THRUST

THE ULLAGE ENGINES ARE USED TO PROVIDE A POSITIVE G FORCE TO THE STAGE PRIOR AT SECOND
BURNP AND TO PROVIDE PROPELLANT SETTLING DURING TANK VENTINGe

FAILURE POINTS

i. SWITCH SELECTOR FAILURE

2. SEQUENCER FAILURE

Ai ULLAGE ENGINE NO. 1 PROPELLANT VALVE(S) FAIL OPEN

B, ULLAGE ENGINE NO, 2 PROPELLANT VALVE{S) FAIL OPEN

3, MAGLATCH RE_AY FAILS TO RESET

CONSEQUENCES

FAILURE TO TERMINATE THE APS ULLAGE ENGINE{S} THRUST WILL RESULT IN DEPLETION OF AP$
PROPELLANTS IN A MATTER OF MINUTES, THE DEPLETION OF APS PROPELLANTS WILL CAUSE LOSS OF

ATTITUDE CONTROL. AP5 PROPELLANT IS DEPLETED GOONER FON THE SINGLE APS ULLAGE ENGINE
I_ON_ DUE TO THE REQUIREMENT TO BURN THE PITCH ENGINE IN THE SAME MODULE TO MAINTAIN

ATTITUDE CONTROL,
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7-11

IU STALE VECTOR DIFFERS FROM THE MSFN STATE VECTOR BY 8 SIGMA IU ERRORS AND CVS
UNCERTAINTIES AND IS CONFIRMED BY A COMPARISON OF IMU TO MSFN,

THE ALLOWABLE MIOCOURSE SHOULD BE THE NORMALLY ALLOTTED LAUNCH VEHICLE 3 SIGMA IU ERRORS
PLUS SOME PERCENTAGE OF THE SPS END OF MISSION RESERVES,

FAILURE POINTS

1_ LVDC/LVDA FAILURE

2, ACCELEROMETER FAILURE

CONSEQUENCES

THESE FAILURES COULD AFFECT THE SUCCESSFUL ACHIEVEMENT OF THE PRIMARY MISSION OBJECTIVES,
IF THE IU STATE VECTORt AS COMPARED TO A CORRESPONDING RADAR (MSFN) VECTORt EXCEEOS THE
VALUES OF 6 SIGMA IU PLATFORM ERRORS_ AND IS CONFIRHEO AS TO TREND BY A SPACECRAFT (IMU)
VECTOR COMPARISON WITH MSFN_ THEN THE IU SHOULD BE CORRECTED TO HAKE THE PRIMARY MISSION,
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7-i_ IU EGG WATER VALVE FAILS TO CYCLE OPEN AND CLOSED

THE ENVIRONMENT CONTROL SUBSYSTEM IECS) MAINTAINS ACCEPTABLE THERMAL UPERATING CONDITIUNS
FOR lU AND S-IVB ELECTRICAL COMPONENTS DURING PREFLIGHT AND FLIGHT OPERATIONS* THE ECS

CIRCULATES COOLANT TO THE ELECTRICAL EQUIPMENT RACKS AND ABSORBS HEAT GENERATED BY THE
EQUIPMENT, THE COOLANT IS COOLED BY CIRCULATION THROUGH A SUBLIMATOR THAT USES WATER TO
COOL THE COOLANT SOLUTION, THE ECS WATER VALVE CONTROLS WATER FLOW TO THE SUBLIMATOR,

FAILURE OF THE VALVE IN THE CLOSED POSITION WILL RESULT IN OVERHEATING AND A FAILURE IN THE
OPEN POSITION WILL RESULT IN OVERCOOLING OF THE ELECTRICAL COMPONENTS,

FAILURE POINTS

i. ELECTRICAL FAILURE TO SOLENOID

2* VALVE FAILURE

_, THERMISTOR FAILURE

CONSEQUENCES

IF THE ENVIRONMENTAL CONTROL SYSTEM LOGIC FAILS TO CYCLE THE WATER VALVE OPEN AND CLOSED
PROPERLYI OVERHEATING OR OVERCOOLING OF IU COMPONENTS WILL RESULT, HOWEVERt SENDING THE
ECS LOGIC INHIBIT COMMAND AND WATER VALVE OPEN OR CLOSED COMMANDt AS THE CASE MAY BEt MAY

REMEDY THE FAILURE, IF THIS IS UNSUCCESSFULt THE FOLLOWING WILL RESULT---

OVERHEATING " THE 5T-127 INERTIAL PLATFORM AND THE LVDAtS TWO POWER SUPPLY TEMPERATURES

WILL INCREASE BUT WILL NOT REACH THEIR UNACCEPTABLE TEMPERATURES BY THE END OF THE 7-HOUR

MISSION FOR THE LAUNCH VEHICLE. THE LVDC MEMORY TEMPERATURE WILL REACH ITS uNACCEPTABLE
TEMPERATURE OF 123,8 DE_REE F AT APPROXIMATELY 4,3 HOURS AFTkR FAIuURE,FOR THE T-HOUR
LAUNCH VEHICLE MISSIONp THERE WILL BE NEGLIGIBLE DEGRADATION OF THE LAUNCH VEHICLE
NAVIGATION AND GUIDANCE SYSTEM DUE TO THE TEMPERATURE INCREASE OF THE ST-124 INERTIAL
PLATFORM, HOWEVER_ ASSUMINO A CRITICAL PORTION OF MEMORY IS LOST DUE TO LVDC MEMORY
OVERHEATINGt THE LVDC MAY NOT BE ABLE TO SATISFACTORILY pERFORM ITS NAVIGATIONt GUIDANCE
AND SEQUENCING FUNCTIONS,

OVERCOULING - THE ST-124 INERTIAL PLATFORMt LVDC MEMORYt AND THE LVDAmS TWO POWER SUPPLY
TEMPERATURES WILL DECREASE BUT WILL NOT REACH THEIR UNACCEPTABLE TEMPERATURES BY THE END OF
THE 7-HOUR MISSION FOR THE LAUNCH VEHICLE= THERE WILL BE NEGLIGIBLE DEGRADATION Of THE
LAUNCH VEHICLE NAVIGATION AND GUIDANCE SYSTEM DUE TO OVERCOOLING FOR. THE 7-HOUR PRIMARY
MISSION*

MISSION REV DATE SECTION GROUP PAGE
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7-14 S-IVB STAGE COMMON BULKHEAD DELTA PRESSURE REACHES OR EXCEEDS---

A, MINUS 20 PSIO B, PLUS 30 PSID C, MINUS 26 PSID--PLUS 36 PSIO

THE COMMON BULKHEAD WILL STRUCTURALLY FAIL AT THE ULTIMATE LIMITS OF MINUS 92,5 PSIQ OR
PLUS 42,G PSID IF CORRECTIVE ACTION IS NOT TAKEN, PLUS DELTA PRESSURE IS DEFINED AS LOX

• TANK ULLPC_E PRESSURE GREATER THAN THE FUEL TANK Ui.LAb_ PRESSURE, MINUS DELTA PRES_U=<E IS
DEFINED AS A FUEL TANK ULLAGE PRESSURE GREATER THAIR THE LOX TANK ULLAGE PRESSURE,

FAILURE POINTS

l* LH2 PRESSURIZATION VALVE(S) FAILING OPEN - (HIGH LH2 ULLAGE PRESSURE)

2, Lrl2 PRESSURIZATION VALVE(S) FAILING CLOSED - (LOW LH_ ULLAGE PRESSURE}

B* COLD HELIUM SHUTOFF VALVE(S) FAILS CLOSED - (LOW LOX ULLAGE PRESSURE(

4o COLD HELIUM SHUTOFF VALVE(S) PAILS OPEN - (HIGH LOX ULLAGE PRESSURE)

b, LH2 VENT VALVE FAILS CLOSED - (HIGH LM2 ULLAGe)

b, LH2 VENT VALVE FAILS OPEN - (LOW LH2 ULLAGE)

7a LOX VENT VALVE FAILS OPEN - {LOW LOX ULLAGE)

8, LOX VENT VALVE PAILS CLOSED - (HIGH LOX ULLAGE)

CONSEQUENCES

THEORETICALLYp THESE LIMITS SHOULD NOT BE REACHED _URING S-IVB BURN, iF A VENT VALVE FAILS
OPEN_ PRESSURE WILL DROP TO SATURATION LEVELS AND REMAIN U_TIL EI_GINE START, UNDER NORMAL
CONDITIONS THE LOX TANK ULLAGE PRESSURE WILL BE APPROXIMATELY 7 PSI HIGHER THAN THE LHZ
TANK ULLAGE PRESSURE* SHOULD A FAILURE OCCUR IN THE LH_ OH LOX PRESSURIZATION SYSTEM OR
SHOULD A LOX VENT VALVE FAILi THE NORMAL CONDITIONS COULD BE CHANGEU-- IoE,e LH2 TANK
PRESSURE HIGHER THAN LOX TANK PRESSURE OR HIGH LOX TANK PRESSURE ANU LOW LH2 TAN_ PRESSURE=
DURING THE BOOST PHASE THE S-IVB BURND NPSH LIMITATIONS WOULD BE EXCEEDED BEFORE BULKHEAD
RESTRAINT_ ARE JEOPARDIZED,

MISSION REV uATE SECTION GROUP PAGE
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7-15 LOSS OF S-IVB STAGE PNEUMATICS

THE STAGE PNEUMATIC SYSTEM MuST BE MAINTAINED AT A PRESSURE OF wvO PSIA TO PNOPERLY ACTUATE
pNeUMATIC VALVES AND SUPPLY PURGES.

ENGINE PUM_ PURGE FAILS ON

lhE ENGINE PUMP PURGE CONTROL-- WHICH IS CONTROLLED BY A PRESSURE SWITCH-- IS OPENED FOR iO
MINUTE_ FbLLOWING S-IVB ENGINE SHUTDOWN, ALLOWING THE TuRBOPUMP SEAL CAVITY AND THE GAS
GENERATOR TQ _T. PURGE{) OF HAZARDOUS MIXTURE OF LH2 AND LOX, AN AMBIENT HELIUM SUPPLY

_F;UTOFF VALVE IS LOCATED AFTER THE REGULATOR AND CAN _E CLOSED BY GROUND COMMAND IF THE
PUR{:E CANNOT BE TERMINATED OR A LEAK DEVELOPS DOWNSTREAM OF THE VALVE,

FAILURE POII%TS

LOSS OF S-IVB STAGE PNEUMATICS

I. PNEUMAIlC RLGULATOR FAILS CLOSED

2, AMBIENT HELIUM SHUTOFF VALVE FAILS CLOSED

3. PNEUMATIC REGULATOR BACKUP PRESSUR_ SWITCH FAILS IN ENERGIZED POSITION

4. LOSS OF PNEUMATIC BOTTLE PRESSURE

ENGINE PURGE CONTROL SOLENOID VALVE FAILS OPEN

I. PRESSURE SWITCH FAILURE

2, SwITC_ SELECTOR FAILURE

3. SEUUENCER FAILURE

4. AFT PRESSURE SWITCH POWER FAILURE

CONSEQUENCES

IF THE STAGE PNEUMAT|_S 15 LOSTt THE VALVE ACTUATION SEQUENCES AND PURGE BE_UENCES CANNOT
UE COMPLETED AS PROGRAMMED O_ BY GROUND COMMAND, PRIMARY VALVE ACTUATION sEWUENCES THAT

wOULD BE LOST ARE CONTINUOUS VENT SYSTEM AND PROPELLANT TANK VENTS OPERATION AND
CUNFIG_RAIIOr_ FON CHILLOOWN.

A NEGULATON DISCHARGE PRESSURE OF AT LEAST B20 PGIA IS REQUIRED TO HOLD THE LUX ANU _H2

PREVALVLS _LQSED OURING CHILLDOWNo

IF THE EI\GI_4E PJMP PURGE CANNOT 8E TERMINATED, THE STAGE PNEUMATIC HELIUM wILL BE DEPLETED
Ai,J P,_cUMATIC _ALVE ACTUATION CAPABILITY WILL 8E LOST IN TB7 WHICH WILL REsuLT IN AN
INAEILITY TO F.L_I THh STAGE SAWING REUUIREMENTS,

MISSION REV DATE SECTION GROUP PAGE
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7-17 LOW LH2 TANK ULLAGE PRESSURE

DURING ORBITAL COAST, LH2 ULLAGE PRESSURE IS MAINTAINED BETWEEN 19.5 AND 21.0 PSIA BY
_AVIN_ 7ME CONTINUOUS VENT SYSTEM 09EN, THE CONTINUOUS VENT SYSTEM ALLOWS CO_TROLLEO
VENTING OF THE BOILOFF OH2 FROM THE LH2 TANK. THE VENTING PROVIDES A PROPULSIVE FORCE TO
ASSIST IN PROPELLANT SETTLING AND THERMAL CONDITIONING BY PREVENTING THE BULK TLMi'ERAIURE
FROM iNCREASING. A PRESSURE DROP BELOW 19.5 PSIA IS INDICATIVE OF A CONTINUOU_ VENT
REGULATOR MALFUNCTION OR A VENT SYSTEM LEAK.

THE LH2 TANK IS PREPRESSURIZED BY THE CRYOQENIC REPRESSURIZATION SYETEM (02/H2 BURNER)
DURING RESTART PREPARATIONS TO A PRESSURE BETWEEN _B AND 3E PSIA. THE AMBIENT HELIUM
REPRESSURIZATION SYSTEM SERVES AS A BACKUP TO CRYOGENIC REPRESGORIZATION IF CRYUGE_IC
RBPRESSURIZATION IE IMPARED BECAUSE OF TANK LEAKAGE OR A REPRESSURIZATION SYSTEM FAILURE.

DURING HAlf,STAGE OPERATIONS_ THE LH2 TANK IS PRESSURIZED BY GASEOUS HYDROGEN BLE_D FNOM THE
J-2 ENGINE. THE FLIGHT CONTROL PRESSURE SWITCH MAINTAINS THE ULLAGE PRESSURE BETWEEN 28
AND BE PSIA BY CYCLING VALVES IN THE LH2 TANK PRESSURIZATION CONTROL MODULE.

FAILURE POINTS

i. LH2 VENT AND RELIEF VALVE FALLS OPEN OR PARTIALLY OPEN

2. LM2 LATCHING VENT AND RELIEF VALVE FAILS OPEN OR PARTIALLY OPEN

3. LH2 CONTINUOUS VENT SYSTEM REGULATOR FAILS OPEN OR REGULATES TO A LOW
PRESSURE DURING COAST

4. CRyOGENiC AND AMBIENT REPREBSURIZATION FAIL TO iNITIATE

5. LH2 TANK CVS REGULATOR FAILS TO CLOSE FOR REPRESEURIZATION

CONSEUUENCES .

THE LH2 TANK ULLAGE PRESSURE DURING ORBITAL COAST MUST BE MAINTAINED ABOVE THE REQUIRED
LIMIT SD THAT THE REPRESSURIZATION SYSTEMS CAN SUFFICIENTLY INCREASE THE PRESSURE TO ENSURE
THE J-2 ENGINE LH2 PUMP WILL NOT CAVITATE DUE TO LOW NPSH, IF THE TANK ULLAGE PRESSURE IS
BELOW NPSH REMUIREMENTS AT ENGINE STARTt THE FUEL PUMP WILL CAVITATE WIT_ A SUBSE_UE_T
CREW-SAFE SHUTDOWN, A LOW ULLAGE PRESSURE DURIN_ COAST WOULD ALSO RESULT IN ADDITIONAL
PROPELLAN7 LOSSES DUE TO 7_E LOWER THAN EXPECTED SA7_RATI_N P_ESS_E _F THE PROPELLAiiT.

THE 02/H2 BURNER MAY NOT START OR MAY BURN THROUGH IF T_E LH2 ULLAGE PRESSURE IS BELOW _7
PSIAp THEREBY MAKING IT NECESSARY TO USE THE BACKUP AMBIENT REPRESSURIZATION SYSTEM TU

PROVIDE THE REMUIRED NPSH FOR ENGINE START. IF THE BURNER DuES OPERAT_ ANU THE ULLAGE
PRESSURE IS LOW BECAUSE OF LEAKAGEt THE EFFECTIVENESS DF CNYOGENIC RERRESSURIZATIO_ WILL _E
IMPAIRED AND AMBIENT REPRESSURIZATION WILL ALSO BE REMUIREU, IF THE OVERBOARD LEAKAGE IS
GREAT ENOUGHt THE ULLAGE PRESSURE INCREASE FROM AMBIENT REPRESSURIZATION WILL NOT WL
SUFFICIENT.
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7-18 LOW COLD HELIUM SUPPLY PRESSURE

DURING RESTART PREPARAT[ONS_ ¢OLO HELIUM HEATED BY THE 02/H2 BURNER IS USED TO PRESSURIZE
THE LH2 AND LOX TANKS TO THE PROPER RESTART pRESSURES* FOLLOWING BURNER OPERATIONt AMBIENT
HELIUM IS uSED TO PRESSURIZE THE TANKS IF THE BURNER SYSTEM WAS NOT SUFFICIENT, COLD
H_LIUM IS ALSO USED DURING S-IVB ENGINE BURN TO PRESSURIZE THE LO× TAN_*

FAILURE POINTS

l. COLD HELIUM DUMP MODULE IVENT ANU/OR RELIEF) FAILS OPEN

2° LOX TANK PRESSURIZATION SHUTOFF VALVES FAIL OPEN

3, REPRESSORIZATION PLENUM AND VALVE ASSEMBLY (LO× AND/OR LH2) SOLENOID FAILS OPEN

CONSEQUENCES

IF THE COLD HELIUH SPHERE PRESSURE DECREASES BELOW _O00 PSIA pRIOR TO O_/H2 BURNER
I6NITIONt THERE WILL NOT BE ENOUGH GOLD HELIUM REMAINING AFTER LO× AN_ LH2 TANk C_YOGENIC
REPRESSURIZATION TO PRESSURIZE THE LO× TAN_ DURING BURN TO MEET THE J-_ SPEC _PSM.
VIOLATION OF LOX J-2 ENGINE SP_C NPSH WILL CAUSE CAVITATION OF THE LOX ToRBOPOMP WITH
FAILURE TO START OR ENGINE PERFORMANCE DEGRADATION WITH A CREW-SAFE 5HOTDOWNo IF THE COLD
HELIUM PRESSURE IS BELOW 300 PSIA_ THERE MAY NOT BE SUFFICIENT COLD _ELIOM FOR LOX TANk
PRESSURIZATION DURING THE BURN, IF THE BURNER _S ALLOWED TO CO_TINUE TO OPERATE AFTER THE
COLD H_LIOM PRESSURE DECREASES BELOW 450 PBIA9 THERE MAY NOT bE SUFFIGIENT COLD HELIUM FOR
LO× TANk PRESSURIZATION DURING THE BURN*
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7-19 LOW LOX TANK ULLAGE PRESSURE

THE LOX TANK IS PREPRESSURIZED BETWEEN 38 PSIA AND 41 PSIA DURING THE RESTART SEQUENCE TO
PROVIDE THE LOX HEAD (NPSH) CONDITIONS REQUIRED FOR J'2 ENGINE START, THE 02/N2 BURNER 1S
USED FOR HEATING COLD HELIUM FOR PREPRESBURIZING THE LOX TANK. AN AMBIENT HELIUM
REPRESSURIZATION SYSTEM WILL AUTOMATICALLY PREPRESSURIZ E THE LOX TANK SHOULD THE O2/HZ
BURNER FAIL OR BE INHIBITED, DURING MAINSTAGE THE LOK TANK PRtSSuRIZATION IS MAINTAINtO

BETWEEN 38 AND 41 P-_IA BY THE FLIGHT CONTROL PRESSURE SWITCH, PRESSURIZATION GASES DURING
MAINSTAGE OPERATION CONSIST OF COLD HELIUM FLOWING THROUGH THE J-2 ENGINE HEAT EXCHANGER,

FAILURE POINTS

1_ COLD HELIUM SUPPLY SHUTOFF VALVE FAILS CLOSED

2. LOX TANK VENT AND RELIEF VALVE FAILS OPEN

31 LOX AMBIENT HELIUM REPRESSURIZATION SYSTEM FAILS

4. FLIGHT CONTROL PRESSURE SWITCH FAILS

51 02/H2 BURNER FAILS

CONSEQUENCES

LOW LOX TANK ULLAGE PRESSURES MAY RESULT IN UNACCEPTABLE ENGINE PERFORMANCE AND/OR

PREMATURE CREW-SAFE ENGINE SHUTDOWN DURING SECOND BURN DUE TO CAVITATING HEAD LOSSES.
MAXIMUM HELIUM USAGE DURING BURNER REPRESSURIZATION COUPLED WITH LOW LOX TANK PRESSURE WILL
USE EXCESS COLD HELIUM SUPPLY SUCH THAT THE NORMAL OVERCONTROL PRESSURIZATION ENERGY RATES

CANNOT BE "MAINTAINED THROUGHOUT SECOND BURN, UNDER THESE CONDITIONS* THE LOX TANK
PRESSURIZATION SYSTEM IS UNABLE TO MAINTAIN A POSITIVE PRESSURE RISE RATE ANDI THEREFORE_
AN INITIAL TANK PRESSURE IS REQUIRED TO ASSURE COMPLIANCE WITH J-2 ENGINE LOX NPSH
REQUIRtMENTS THROUGHOUT BURN. IF THE CRYOGENIC REPRESSuRIZATION SYSTEM IS INHIBITEOI THE
AMBIENT REPRESIURIZATION HELIUM WILL BE USED TO BRING THE TANK PRESSURES TO AN ACCEPTABLE

LEVEL, LOW ULLAGE PRESSURES AT ESC WILL RESULT IN VIOLATIOh OF NPSH REQUIREMENT PRIOR TO
CUTOFF. THE COMMAND ACTION WILL INHIBIT BURNER OPERATION TO SAVE (.OLD HELIUM FOR BURN
INSTEAD OF CONSUMING IT FOR REPRESSURIZATION.

• ' REQUIRED LOX TANK ULLAGE PRESSURE PRIOR TO BBRNER START
:.. FOR VARIOUS ULLAGE PRESSURE DECAY RATES
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7-20 S-IVB J-2 ENGINE START BOTTLE PRESSURE OUTSIDE RESTART LIMITS

THE START BOTTLE IS FILLED WITH GH2 AND IS STORED UNDER A NOMINAL PRESSURE OF 12_0 PGIA,
THE GH2 18 USED TO GIVE THE INITIA_ SPIN TO THE TURBINE DURING THE START 5EOUENCEJ

_AILURE POINTS

1, START VENT AND RELIEF VALVE FAILS TO RELIEVE

2* START TANK RELIEF PRESSURE _HIFTED HIGH

CONSEQUENCES

EXCESSIVE PRESSURE IN THE START TANK COULD RESULT IN ELEVATED OXIDIZER SYSTEM POWER _UILDUP
CAUSING HIGH LOX PUMP DISCHARGE PRESSURES DURING THE START TRANSIENT, THIS HIGH PRESSURE
COULD RESULT IN DAMAGE TO THE FUEL TURBINE AND ASSOCIATED OFF-NOMINAL ENGINE MIXTURE RATIO
PERFORMANCE, THE FAILURE WOULD RESULT IN A CREW-SAFE SHUTDOWN DURING TRANSITION OR IF THE
ENGINE OBTAINS MAINSTAGE THERE WOULD BE PROBABLE OFF-NOMINAL PERFORMANCE DUE TO ENGINE
DAMAGE SUSTAINED DURING ENGINE START,

MISSION REV DATE SECTION GROUP PAGE

APOLLO 14 FNL i12/15/70 SLV sYSTEMS _-30

i



NASA - Manned Spacecraft Center
MISSION RULES

SECTION A - SLV SYSTEMS

R ITEMi

7-22 S-IVB LOSS OF ENGINE HYDRAULIC FLUID

THE INDEPENDENTt CLOSED LOOP S-IVB HYDRAULIC SYSTEM GIMBALS THE J-2 ENGINE DURING BOOSTo
COASTp AND ENGINE BURN OPERATIONSo A MAIN HYDRAULIC PUMPt ,AN AUXILIARY MOTOR-DRIVEN

HYDRAULIC PUMPo AN ACCUMULATOR-RESERVOIRt TWO SENVUACTUATORSt AND INTERCONNECTING TUBE AND
HOSE ASSEMBLIES COMPRISE THE S-IVB HYDRAULIC SYSTEM. EACH OF TWO IDENTICAL SERVOACTUATOR
'ASSEMBLIES PROVIDES MECHANICAL FORCE TO GIMBAL THE a--2 ENGINE, THE SERVO VALVE WITHIN EACH

ACTUATOR DIVERTS FLUID TO ONE SIDE OR THE OTHER OF THE ACTUATOR PISTONS IN ACCORDANCE WITH
SIGNALS RECEIVED BY THE SERVO VALVE TORQUE MOTOR FROM THE PLIGHT CONTRUL COMPUTER IN THE
IU.

FAILURE POINTS

1, PITCH OR YAW ACTUATOR MALFUNCTION

2, MAIN HYDRAULIC PUMP FAILURE

3, HYDRAULIC HOSE OR TUBING FAILURE

4o AUXILIARY MOTOR-DRIVEN HYDRAULIC PUMP FAILURE

CONSEQUENCES

IGNITION OF THE S-IVB STAGE WITHOUT AN OPERATIVE HYDRAULIC SYSTEM WILL JEOPARDIZE CREW
SAFETY, THERE WILL BE A LOSS OF ENGINE GIMBAL CONTROL DURING MAINSTAGE OPERATIONt WHICH
PROBABLY WILL RESULT IN EXCESSIVE VEHICLE ATTITUDE RATES AND GUIDANCE ERROR, IN ADDITION
THE VEHICLE WILL BE UNABLE TO EXECUTE REQUIRED TRAJECTORY CORRECTIONS=
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APOLLO 14 FNL 2/Z5/70 SLV SYSTEMS
#-31



4

NASA - Manned Spacecraft Center

MISSION RULES

SECTION 4 - SLV SYSTEMS

R ITEM

7-25 LOX NON-PROPULBIVE VENT FAILS TO OPEN

DURING ORBITAL VENTING OF THE LOX TANK_ THE VENT GAS IB DIRECTED OVERBOARD BY MEANS OF A
NON-pROPULSIVE VENT SYSTEM DESIGNED TO MINIMIZE THE VEHICLE ORIENTATION PERTURBATIONS
CAUSED BY VENTING, THE TANK 15 VENTED AFTER THE SECOND BURN TO PREVENT NON-PROPULSIVE
RELIEF VENTING DURING TD&E_ AND TO PREVENT UNACCEPTABLE COMMON BULKHEAD POSITIVE
DEFFER_NTIAL PRESSURE DURING LH2 TANK NON-PROPULSIVE VENTING, AFTER LOX LUMP IN TB_ THE
VENT IB LATCHED OPEN TO SAFE THE TANK AND TO PREVENT BULKHEAD UIFFERENTIAL PRESSURE DURING
LH2 TANK SAFING,

FAILURE POINTS

Io ACTUATION CONTROL MODULE - LOX TANK NPV VALVE - FAILS TO ACTUATE

2o SEQUENCER - NPV OPEN COMMAND - FAILS TO ACTUATE ACTUATION CONTROL MODULE

3. _O AMP HAGLATCH RELAY FAILS

4, LOX NPV FAILS CLOSED

CONSEQUENCES

IF THE LOX TANK NPV IS NOT OPENED AT TB7o THE RISE IN LOX TANK ULLAGE PRESSURE DUE TO
ULLAGE AND LIWUID HEAT INPUTS WILL RESULT IN RANDOM OR CONTINUOUS NON-PROPULSIVE RELIEF
VENTING DURING SPACECRAFT SEPARATIONp DOCKINGo AND 5C/LM EJECTION. IN ADDITIONt DUE TO THE
BLOWDOWN OF THE LH2 TANK, THE COMMON BULKHEAD POSITIVE DIFFERENTIAL PRESSURE MAY INCREASE
TO A VALUE IN EXCESS OF 35 PSID,

IF THE LOX NPV IS NOT LATCHED OPEN AT TB8 AFTER LOX DUMPt THE RISE IN LOX TANK ULLAGE
PRESSURE DUE TO ULLAGE AND LIQUID HEAT INPUTS WILL RESULT IN EVENTUAL NON-PROPULSIVE RELIEF

VENTING. IN ADDITION, DUE TO THE BLOWDOWN OF THE LH2 TANKt THE COMMON BULKHEAD POSITIVE
DIFFERENTIAL PRESSURE MAY INCREASE TO A VALUE IN EXCESS OF 36 PSID, SINCE THIS MAY OCCUR
AT A TIME BEYOND THE LIFETIME OF THE STAGEr THE COMMON BULKHEAD DIFFERENTIAL PRESSURE

MISSION RULE MAY NOT BE APPLICABLE FOR FURTHER CORRECTIVE ACTION.
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7-26 LH2 LATCHING VENT VALVE FAILS TO OPEN

THE LH2 LATCHING VENT VALVE IS LATCHED OPENED FOR Z5 MINUTES AT TB7 + Oe_ SECONDS AND AGAIN
AT TB7 + 60 NIN 0o4 $EC TO VENT THE LH2 TANK PRIOR TO AND AFTER SPACECRAFT SEPARATION= THE
VALVE 15 PERMANENTLY LATCHED OPEN AT TB8 + 23 MINUTES 27 SECONDS.

FAILURE POINTS

lo LH2 LATCHING RELIEF VALVE LATCH

2e LH2 LATCHING RELIEF VALVE FAILS CLOSED

CONSEQUENCES

FAILURE TO VENT THE LH2 TANK PRIOR TO AND AFTER SPACECRAFT OPERATIONS MAY RESULT IN
UNDESIRABLE LH2 TANK VENTING THAT HAY RESULT IN PERTURBATIONS DURING TD6E*
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7-27 ENGINE START BOTTLE DUMP FAILS TO INITIATE

AT THE COMPLETION OF THE PRIMARY S-IVB MISSIONP THE ENTIRE STAGE WILL BE PASSIVATED OR
SAFED BY BLEEDING DOWN PNEUMATIC BOTTLES AND SYSTEMS AND DUMPING REMAINING PROPELLANTS* BY
THE END OF sECOND BURN THE START BOTTLE WILL HAVE BEEN RECHARGED TO A PRESSURE LEVEL OF
APPROXIMATELY _t_SO PSIA* THE PRESSURE SHOULD NOT INCREASE SIGNIFICANTLY ABOVE THIS VALUEJ
SINCE START BOTTLE DUMP IS INITIATED IMMEDIATELY AFTER SECOND BURN CUTOFF AT START OF TIME
BASE T, ANY INCREASE IN PRESSURE ABOVE THE RELIEF SETTING OF ZtSOO +/- 25 PSIA WILL CAUSE
VENTING OF EXCESS pRESSURE THROUGH THE START BOTTLE VENT AND RELIEF VALVE*

THE GH2 START BOTTLE WILL BE DUMPED BY OPENING THE VENT AND RELIEF VALVE*

fAILURE POINTS -

1. START BOTTLE VENT VALVE FAILS CLOSED

Z* STAGE PNEUMATIC POWER CONTROL MODULE FAILS CLOSED

3* ELECTRICAL COMMAND FAILURE

CONSEQUENCES

THE S-IVB STAGE WILL NOT BE IN A SAFE CONDITION IF THE START BOTTLE DUMP IS NOT INITIATED
OR IF THE PRESSURE IS NOT BELOW lt200 PSIA AT 70 DEGREES F*

|
I PAGE

MISSION REV DATE SECTION GROUP

APOLLO 14 FNL 2/15/70 SLV SysTEMS #-34



i i

NASA - Manned Spacecraft Center

MISSION RULES

SECTION 4 - BLV SYSTEMS

R_ ITE_

7-28 FAILURE TO INITIATE COLD HELIUM DUMP

AT THE END OF THE S-IVB SECOND BURNt GAFING OF THE STAGE WILL BE INITIATEDt INCLUDING COLD
HELIUM DUMP, COLD HELIUM IS DUMPED THROUGH THE LH2 TANK VENT _EN THE REPRESSU_ILAT[ON

SYSTEM MODE SELECT OFF (CRYOGENIC MODE) AND REPRESSURIZATION CONTROL VALVES OPEN COMMAND 15

GIVEN BY THE ONBOARD SEQUENCE,

FAILURE POINTS

i. LH2 CRYOGENIC REPRESSURIZATION VALVES FAIL TO'OPEN

2, ELECTRICAL OR COMMAND FAILURE

3= LOX PRESSURIZATION MODULE REGULATOR FAILS CLOSED

CONSEQUENCES

IF THE COLD HELIUM SPHERES FAIL TO DUMP THROUGH THE LH2 CRYOGENIC REPRESSURIZATION SYSTEM_
IT CAN BE DUMPED THROUGH THE LDX TANK BY OPENING EITHER THE LUX CRYOGENIC REPREGSURIZATION
VALVES OR LOX PRESSURIZATION VALVES, IF THESE ALTERNATIVES FAILt THE COLD HELIUM CANNOT BE
DUMPED AND THE $-IVB CANNOT BE SAFED, THE SPHERE PRESSURE COULD INCREASE TO 3500 PSIA AG
THE TEMPERATURE INCREABE$ FROM 50 TO 400 DEGREES R, THIS IS UNACCEPTABLY CLOSE TO THE
AMBIENT TEMPERATURE SPHERE BURST PRESSURE AT 3950 PSIA,
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8-2 S-IVB STAGE 02/H2 BURNER FUEL PROPELLANT VALVE FAILS CLOSED

THE 02/H2 BURNER USES LDX AND LH2 FROM THE MAIN PROPELLANT TANKS TO HEAT COLD HELIUM FOR
REPRESSURIZATION OF THE OXIDIZER AND FUEL TANKS, A THERMAL VOTIN_ CURCUIT THAT SENSES THE
TEMPERATURE IN THE GH2 LINE UPSTREAM OF INJECTOR NO, 2 PROVIDES AN INDICATION OF A BURNER
NO-LIGHT OR FLAMEOUT* THE CIRCUIT WILL AUTOMATICALLY SHUT DOWN THE BURNER WHEN THE
TEMPERATURE IS BELOW -409 TO -411 DEGREES F, THE CIRCUIT WILL NOT DETECT A BURNER
MALFUNCTION DUE TO THE LH2 PROPELLANT VALVE FAILING CLOSED {1) AT BURNER START BECAUSE THE
TEMPERATURE WILL REMAIN ABOVE THE VOTING CIRCUIT SETTINGS AND 12) DURING BURNER OPERATION
BECAUSE THE LOX-RICH MIXTURE WILL CAUSE HIGH BURNER TEMPERATURES,

FAILURE POINTS

l, LH2 PROPELLANT VALVE FAILS CLOSED

2, ACTUATION CONTROL MODULE ILH2 PROP VALVE) FAILS CLOSED

9, SWITCH SELECTOR FAILURE

4, MAGLATCH RELAY FAILS TO SET

CONSEQUENCES

IF THE LH2 PROPELLANT VALVE FAILS CLOSED DURING BURNING OPERATIONS THE BURNER VOTING
CIRCUIT WILL NOT DETECT THE MALFUNCTION AND HIGH BURNER TEMPERATURES WILL RESULT, ALSO LOX
WILL BE DUMPED OUT OF THE BURNER DUE TO THE LOX MANIFOLO SHUTOFF VALVE REMAINING OPEN= THE
COLD HELIUH REPRESSURIZATION SHUTOFF VALVES WOULD REMAIN OPEN UNTIL THE AMBIENT
REPRESSURIZATION SYSTEM IS INITIATED DURING TB6 OR UNTIL THE BURNER SHUTDOWN COMMAND IS
GIVEN, IF THE COLD HELIUM SHUTOFF VALVES REMAIh OPEN FOR THE ENTIRE BURNER
REPRESSURIZATIONt THE RESULTANT COLD HELIUM BOTTLE PRESSURE WOULD BE INSUFFICIENT TO MEET
THE LOX TANK PRESSURIZATION REQUIREMENTS DURING SECOND BURN AND A SAFE LOW NPSH ENGINE
SHUTDOWN WOULD OCCUR PRIOR TO THE COMPLETION OF SECOND BURN,

MISSION REV DATE SECTION GROUP PAGE

APOLLO 14iFNL _2/15/70 SLV SYSTEMS 4-36



NASA - Manned Spacecraft Center
mssm. RULSS

SECTION 4 " SLV SYSTEMS

R ITEM
-.i .....

8-3 LH2 CH1LLDOWN SYSTEM FAILS

THE J-2 ENGINE LH2 PUMP IS PRECONDITIONED PRIOR TO RESTART TO ENSURE THE INLET CONDITIONS
ARE ACCEPTABLE FOR START* LH2 _S CIRCULATED FROM THE TANK THROUGH A LOW PRESSURE FEED OUOTw
THE J-2 ENGINE LH2 TURBQPUMP_ AND BACK TO THE TANK THROUGH A RETURN LINE, THE LH2 CHILLDUWN
PuMP IS TURNED ON AND THE N. O, LH2 PREVALVE IS CLOSED AFTER INITIATION OF TIME BASE 6, LH2

'FLOWS TO THE INLET OF THE TURBOPUMP THROUGH THE N. O* CHILLDOWN VALVE THAT REMAINS IN THE
OPENED CONDITION AND BACK TO THE TANK THROUGH THE N, O, BLEED VALVE= JUST PRIOR TO ENGINE
START THE PREVALVE IS OPENED* AFTER ENGINE START THE BLEED VALVE IS CLOSED AND THE
CHILLDOWN PUMP TURNED OFF*

FAILURE POINTS

le LH2 CHiLLDOWN PUMP PAILS OFF

2Q LH2 CHILLDOWN VALVE FAILS CLOSED

3o LH2 BLEED VALVE FAILS CLOSED

4o LH2 PREVALVE FAILS OPEN

CONSEQUENCES

IF THERE IS A FAILURE AT ONE OF THE FAILURE POINTSt LH2 RECIRCULATION WILL NOT BE
ACCOMPLISHED, THE ONBOARD SEQUENCED LH2 FUEL LEAD DURING THE ENGINE START SEWUENCE WILL
PROVIDE LH2 FEED SYSTEM AND J-2 ENGINE CHILL FOR RESTART* THERE IS A POSSIBILITY THAT LH2
PUMP CAVITATION WILL OCCUR RESULTING IN A FAILURE TO REACH MAINSTAGE AND A CREW SAFE ENGINE

SHUTDOWN, .
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18-4 LOX CHILLDOWN SYSTEM FAILS DURING RESTART PREPARATIONS

THE J-2 ENGINE LOX PUMP AND FEED HARDWARE PUMP IS PRECONDITIONED PRIOR TO RESTART TO ENSURE
THE INLET CONDITIONS ARE ACCEPTABLE FOR START= LOX IS CIRCULATED FROM THE TANK THROUGH A
LOW PRESSURE FEED DUCTt THE J-2 ENGINE LOX TURBOPUMPt AND BACK TO THE TANK THROUGH A RETURN
LINE= THE LOX CHILLDOWN PuMP IS TURNED ON AND THE N, O_ LOX PREVALVE IS CLOSED AFTER
INITIATION OF TIME BASE b* LOX FLOWS TO THE INLET OF THE TURBOPUMP THROUGH THE N* D=
CHILLDOWN VALVE THAT REMAINS IN THE OPENED CONDITION AND BACK TO THE TANK THROUGH THE N. OJ
BLEED VALVE= JUST PRIOR TO ENGINE START THE PREVALVE IS OPENED= AFTER ENGINE START {ENGINE
HELIUM CONTROL SOLENOID ENERGIZED) THE BLEED VALVE IS CLOSED AND THE CHILLDOWN PUMP TURNED
OFF.

FAILURE POINTS •

1= LOX CHILLDOWN PUMP FAILS OFF

2= LOX CHILLOOWN VALVE FAILS CLOSED

3= LOX BLEED VALVE FAILS CLOSED

4o LOX PREVALVE FAILS OPEN

CONSEQUENCES

IF THERE IS A FAILURE AT ONE OF THE FAILURE POINTBP LOX CHILLDOWN WILL BE ACCOMPLISHED BY A
GROUND COMMANDED SEOUENCED LOX LEAD OF APPROXIMATELY 8 SECONOS(ALTERNATE SEQUENCE 6 O)o THE
LOX LEAD WILL IMPROVE CHANCES OF A SUCCESSFUL ENGINE START= HOWEVERP A LOX LEAD EXCEEDING 8
SECONDS IS UNDESIRABLE BECAUSE THE ENGINE INJECTOR WILL BE OVERCHILLED WHEN COMBINED WITH
THE NORMAL 8 SECOND LH2 LEAD= DUE TO COMBUSTION INSTABILITY NOTED ON AS 504t A TLI INHIBIT
WILL BE CALLED FOR A LOX LEAD LARGER THAN 20 SECONDS.
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8-B S-IVB CONFIRMED HARDOVER ACTUATOR

DURING ORBITAL COASTt NO HYDRAULIC POWER IS SUPPLIED TO THE ACTUATORS EXCEPT WHEN THE
AUXILIARY HYDRAULIC PUMP IS TURNED ON FOR THERMAL CYCLE, IN THE POWER UFF CONDITIONp ENGINE
POBITION WILL VARY +/- _ DEGREES DEPENDING ON DUCT LEAOSt GIMBAL BEARING FRICTIUNP ETC*
DURING THE ENGINE IGNITION STARTING TRANSIENTt MOMENTARY PITCH OR YAW ACTUATOR EXCURSIONS
AS HIGH AS +/- 3 DEGREES ARE NORMALLY EXPERIENCED* LARGE ACTUATUR DEFLECTIONS MAY OCCUR AT
THIS TIME DEPENDING ON VEHICLE ATTITUDE. THE ACTUATORS NAY BE OFFSET FROM NULL DURING
ENGINE BURN AS MUCH AS +/- I*5 DEGREES DUE TO THRUST MISALIGNMENTp ENGINE INSTALLATIOt_-
TOLERANCESt UNCOMPENSATED GIMBAL CLEARANCES AND THRUST STRUCTURE COMPRESSION EFFECTS, AFTER

THE INITIAL ENGINE BURN STARTING TRANSIENTSt THERE SHOULD BE VERY LITTLE MOVEMENT OF THE
ACTUATORS DURING POWERED FLIGHT.

FAILURE POINTS

l* SERVOACTUATOR VALVE

CONSEQUENCES

DURING SECOND S-IVB BURN_ AN ACTUATOR HARDOVER FAILURE PRODUCES RAPID DIVERGENCE OF
ATTITUDE ERROR AND BODY RATEr TUMBLINGP AND IMMEDIATE LOSS OF CONTROLo THIS IS THE MOST

LIMITING CASE FOR MANUAL ABORT TIMING AND ANY DELAY MUST BE MINIMIZED TO PREVENT EXCEEDING
THE SPACECRAFT PLATFORM TUMBLE LIMITS, EDS STUDIES SHOW THAT FOR EVEN A 2-SECOND BURN OF
THE J-2 THE VEHICLE WOULD COMPLETE ABOUT 3 1/2 REVOLUTIONS BEFORE A RECOVERY COULD BE MADE
WITH THE AP5,
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8-7 CONTINUOUS VENT SYSTEM REGULATOR FAILS TO CLOSE DURING RESTART SEQUENCE

THE CVS IS CLOSED DURING RESTART PREPARATIONS SO THAT THE LH2 TANK CAN BE REPRESSURIZED TO
AN ACCEPTABLE LEVEL FOR RESTART, DURING ENGINE BURNt THE VENTS MUST BE CLOSED IN ORDER THAT
THE LH2 TANK PRESSURIZATION SYSTEM CAN PROVIDE ADEQUATE NPSP,

DURING J=2 ENGINE OPERATION, ULLAGE PRESSURE IS PROVIDED BY GH2 BLEED FROM THE J-2 ENGINE*
THE GASES FLOW TO THE TANK THROUGH THREE OR_FICED FLOW PATHS* ONE PATH IS ALWAYS OPENt AND
NORMALLY OPEN SOLENOID VALVES CONTROL THE OTHER TWO, AFTER J-2 ENGINE START_ A SWITCH

SELECTUR COMMAND CLOSES ONE SOLENOID VALVE AND ENABLES THE FLIGHT CONTROL PRESSURE SWITCH
TO CONTROL THE OTHER VALVE,

FAILURE POINTS

2. CONTINUOUS VENT REGULATOR FAILS OPEN

2, SWITCH SELECTOR FAILURE

3, MAGLATCH RELAY FAILS TO SET

CONSEQUENCES

IF THE CVS REGULATOR FAILS OPEN AT INITIATION OF RESTART PREPSt THE REGULATOR WILL VENT GAG
AT A RATE EQUAL TO THE CRYOGENIC REPRESSURIZATION RATE, HOWEVER_ THE AMBIENT

REPRESSURIZATION SYSTEM WILL PROVIDE ADEQUATE NPGP FOR RESTART, DURING BURN THE CORRECTIVE
ACTION WILL OPEN ALL THREE PATHS OF THE LH2 pRESSURIZATION CONTROL MODULE TO PROVIDE THE
ADDITIONAL pRE$SURANT REQUIRED,
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8-8 LOSS OF ATTITUDE CONTROLDURIN_ @-IVB SECOND BURN

• Vehicle Rare8 _. _%
(R4-602, R5-602, R6-602)

(R8-6O2,_i_-602,R13-_o,)l J / I
l.oss of Attitude Control Alar

ATTITUDE CONTROL OF THE ENTIRE SATURN VEHICLE IS CONTROLLED THROUGH THE INSTRUMENT UNIT,
THIS CONTROL IS NECESSARY TO KEEP THE VEHICLE IN THE CORRECT LAUNCH TRAJECTORY FOR PROPER

ORBIT INSERTION AND FOR MAINTAINING THE CORRECT VEHICLE ATTITUDE WHILE IN ORBIT,

FAILURE POINTS

1, SWITCH SELECTOR FAILURE

2, LVDC FAILURE

3. ST-124 PLATFORM FAILURE

4, APS FAILURE

CONSEQUENCES

LOSS OF ATTITUDE CONTROL DURING ORBIT WILL EVENTUALLY RESULT IN EXCESSIVE RATES IN THE

AFFECTED AXIS AND AN INABILITY TO PERFORM REQUIRED MANEUVERS, THE LV/CSM ATTITUDE WILL BE
UNCONTROLLABLE AND WILL DIVERGE*
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NT,

Lose of Attit_e _mtrml Alert _ri_ Orbit

TLC - DdR D26

and

L HEM A - KM'RD24,.,
V

D MEM B - EMR D25 LVDC/LVDA Computational Failure
C

TI_ MC26D9

;'oL::::;:;;;gory Hydraulic Reservoir Pressure (Appro_, O) - 042-403 _ °ut3°f

D Hydraulic Level (Approx. 0 Percent) - L7-403
i

R

p Failure to Reconflgure FCC _Fallure to Initiate Proper Guidance Sequence
C
C Pall to Change Time Base

Losa of Attit_e Control S-IVB Second Burn

YRT - ME24D15 & ]6

RRT _ MC24D17 & 1S
S ZET _ MC24D19 & 20

rOD ETE _ MC24D13&14
T

1 Guid _ _

2 _ Attitude Referenee Faiiure
4 Piatform GN2 C_5 PSID_Dll_603 _

6Dll Volt_l_l

M 6DI0 Amps(<IOA)-MI6-601 :_o_
Gyro Pickups(=O)-EdO, 41, 4

XX-OX (>A) E60-603 _ t: i

Roll Ladder (>A) H56-6@3,

Roll Error (_A) H69-603 _ of

. Xy-0y (>B) E60-603 Itud Error Signal
Pitch Ladder (>B) E54-603

Pitch Error (>B) E71-603

XZ-OZ (>B) R60-603

• Yaw Ladder _>B) H55-603

Yaw Error (>B) H70-603
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9-i S-IVB AMBIENT HELIUM DUMP FAILS TO INITIATE

AS A PART OF THE A5-50? MISSION_ THE S-IVB STAGE WILL GO THROUGH A PASSIVATION SAFING

PROCEDUREp INCLUDING DUMPING THE AMBIENT HELIUM BOTTLE. TMIS IS ACCOMPLISHED BY OPENING THE

ENGINE PUMP PURGE VALVE AND DUMPING THROUGH THE ENGINE TuRBOPUMP PURGES AND GAS GENERATOR
PURGE*

FAILURE POINTS

1. ENGINE PUMP PURGE CONTROL VALVE FAILS CLOSED

2= ELECTRICAL COMHANO FAILURE

CONSEOUENCEb

THE $-IVB STAGE WILL NOT BE IN A tISAFEIt CONDITION IF THE PRESSURE I5 BELOW 2pOOO PSIA AT
210 DEGREES F {1/4 BURST PRESSURE)* THE AMBIENT HELIUM SPHERE PRESSURE WILL NOT INCREASE
SIGNIFICANTLY FROM THE PRESSURE AT THE TIME OF THE FAILURE, IN TME EVENT OF FAILUNE TO DUMP
THIS BOTTLE_ THE CONTINUOUS BLEED PROVIDED BY THE LOX CHILLUOWN PUMP PURGE AND _NORMAL
LEAKAGE WILL RESULT IN MEETING THE 4tOO0 PSIA AT 310 DEGREES F CONTINGENCY CASE (1/2 BURST
PRESSURE),
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9-2 LOX DUMP FAILS TO INITIATE

AT THE TERMINATION OF S-IVB SECOND BURNt THE S-IVB STAGE WILL BE PASSIVATED-- 1. Eit LOX
DUMPEO_ LH2 VENTED_ AMP PRESSURE BOTTLES BLOWN DOWN. THE LUX DUMP IS ACCOMPLISHED BY
OPE_IN_ THE J-2 ENGINE _AINSTAGE CONTROL SOLENOID AND THE E_GIN_ HELIUM CONTROL SOLENOI_t
RESPECTIVELY, THIS ALLOWS LOX TO BE DUMPED THROUGH THE ENGINE THRUST CHAMBERo

FAILURE POI_TS

lo DEPLETED ENGINE CONTROL HELIUM SUPPLY

2. LOX PREVALVE FAILS CLOSED

3, SEQUENCING FAILURE

4. FfAIN LOX VALVE FAILS CLOSED {ENGINE)

5, MAINSTAGE CONTROL SOLENOID FAILS CLOSED

6o ENGINE HELIUM CONTROL SOLENOID FAILS CLOSED

CONSEQUENCES

LOSS OF LOX DUMP AND ITS RESULTING THRUST OF APPROXIMATELY ?OU POUNDS COULD PREVENT THE
S-IVB FROM ENTERING THE LUNAR IMPACT TRAJECTORY AND WILL CAUSE LOX TANK SAFING TO BE
ACCOMPLISHED BY VENTING THROUGH THE LOX NPV.

F
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9-3 ENGINE CONTROL BOTTLE HELIUM DUMP FAILS TO INITIATE

AT THE TERMINATION OF SECOND BURNI THE S-ZVB WILL BE PASSIVATED-- I, E,= THE PROPELLANTS
DUMPED AND PRESSURE BOTTLES BLOWN DOWN= THE STAGE AMBIENT REPRESSURIZATION SPHERES ARE
CONNECTED TO THE ENGINE CONTROL BOTTLE AND THUS SUPPLY HELIUM TO CONTINUOUSLY REPLENISH THE
ENGINE CONTROL BOTTLE. THE AMBIENT REPRESSURIZATION SPHERE ARE DUMPED TO APPROXIMATELY 1500
PBIA AT THE INITIATION OF DUMP= THE ENGINE CONTROL SPHERE PREBGUREo DURING LOX AND LH2
DUMPt WILL THEN ALBO BLOW DOWN TO APPROXIMATELY 15OO PSIA, FROM THIS POINTD THE FLOW IS A
COMBINED AMBIENT AND CONTROL BOTTLE HELIUMo

FAILURE POINTS

1, ENGINE HELIUM CONTROL SOLENOID VALVE FAILS CLOSED

2= E_ECTRICAL COMMAND FAI6URE

CONBEQUENCES

IF THE ENGINE CONTROL BOTTLE DUMP FAILS TO INITIATE= THE STAGE WILL NOT BE COMPLETELY
SAFED, IF THE PRESSURE IG NOT BELOW THE 9=700 PBI (AMBIENT) MAXIMUM SAFE OPERATING PREGSURE
THE BOTTLE IS NOT CONSIDERED SAFEo

I
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CM5 EECOM MISSION RULE RATIONALE

(BASED ON MISSION RULES EFFECTIVE THIS DATE)

INTRODL:TION " APOLLO 12 CSM EECOM MISSION RULES HAVE BEEN DEVELOPED TO PROVIDE FOR CREW SAFETY

AND A HIGH PROBABILITY OF SuccESSFUL ACCOMPLISHMENT OF MISSION OBJECTIVES. TO ACHIEVE THIS THE
FOLLOWING CRITERIA HAVE BEEN USED---

A. MAXIMUM UTILIZATION OF LM SYSTEMS AS BACKUP TO CSM SYSTEMS. THE LM SYSTEMS WILL NUT BE
USED UNTIL A FAILURE OR A PROGRESSION OF FAILURES HAS DEPRIVED THE CSM OF AN ESSENTIAL
CAPABILITY. AT THAT TIMEr THE LM SYSTEMS WILL NORMALLY BE uGED FOR THE MOST PRACIICAL
RETURN TO EARTH,

B, ONCE LUNAR ORBIT HAS BEEN ACHIEVED_ FAILURE OF A COMPONENT OR SYSTEM WHICH LEAVES THE CSM
WITH ONE REMAINING CAPABILITY TO PERFORM AN ESSENTIAL FUNCTIONt WHERE THIS FUNCTION IS NOT

REQUIRED TO MAINTAIN CAPABILITY TO PERFORM TEl WITH THE CSMt AND WHERE THE LIKELIHOOD OF
FAILURE OF THE REMAINING COMPONENT OR SYSTEM IS ASSOCIATED WITH THE MEAN TIME BEFORE
FAILURE PROBABILITYt THE MISSION WILL NORMALLY BE CONTINUED. THE RATIONALE IS--- FROM

LUNAR ORBIT THE RETURN TO EARTH TIME IS AT LEAST 2 DAYS AND FROM SOME POINTS EvEN LONGER,
THUS SITUATEO_ THE SPACECRAFT ANO GREW ARE ALREADY COMMITTED TO ENDURING THIS SUBSTANTIAL
PERIOD OF SOME DEGREE OF RISK OF THE REMAINING COMPONENT OR sySTEM FALLING. TO CONTINUE
WITH THE NOMINAL MISSION WILL INCREASE THE MISSION TIME BY AN AMOUNT EQUAL TO THE REMAINING
SCHEDULED TIME IN LUNAR ORBITI AND THE INCREASE IN TIMEr THOUGH SIGNIFICANTt ODE5 NOT
EXCESSIVELY INCREASE THE TOTAL MISSION TIME_ RELATIVELY SPEAKING. BECAUSE OF THISo THE
OBJECTIVES WHICH CAN BE ACHIEVED _Y CONTINUING THE MISSION WITH SUCH A CON01TION ARE

CONSIDERED WORTH THE SLIGHT INCREASE IN RISK.

C. THERE ARE NO CSM EECOM SYSTEMS FAILURES FOR WHICH POWERED DESCENT WILL BE TERMINATED.
POWERED DESCENT REQUIRES APPROXIMATELY 12 MINUTES FROM INITIATION TO TOUCHDOWN AND RELIABLE
RECOGNITION OF PROBLEMS IN THIS TIME FRAME IS UNLIKELY, ADDITION OF THE CSM AUX BATTERY
WILL ALLOW LIFTING OFF AT T3 WHICH WILL PERMIT ADDITIONAL SYSTEM ANALYSIS TIME,

II, MISSION RULES RATIONALE

A, BY MISSION PHASE---

1, LAUNCH - THE ONLY REASONS FOR WHICH LAUNCH WILL BE ABORTED ARE---

(A) FAILURES WHICH RESULT IN LOSS OF A VIABLE ENVIRONMENT FOR THE CREW. THIS OCCURS
ONLY AFTER LOSS OF CABIN INTEGRITY AND FAILURES WHICH RESULT IN LOSS OF THE
SUITED CAPABILITY (l.E=o LOSS OF SUIT INTEGRITY_ BOTH MAIN REGULATORS OR DEMAND
REGULATORS FAILED CLOSED, LOSS OF BOIH SUIT CUMPRESSORS_ OR LOSS OF THE 02
MANIFOLD,) SINCE THE CREW CANNOT SURVIVE UNDER THESE ENVIRONMENTAL CONDITIONSt

IT IS ESSENTIAL THAT THE CREW RETURN TO THE EARTH'S ATMOSPHERE IMMEDIATELY,

(B) FAILURES WHICH RESULT IN LOSS OF ELECTRICAL POWER SOURCES TO THE EXTENT THAT THE
2-i ENTRY CANNOT BE ACHIEVED, {THIS OCCURS ONLY WITH LOSS OF ALL SM POWER
SOURCES AND ONE ENTRY BATTERY,) SINCE CONTINUATION CAN ONLY HAVE OISASTEROU5

RESULTSt AN IMMEDIATE ABORT 15 NECESSARY,

2, POWERED DESCENT- THERE ARE NO CSM EECUM SYSTEM FAILURES FOR WHICH POWERED
DESCENT WILL BE TERMINATED, LIFTOFF FROM THE LUNAR SURFACE WILL BE PERFORMED
NU SOONER THAN T3 FOR ANY CSM EECOM SYSTEM FAILURES, THE AUX BATTERY IS
CAPABLE OF PROVIDING SUFFICIENT ELECTRICAL ENERGY TO SUPPORT TEl AND A LOW

POWER RETURN TO EARTH.

3, ALL OTHER POWERED FLIGHT - THERE ARE NO FAILURES FOR WHICH THESE WILL BE
TERMINATED, NOMINAL COMPLETION OF THESE POWERED PHAS=S, IN EACH CASE_ WILL
PLACE THE SPACECRAFT ON AN EXPECTED AND REASONABLY WELL KNOWN TRAJECTORY
FROM WHICH A PREPLANNED RETURN MANEUVER CAN BE MADE, EARLY TERMINATION OF A
MANEUVER LEAVES THE SPACECRAFT ON AN UNKNOWN TRAJECTORY WHICH WILL REQUIRE
TIME TO DETERMINE, IN THE MOST PROBABLE FAILURE CASESw IT 15 SAFER TO
COMPLETE THE MANEUVER, IN THOSE OTHER CASES WHERE THE CREW IS IMMEDIATELY

ENOANGEREDJ TERMINATION OF THE MANEUVER WILL NOT IMPROVE THE SITUATION
SLGNEFIO_NTLY,

A. TRANSPOSITION_ DOCKING9 AND EXTRACTION - THE ONLY FAILURE FOR WHICH TD&E
WILL BE INHIBITED IS FAILURE OF THE DOCKIN_ LATCHES TO THE EXTENT THAT LESS

THAN THREE LATCHES LOCATED 120 DEGREES APART OR THE STRUCTURAL EQUIVALENT
EXIST. WITH THIS CONDITION_ THE DOCKED CONFIGURATION IS 'STRUCTURALLY'
UNSOUND AND DAMAGE TO THE SPACECRAFT MAY RESULT, ALTHOUGH TD&E AS OUTLINED
HERE CAN BE PERFORMED WITH A MULTITUDE OF FAILURESt THIS DOES NOT IMPLY THAT
THE MISSION. WILL BE CONTINUED, NOR DOES IT MEAN THAT TDSE WILL B_ PERFORMED
- JUST THAT IT COULD BE PERFORMED IF DESIRED. IT SHOULD BE NOTED THAT suIT
INTEGRITY 15 NOT REQUIRED FOR TDGE* FOR MISSION RULE PURPOSES AND FOR
PRACTICAL PURPOSES_ CABIN INTEGRITY iS NOT CONSIDEREO A SINGLE POINT

FAILURE,
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5, POST DOCKING/LM JETTISON = THE LMt WITH OR WITHOUT THE DESCENT STAGE WILL BE
RETAINED THROUGH TEl (WITHIN DELTA V CONSTRAINTS) FOR THOSE CSN SYSTEMS
FAILURES WHICH LEAVE THE CSM WITH ONE REMAINING CAPABILITY TO PERFORM AN

ESSENTIAL FUNCTION AND wHERE SUBSEQUENT LOSS OF THE REMAINING CAPABILITY
WILL BE SUPPLEMENTED AND/OR REPLACED BY THE LM SYSTEMS*

B, BY SPACECRAFT SYSTEM OR COMPONENT - MISSION PHASES DISCUSSED IN THE PREvIOuS SECTION
(SECTION A) ARE NOT COVERED IN THIS SECTION,

I, ENVIRONMENTAL CONTROL SYSTEM

CA) CABIN INTEGRITY - CABIN INTEGRITY IS REQUIRED TO INITIATE AND CONTINUE ALL
MISSION pHASES, THE LOSS OF CABIN INTEGRITY NECESSITATES THE RELIANCE ON THE
SUITS TO PROVIDE THE CREW WITH A VIABLE ENVIRONMENT* THE SUITS ARE
UNCOMFORTABLE, ARE EXTREMELY FATIGUING WHEN CREW ACTIVITY IS NEQUINBDt CAN LIMIT

CAPABILITY TO PERFORM ROUTINE CREW FUNCTION$_ AND CAN PLACE ONE OR ALL CREWMEN IN
A HAZARDOUS ENVIRONMENT AB A RESULT OF ONLY A SINGLE FAILURE, FOR THESE REASONSt
IT IS CONSIDERED uNSAFE AND IMPRACTICAL TO CONTINUE THE MISSION WITH LOSS OF

CABIN INTEGRITY,

{8) FIRE OR SMOKE IN CABIN - TO INITIATE AND CONTINUE ALL MISSION PHASES_ THE CABIN
MuST BE FREE OF FIRE OH SMOKE* ASIDE FROM THE OBVIOUS IMMEDIATE HAZARD TO THE
CREw, FIRE WILL DAMAGE EL_UIPMENT IN THE SPACECRAFTp THE EXTENT OF WHICH IN ALL

LIKELIHOOD WILL NOT BE KNOWN* CONSLQUENTLYt EVEN IF THE FIRE HAS BEEN
CONTROLLEDt ALL MISSION PHASES WILL BE TERMINATED If A FIRE HAS OCCURRED,

(C) 02 MANIFOLD LEAKS - THE 02 MANIFOLD IS DEFINED AS THAT PORTION OF THE 900 PS,IA
SYSTEM OOW,_STREAM OF THE SM SUPPLY VALVE9 AND THE EO0 PSIA SYSTEM* 02 MANIFOLD
LEAKS RESULT IN EXCESSIVE O2 USAGE AND OVERPRESSURIZATION OF THE CABIN AND/OR
LOSE OF CAPABILITY TO PRESSURIZE WATER TANKS IREBULTIN_ IN POSSIBLE LOSS OF WATER

DuMP CAPABILITY W1TH ITS POTENTIAL EFFECT ON FUEL CELLG)_ LOSE OF WATER REMOVAL
FROM THE CABIN (WITH RESULTING HIGH HUMIDITY AND EXCESSIVE FREE WATER IN THE
CABIN), AND LOSS OF AUTOMATIC CABIN PRESSURE CONTROL, IF THE LEAK REBULTB IN
EXCESSIVE DEPLETION OF THE OXYGEN SUPPLY, 1T WILL BE NECESSARY TO [BOLATE THE
MANIFOLD. CAdIN PRESSURE CAN BE MAINTAINE0 BY MANUALLY INTRODUCING OXYGEN INTO
THE CABIN THROUGH THE RUPTURED MANIFOLD OR THROUGH THE REPRESS 02 VALVE. WITH
THE EXISTENCE OF COLD CABIN WALLS AND COLD GLYCOL LINESo IT IS UNLIKELY THAT
ExcEsSIVE HUMIDITY WILL RESULT FROM LOSS OF 5UIT LOOP WATER REMOVAL CAPA_ILITYI
ALTHOUGH CONSIDERABLE FREE WATER WILL UNDOUBTEDLY EXIST IN THE CABIN* THIS CAN BE
COLLECTED FROM ITS CONDENSATION POINTS USING THE VACUUM CONNECTION TO THE
OVERBOARD DUMPS, IF NECESSARYP FORCED EVAPORATION CAN BE USED TO DISPOSE OF
EXCESS FUEL C_LL WATER ONC_ THE WATER TANKS ARE FULL. IT WILL BE NECESSARY TO
CHECK rHE CO2 CANNISTERS pERIODICALLY TO I_UNE T_AT SWELLING DOES _OT OCCUR AS A
RESULT OF THE ADDITIONAL _ATER IN THE CABIN ATMOSPHERE, BECAUSE THESE

CAPABILITIES DO EXISTt THE MISSION WILL BE CONTINUED ONCE UNDOCKING HAS BEEN
PERFUNr_ED, (UNDOCKING WILL NOT BE PERFORMED WITH THIS CONDITION BECAUBE THE
BACKUP MEANS OF CREW TRANSFER FROM THE LM TO THE CSM_ llE,t EVTt IB LOST*) THE

INCREASE IN MISSION TIME RESULTING FROM CONTINUING THE NOMINAL MISSION PRODUCES A
SLIGHT INCREASE IN RISK _HICH IS CONSIDERED ACCEPTABLE IN LIGHT OF THE OBJECTIVES
WHICH CAN BE ACHIEVED. HOWEVERt BECAUSE THIS PROBLEM WILL RE,DIRE CONSIDERABLE
CREW ATTENTION AND BECAUSE IT DOES REPRESENT SOME INCREASE IN RISK TO CREw

BAFETYP ALL MISSION PHASES PRIOR TO UNDOCKING WILL BE TERMINATED,

(UI NAI;_ G_ RESULATUNS- TLI WILL BE INHIBITPD IF ONE MAIN 02 REGULATOR HAS FAILED
CLOSED BECAUSE FAILURE OF THE REMAININ_ REGULATOR IN THE CLOSED POSITION WILL

RESULT IN LOSS OF THE CAPABILITIES DISCUSSED IN 'IC11 ABOVE (FOR O2 MANIFOLD
LEAKS WHICH REuUIRE ISOLATION OF THE MANIFOLD}, BECAUSE OF THE CREW TASKS
INVOLVED AND THE INCREASE i,_ RISK TO TmE CREW, TLL WILL NOT BE PERFORMED, IF ONE
MAIN _2 REGULATOR HAS FAILED OPEN AND THE OTHER IB FUNCTIONING NORMALLY, TLI WILL

BE PERFORMED. FULL CAPABILITY REMAINS BY MANUAL REGULATION OF THE FAILED OPEN
REGULATOR IN THE EVENT THE OTHER REGULATOR FAILS CLOSED. ONCE TLI HAS BEEN
PERFOR_IED_ THE MISSION WILL BE CONTINUED AS LUNG AS ONE MAIN REGULATOR PERFORMS
NORMALLY BECAUSE FULL CAPABILITY REMAINS, IF THE REGULATOR FAILS PRIOR TO
UNOUCKING_ TH_ LOSS OF CAPABILITY ASSOCIATED WIIH THIS FAILURE RE_UIH_S _IISSIO_

TERMI_XATION-" NOWEVER_ THE REMAINING CAPAGILITY AS DESCRIBED IN _tC_ ABOVE WILL
ALLOW SATISFACTORY TERMINATION OF THE NISSIUN* ONDOCKING WILL NOT BB PERFORMED
IF BO]H MAIN REGJLATOR_ HAVE FAILED _ECAUSE THE BACKUP CAPABILITY TO TRANSFER THE
CREW FRD_ THE LM TO THE CSM IS LOST, AF[ER UNDOCKING NAB BEEN PERFORMED_ THE
MISSION WILL BE CONTINUED B_CAUSE ADDITIONAL RISK ASSOCIATED WITH CONTINUING FOR
IHE ADDITIONAL TIME INVOLVED WITH BOTH MAIN REGULATORS FAILED IS CONSIDERED
ACCEPTABLE IN LIGHT OF THE OBJECTIVES WHICH CAN BE ACHIEVED,
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(E) ECS COOLANT LOOPSt ECS RADIATORBp AND ECS EVAPORATORS - NEITHER ECS EVAPORATOR 15
REQUIRED TO INITIATE OR CONTINUE ANY MISSION PHASE, EARTH ORBIT WILL BE
CONTINUED AS LONG AS EITHER COOLANT LOOP WITH ITS ASSOCIATED RADIATOR IS
AVAILABLE AND AS LONG AS IT IS PRACTICAL, THIS CAN BE OONE BECAUSE BY POWERING

THE SPACECRAFT DOWN AFTER FAILURE OF THE RBMAININU COOLANT LOOP, AT LEAST 4 HOUR5
OF POWERED DOWN ORBIT LIFETIME FOLLOWED BY 1,5 HOURS POWERED UP CAN BE ACHIEVED

AFTER LOS5 OF ALL COOLINGw WHICH WILL ALLOW A SATISFACTORY ENTRY, TO COMMIT TO
TLI OR LOI OR TO CONTINUE TLC REQOIRES BOTH COOLANT LOOPS AND BOTH RADIATORS, IF
EITHER LOOP IS LOSTp AN ADDITIONAL FAILURE WILL RESULT IN LOSS OF ALL COOLING,
IN PAI_TICULAR_ LOSS OF THE PRIMARY LOOP WILL RESULT IN LOSS OF THE G&N SYSTEM
WHICH WILL MAKE MISSION CONTINUATION IMPRACTICAL* SINCE LOSS OF EITHER RADIATOR

MAKES THE RESPECTIVE LOOP DEPENDENT UPON ITS EVAPORATOR WHICH IS LIMITED IN
CAPABILITY BY THE WATER AVAILABLEP THE LOOP IS LOST ALTHOUGH ULTIMATE LOSS WILL
BE EXTENDED uNTIL THE WATER SUPPLY 15 EXPENDED, CONSEOUENTLYt LOSS OF THE
RADIATOR IS TREATED AS LOSS OF THE RESPECTIVE LOOP AFTER TLI. AFTER LOI_ THE

MISSION WILL BE CONTINUED IF THE SECONDARY LOOP IS LOST AS LONG AS THE PRIMARY
LOOP IS AVAILABLE, THE SUBSEQUENT LOSS OF THE PRIMARY COOLANT LOOP IS ASSOCIATED

WITH MEAN TIME BEFORE FAILURE CRITERIA ESTABLISHED IN THE INTRODUCTION, ALSO_
CONSIDERATION WILL BE GIVEN TO CONTINUING THE MISSION IF THE PRIMARY RADIATORS
ARE LOST AS LONG AS THE SECONDARY LOOP AND THE PRIMARY LOOP WITH EVAPORATIVE

COOLING ONLY ARE STILL AVAILABLE, IN THIS CONFIGURATION FULL CAPABILITY REMAINSt
AND THE OBJECTIVES MAKE IT WORTHWHILE TO CONTINUE,

AFTER POT HAS BEEN INITIATEOP THE MISSION WILL BE CONTINUED TO T3 EVEN IF ALL
COOLING IS LOST, EVEN THOUGH THE TIME REQUIRED FOR RENDEZVOUS WILL BE IN EXCESS
OF THE NO COOLING CAPABILITY OF CSM SYSTEMSI ANALYSIS INDICATES THAT THE CSM CAN

CONTINUE FOR AN EXTENDED PERIOD POWERED DOWN WITH NO COOLING, SINCE A POWER DOWN
WILL BE REQUIRED PRIOR TO COMPLETION OF RENDEZVOUS IN ANY CASE_ THE LUNAR LANDING
MAKES IT WORTHWHILE TO CONTINUE,

AFTER TOUCHDOWN_ THE NOMINAL MISSION WILL BE CONTINUED IF THE PRIMARY LOOP IS
LOST AS LON_ AS THE SECONDARY LOOP REMAINS, SINCE THE GGN WOULD HAVE TO BE

POWERED DOWN PRIOR TO COMPLETING A RENOEEVOUSt NOTHING IS LOST BY CONTINUING THE
NOMINAL LUNAR STAY, THE PROBABILITY OF FAILURE OF THE SECONDARY LOOP IS
ASSOCIATED WITH THE MEAN TIME BEFORE FAILURE CRITERIA DEVELOPED IN THE
INTRODUCTION,

{F) SUIT INTEGRITY - SUIT INTEGRITY IS REQUIRED TO BE GO FOR UNDOCKING TO PROVIDE A
BACKUP MEANS OF CREW TRANSFER (EVT) IN THE EVENT THE TWO SPACECRAFT CANNOT BE

REDOCKED, ALL OTHER MISSION PHASES WILL BE CONTINUED WITH LOSS OF SUIT INTEGRITY
BECAUSE CABIN CAN PROVIDE ALL NECESSARY LIFE SUPPORT FUNCTIONS, FOR MISSION RULE
PURPOSESt CABIN INTEGRITY IB NOT CONSIDERED A SINGLE POINT FAILURE ITEM,

(G) GLYCOL LEAK IN COMMAND MODULE - TO INITIATE AND CONTINUE ALL MISSION PHASESt THE
COMMAND MODULE MOST BE FREE OF GLYCOL LEAKSt GLYCOL IS TOXIC AND ITG PRESENCE IN

THE CM ATMOSPHERE IS HAZARDOUS TO THE CREW, IT IS NECESSARY TO MINIMIZE EXPOSURE
TO THIS ENVIRONMENT-- CONSEQUENTLY, ALL MISSION PHASES WILL BE TERMINATED IF A
GLYCOL LEAK HAS OCCURRED, THE LM WILL BE RETAINED FOR TEl TO PROVIDE THE CREW

WITH A NON-TOXIC ENVIRONMENT FOR TRANSEARTH COAST FOR AS MUCH TIME AS POSSIBLE,

{H) EXCESSIVE CABIN HUMIDITY - TO INITIATE AND CONTINUE ALL MISSION PHASESt THE
COMMAND MODULE MUST BE FREE OF EXCESSIVE CABIN HUMIDITY, EXCESSIVE HUMIDITY
RETARDS THE CREW'S CAPABILITy TO REJECT BODY HEAT, THE CAPACITY OF THE HUMAN
BODY TO RETAIN HEAT WITHOUT A REDUCTION IN PHYSICAL CAPABILITY IS LIMITED
(APPROXIMATELY 400 BTU), IT IS NECESSARY TO MINIMIZE EXPOSURE TO THIS
ENVIRONMENT-- CONSEDUENTLY_ ALL MISSION PHASES WILL BE TERMINATED IF' EXCESSIVE

CABIN HUMIDITY OCCURS, THE LM WILL BE RETAINED FOR TEl TO PROVIDE THE CREW WITH A

SATISFACTORY ENVIRONMENT FOR TRANSEARTH COAST,

MISSION REV DATE SECTION GROUP PAGE

APOLLO 14 FNL L2/15/70 CSM SYSTEMS EECOM



NASA - Manned Spacecraft Center

MISSION RULES

SECTION 5 _ CSM SYSTEMS

R ITE_

(1) POTABLE H20 TANK AND WASTE H20 TANK - NEITHER THB POTABLE TANK NOR THE WASTE TANK
IS REQUIRED TO INITIATE OR TO CONTINUE ANY MISSION PHASE EXCEPT EARTH ORBITt
WHERE THE POTABLE TANK IS NECESSARY FOR DRINKING WATER, NEITHER EVAPOkATOR IS
REQUIRED FOR ANY MISSION PHASE-- THEREFOREt THE WASTE TANK IN NOT NECESSARY, IF

THE pOTABLE TANK IS LOST_ THE LM WATER SUPPLY CAN BE USED FOR CREW CONSUMPTIONt
ALTHOUGH IT MAY BE NECESSARY TO AMEND THE LM TIMELINE BECAUSB OF DEPLETION OF LM
WATER BY THIS MEANS, THE AMOUNT OF WA[ER AVAILABLE IN THE ASCENT STAGE AFTER A
NOMINAL LUNAR STAY AND RENDEZVOUS WILL BE APPROXIMATELY 25 POUNDS, WHILE THIS IS
LESS THAN NOMINAL CREW CONSUMPTIONt IT IS ADEQUATE TO ALLOW A SAFE RETURN TO

EARTH,

(J) SUIT COMPRESSORS - ONE SUIT COMPRESSOR OR THE VACUUM CLEANER IS REQUIRED TO
CONTINUE EARTH ORBIT SINCE ENTRY CAN BE PERFORMED IN A TIME FRAME COMPATIBLE wITH
CO2 BUILDUP IN THE CM AND USE OF THE O2 FACE MASKS, BOTH SUIT COMPRESSORS MUST
BE AVAILABLE TO PERFORM ILl, IF ONE SUIT COMPRESSOR HAS BEEN LOST BETWEEN LAUNCH

AND TLIt THE OTHER COMPRESSOR WILL NATURALLY BE SOMEWHAT SUSPECT. IN ADOITIONP
IT IS CONSIDERED UNDESIRABLE TO COMMIT TU A LUNAR MISSION wITH ONLY ONE _uIT
COMPRESSOR. AFTER TLIt ONLY ONE SUIT COMPRESSOR IS REQUIRED TO INITIATE AND

CONTINUE ALL MISSION PHASES. IF THE REMAINING COMPRESSOR AND THE VACUUM CLEANER
ARE LOST_ AN ARRANGEMENT CAN BE MADE USING THE SUIT HOSES AND THEIR INTERCONNECTS
TO ALLOW THE LM SUIT FANS TO PUMP 02 THROUGH THE CM SUIT LOOP FOR CO2 AND WATER
REMOVAL, CSM POWEH OR LM ROWER MAY BE USED TO POWER THE LM SUIT FANS UNDER THIS

ARRANGEMENT IF THE LM DESCENT STAGE IS STILL ATTACHED, THIS CONFIGURATION SHOULD
PROVIDE ADEQUATE CO2 REMOVAL TO ALLOW SAFE TERMINATION OF THE MISSION, FOR LOSS

OF BO[H SUI_ COMPRESSORS AND THE VACUUM CLEANER, THE LM DESCENT STAGE WILL BE
RETAINED FOR TEl IF POSSIBLE. IF THE DPSCENT $TA_E CANNOT BE RETAINEDP THE
ASCENT STAGE WILL BE RETAINED.

(K) SuIT CIRCUIT - THE SUIT CIRCUIT IS REQUIRED TO INITIATE AND CONTINUE ALL MISSION
PHASES, IF THE SUIT CIRCUIT IS LOSTt THE CAPABILITY TO PROVIDE CO2 REMOVAL AND
WATER REMOVAL IS LOST. LOSS OF CO2 REMOVAL PLACES THE CREW IN A HAZARDOUS
ENVIRONMENT, AND CONSEQUENTLY THE MISSION MUST BE TERMINATED. liT MAY BE

DESIRABLE TO UTILIEE LM SYSTEMS IN A MANNER SIMILIAR TO THAT DESCRIBED IN iijIl
ABOVE,) IF POSSIBLE. THE LM WILL BE RETAINED FOR TEl TO UTILIZE THE LM SUIT

CIRCUIT DURINS TRANSEARTH COAST, AN EVALUATION OF THE CAPABILITY REMAINING IN

THE LM ASCENT STAGE AND THE FAILURE WHICH CAUSED LOSS OF THE SUIT CIRCUIT WILL BE
MADE TO DETERMINE WHETHER OR NOT IT IS ADVANTAGEOUS TO RETAIN THE LM ASCENT STAGE
ONLY FOR TEl.

21 IUVERBOARD DUMPS- AT LEAST ONE OVERBOARD DUMP IS REQUIRED TD CONTINUE EARTH
ORBITt TO INITIATE TLI, TO CONTINUE TLC AND TO INITIATE LOI, THESE PHASES

WILL BE TERVINATED BECAUSE ONE DUMP 1S NECESSARY TO ALLOW DUMPING OF WASTE
WATER {INCLUDING FUEL CELL WATER PRODUCTION) AND TO ALLOW DISPOSAL OF URINEe

AFTER LOI HAS BEEN PERFORMEDp THE NOMINAL MISSION WILL BE CONTINUED WITH
LOSS OF ALL OVERBOARD DUMPS, THE FLUID STORAGE CAPACITY OF THE CSM (WHICH
INCLUDES FIVE-Oi_E GALLON BAGS_ S UTSlS AND _ _CTAIS) COUPLED WITH FORCED
WATER BOILING TO MANAGE FUEL CELL WATER PRODUCTIONt _HOULD ALLOW

ACCOMPLISHMENT OF A NOI_INAL LUNAR STAY,

m
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3= CRYOGENIC STORAGE SYSTEM

OXYGEN STORAGE TANKS-- HYDROGEN STORAGE TANKS - FOR EARTH ORBIT THE MISSION
WILL BE CONTINUED WITH A MINIMUM OF ONE 02 TANK AND ONE H2 TANK_ SO LONG AS

SUFFICIENT QUANTITY REMAINS IN THE TANK TO ALLOW MISSION CONTINUATION, THIS
CAN BE DONE BECAUSE ENTRY AREAS ARE ALWAYS READILY AVAILABLE IF THE

RLMAININO TANK IS LOST (WITHIN i OR 2 HOURS),

ALL OTHER MISSION PHASES - HYDROGEN - BOTH H2 TANKS ARE REQUIRED TO
INITIATE AND CONTINUE ALL MISSION PHASES {EXCEPT POT), THIS REQUIREMENT
EXISTS BECAUSE " (i) LOSS OF THE REMAINING TANK RESULTS IN LOSS OF THE FUEL
CELLS PLACING ALL POWER REQUIREMENTS ON THE SM AQX BATTERY AND ENTRY

BATTERIES (THESE POWER SOURCES ARE SUFFICIENT FOR LOW POWER LEVEL RETURNS_
ONLY), (2) ALTHOUGH SUFFICIENT H2 IS MAINTAINED IN EACH TANK TO ALLOW AT
LEAST A POWERED DOWNp SAFE RETURN TO EARTH_ SUFFICIENT WUANTITY IS NOT

AVAILABLE TO PERMIT MISSION CONTINUATION, ONCE POWERED DESCENT HAS BEEN
IJ_ITIATED, THAT PHASE WILL BE CONTINUED TO ALLOW A LUNAR LANDING wITH A

LUNAR STAY FOR A DURATION OF ONE CSM REVOLUTION (TB), THE POWERED DESCENT
PHASE IS TOO SHORT TO PERMIT ADEQUATE SYSTEMS ANALYSIS AND THE ADDITIONAL
TIME INVOLVED IN LANDING WITH A TB LIFTOFF DOES NOT SIGNIFICANTLY INCREASE

THE TOTAL MISSION TIME,

ESSENTIALLY_ THE SAME RATIONALE APPLIES TO OXYGEN EXCEPT THAT THE OXYGEN
SUBSYSTEM HAS THREE TANKS. THE AMOUNT OF OXYGEN AVAILABLE IS ALMOST DOUBLE
THE NOMINAL MISSION REQUIREMENTS, SINCE TWO TANKS (TANKS i.2) CAN MEET
MISSION OXYGEN REQUIREMENTS WITH AMPLE MAROINSP IT IS APPARENT THAT LOSS OF
ONE TANK (PARTICULARLY, TANK 3) COULD BE SUSTAINED WITHOUT SIGNIFICANTLY

AFFECTING THE CAPABILITY TO PERFORM THE NOMINAL MISSION, FOR THESE REASONS
CONSIDERATION WILL BE GIVEN TO CONTINUING THE MISSION AFTER TLI WITH THIS

FAILURE IF SYSTEM INTEGRITY REMAINS.

IN BOTH H2 AND 02 SYSTEMS, REDLINES ARE BASED ON LOSS OF A SINGLE TANK -

THUS_ THE OXYGEN REDLINES ARE BASED ON THE TWO LOWEST TANKS MOWEVERP
NOMINALLY EITHER TANK E OR TANK 2 WILL HAVE SOFFICIENT QUANTITY TO ALLOW A
SINGLE TANK RETURN.

4. ELECTRICAL POWER SYSTEM

CA) FUEL CELLS - TWO FUEL CELLS ARE REQUIRED TO CONTINUE EARTH ORBIT, TWO FUEL CELLS
ARE ADEQUATE TO PROVIDE ALL NOMINAL FUEL CELL FUNCTIONS-- HOWEVER_ ONE FUEL CELL
CAN ONLY SUPPLY A SEVERELY POWERED DOWN OPERATION_ ELSL BATTERY SUPPLEMENT WILL

BE REQUIRED. ADDITIONALLYt FAILURE OF TWO FUEL CELLS SEVERELY UNDERMINES THE

CONFIDENCE IN THE REMAINING FUEL CELLt AND FAILURE OF THE REMAINING FUEL CELL
WOULD REQUIRE AN ASAP ENTRY USING THE AUX BATTERY AND ENTRY BATTERIES,

ALL THREE FUEL CELLS ARE REQUIRED TO INITIATE TLI, EVEN THOUGH TWO FUEL CELLS
CAN SUSTAIN ALL NOMINAL FUEL CELL REQUIREME_NTS_ IT IS CONSIDERED UNDESIRABLE TO
COMMIT TO A LUNAR MISSION WITHOUT FULL ELECTRICAL POWER CAPABILITY,

FROM TLI THROUGH PDI INITIATION CONSIDERATION WILL BE GIVEN TO CONTINUING THE

MISSION IF ONE FUEL CELL HAS BEEN LOST. IF THE FAILURE IS A RANDOM FAILOREt THE
MISSION WILL BE CONTINUED SINCE TWO FUEL CELLS CAN SUSTAIN NOMINAL REQUIREMENTS,
IF THE FAILURE IS A TYPE WHICH WOULD LEAD TO SERIOUS SUSPICION OF THE INTEGRITY

OF THE TWO REMAINING FUEL CELLS_ THE MISSION WILL BE TERMINATED.

ONCE POWERED DESCENT HAS BEEN INITIATEDt IT WILL BE CONTINUED AND SO LONG AS ONE
FUEL CELL REMAINE LUNAR STAY NEED NOT BE TERMINATED UNTIL TB,

(B) ENTRY BATTERIES - TWO ENTRY BATTERIEB ARE REQUIRED TO CONTINUE EARTH ORBIT, THIS
IS NECESSARY BECAUSEP ALTHOUGH EARTH ORBIT COULD BE CONTINUED GN ONE BATTERY AND
A SAFE ENTRY PERFORMEDt FAILURE OF THE REMAINING BATTERY WILL LEAVE THE
SPACECRAFT INCAPABLE OF PERFORMING AN ENTRY.

THREE ENTRY BATTERIES ARE REQUIRED TO INITIATE TLI, ALTHOUGH TWO BATTERIE_ WITH
THE BATTERY CHARGER CAN PROVIDE ALL BATTERY _E_ULREMENT_t IT IS CONSIDERED
UNDESIRABLE TO COMMIT TO A LUNAR MISSION WITHOUT FULL ELECTRICAL POWER
CAPABILITY,

ONCE TLI HAS BEEN PERFORMEOt CONSIDERATION WILL BE GIVEN TO CONTINUING ALL
MISSION PHASES WITH TWO ENTRY BATTERIES. IF THE FAILURE IS JUDGED TO BE A RANDOM
FAILURE, THE MISSION WILL BE CONTINUEO SINCE ALL MISSION REQUIREMENTS CAN BE
SUPPLIED BY TWO BATTERIES AND THE BATTERY CHARGER, IF THE FAILURE IS SUCH THAT
THE INTEBRITY OF THE OTHER TWO BATTERIES IS SUSPECTt THEN THE MISSION WILL BE

TERMINATED TO MINIMIZE THE REMAINING MISSION TIME AND REDUCE THE RISK OF LOSING
THE TWO REMAINING BATTERIES PRIOR TO ENTRY,
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{C) MAIN BUSES-- BATTERY BUSES-- AC BUSES-- AND PHASE A OF AC BUSES - ,ALTHOUGH ALL
ESSENTIAL FUNCTIONS DERIVE POWER FROM REDUNDANT SOURCESt LOSS OF ANY ONE OF THESE
BUSES WILL RESULT IN LOSS OF SOME vERY uSEFUL FUNCTIONS AND_ MORE IMPORTANTt WILL
RESULT IN A SPACECRAFT CONDITION SUCH THAT ONE ADDITIONAL FAILURE WILL RENDER THE
SPACECRAFT INCAPABLE OF RETURNING THE CREW TO EARTH, IT SHOULD BE NOTED THAT THE
ADDITIONAL FAILURE NECESSARY FOR THIS CONDITION IS NOT LIMITED TO L055 OF THE
REMAINING BUS SINCE SOME OF THE SPACECRAFT CONTROL PROPULSION SYSTEMS ARE
REDUNDANT BUT EACH OF THE REDUNDANT SYSTEMS HAS A SINbLE ELELTRICAL POWER SOURCE,
CONSE_UENTLY_ ALL MISSION PHASES WILL BE TERMINATED IF ANY ONE OF THE LISTED
BUSES IS LOST. IF POSSIBLB_ THE LM DESCENT STAGE WILL BE RETAINED FOR TEl AND THE
DESCENT PROPULSION SYSTEM WILL BE USED TO PERFORM THE TEI BURN, THIS IS DONE TD
PROTECT AGAINST THE EFFECT OF A SINGLE FAILURE DURING THE TEl BURN WHICH WOULD
EITHER LEAVE THE SPACECRAFT INCAPABLE OF COMPLETING THE BURN DR LEAVE THE
SPACECRAFT IN AN UNCONTROLLABLE CONDITION, THE LM ASCENT STAGE WILL BE RETAINED
FOR TEI FOR LOSS OF A MAIN BUS OR AC BUS AS A BACKUP ELECTRICAL POWER SOURCE AND
FOR TRACKING_ COMMUNICATION5_ ATTITUDE CONTROL FOR ENTRY AND MCC CAPABILITIES
WHICH WOULD BE LOST IN THE CSM IN THE EVENT OF ANOTHE_ BUS FAILURE,

{D) BATTERY RELAY BUS - THE BATTERY RELAY BUS IS REQUIRED TO CONTINUE EARTH ORBIT_ TO
INITIATE AND CONTINUE TRANSLUNAR COASTt TO INIIIATE AND CONTINUE LUNAR ORBIT_ TO
INITIATE PDI, AND TO CONTINUE LUNAR STAY, IF THE BATTERY RELAY BUS IS LOSTt THE
CAPABILITY TO SWITCH FUEL CELLS_ INVERTBR5 ANB THE AUX BATTERY ON AND OFF BUSES
AND THE OvERCURRENT/OVERVOLTAGE PROTECTION IS LOST. TO CONTINUE THE MISSION WITH
THIS CONDITION IS CONSIDERED UNSATISFACTORYt PARTICULARLY IN LIGHT OF PROBABLE

FUEL CELL SWITCHING REQUIREMENTS AS DEMONSTRATED BY THE FUEL CELL ANOMALIES
DURING APOLLO ?t 9_ AND 10 MISSIONS. ALSOt THE LOSS OF SWITCHING CAPABILITY
LEAVES THE SPACECRAFT IN A CONDITION WHERE A SINOLE FAILURE (THE POSSIBLE SINGLE
FAILURES ARE GREATLY INCREASED IN THIS CONDITION) CAN RESULT IN LOSS OF THE BUS
OPt AS IN THE CASE OF SHORTED BUSESt CAN RESULT IN LOSS OF AN AC BUS_ A MAIN DC
BU5_ AND TWO FUEL CELLS.

(E) INVERTER5 - ALL MISSION PHASES WILL BE CONTINUED SO LONG AS TWO INVERTER5 REMAIN
OPERABLE, TWO INVERTERS CAN SUPPLY ALL SPACECRAFT AC LOADS WITH REDUNDANT AND
SEPARATE SOURCES FOR THE TWO AC BUSES, IF ONE ADDITIONAL INVERTER IS LOSTt THE
REMAINING INVERTER CAN SUPPLY ALL AC LOADS ON BOTH AC BusES NECESSARY FOR A SAFE
RETURN TO EARTH, CONTINUING THE MISSION ON A SINGLE INVERTER IS NOT CONSIDERED
DESIRABLE BECAUSE AFTER LOSS OF TWO INVERTERS THE REMAINING INVERTER BECOMES
SuSPECTt AND LOSS OF THE THIRD INVERTER WILL RENDER THE SPACECRAFT INCAPABLE OF
PERFORMING A SAFE RETURN TO EARTH. IF T_O INVERTERS ARE LOST THE LM DESCENT
STAGE WILL BE RETAINED FOR TEl IF POSSIBLE_ AND THE DESCENT PROPULSION SYSTEM

WILL BE USED TO PERFORM THE TEl BURN, THIS IS DONE TO PROTECT AGAINST THE
POSSIBILITY OF LOSS OF THE REMAINING INVERTER DURING THE tel BURN, THE LM ASCENT
STAGE _ILL BE RETAINED FOR TEl FOR THE SAME REASONS IN (C) ABOVE.

5, DOCKING SYSTEM

IA) DOCRING LATCHES - TO REMAIN DOCKED FOR INACTIVE MISSION PHASES REQUIRES AT LEAST
THREE GOOD DOCKING LATCHES LOCATED 120 DIG, APART OR THE STRUCTURAL EQUIVALENT,
INDICATIONS ARE THAT THREE LATCHES SO LOCATED CAN MAINTAIN TUNNEL PRESSURE AND
SUSTAIN THE LOADS ASSOCIATED WITM RC5 MANEUVERS AND ATTITUDE CONTROL,

TO PERFORM ANY DOCKED SPS BURN OR OP$ BURN HE_UIRES AT LEAST NINE GOOD DOCKING
LATCHES, THIS NUMBER OF LATCHES CAN 5USTAI_ ALL NOMINAL LOADS ON THE INTERFACE
ASSOCIATED WITH MAJOR BURNS WHEREAS ANY FEWER LATCHES SIGNIFICANTLY INCREASES THE
POSSIBILITY OF STRUCTURAL FAILURE.

{B) GN2 BOTTLES - TO UNDOCK REQUIRES THAT AT LEAST TWO GN2 BOTTLES IN THE DOCKINO
SYSTEM BE AVAILABLE FOR REOOCKING, TO PERMIT UNDOCKINGt REASONABLE ASSURANCE
MUST BE AVAILABLE THAT REDOCKING CAN BE ACCOMPLISHED, BASED ON THE FAILURE MODEt
CONSIDERATION WILL BE GIVEN TO UNDOC_INO WITH ONE ON2 BOTTLE, THAT ISP IF THE
FAILURE WHICH HAS RESULTED IN A ONE-BOTTLE REDOCKING CAPABILITY IS THE RESULT OF
AN ELECTRICAL FAILURE IN ONE SYSTEM (DISCOVERED AT TO&It THUS REQUIRING THE USE
OF A THIRD BOTTLE). THEN UNDOCKING WOULD BE PERFORMED WITH ONLY ONE BOTTLE

REMAINING. CONVERSELY_ IF THE FAILURES WHICH RESULT IN ONE-BOTTLE CAPABILITY ARE
THE RESULT OF SEPARATE FAILURES OF TWO Gh2 UDTTLESo UNDOCKINb WILL NOT BE
PERFORMED BECAUSE THE REMAINING BOTTLE IS SUSPECT.
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6t SEQUENTIAL SYSTEM

(A) SMJC NOT ACTIVATED - IF THE SERVICE MODULE JETTISON CONTROLLER (SMJC) ACTIVATES
PREMATURELYt IT WILL SHUT DOWN AUTOMATICALLY IN 25 SEC. THE MISSION WILL BE
CONTINUED IF THE SOURCE OF ACTIVATION CAN BE DETERMINED ANO ISOLATED= IF THE
SOURCE OF ACTIVATION CANNOT BE ISOLATED_ THEN THE RATIONALE OF (b) APPLIES,

{B) SEQUENTIAL SYSTEMS - TO CONTINUE EARTH ORBITp TO INITIATE TLIP TO CONTINUE TLCt
AND TO INITIATE LOI REQUIRES THAT BOTH SEQUBNIIAL SYSTEMS BE OPERABLE, TO
CONTINUE THE MISSION INTRODUCES THE RISK OF A SINGLE FAILURE LLAVING THE
SPACECRAFT INCAPABLE OF PERFORMING ENTRY, ONCE LUNAR ORBIT HAS BEEN ACHIEVED_
THE MISSION WILL BE CONTINUED WITH FAILURE OF ONE SEQUENTIAL SYSTEM, THIS WILL
BE DONE BECAUSE THE LIKELIHOOD OF A FAILURE IN THE REMAINING SYSTEM IS ASSUCIATEU
WITH THE MEAN TIME BEFORE FAILURE PROBABILITY DEVELOPE_ IN THE INTRODUCTION_ AND
THE SEQUENTIAL SYSTEM IS INACTIVE IN LUNAR ORBIT EXCEPT FOR DOCKING AND LM FINAL
SEPARATION, SINCE THE RETURN TO EARTH lIMES ARE LENGTHY_ THE SLIGHT ADDITIONAL

RISK ASSOCIATED WITH CONTINUING THE MISSION WITH THIS CONDITION IS OFFSET BY THE
VALUE OF THE OBJECTIVES WHICH CAN BE OBTAINED,

T, INSTRUMENTATION SYSTEM

CA) CRITICAL INSTRUMENTATION - CRITICAL INSTRUMENTAIION IS DEFINED AS THAT
INSTRUMENTATIONw EITHER TELEMETERED OR QNBOANDt REQUIRED TQ DETERMINE THE

GO/NO-GO STATUS OF THE SPACECRAFT. CRITICAL INSTRUMENTATION INCLUDES THE PRIMARY
INSTRUMENTATION WHICH IS THE DIRECT MEANS OF DETERMINING THE STATUS OF A
PARTICULAR FUNCTION AS WELL AS SECONDARY INSTRUMENTATION WHICH IS THE INDIRECT

MEANS OF DETERMINING THE STATUS OF A FUNCTION. TO LOSE CRITICAL INSTRUMENTATION
REQUIRES THE LOSE OF MORE THAT ONE PARAMETER, ALTHOUGH GROUPING OF PARAMETERS TO
SPECIFICALLY DEFINE CRITICAL INSTRUMENTATION HAS NOT BEEN ATTEMPTED BECAUSE OF
THE ALMOST LIMITLESS POSSIBLE COMBINATIONS_ IT IS_ NEVERTHELESSt RECOGNIZED THATP

AT SOME POINT AFTER A CONTINUOUS PROGRESSION OF INSTRUMENTATION FAILURESt
SUFFICIENT INSTRUMENTATION WILL NOT BE AVAILABLE TO DETERMINE SYSTEMS STATUS.
ONE READILY RECOGNIZED GROUP OF CRITICAL INSTRUMENTATION IS THAT GROUP OF

PARAMETERS SIGNAL CONDITIONED BY THE COLD-PLATED SCE,

TO CONTINUE EARTH ORBIT INITIATE TLIt LOIo CIRC OR CONTINUE LUNAR ORBIT AND LUNAR

STAY NEQUIRE5 THAT CRITICAL INSTRUMENTATION BE AVAILABLE, THIS IS DONE UECAUSE
IT IS CONSIDERED UNSAFE TO CONTINUE THE MISSION WITHOUT THE ABILITY TO DETERMINE
SYSTEMS STATUS.

ONCE TLI HA5 BEEN PERFORMEDt TLC WILL BE CONTINUED TO PERFORM A FLYBY AND RETURN
TO EARTH, CONTINUING THE MISSION IN THIB CONFIGURATION IS CONSIDERED MOR_
DESIRABLE THAN A DIRECT ABORT, ALSOP CONTINUING TLC REPRESENTS A STEADY STATE
OPERATION WHICH IS THE CONDITION WHERE ANOMALIES ARE LEAST LIKELY TO OCCURt AS
OPPOSED BY THE PERTURBATION ON SPACECRAFT SYSTEMS IMPOSED ON SPACECRAFT SYSTEMS
BY THE DIRECT ABORT SP5 _URN,

ONCE DOI HAS BEEN PERFORMED THE MISSION WILL BE CONTLNUEO TO ALLOW A LUNAR

LANDING WITH A LUNAR STAY OF THE DURATION OF ONE CSM LUNAR ORBIT. THIS IS DONE
BECAUSE THE LOSS OF INSTRUMENTATION ITSELF DOES NOT PRESENT A HAZARD TO THE CREW
EXCEPT WHEN CO_POUNDED BY ACTUAL SYSTEMS FAILURES, THE LIKELIHOOD uF A

COMPOUNDING SYBTEM FAILURE IS ASSOCIATED WITH THE MEAN TIME BEFORE FAILURE
PROBABILITY DEVELOPED IN THE INTRODUCTION,

(B) CSM TELEMETRY - CSM TELEMETRYt EITHER HIGH BIT RATE OR LOW BIT RATEr IS REQUIRED

FOR ALL MISSION PHASESt EXCEPT THAT ONCE CINC HAS BEEK PERFORMED THE MISSION WILL
BE CONTINUED TO I_CLUDE A LUNAR LANDING AND A LUNAR STAY OF TME DURATION UF ONE
CSM LUNAR ORBIT* TELEMETRY IS NECESSARY TO CONTINU_ THE MISSION (EVEN THOUGH
MOS[ CRITICAL PARAMETERS ARE DISPLAYED ONUOARD) BECAUSE IT IS NECESSARY TO
RELIEVE THE CREW OF THE CONTINUOUS DUTY OF MONITORING SPACECRAFT SYSTEMS. DURING
HIGH ACTIVITY PERIODS AND SLEEP PERIODS THE CREW CANNOT REASONABLY PERFORM THESE
TASKS, HOWEVER-- ONCE CIRC HAS BEEN PERFORMEDt A RENDEZVOUS IS NECESSARY, TO
ALLOW A LUNAR LANDING WITH A LUNAR STAY WITH DURATION OF ONE CSM LUNAR ORBIT ADDS

LITTLE TO TOTAL MISSION TIME AND THE OBJECTIVES _HICH CAN bE ACHIEVED BY A LUNAR
LANDING MAKES IT WORTHWHILE TO CONTINUE.
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SECTION5 - csMSYSTEMS

CSM O&C AND PROPULSION RATIONALE

T}QE FOLLOWING IS THE RATIONALE FOR THE GEM GSC AND PRUPULSION MISSION RULES, THIS INCLUDES

SECTIONS 15_ 16P 17_ AND 18 OF THE APOLLO i_ MISSION RULES,

LAUNCH

THE MOST IMPORTANT FUNCTION OF THE GUIDANCE AND CONTROL SYSTEM IS TO PROVIDE FOR SAFE RETURN OF
THE CREW, THIS INVOLVES THE CAPABILITY TO EFFECT A DEORBITo THERE IS NO SINGLE FAILURE NOR
REASONABLE COMBINATION OF FAILURES IN THE GUIDANCE AND CONTROL SYSTEM WHICH PRECLUDE A DEORBIT,
TIIERE ARE FAILURES WHICH WILL CAUSE A DEGRADED METHOD OF CUNTROL FOR THE DEORBZT MANEUVER AND
SUBSEQUENT ENTRY-- HOWEVER_ THIS SUBJECTS THE CREW TO LESS OVERALL POTENTIAL HAZARD THAN A

LAUNCH ABORT, IN ADDITIONt THE MAJORITY OF THE GUIDANCE AND CONTROL SYSTEM IS IN A PASSIVE OR
MONITORING bTATE DURING THE LAUNCH PHASEt THUS MAKING IT DIFFICULT= AND IN SOME CASES
IMPOSSIBLE, TO DETECT AND ISOLATE FAILURES*

EARTH ORBIT

TO REMAIN IN ORBITt THE GUIDANCE AND CONTROL SYSTEM MuST ALWAYB PROVIDE A MINIMUM OF THREE BASIC

THINGS--- ADEQUATE ATTITUDE CONTROL OF THE SPACECRAFTP GPG DEORBITt AND ONE BACK-UP OEORBIT
METHOD IBM UR HYBRID), ADEQUATE ATTITUDE CONTROL CONSISTS OF DIRECT RCS AND RATE DAMPING IN
EACH AXIS AS A MINIMUM, DIRECT RCS IS THE REDUNDANT BACKUP RCS CONTROL MODE OPERATED FROM
PARALLEL HARD STOP 5WITCHES IN EITHER RHC, IT CONTROLS AN INDEPENDENT SET OF RCS VALVE CONTROL
COILS, THUS PROVIDING A CONTROL PATH TO THE THRUSTERS THAT IS INDEPENDENT OF ANY AuTO CONTROL*
IT IS THE PRIMARY (AND FOR CERTAIN FAILURES THE ONLY) METHOD OF RECOVERY FROM AUTOMATIC CONTROL
SYSTEM MALFUNCTIONS, RATE DAMPING I5 CONSIUERED THE MINIMUM ACCEPTABLE CAPABILITY FOR EXTENDED
OPERATION OF THE CONTROL SYSTEM, OPERATION OF THE CONTROL SYSTEM WITH NO RATE INPUTS DOES NOT
PROVIDE A W_LL BEHAVED VEHICLEt GENERALLY REQUIRES CONSIDERABLE CREW ATTENTIONt AND IN THE

PRESENCE OF DISTURBING FORCES CAN C_USE EXCESSIVE PROPELLANT CONSUMPTION, RATE DAMPING IS NOT
MANDATORY FOR VEHICLE ATTITUDE CONTROL (E,O. SOS MINIMUM IMPULSE IS ADEQUATE AND USES LITTLE
PROPELLANT)_ BUT IS A PREREQUISITE FOR MOST M_SSION ACTIVITIES REOUIR_O ATTITUDE CONTNOLo RATE
DAMPINO CAN BE PROVIDED BY EITHER THE SEE USING REDUNDANT BMAGS AS THE RATE DATA SOURCE OR THE
OPeC RCS DAP USING THE ISS AS THE RATE DATA SOURCE,

THERE AIRE THREE BAbIC [ECMN|_UES AVAILABLE FOR DEORBIT-- SPSe SM RCS AND HYBRID, THERE ARE

REASOi_S OTHER THAI_ _UIDANCE AND CONTROL PROBLEMS FUR NUT BEING ABLE TO ACCOKPLISH A PARTICULAR
DLDR_IT h_ETHOD, HOWEVERt AT LEAST SPS DEORBIT AND ONE OF THE OTHER TWO DEORBIT METHODS MUST BE
AVAILABLE TU STAY IN ORBIT-- A_D WHICHEVER ARE APPLICABLEt THE _UIDANCE AND CONTROL SYSTEM MUST
SUPPORT,

T_IE PRIr,:ARY METHOD OF DEORBIT IS THE SP$, TO BURN THE SPSt THE CONTROL sYSTEM MUST PROVIDE A
SERV(} LOOP IN PITCH AND YAW TO DIMBAL THE ENGINE AND A CONTROL MODE TO PROVIDE INPUTS TO THE
$ERVO LOOP, THERE AxE TWO COMPLETELY REDUNDANT (INCLUDIN@ POWER SUPPLIES) SERVO LOOPS IN EACH
AXIS, Tt!EI_EARE FOOIR METHODS OF PROVIDING INPUTS TO THE SERVO LOOPS--- CMC ¢TVC DAP)* SOS AUTO_
_TVC RATE CUMMAND AND MTVC ACCEL COMMAND, MTVC ACCEL COMMAND IS NOT AN ACCEPTABLE MODE OF TVC
DUE TO THE LACK {)F RATE DAMPING CIRCUITRY, THE UNACCEPTABILITY OF THIS MODE HAS BEEN
DEF_OKSTRATEO _N CS_ _IMULATORS AND _ISSION EVALUATORS,
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15-2

CONT

THE PRIMARY METHOD OF BACKUP DEORBIT IS THE SM RC5, THE SECONDARY METHOD IS A HYBRID USING SM

RCS FIRSTt AND THEN CM RCS. BO_H METHODS REQUIRE THE ABILITY TO DO RATE DAMPED TRANSLATIONS
WITH THE SM ROSe THE THC IS NECESSARY FOR THE TRANSLATION COMMANDSt AND THE RATE DAMPING MAY BE

PROVIDED BY EITHER THE SOS OR THE CMC (RCS DAPI, DIRECT ULLAGE AND ATTITUDE HOLD WITH DIRECT
RCS IS NOT CONSIDERED AN ADEQUATE METHOD OF ACCOMPLISHING TRANSLATIONS DUE TO HIGHER PROPELLANT
CONSUMPTION AND PILOT VARIABILITY AFFECTING THAT CONSUMPTION, BOTH METHODS ALSO REQUIRE AN

ONBOARO ATTITUDE REFERENCE. FOR MOST RCS DEORBITSt A LIGHTED HORIZON IS NOT AVAILABLE FOR
SEVERAL REASONS, THE BURN ARC IS EXTREMELY LON_ THE ENTRY FLIbHT PATH ANGLE IS SMALLOW_ AND if
DAYLIGHT REQUIREMENTS IN THE RECOVERY AREAS ARE MAINTAINED (PLUS THE FACT THE MANEUVER MUST BE

DONE AT APOGEE DUE TO PROPELLANT RESTRICTIONS} THE MANEUVER MAY WELL BE ENTIRELY OR PARTIALLY
WITHOUT A HORIZON REFERENCE. THE ONBOARD ATTITUDE REFERENCE MAY BE PROVIDEQ BY IMU OR THE GUC

AND ON EITHER FOAl, RATES AND ATTITUDE ERRORS ARE DESIRABLE_ BUT NOT MANDATORY, THE HYBRID
METHOD REQUIRES SEVERAL ADDITIONAL EQUIPMENTS, ALL CONNECTED W1TH THE OM PORTION OF THE
MANEUVER, THE RATE DAMPING MUST BE BOB BECAUSE THERE IS NO RCS DAP FOR THE CM (NOTE THE SM RCS

DAP COULD BE USED-- HOWEVER_ ITS KNOWLEDGE OF THE MASS AND INERTIA IS RESTRICTED TO THE CSMt AND
HENCE_ ITS ABILITY TO PROVIDE RATE DAMPED ATTITUDE HOLD IS SLOPPY AT BEST), THE TECHNIQUE DOES
NOT CONTINUALLY APPLY THRUST IN A CONSTANT DIRECTION,

TO DETERMINE THE DELTA V TO APPLYJ A CMC DISPLAY OF PERIGEE ALTITUDE IS MONITOREDt AND THE BURN
IS TERMINATED WHEN PERIGEE IS NoNe THISt IN TURNt REQUIRES THE IMU TO SENSE THE DELTA Vl
THE CMC TO NAVIGATEp AND EITHER DSKY (BOTH ENCODER AND DECODER) TO PNQVIDE CONTROL OF AND
DISPLAYS FROM THE CMC, IT IS POSSIBLEI PROVIDED THE PRESCRIBED ATTITUDES ARE MAINTAINEDt TO UO
THE CM PORTION ON TIME ONLY, THE PREFERRED METHOD USES THE CMC, HOWEVER, BOTH RHCIS ARE
REQUIRED TO MAINTAIN PITCH ATTITUDE WHILE FIRING THE OPPOSING PITCH JET TO OBTAIN THE DELTA V,
AGAIN_ AN ALTERNATE TECHNIQUE EXISTB USING ONLY 1 RHC AND IIWOBBLINOII THE S/C ACROSS THE
DESIRED PITCH ATTITUDE BY FIRING FIRST PLUS THEN MINUS PITCH* THE 2 RHG METHOD IS PREFERABLE.

THERE ARE TWO INDEPENDENT WAYS TO OBTAIN ULLAGE-- ONE U_ING THE SCS OR CMC {RCS OAP)P AND THE
OTHER USING THE DIRECT ULLAGE PUSMBUTTONe THE FORMER USES THE THC (+X) FOR THE ULLAGE COMMANDS
AND THE AUTO RCS OOILS9 WHILE THE LATTER USES THE DIRECT ULLAGE PUSHBUTTON AND THE DIRECT RGS
COILS, ALL NON'CRITICAL SPS BURNS AFTER THE STORAGE TANKS ARE _MPTY REUUIRE THE GUIDANCE AND
CONTROL SYSTEM PROVIDE AN ULLAGE TO SETTLE PROPELLANTS IN THE BUMP TANKSt THEREBY PRECLUDING
HELIUM INGESTION INTO THE BALL VALVE/ENGINE DISCUSSION OF THIS SUBJECT},

THE TLI GO/NO GO DECISION IS ESSENTIALLY A COMMITMENT TO ALLOW THE SPACECRAFT TO BE SUBJECTED TO
A HIGH SPEED ENTRYt AND TO SUSTAINED SYSTEMS OPERATION, SPS CONTROL REDUNDANCY IS REUUIRED TO
ASSURE THAT ABORT AND MCC CAPABILITY IS AVAILABLE FOR THE TRANSLUNAR AND TRAHSEARTM COAST

PHASES, LM CAPABILITY IS NOT CONSIDERED IN THE TLI COMMITMENT BECAUSE IT COULD POSSIBLY NOT BE
AVAILABLE IF TD&E IS NOT ACCOMPLISHED_ AND BECAUSE THE LM IS NOT CH_CKED OUT PRE-TLI, THE

GUIDANCE AND CONTROL SYSTEMS MUST THEREFORE PROVIDE TWU GOOD SERVU LOQPS_ AND TVC CONTROL VIA
BOTH THE CMC {DAP) AND THE SCS, BOTH CMC AND SOS TVC ARE REQUIREDt BECAUSE THE SOB TVC MODE5
ARE NOT ENTIRELY INDEPENDENT OF SINGLE POINT FAILURES (E,G, LOSS OF AC2 PHI A CAUSES LOSS OF
RATE CMDt ACCEL CMDP AND SEVERELY DEGRADES SOS AUTO TVC),

DIRECT ROB AND RATE DAMPING ARE NEEDED FOR THE SAME REASONS AS LISTED IN THE EARTH ORBIT PHASES,
THE ABILITY TO MAINTAIN AUTOMATIC PASSIVE THERMAL CONTROL SHOULD ALSO BE AVAILABLE (ATTITUDE
HOLD IN PITCH AND YAW), EITHER CMC {DAP) OR SOS PTC IS ACCEPTABLE*

THE G&N IS THE PRIME NAVIGATION AND CONTROL SYSTEM_ ANDt AS SUCH MUST 8E FULLY OPERATIONAL PRIOR
TO COMMITTING TO A HIGH SPEED ENTRY, TO PROVIDE HIGH SPEED ENTRY CAPABILITYt THE CMC MUST BE
OPERABLE TO PROCESS THE INERTIAL INFORMATION OBTAINED BY THE ISSe OPTICSI COAS OR OTHER BACK UP
METHODS MUST BE AVAILABLE TO PROVIDE ESSENTIAL ALIGNMENT INFORMATLON TO ESTABLISH THE ENTRY
CORRIDOR AND NECESSARY HIGH SPEED ENTRY ATTITUDE CONTROL, THE MOO DSKY IS REQUIRED TO PROCESS
CREW INSTRUCTIONS TO THE CMC. AN OPERATIONAL FLIGHT DIRECTOR ATTITUDE INDICATOR 1S REQUIRED TO
PROVIDE TLI MONITORING CAPABILITY TO THE CREW,

TWO SOURCES OF ATTITUDE INFORMATION MUST BE AVAILABLE FOR THE HION SPEED ENTRY IN OkOER TO
COMMIT TO TNANSLUNAR COAST, FOUR DISPLAYS (NOT COMPLETELY INDEPENDENT) ARE AVAILABLE i_ THE
SPACECRAFT--- THE RSI_ TWO FDAIt$ AND THE OSKY, THE FOUR DISPLAYS ARE DRIVEN BY THR_E 50URCE_
OF ATTITUDE INFORMATION--- EITHER BMAG PACKAGE OR THE IMU. FAILURES UR COMBINATIONS OF FAILURES
THAT CAUSE LOSS OF REDUNDANT MEANS TO DERIVE AND DISPLAY ATTITUDE INFORMATION ARE CAUSE TO
INHIBIT TLI, APOLLO 8 CREW REPORTS ARE THAT AN OUT-THE-WINDOW REFERENCE I$ NOT AVAILABLE FUR
ENTRY,
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15-3 TRANSLUNAR COAST

ONCE TLI HAS BEEN PERFORMEDt THE MINIMUM REOUIREMENT OF THE GGN IS TO PROVIDE REDUNDANT
CAPABILITY TO MAINTAIN A FREE RETURN TRAJECTORY AND PASSIVE THERMAL CONTROL, THIS CAPABILITY IS

MET BY REQUIRING RATE DAMPING AND DIRECT RCS IN EACH AXIS PLUS A METHOD OF PROVIDING A PLUS X
MANEUVER FOR ULLAGE OR TRANSLATIOD_, THE ATTITUDE CONTROL REQUIREMENTS ASSURE REDUNDANT
CAPABILITY TO POSITION THE SPACECRAFT FOR MIDCOURBE CORRECTIONS, DIRECT RCS IS REQUIRED TO
PROVIDE BACKUP CONTROL IN THE EVENT OF AUTO COIL MALFUNCTIONS,

15-A LOft LUNAR ORBIT

THIS RULE IS WRITTEN TO BE APPLIED WHENEVER CRITICAL SYSTEMS REDUNDANCY IS REQUIRED TO ASSURE

SAFE SPACECRAFT RETURN, THE REDUNDANCY REQUIRED BY THIS RULE {E,G, REDUNDANT SPS CONTROLt
REDUNDANT ATTITUDE CONTROLt AND NON-CRITICAL BURN CAPABILITY) ASSURES THAT AN ADDITIONAL SINGLE
POINT FAILURE WILL NOT COMPROMISE TEl, THE ATTITUDE CONTROL REQUIREMENTS ARE THE MINIMUM TO
ASSURE PROPER GGN THRUST VECTOR POSITIONING, TWO SERVO LOOPS AND TWO CONTROL MODES FOR TVC
ASSURE REDUNDANCY. OF COURSE, ULLAGE CAPABILITY WILL BE REQUIRED FOR THE TEI BURN SINCE THE
STORAGE TANKS WILL BE EMPTY AFTER LOI, ULLAGE VIA THE THE OR DIRECT ULLAGE IS ACCEPTABLE. THE
CMC AND ISS ARE R_UIRED FOR PROPER LOI AND TEl CONTROL, THE CAPABILITY TO ALIGN THE PLATFORM
MUST BE AVAILABLE IN ORDER TO COMMIT TO LOI,ALIGNING SPECIFICALLY WITH CBM OPTICS IS NOT
REQUIREDt AS COAS ALIGNMENTS AND TRANSFERRED ALIGNMENTS FROM LM ARE ACCEPTABLE, ONE FDAI AND ONE
DSKY ARE RE_uIRED FO_ CREW MONITORING OF LOI AND TEl BURNS TO VERIFY SYSTEMS PERFORMANCE,

LOSS OF THE ABOVE REDUNDAhCY REQUIREMENTS (I,E, SPS CONTROL AND REDUNDANT ATTITUDE CONTROL) IN
THE LUNAR ORBIT pHASE WILL REQUIRE PLANNING FOR A DPS TEl MANEUVER, UNDOCKING SHOULD BE
INHIBITBD AND LM RETAINED, IF LM DPS IS AVAILABLE AND CHECKED OUTt AN EARLY TEl NEED NOT _E
ACCOMPLISHED,

15-5 UNDOCKED

TO UNDOCK THE GEM MUST PROVIDE A STABLE PLATFORM FOR REDOCKING pURPOSES, THIS IMPLIES THE
GUIDANCE AND CONTROL SYSTEM _.UST PROVIDE RATE DAMPED ATTITUDE HOLDo IN CASE THE CSM HAS TO
PARTICIPATE IN THE DOCKINGt THE CONTROL SYSTEM MUST ALSO BE ABLE TO TRANSLATE IN ALL THREE AXES,
DIRECT RCSLS AGAIN REQUIRED FOR RECOVERY FROM AUTO CONTROL SYSTEM MALFUNCTIONS,

THE GUIDANCE AND CONTROL SYSTEM MuST PROVIDE THE CAPABILITY TO PERFORM A LM RESCUE PRIOR TO
COMMITTING OR CONTINUING THE UNDOCKED AND SuBsEQUENT PHASES, LM RESCUE INVOLVE5 THE C_M

TRACKINb TH_ LMt COMPUTINO ITS OWN MANEUVERS AND EXECUTING THEM, THE CSI AND CDH MANEUVERS WILL
BE TARGETED FROM THE bROUd_D. HOWEVERP THE SMALL TIME INTERVAL BETWEEN TPI_ EACH MIDCOURSEP AND
THE BRAKING MANEUVERS REOUIRE THE CSM TO OO ITS OWN TRACKING_ 8TATE VECTOR UPDATEB AND MANEUVER

SOLUTIONS, TO TRACK THE LM THE CSM SC{ OR SXT MUST BE OPERABLE, THE CSM MUST BE ABLE TO TRACK
LM WITH EITHER AUTO OPTICS_ MANUAL OPTICSP VHF RANGINGP OR MINIMUM IMPULSE ATTITUDE CONTROL (OR
SOME COMBINATION OF THESE), THE OPTICS DATA (SHAFT, TRUNNION AND MARK REOUEST)'MUGT BE INPUT TO
THE ChIC EITHER AuTOMaTICALLY OR MANUALLY, ALTHOUGH CUMBERSOME, THE DATA MAY BE INPUT THROUGH

THE DSKY IF NECESSARY, USING AN ALTERNATE LINE OF SIGHT MARK ROUTINE, TO _E OPERATIONAL FOR LM
RESCUE, THE LM MuST BE VISIBLE IN EITHER THE SCT OR THE SCT-- THEY MUST BE ABLE TO TRACK THE LM,
AND THERE MUSI BE A _AY TO GET THE OPTICS DATA INTO THE CMC,

A DSKY IS REOUIRED TO OPERATE THE CMC* EITHER DSKY IS ACCEPTABLE SINCE THE CREW HAS SAID THEY
CAN O_ERATE ANY ACTIVITY FRO_ EITHER OBEY, EVEN IN THE ONE MAN RESCUE SITUATION,

TRANSLA]ION CAPABILITYP RATE DAMPING AND ASSOCIATED HAND CONTROLLERS ARE NECESSARY FOR OBVIOUS
REASONS. EITHER RHC 15 SATISFACTORY, THE FDAI IS REQUIRED SINCE RESCUE MANEUVERS MAY NOT HAVE
AN EXTERNAL ATTITUDE REFERENCE AVAILABLE, THE CMC AND PLATFOR_ ARE REQUIRED FOR NAVIGATIGN,
PRETHRUBT TA_GETINGp TPI AND MIDCOURSE RENDEZVOUS SOLUTIONSp AND MANEUVERS, THE GUIDANCE AND
CONTROL SYSTE_T MUST ALSO PROVIDE THE PREVIOUSLY DEFINED MINIMUM BPG NON-CRITICAL BURN
CAPABILITY,

15-6 ASCENT, DESCENT

THE GEM IS A PASSIV_ VEHICLE DURING THE DESCENT AND ASCENT PHASEGo RENDEZVOUS AND LM RESCUE
RATIONALE IS COVERED IN PULL _5-5,
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15-7 LUNAR STAY PHASE

THIS RULE IS A RELAXATION OF ATTITUDE CONTROL REQUIREMENTS IN THAT TWO AXIS ATTITUDE HOLD AND
RATE DAMPING ARE SUFFICIENT TO PERMIT CONTINUATION OF THE LUNAR STAY PHASE, LOSS OF ATTITUDE
CONTROL IN AN AXIS REQUIRES MANUAL CONTROL IN THAT AXIS* MANUAL CONTROL OF ONE VICE _ AXIS AUTO
CONTROL DOES NOT SEVERELY HAMPER CREW ACTIVITIES AND DOES NOT AFFECT THE ABILITY TO POSITIUN THE
SP5 FOR THE TEI BURN, THIS LOSS DOES CONSTITUTE A REDUCTION IN LH RESCUE CAPABILITYt HOWEyER_
TERMINATION OF THE LUNAR STAY PHASE WILL NOT RELIEVE THE REOUIREMENT FOR ONE AXIS MANUAL CUNTROL
FOR TEI POS_TIONING.

REDUNDANT SP5 CONTROL IS THE ONLY CSM CONSTRAINT WHICH REQUIRES TENMINATION OF THE LUi_AR STAY

PHASE. LOSS OF OPTICS AND THE NAv DSKY ARE NOT CONSIDERED CRITICAL IN THAT VHF RANGING A_D
BACKUP ALIGNMENT TECHNIQUES ARE AVAILABLE FOR PLATFORM ALIGNMENTS AND LH RESCUE,
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15-10 ATTITUDE CONTROL

IF AT ALL AVOIDABLE, THE LM AND CSH SHOULD NEVER BOTH BE IN ACTIVE ATTITUDE CONTROL AT THE SAME

TIME, IF ONE IS IN CONTROLt THE OTHER SHOULD BE IN FREE DRIFT. THE NON-CONTROLLING VEHICLE MAY
OR MAY NOT BE POWERED UP, IF IT IS POWERED UPt NO ATTEMPT WILL BE MADE TO ELECTRICALLY ISOLATE
ITS CONTROL 5yGTEM-- RATHERJ IT WILL BE KEPT FROM ANY AUTOMATIC CONTROL BY PROCEDURE (E.G,
CMO/FREE_ WHEN LM IS CONTROLLING}, THE ONLY TIME SIMULTANEOUS ATTITUDE CONTROL BY BOTH VEHICLES
IS CONTEMPLATED IS JuST PRIOR TO LM JETTISON, IN THIS CASE_ THE CSM SHOULD ALWAYS BE IN A
TIGHTER DEAOBAND THAN THE LM, THUS INSURING THE MANNED VEHICLE MAINTAINS CONTROL OVER THE

COMBINATION. THE LENGTH OF TIME IN THIS CONFIGURATION SHOULD BE MINIMIZED TO AVOID THE CONTROL
SYSTEM5 FIGHTING EACH OTHER DUE TO INERTIAL REFERENCE DRIFTSt ETC,

i15-11 UPDATING PIPA/IRIG BIAS

THE REQUIREMENTFOR UPDATING PIPA BIAS WHENEVER THE ACTUAL VALUE DIFFERED FROM THE PRELAUNCH
VALUE BY MORE THAN +/- 0,003 FT/SEC 2 WAS STATED IN THE GGC DIVISION MEMO DATED 27 JUNE 1969,
THIS REQUIREMENT IS STILL VALID WITH THE FOLLOWING QUALIFICATIONS (BASED ON APOLLO 1l DATA),
P1PA BIAS UPDATE SHOULD BE ATTEMPTED ONLy AFTER THE CBM/LM SEPARATES FROM THE S-IVB AND 15 ON
COASTING FLIGHT, SHOULD ANY PIPA EXHIBIT NULL COINCIDENCEt NO UPDATE SHOULD BE ATTEMPTED SINCE
THE INDICATED BIAS 15 ZERO AND THE ACTUAL BIAS VALUE IS NOT KNOWN, THE PRELAUNCH VALUE WILL BE
USED UNTIL A VALID PIPA BIAS DRIFT NUMBER IS EMPIRICALLY DETERMINED DURING THE MISSION, THIS
ACTION IS BASED ON THE FACT THAT THE PIPAS WILL DRIFT AT A CERTAIN RATE UNDER 1'Gll LOADS,

THE RATIONALE FOR COMPENSATING THE IB5 TO ALLOW FOR IN FLIGHT IRIG DRIFTS IS BASED ON THE GGC
DIVISION MEND DATED 27 JUNE 1969 WHICH REQUIRED AN UPDATE FOR ALL IR1G_S AT THE SECON_ PBB,
DATA COMPILED FOR THE APOLLO 11 MISSION INDICATE THAT UPDATES IN ACCONDANCE WITH THIS MEMO
pRODUCED A PLATFORM IRIG COMPENSATION ACCURATE TO 1,5 M_RU AND WITHIN THE ./- 3,0 MERU REQUIRED,
THE PREBENT UPDATE CRITERIA WERE ARBITRATED VIA THE DATA PRIORITY PANEL OF 15 sEPTEMBER 1959,

15-i; DELTA V COUNTER DRIFT

THE DELTA V COUNTER IS A BACKUP METHOD FOR SHUTTING DOWN GGN CONTROLLED BURNS, BOTH METHODS HAVE
A THIRD TOOL FOR SHUTOFFt THAT BEING BURN TIME (PROVIDING NOMINAL THRUSTt BURN IS NOT TOO SHORTt
ETC*), THE COUNTER RSLIES ON A SINGLE ACCELEROMETERt MOUNTED ALONG THE X-AXIS, THE AOCELEROMETER
DRIFT WILL BE MEASURED AND USED IN THE COMPUTATION OF THE DELTA VC E_TRY TO THE MANEUVER PAD,

FOR SPS BURNS, THE AGCELEROMETER DRIFT IS ONLY APPLICABLE DURINb THE PERIOD AFTER THE EMS MODE
SWITCH IS PLACED IN THE NORMAL POSITION AND BEFORE SPS THRUST ONt NOMINALLY THIRTY SECONDS, FOR
RCS BURNSt THE ACCELEROMETER DRIFT IS APPLICABLE FOR THIRTY SECONDS PLUS THE BURN TIME, THE
pHYSICAL PROPERTIES OF THE ACCELEROMETER SUSPENSION ARE SUCH THAT UNDER SPS TYPE ACCELERATIONS_
THE BIAS DETERMINED FOR NO OR LOW ACCELERATIONS IS NOT APPLICABEL (I,E, DIFFERENT PORTIONS OF

THE BEARING SURFACES ARE IN CONTACT AT HIGHER ACCELERATION LEVELS, IN ADDITIONt THE VIBRATION
RESULTING FROM SP5 THRUSTING TEND TO REDUCE THE DRIFT).

PERFORMANCE CHARACTENISTIC5 Of THE ACCELEROMETER WILL ALSO BE USED TO DEFINE A BROKEN SYSTEM, A
MEASURED, REPEATABLEt ZERO-G BIAS OF 0,1 FT/SEC2 IS REPRESENTATIVE OF AN INOPERATIVE
ACOELERUMET_R (REFERENCE NR INTERNAL LETTER FT/Ep-b8-ZB?, DATED 12 DEC, 1969), A STANDARD
PROCEDURE EXISTS FOR DETERMINING THE ZERO-G BIAS, SINCE THE ACCELEROM_TER IS ALSO UGEO AS THE

BASIC INPUT DEVICE FOR THE ENTRY MONITORING 5CHEME_ THE SAME BIAS TESTS ARE USED TO DETERMINE
THE SYSTEMS PERFORMANCE FOR ENTRY,

15-12 DAP INITIALIZATION

THE COLOSSUS TVC DAP KEEPS MUCH BETTER TRACK OF GIMBAL TRIMS AND wEIGHTS THAN ITS PREDECESSOR,
SUMDISK, O_CE PROPERLY [NITIALIZEDg PACTOFF AND YACTOFF ARE UPDATED EVERY PITCH-OAP/YAW-DAP

CYCLE {40 OR BO MS), HENCEt AT CUTOFF_ THEY WILL BE CURRENT TO WITHIN AO OR BO MS OF THE EXACT
C,G, LOCATION. WEIGHTS ARE ALSO uPDATED EVERY 10 SECONDS DURING A BURNt AN0 AT CUTOFF,
CONSEQUENTLYt AS LONG AS THE CMC IS CONTROLLING BURNSt THE ONLY NEED TO uPDATE TRIMS 5HOULD BE
_HEN THE LM 1S UNDOCKED, HOWEVER_ SHOULD AN SOS BURN TAKE PLACEr THE OAR WILL HAVE NO KNOWLEDGE
OF THE TRIM CHANGE, AND THE TRIMS SHOULD BE OBTAINED FROM TELEMETRY JuST PRIOR TO CUTOFF, THE
DATA PRIORITY PANELS HAVE SPECIFIED THAT NO ADVERSE EFFECTS ON GUIOANCEt CONTROL DR MANEUVER
ACCURACY WILL BE EXPERIENCED FOR TRIM ERRORS UP TO 0,5 DEG*/AXIS AND WEIGHT ERRORS UP TO _0
PERCENT OF ACTUAL WEIGHT, WEIGItTS AND TRIMS WILL BE PROCEDURALLY PASSED TO THE CREw WITH EACH
MANEUVER, SMALL DELTAS BETWEEN GROUND AND ONBOARD (CMC STORED) VALUES NEED NOT BE UPDATED-- ANY
TRIM OR wEIgHT ERROR LARGER THAN O,B DEC, OR 10 PERCENT RESPECTIVELY MusT BE UPDATED IF THE bSN
IS TO PERFOkM THE MANEUVER,
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15-20 LOSS OF EITHER BMA6 i OR 2 IN EITHER PITCH OR YAW CHANNEL

BRAG I IS REQUIRED FOR SOS AUT_ TVC AND SOS AUTO RCS CONTROL, BRAG I IS USED AS A BACKUP FOR
ALL THE RATE FUNCTIONS PERFORMED BY BRAG 2,

SINCE OTHER MODES OF TVC AND ATTITUDE CONTROL ARE AVAILABLEp THIS MALFUNCTION DOES NOT PRECLUDE
CONTINUING THE MISSION, IF THE LOSS IS IN YAW BRAG 2t THE RSI 15 USABLE IF RATE _ IS 5ELECTEUi
IF THE FAILURE OCCURRED AFTER =05 G_ THE RSI WOULD HAVE TO BE REALIGNED BECAUSE OF THE OFFSET
THAT WOULD EXIST DUE TO AN IMPROPER RATE INPUT FOR THE PERIOD OF TIME IT TAKES TO RECOGNIZE THE
FAILURE,

IF THE YAW BHAG i IS LOSTt THEN THE SOS FOAl ROLL ATTITUDE WILL BE ERRONEOU5 AFTER ,05 O 51NCE
BOTH ROLL AND YAW BRAG 1 OUTPUTS ARE CROSS-COUPLED TO DRIVE THE FDAI AFTER ,05 G,

15-21 LOSS OF BOTH BRAG i AND 2 IN EITHER PITCH OR YAW CHANREL

WITH THIS COMBINATION OF FAILURES_ THE ENTIRE GGC CAPABILITY IS CONTINGENT UPON SINGLE FAILURES
IN THE GGN SYSTEM, SOS ATTITUDE MOLD AND RATE DAMPINGP SOS TVC_ AND THE SOS AS AN ATTITUDE

SOURCE FOR ENTRY ARE ALL LOST, ALL PHASES REQUIRING REDUNDANT SPS CONTROL ARE THEREFORE
INHIBITED,

MTVC-ACCEL CMD IS THE ONLY CONTROL MODE AVAILABLE FOR MODE Ill OR IV SPS CONTROLt UECAUSE THE
GGN CAN NOT BE TARGETED FOR THE LAUNCH CONTINGENCY MANEUVERS, IT IS OBVIOUSLY SAFER TO CONTINUE
INTO ORBIT AND DEDRBIT USING THE GGN THAN IT WOULD BE TO ABORT THE LAUNCH PHASE FOR THESE
FAILURES, (EVEN THOUGH ACCEL CMD IS CONSIDERED A pOOR CAPABILITY,)

IN LUNAR ORBITt AND LUNAR STAY PHASES EARLy TEl IS ACCOMPLISHED TO PRECLUDE POSSIBLE GGN

FAILURES FROM NEGATING THE ABILITY TO CONTROL AND MONITOR TEl,

EVEN THOUGH REDUNDANT ATTITUDE REFERENCES FOR ENTRY ARE LOSTt THE TRANSLUNAR COAST PHASE IS
CONTINUED, THE ALTERNATIVE IS TO ABORT USING THE GGN WITH NO ACCEPTABLE BAQKUP CONTROL MODES,

15-22 LOSS OF ROLL BMAB

LOSS OF ROLL BMAG i OR 2 WOULD REQUIRE MANUAL ROLL ATTITUDE CONTROL'IN ALL SCS MODES SINCE ROLL

AUTO CONTROL IS LOST= SOS TVC IS RETAINED WITH ROLL ATTITUDE HELD MANUALLY, THESE FAILURES HAVE
NO EFFECT ON REDUNDANT SPS CONTROL,

AFTER ,05 G FOR A LOSS OF ROLL SNAG iI THE SOS FDAI ROLL ATTITUDE WILL BE ERRONEOUS SINCE BOTH
ROLL AND yAW BRAG i ARE REQUIRED. THE RSI WILL BE VALID SINCE IT IS DRIVEN BY BRAG 2,

LOSS OF ROLL BRAG 2 MEANS LOSS OF REDUNDANT SOS ROLL RATE, 1F THE FAILURES IS A IIHARDOVERIIp
THE USE OF ATT ,/RATE 2 AND LIMIT CYCLE CONFIGURATION IS POSSIBLE IF BRAG Z IS POWERED DOWN,
THIS WOULD REUUIRE ALL THREE AXES TO BE IN A RATE DAMPED {LIMIT CYCLE) ATTITUDE HOLD, IF ANY
RCS MANEUVERS ARE REQUIREDt THE LIMIT CYCLE MUST BE REMOVED, IF RATE i IS SELECTED FOR THE ROLL
BMAGt BOTH RSI AND SOS FDAI ROLL ARE USABLE FOR ENTRY, IF THE FAILURE OCCURRED AFTER ,OSGo THE
RSI WOULD HAVE TO BE REALIGNED BECAUSE OF THE OFFSET THAT WILL EXIST DUE TO AN IMPROPER RATE
INPUT FOR THE PERIOD OF TIME IT TAKES TO RECOGNIZE THE FAILURE,

15-23 LOSS OF BOTH ROLL BMAGS

LOGS OF THE INS FOR SOS THRUST VECTOR CONTROL DOES NOT PRECLUDE USE OF THE SOS TO CONTROL BURNS,

THRUST DURATION CAN BE TIMED AND C/O EFFECTED BY MANUALLY PLACING THE DELTA V A AND B THRUST
SWITCHES TO OFF, THE CM¢ IS PRIME FOR ALL TVC ANYWAY, FOR ENTRY CONSIDERATIONS, THERE IS NO _AY
TO IMPROVE THE SITUATION, THE CMC IS PRIME FOR ENTRY_ AND THER_ ARE THIRD ORDER BACKUP
TECHNIQUES (E,G, BANK REVERSE BANKt ZERO LIFTt CONSTANT G ETC,) NOT DLPENDENT ON EITHER THE CMC
OR THE EMS,

THE EM5 IS _OT INSTRUMENTED VIA T/M BUT DELTA V TESTS ARE NORMALLY PERFORMED BEFORE TLI AND SPS

MANEUVERS TO VERIFY ITS OPERATION, A COMPLETE SET OF EMS TESTS IS MADE PRE-ENTRY,
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.5-24 LOSS OF EITHER SERVO LOOP IN PITCH OR YAW

WITH LOSS OF A SERVO LOOPt TVC CAPABILITY IS AVAILABLE USING THE REMAINING GERVO LOOP IN THE

FAILED AXIS-- HOWEVER_ REDUNDANCY FOR THAT AXIS IS LOST,

RCS PROPELLANTS MUST BE MAINTAINED FOR RECOVERY FROM A HARDOVER ENGINE SITUATION IN THE AXIS
WITHOUT THE REDUNDANCY, THE PROPELLANT REQUIRED WILL VARY IN THE DOCKED AND UNDOCKED CASES, IF
THE LM HAS BEEN CHECKED OUT AND DETERMINED CAPABLE OF SUPPORTING TEIt ONE SERVO LOOP FAILUNE IN

LUNAR ORBIT WOULD NOT REQUIRE TERMINATION OF THIS PHASE, THE LUNAR STAY PHASE MUST BE
TERMINATED FOR LOSS OF REDUNDANT SPS CONTROL, DESCENT MUST BE INHIBITED FOR CONFIRMED LOSS OF

REDUNDANT SPS CONTROL,

15-25 LOSS OF BOTH TVC SERVO LOOPS

FOR EARTH ORBIT_ THE MISSION WOULD BE TERMINATED BECAUSE THE PRIME DLORBIT CAPABILITY IS LOST
(SPS),

IN THE LAUNCH PHASE_ THERE IS NO MODE IZ/ OR IV CAPABILITY BECAUSE OF NO 5PS CONTNOL CAPABILITY.
LIMITED LANDING POINT CONTROL IS AVAILABLE uSING SM-RCS. ALL OTHER MISSION PHASES REQUIRE
DEPENDENCY ON SN RCS OR LM SYSTEMS DUE TO LOSS OF ALL SPS CAPABILITY, THEREFORE ALL OTHER
PHASES MUST BE TERMINATED OR INHIBITED FOR LOSS OF ALL SPS CAPABILITY.

15-2( LOSS OF RHCtS

WITH A LOSS OF EITHER RHC PROPORTIONAL CONTROLo THERE ARE NO MINIMUM REQUIREMENTS THAT HAVE BEEN
VIOLATED, AND THE REMAINING RHC CAN BE USED WHEN PROPORTIONAL CONTROL IS REUUIRED FOR MTVC OR
RC5 CONTROL.

WITH A LOSS OF PROPORTIONAL CONTROL FROM BOTH RHC'SP THE MINIMUM REQUIREMENTS FOR SPS ARE NOT

VIOLATED, THERE IS NO MTVC RATE OR MTVC ACCEL COD CAPABILITYt BUT 5CS AUTO TVC IS AVAILABLE AND
IS AN ACCEPTABLE BACKUP TO GSN TvC, RATE DAMPING IS A ,41NIMUM REQUIREMENT AND IS AVAILABLE,

THERE WILL BE NO MTVC RATE OR MTVC ACCEL CUD CAPABILITy USING THE FAILED RHC BECAUSE I THE
PROPORTIONAL CONTROL TRANSDUCER IN THE RHC IS USED TO FURNISH THE NECESSARY COMMAND SIGNALS FOR
BOTH RATE AND ACCEL CUD MODES OF ;4TVC.

MANUAL MANEUVERS USING RCS WOULD HAVE TO BE MADE uSING ACCEL CMB OR DIRECT SWITCHES IF ALL
PROPORTIONAL CONTROL iS LOST.

THIS CAPABILITY USES THE BREAKOUT SWITCHES AND THE DIRECT SWITCHES OF THE RHC AND IS COMPLETELY
INDEPENDENT OF THE TRANSDUCER WHICH IS REQUIRED FOR PROPORTIONAL CONTROL,

15-2' LOSS OF DIRECT RCS

WITH A LOSS OF DIRECT RCS CONTROL FROM ONE RHCt THE REMAINING RHC CAN BE INTERCHANGED WITH THE
LOST RHC IF DESIRED. THERE ARE TWO SETS OF DIRECT SWITCHES IN THE RHC, IF ONE SET SHOULD FAILt

THE REMAINING SET WILL PERMIT MANUAL DIRECT RCS CONTROLt BUT WITH HALF THE AUTHORITYo BECAUSE
EACH SET OF SWITCHES DRIVES DIFFERENT JETS,

WITH THE LOSS OF OIR_C,T RCS CONTROL FROM BOTH RHCtS THE MINIMUM REQUIREMENT FOR ATTITUDE CONTROL
HAS BEEN VIOLATED EXCEPT FO_ LUNAR STAY. THE DIRECT RCS CONTROL 1S THE ONLY MEANS OF CONTROL
OVER THE RCS COMPLETELY INDEPENDENT FROM THE AUTO RCS SYSTEM, ALL SC5 LOGIC IS BYPASSED IN

DIRECT_ INCLUDING THE SOLENOID DRIVERS. THERE IS NO CORRECTIVE ACTION TO IMPROVE THE SITUATION,
FURTHER DEGRADATION OF THE DIRECT RCS SYSTEM SHOULD NOT OCCURo THUS THE STAY PHASE NEED NOT BE
TERMINATED. STRICT ATTITUDE CONTROL VIA DIRECT RCS IS NOT REQUIRED FOR TEl SPS CONTROL AND IS
NOT APPLICABLE TO THE LUNAR STAY PHASE, THIS FAILURE DOES NOT PRECLUOE THE uSE OF AUTO ATTITUDE
CONTROL VIA SCS AND GGN SYSTEMS.
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15-28 LOSS OF AUTO ATTITUDE IN PITCH OR YAW CHANNELS

THIS RULE IS WRITTEN TO'COVER A SINGLE POINT FAILURE MODE IN THE RJEC WHEREBY PITCH AND YAW AUTO
ATTITUDE HOLD IS LOST, PROCEDURALLYt FOR THESE FA1LURESo CONTROL MIGHT BE REGAINED BY SWITCHING
TO CMC CONTROL OR OPENING THE EMS CIRCUIT BREAKERS THUS REMOVING pOWER FROM THE AuTo ATTITUDE
CONTROL DISABLE CIRCUITRY, IF CONTROL IS NOT REGAINED BY OPENING THE EMC CB_5 OR BY SWITCHING
TO CMC_ AN UNCORRECTABLE FAILURE(S) IN THE RJEC EXISTS,

IF CONTROL IS REGAINED BY SWITCHING TO CMC CONTROL_ ALL GGN BURN CAPABILITY AND AUTO CONTROL IN
PITCH AND YAW WILL BE AVAILABLE, IF CONTROL IS NOT REGAINED_ AN UNCORRECTABLB FAILURE EXISTS IN
BOTH CMC AND SCS AND WILL REQUIRE TERMINATION OF ALL MISSION PHASES EXCEPT LUNAR STAY, DIRECT
RCS AND DIRECT ULLAGE WILL RE REQUIRED FOR PITCH AND YAW ATTITUDE CONTROL PRIOR TO SUBSEQUENT
BURNS.

IF OPENING THE EM$ CB=5 REGAINB CONTROL_ GGN BURNS WILL REOUIRE MANUAL BACKUP ENGINE OFF VICE
EMS CUTOFF, 5¢S BURN CONTROL CAN ALSO BE ACCOMPLISHED FOR THIS FAILURE BY RESETTING THE EM5
BREAKERS AT IGNITION AND OPENING THE BREAKERS AT ENGINE OFF.

15-29 LOSS OF FDAI

WITH LOSS OF ONE FDAIt THE REMAINING FDAI CAN BE USED AND NECONFIGURED FOR DISPLAY AS NECESSARY
AND THE MISSION CAN BE CONTINUED, WITH THE LOSS OF BOTH FDAIIIt AN ONBOARD ATTITUDE REFERENCE
SYSTEM I5 NOT AVAILABLE TO MONITOR BURNS, THE REMAINING ATTITUDE REFERENCE SOURCE IDSKY} IS
SUBJECT TO SINGLE FAILURES IN THE GSN AND IS NOT CONSIDERED ADEQUATE AS AN ATTITUDE REFERENCE
FOR MONITORING MANEUVERS BECAUSE IT IS USED TO DISPLAY OTHER PARAMETERS CRITICAL TO MANEUVERS
(VMtTGO ETC,).

AT LEAST ONE FDAI IS REQUIRED TO MONITOR LOI _ECAUSE LOI IS ESPECIALLY CRITICAL IM TERMS OF
PITCH ATTITUDE AND OUT-THE-WINDOW REFERENCE IS NOT ACCEPTABLE AS A PRIME ATTITUDE SOURCE. THE
LUNAR HORIZON I5 NOT AVAILABLE UNTIL LATE IN THE MANEUVER AND BORESIGHT STAR AVAILABILITY IS A
FUNCTION OF LIGHTING AND LAUNCH WINDOW. THE SAME CONSIDERATIONS APPLY TO THE TEI MANEUVER,

FOR LOSS OF BOTH FDAItSP THE LM DPS SHOULD BE USED FOR TEIt IF POSSIBLEt AND TEl SHOULD BE
ACCOMPLISHED AS SOON AS POSSIBLE TO PRECLUDE GGN FAILURES FROM uESTROYING THE ONLY REMAINING
CAPABILITY TO MONITOR TEI AND ENTRY ATTITUDES,

FAILURE OF BOTH FDAI=S DURING THE LUNAR STAY PHASE WILL REOUIRE USE OF THE DSKY FoR ATTITUDE
READOUT, IN ANY EVENTt TERMINATION OF THE LUNAR STAY WOULD NOT IMPROVE THE ONBOARD READOUT
CAPABILITY, THESE FAILURES WOULD REQUIRE RETENTION OF TH_ LM ASCENT STAGE TO PROVIDE AN ONBOARD
ATTITUDE REFERENCE TO INSURE AN ATTITUDE REFERENCE FOR TEl (REQUIRES A SINGLE GbN FAIL OR TWO
DSKY FAILS),

15-3C LOSS OF AC1 PHASE A

LOSS OF ACl PHI A CONSTITUTES A LOSS OF SOS RATE DAMPINGo ANDt THEREFOREt ELIMINATES THE HYBRID

DEORB[T CAPABILITY, SPS CONTROL WOULD BE LOST BY A FURTHER SINGLE POINT FAILURE OF AC2 PHI A,

THE FOLLOWING SUMMARIZES AVAILABLE CAPABILITY---

A, AUTO ATTITUDE CONTROL USING OAP

B. RATE DAMPING USING DAP

C. TVC USING DAP

D, ATTITUDE REFERENCE WITH FDAI NO, 2 AND CMC SOURCE

E, ONLY ONE TVC SERVO LUOP POWER SO_RCE

F, MTVC FROM RHC NO, 2 IN RATE AND ACCEL COMMAND

G, MANUAL CONTROL OF RCS USING DAPP OR DIRECT RCS FROM BOTH RHCIS,

H. GPI PITCH-YAw DRIVE NO, 2

I, RSI
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15-30
CONT

THE EARTH ORBIT pHASE IS TERMINATED BECAUSE BOTH REMAINING DEORBIT METHODS ARE SUBJECT TO THE
AC2 PHI A FAILURE*

ALL OTHER PHASES ARE TERMINATED FOR LACK OF SPS CONTROL REDUNDANCY AS THEY ARE ALSOt OF COURSEr
SUBJECT TO THE AC2 PHI A FAILURE, TRANSLUNAR COAST IS CONTINUED EVEN THOUGH REDUNDANCY

REQUIREMENTS FOR AN ENTRY ATTITUDE REFERENCE ARE VIOLATED BECAUSE IT IS CONSIDERED MORE
CONSERVATIVE TO ACHIEVE/MAINTAIN FREE RETURN THAN TO ABORT WITHOUT REDUNDANT SP5 CONTROL, LOSS
OF ENTRY ATTITUDE REFERENCE REDUNDANCY IS A FURTHER REASON TO NO GO TLI,

15-51 LOSS OF AC2 PHASE A

LOSS OF AC2 PHI A CONSTITUTES A LOSS OF ALL SCS TVC AND SUBJECTS CONTROL OF THE SPS AND RCS TO A
SINGLE-POINT CMC FAILURES OR AC i PHI A FAILURE* REF, MR RATIONALE 15-50,

COMMENTS

THE FOLLOWING SUMMARIZES THE AVAILABLE CAPABILITY---

A, AUTO ATTITUDE CONTROL USING DAP

Ba RATE DAMPING USING DAP

C, TVC USING DAP

D. ATTITUDE REFERENCE WITH FDAI NO* E AND CMC SOURCE

E* ONLY ONE TVC SERVO LOOP POWER SOURCE

F* MANUAL CONTROL OF RCS USING DAP OR DIRECT RCS FROM BOTH RHC=S

G, GPI PITCH-YAW DRIVE NO* Z

Ha TVC USING GPI THUMBWHEELS (NOT CONSIDERED AN ACCEPTABLE MODE BECAUSE OF THE
LACK OF AN AUTOMATIC ATTITUDE ERROR INPUT AND THE CONSTRAINT THAT THE ENGINE

MUST BE ALTERNATELY STOPPED AND RELIT TO REINITIALIZE THE SCS INTEGRATOR FOR
BURNS OVER APPROX. 3 MINUTES),

15-51 LOSS OF ORDEAL

THE ORDEAL IS A CONVENIENCE TOOL NOT MANDATORY TO THE ACCOMPLISHMENT OF ANY MISSION ACTIVITY*
THEREFOREt ITS LOSS WARRANTS NO SIGNIFICANT MISSION ALTERATIONS,

15-3E LOSS OF ENTRY MONITOR SYSTEM

LOSS OF THE EMS FOR SCS THRUST VECTOR CONTROL DOES NOT PRECLUDE USE OF THE SCS TO CONTROL BURNS,

THRUST DURATION CAN _E TIMED AND C/O EFFECTED BY MANUALLy PLACING THE DELTA V A AND B THRUST
SWITCHES TO OFF* THE CMC IS PRIME FOR ALL TVC ANYWAY, FOR ENTRY CONSIDERATIDNSt THERE IS NO
WAY TO IMPROVE THE 51TUATION* THE CMC IS PRIME FOR ENTRYI AND THERE ARE THIRD ORDER BACKUP

TECHNI_UES(E,G, BANK REVERSE BANK_ ZERO LIFTt CONSTANT G ETC,) NOT DEPENDENT ON EITHER THE CMC
OR THE EMS*

ELIMINATING THE 2_-HOUR LUNAR ORBIT ACTIVITIES POST RENDEZVOUS PRUVIDE$ THE POSSIBILITY OF
REACHING E,I* 24 TO _8 HOURS EARLIER IN THE TIME LINEr THUS DECREASING THE TIME IN WHICH THE

MISSION IS EXPOSED TO AN ENTRY ENTIRELY WITHOUT GUIDANCE (SHOULD THE CMC FAIL},

THE EMS IS _OT INSTRUMENTED VIA T/M BUT DELTA V TESTS ARE NORMALLY PERFORMED BEFORE TLI AND SPS
MANEUVERS TO VERIFY ITS OPERATION, A COMPLETE SET OF EMS TESTS IS MAUE PRE-ENTRY,
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15-34 GROUND AT EITHER 5PS SOLENOID DRIVER

THE MAJOR CONCERN IS TO PROTECT AGAINST INADVERTENT FIRING OF THE SPS, THERE ARE THREE FAILURE
MODES WHICH COULD CAUSE INDICATION OF A GROUNDED SOLENOID DRIVER, TH_SE ARE--- AN ACTUAL SHORT
OR ON COMMAND AT THE SOLENOID _RIVERt A GROUND OR SHORT UPSTREAM OF THE PROPELLANT CONTROL PILOT

VALVE 5ULENOIDSt AND SHORT5 IN THE EMB OR G&N LOGIC,

GROUNDED SOLENOID DRIVERS CAN BE IDENT|FIED BY MALFUNCTION PROCEDURES AND CAN BE HANDLED BY
MAN_ALLY OPERATING THE DELTA V THRUST SWITCHES PRECISELY AT IGNITION TIME, FOR THIS CASE,
INADVERTANT OPERATION OF THE 5PS IS GUARDED AGAINST BY OPENING THE SPS PILOT VALVE CIRCUIT
BREAKERS,

A GROUND UPSTREAM OF THE PROPELLANT CONTROL PILOT VALVES WOULD ISOLATE ONE SET OF BALL VALVES
AND COULD ONLY BE CONFIRMED BY ENGINE OPERATION AND WOULD RESULT IN A SINGLE BANK BuRN
CAPABILITY, MISSION RuLE 16-22 WOULD BE APPLICABLE ONCE SINGLE BANK OPERATION IS CONFIRMED,

SHORTS TO GROUND IN THE EMS OR GGN LOGIC ONCE CONFIRMED BY PRUPER ENGINE OPERATION AND NOT
AFFECTING REDUNDANT 5PS CAPABILITY ARE NOT SUFFICIENT REASON TO CURTAIL OTHER MISSION PHASE_,

FOR THESE CONDITIONS MANUAL ENGINE CUTOFF I$ ACCEPTABLE.

SINCE PROPER ANALYSIS OF THIS MALFUNCTION REQUIRES ENGINE OPERATION, THE FAILURE MODE MAY NOT BE

DETERMINED PRE TLI OR pRE LOI, SINCE THE PRIME CONCERN IS TO PREVENT PREMATURE IGNITIONP BOTH
TLI AND LOI ARE NOT INHIBITED, THE WORST CASE SINGLE FAILURE WOULD INHIBIT ONE SET OF BALL

VALVES AND SUBJECT CONFIRMATION OF THE FAILURE TO LUI-Z IN WHICH CASE MISSION RULE 18-22 WOULD
APPLY,

15-35 LOSS OF TRANSLATION HAND CONTROLLER

THE ONLY WAY TO CONTROL THE +X (OR -X) TRANSLATION MANEUVERS USING AUTO COILS (I,E, WITH RATE

DAMPED ATTITUDE HOLD) 15 WITH THE THC, THE CAPABILITY TO PERFORM A TRANSLATION MANEUVER IS
REQUIRED FOR BOTH BACKUP DEORBIT TECHNIQUES, TDGEp LM RESCUE TERMINAL PHASE, UNDOCKING AND

DOCKING,

COMMENTS

THE THC CONTAINS COMPLETELY REDUNDANT RELAYS (INCLUDING SEPARATE POWER SUPPLIES| FOR EACH
TRANSLATION DIRECTION IN ALL THREE AXES,
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Z5-50 LOSS OF COMMAND MODULE COMPUTER

THERE ARE NUMEROUS SPECIFIC FAILURES THAT CONSTITUTE LOSS OF THE CMC, SOME UP THEM {BOG, POWER
LOSS) WILL COMPROMISE THE CMC FOR ALL FUNCTIONS-- OTHERS (E,G, LOSS OF CHANNEL 5 | WILL REBULT
IN LOSS OF A SINGLE FUNCTION, IN EACH CASEt THE PARTICULAR FAILURE MUST UE EVALUATED IN LIGHT
OF MISSION DEMANDS AND REMAINING CAPABILITY TO MEET THOSE DEMANDS, RATHER THAN WRITE NUMEROUS

MISSION RULES COVERING A MULTITUDE OF OEGRADED AND FAILED CMC SITUATIONS, ONE RULE WAS wRITTEN
TO COVER THE PRIMARY CMC FUNCTION--- PROVIDE GUIDANCE AND CONTROL,

THE CMC IS REQUIRED TO MONITOR PERIGEE ALTITUDE FOR THE CM PORTION OF THE HYBRID DEORBIT--
CONSEQUENTLY, ITS LOSS EQUALS LOSS OF HYBRID, THE TWO REMAINING DEORBIT METHODS CAN BOTH BE

ADEQUATELy HANDLED BY THE SCSt AND NO SINGLE SC$ FAILURE WILL PRECLUDE BOTH OF THEM,

THE CMC IS USED TO PERFORM RETURN-TO-EARTH NAVIGATION FOR THE COASTING PHASES. A COMMUNICATIONS

LOSS WOULD 5EVENLY DEGRADE RETURN-TO-EARTH CAPABILITY WITHOUT THE CMC, THE CMC IS ALSO REQUIRED
TO EFFECT THE LM RESCUE. ITS LOSS PRECLUDES CSM ACTIVE RENDEZVOUS.

THE EMS PROVIDES A BACKUP TO THE CMC FOR ENTRY* THE EMS IS FURTHER BACKED UP BY MANUAL REENTRY
TECHNIQUES.

LOSS OF THE CMC IS ALSO CONSIDERED LOSS OF REDUNDANT UPS CONTROLt BECAUSE ALL REMAINING

ACCEPTABLE SCS TVC MODES ARE SUBJECT TO A SINGLE pOINT FAILURE {AC 2 PHI A}, L055 OF THE CMC
AFFECTS REDUNDANT SPS CONTROL AND AS SUCH WOULD REQUIRE TERMINATION OF LUNAR STAY PHASES, IF

FAILURE OCCURRED PRIOR TO DESCENT IN LUNAR ORBITP AN EARLY TEl USING THE DP5 WOULD BE PLANNED,
IF NO DPS AVAILABLE_ EARLY TEl WOULD BE ACCOMPLISHED USIN_ THE SCS TO CONTROL THE SPS. CMC LOSS
PRIOR TO LM JETTISON NECESSITATES RETAINING THE ASCENT STAGE FOR COMMUNICATIONS BACKUP SINCE
GUIDANCE, NAVIGATION, AND CONTROL DATA MUST BE VOICED UP FROM MCC-_,

COMMENTS

THE FOLLOWING FAILURES WILL CONSTITUTE LOSS OF THE CMC TO PROVIDE ITS PRIMARY FUNCTION OF
GUIDANCE AND CONTROL FOR MANEUVERS---

(i) CMC WARNING FOR---

{AI SCALAR FAIL

(B) COUNTER FAIL

(C) SCALAR FREQUENCY

{O) PARITY FAIL

(E) RUPT LOCK

(F) TC TRAP

(G) NIGHT WATCHMAN ALARM I

(H) VOLTAGE FAIL

(1) OSCILLATOR FAIL

12) FAILURE TO CONTROL TVC ENABLE SIGNAL

(3) FAILURE TO CONTROL OPTICS ERROR COUNTER ENABLE SIGNAL

{4) FAILURE TO RESPOND TO S/C CONTROL SWITCH

(5) FAILURE TO CONTROL 5PC SIMBAL VIA OCDU DACS IN EITHER AXIS,

*COULD REPRESENT A FAILURE OUTSIDE OF THE CMC (E,G, PIPA FAIL) BUT NONETHELESS, STILL
REPRESENTS A NO/GO FOR THE CMC,

15-5: LOSS OF DSKY

LOSS OF A 5INGLE DSKY IS NOT CAUSE FOR ANY SIGNIFICANT MISGION ALTERATION, TO COMMUNICATE nITH
THE CMC, THERE MuST BE 1 ENCODER AND 1 DECODER, EITHER DSKY CAN FURNISH EITHER OR BUTH
FUNCTIONS. T_E CREWS FEEL THEY CAN OPERATE THE CMC SATISFACTORILY UNDER ANY COMBINATION OF
ENCODER/DECODER FAILURES AS LONG AS ONE OF EACH REMAINS OPERABLE, IT IS OBVIOUSLY INCONVENIENT
TO PERFURM LM RESCUE _ITHOUT THE NAV DSKY, OR SP5 MANEUVERS WITHOUT THE MDC DSKY*

LOSS OF BOTrl DSKY'S (ENCODER AND DECODER FUNCTIONS) IS EQUIVALENT TO LOSS OF THE CMC SINCE THE
CCMPUTER IS ESSENTIALLY USELESS IF THE CREW CANNOT CONTROL IT, THE RATIONALE FOR LOSS OF CMC
(15-50) APPLIES IN TOTAL HERL,
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15-52 LOSS OF INERTIAL SUBSYSTEM

THERE ARE NUHEROUS SPECIFIC FAILURES THAT CONSTITUTE LOSS OF THE PLATFORM, IN EACH CASEp THE
PARTICULAR FAILURE MUST BE EVALUATED IN LIGHT OF MISSION DEMANDS AND REMAINING CAPABILITY TO

MEET THOSE DEMANDS. AS WAS THE CASE WITH THE CMCt RATHER THAN wRITE NUMEROUS MISSION ROLE_
COVERING A MULTITUDE OF DEGRADED AND FAILED ISS $1TUATIUNS_ ONE RULE WAS WRITTEN TO COVER THE

PRIMARY ISS FUNCTION--- PROVIDE THE CMC WITH VELOCITY MAGNITUDE AND DIRECTION IN ORDER THAT IT
(THE CMC) CAN PROVIDE GUIDANCE AND CONTROLo FOR MISSION RULE pURPOSESt LOSS OF THE PLA[FORMIS
ABILITY TO PROVIDE THE CMC WITH THE NEEDED DATA IS EQUIVALENT TO LOSS OF THE CMC. THE RATIONALE

FOR LOSS OF CMC (15-50) APPLIES.

15-fl3 LOSS OF OPTIC SUBSYSTEM

THE BASIC CAPABILITY REQUIRED TO uSE THE OPTICS FOR NAVIGATION AND RENDEZVOUS IS DESCRIBED IN
THE RATIONALE FOR RULE 15-5. THE OTHER PRIMARY FUNCTION OF THE OPTICS IS PLATFORM ALIOI_MENT,
THE SAME RATIONALE APPLIES FOR ALIGNNENTt BUT A BACKUP IS AVAILABLE. THE COAS PROVIUE5 AN
ADEQUATE MEANS FOR OBTAINING INERTIAL REFERENCES TO ALIGN THE IMU AND IS COMPLETELY INDEPENDENT
OF THE OPTICS. LOSS OF OPTICS IS DEFINED AS THE INABILITY TO SEE A STAR THROUGH THE OPTICS.
ALTHOUGH AUTO DRIVE CAPABILITY IS ADMITTEDLY CONVENIENT_ OPTICS POSITIONING CAN BE DONE MANUALLY
VIA THE DRIVE ASSEMBLY_ THE UNIVERSAL TOOL OF OR SPACECRAFT ATTITUDE CONTROL,

15-5G LOSS OF OPTICS COUPLING DATA UNITS

THE OPTICS COUPS (SPECIFICALLYt THE DIGITAL TO ANALOG CONVERTER PORTION} LINK THE CMC TO THE
SERVO LOOPS FOR OAP TVC PURPOSES, LOSS OF THIS CAPABILITY IN THE OCDU PRECLUDES ALL CMC CONTROL
OF THE SOS, THIS FAILURE VIOLATES THE TVC REDUNDANCY REQUIREMENTS FOR LOI AND TEI* BECAUSE SCS
TVC MODES ARE NOT INDEPENDENT OF SINGLE FAILURES, (REF MR 15-31),

COMMENTS

THE GMC MAY STILL BE USED TO MONITOR BURNS EITHER IN P#O OR P47,
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16-1

A, SPS pROBLEMS HAVE BEEN DIVIDED INTO THREE CATEGORIES--- THOSE WHICH CAUSE THE SPS TO BE
UNSAFEt THOSE WHICH PROHIBIT THE USE OF THE BPSt AND THOSE WHICH DEGRADE THE CAPABILITY OF
THE SPS.

(1) THERE ARE ONLY TWO PROBLEMS IN THE FIRST CATEGORY--" PROPELLANT LEAKS AN0
OVER-PRESSUNE PROBLEMSo A PROPELLANT LEAK INSIDE THE SM (LIquID OH vAPORP
ox OR FUEL) SETS UP A HAZARDOUS SITUATION DUE TO THE OBVIOUS EXPLOSIVE
POTENTIAL PLUS THE CORROSIVE EFFECTS OF THE PROPELLANTS ON OTHER SM
COMPONENTS. AN OVERPRESSQRIZATION SITUATION IS EXTREMELY REMOTE SINCE IT
INVOLVES MULTIPLE FAILURES INCLUDING TWO REGS IN 5ERIESt A RELIEF VALVEt AND
PHOBABLY THE HE VALVE IN SERIES WITH THE REGULATORS= WITH THE EXCEPTION OF
TRANSLUNAR COAST_ THE ACTION FOR EITHER CASE iS TO TERMINATE THE PHASE ASAP
AND ENTER NEXT BEBT PTP, A LUNAR FLY-BY IS CONSIDERED SAFER THAN ABORTING
THE TRANSLUNAR COAST PHASE,

(2) THE MAJONITY OF SPS PROBLEMS FALL INTO THE SECOND CATEGORY, THESE INCLUDE
S_CH CONDITIONS AS FLANGE TEMPERATURE GREATER THAN 4_0 DEE F DURING THE

PREVIOUS BURNt A FUEL/OX DELTA P GREATER THAN 20 pSIDt ET CETERA, AND ALL
RESULT IN THE SPS BEING INOPERABLEt OR AT BEST_ UNSAFE TO OPERATE. FOR

THESE FAILURESt ALL PHASES EXCEPT TRANSLUNAR COAST AND LM DESCENT PHASES
WILL BE TERMINATED. THIS WILL BE FOLLOWED BY ENTRY INTO THE NEXT BEST PTP,

OBVIOUSLYt TLC WILL NOT BE ABORTED USING AN INOPERABLE SPB, SINCE THE
PROPELLANT TANK LEAK IS THE ONLY CASE WHERE 5PS CAPABILITY 15 DECREASING
WITH TIME, THE DESCENT pHASE WILL NOT BE ABORTED FOR THE SECOND CLASS OF

FAILURES. A NORMAL LIFTOFF FROM THE LUNAR SURFACE IS PREFERABLE TO ABORTING
POWERED DESCENT,

(3) IN THE THIRD CATEGORY ARE THOSE SPS PROBLEMS WHICH CAUSE THE 5PB TO BE
CAPABLE UF ONLY ONE MORE START {E,G,t NO ULLAGE AFTER THE STORAGE TANKS ARE
EMPTy) OR CAPABLE OF DEGRADED PERFORMANCE (E.G,t LOW GN2 PRESSURED IN A
BLOW-DOWN MODE_ ET CETERA), IN THIS 51TUATIONt THE ENGINE WILL BE USED FOR

CRITICAL BURNS ONLY, NO COMMITMENT WILL BE MADE TO A PHASE REQUIRING SP5
BURNS, FOR THE SPS HELIUM SOURCE LOSS CASEP THE LUNAE STAY PHASE WILL NOT

BE TERMINATED SINCE THE SPS HAS SUFFICIENT BLOWDOWN CAPABILITY FOR TEl AND
TEC MIDCOURSE CORRECTIONS. FOR ALL OTHER FAILURES IN THIS CATEGORYt ALL
PHASES EXCEPT TLC AND LM DESCENT WILL BE TERMINATED, THIS WILL BE FOLLOWED
BY ENTRY INTO NEXT BEST PTP, THE RATIONALE FOR CONTINUING TLC AND OEGCENT

PHASE HAS BEEN STATED ABOVE.

B. ULLAGE MANEuvERS ARE REQUIRED PRIOR TO SPS BURNS WHEN THE STORAGE TANKS ARE EMPTY, THE
ULLAGE SETTLES THE SP5 PROPELLANTS AND REDUCES HELIUM INGESTION INTO THE ENGINE WHICH CAN
RESULT IN ROUGH COMBUSTION AND/OR LOW THRUST, LACK OF ULLAGE CAPABILITY IS NOT CAUSE FOR

INHIBITING CRITICAL BURNS_ BUT NO COMMITMENT WILL _E MADE TO A PHASE REQUIRING SPS _URNS IF
ULLAGE CAPAB|LITY DOES NOT EXIST, AS SHOWN ON APOLLO 7-13P TWO'JET OR FOUR-JET ULLAGE IS
A_EOUATE-- TwO-JET IS PREFERRED FOR PURPOSES OF RCS MANAGEMENT,

C. THERE ARE NO SPS ANOMALIES, CONOITIO_SP OR MALFUNCTIONS THAT ARE CAUSE FOR SHUTTINQ DOWN A
CRITICAL BURh,

16-2 LAUNCH PHASE

THE REqUIREmENT FOR AN SPS BURN DURING LAUNCH IS PREDICTED ON A FAILURE OF THE LAUNCH VEHICLE,
IF AN SP5 FAILURE OCCURS RESULTING IN THE SYSTEM BEING NO-GO FOW A BURN_ THE SM RCS WILL _E USE_
FOR DEG_BIT-- THIS IS CONSIDERED LESS HAZARDOUS THAN A LAUNCH ABORT,

COMMENTS

THE ONLY SPS FAILURE WHICH COULD BE CONBIDERED A LAUNCH ABORT SITUATIUN IS A SIMULTANEOUS
LEAK OF FUEL A_D OXIDIZER IN AN AREA WHERE MIXING OF PROPELLANT COULD OCCUR, IF pROPELLAI_T
IGNITION DOES NOT OCCUR BY THE TIME A LEAK IS VER|FIEOt IGNITION IS IMPROBABLE.
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iS-A NO RATIONALE REQUIRED

16-5 NO RATIONALE REQUIRED

16-6 NO RATIONALE REQUIRED

Z6-7 DESCENT PHASE

FOR THE CASE OF CONFIRMED SPS FA1LURESo 1T IS DESIREABLE 70 RENDEZVOUS WIT_ A5 MU_H LM
PROPELLANT AS POSSIBLEo THUSt PDI SHOULD BE ABORTED ANYTIME FOR SPS LEAKS*

COMMENTS

ASSUMIN_ A NOMINAL MISSION TO THIS POINTP THE SPS HAS BLOWDOWN CAPABILITY TO COMPLETE THE E_TIRE
MISSION.

16-8 NO RATIONALE REQUIRED

16-9 NO RATIONALE REQUIRED

16-i0 NO RATIONALE REQUIRED

16-11 NO RATIONALE REQUIRED
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6-12 PROPELLANT GAGING

FOR ALL EPS BURNSP THE 'IMU DELTA V OBTAINED I METHOD WILL BE THE PRIME METHOD OF DETERMINII_G SP5
PROPELLANT QUANTITIES, THIS METHOD uSES THE INITIAL WEIGHT OF THE SPACECRAFT PRIOR TO A BuRNt
THE DELTA V OBTAINED PROM THE IMUt AND THE NOMINAL IBP, THE VALUE OF THE DELTA V OBTAINED IS
ACCURATE TO +I- O,Z FPS WHICH CONVERTS TO Z LBS OF PROPELLANT IN THE WORST CASE, BY VARYING THE

ISP BY ITS }-SIGMA OISPERSION_ THE VALUE OF THE PROPELLANT USED VARIES BY EGO LBS IN THE WORST
CASE, THE TOTAL INACCURACY IS +/- 152 LBS OR O,A pERCENT,

FOR SPS BURNS LESS THAN 25 SECONDS_ THE _FLOW RATE TIMES BURN TIME _ METHOD (ACCURACY +/-

PERCENT) IS SECONDARY, ON BURNS LESS THAN 5 SECONOSt THE PUGS IS NOT POWERED--- PROPELLANT SLOSH
PRECLUDLS THE USE OF THE PUGS UP TO 25 SECONDS AFTER IGNITION, ACTUATION OF THE PU VALVE AND
OFF-NOMINAL INLET PRESSURES INTRODUCE ERROR INTO THE CALCULATION OF FLOW RATE TIMES BURN TIME,

THE 3 PERCE_T ACCURACY FIGURE WAS DERIVED USING 5-SIGMA DISPERSION FIGURES FOR FLOW RATE, AND

ASSUMIN_ BURN TIME CAN BE DETERMINED WITHIN 0,5 SECONDS, THE ACCURACY INCREASES AS THE BURN TIME
DECREASES,

FOR BURNS OVER 25 SECONDS I;_ DURATION_ THE ONBOARD GAGING SYSTEM WILL BE CONSIDERED THE
SECONDARY HETHOB OF DETERHINING SPS PROPELLANT QUANTITIES, THE 25 SECOND PERIOD IS TIME REQUIRED

FOR THE PROPELLANTS TO SETTLE AFTER IGNITION, THE ACCURACY OF THE TOTAL SYSTEM INCLUDING SENSORt
PCM CONVERSIONt AND TRANSMISSION IS I PERCENT (REF, NR TDR GB-OO3 REV A_ DATED 6-15-681,
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16-13 PU VALVE UTILIZATION

TWO CONTRIBUTING FACTORS RESULT IN AN OXIDIZER UNBALANCE BEFORE SP& CROSSOVER-- THESE ARE HELIUM
ABSORPTION IN THE OXIDIZER TANK AND A BIAS IN THE OXIDIZER SAUCING PROBE,

THE PHENOMENON OF HELIUM ABSORPTION OCCURS IN THE OXIDIZER TANKS DUE TO THE CHEMICAL STRUCTURE
OF THE OXIDIZER, THE INTERSTICES (SPACE BETWEEN MOLECULES} OF NITROGEN TETROXIDE ARE SUCH THAT
HELIUM MOLECULES CANt IN EFFECT, GO INTO SOLUTION. THIS IS NOT A CHEMICAL REACTION, BUT

Ii_VOLVES HELIUM MOLECULES MOVING INTO THE SPACES BETWEEN OXIDIZER MOLECULES, UDMH (FUEL) HAS A
STRUCTURE SUCH THAT HELIUM ABSORPTION IS PRACTICALLY NILe SINCE THE BUMP TANK CONTAINS MORE
OXIDIZER THAN THE STORAGE TANK, MORE HELIUM CAN BE ABSORBED IN THE SUMP TANK= THE NET EFFECT 15
A SREATER DLCREASE IN PRESSURE IN THE SUMP TANK-- ABOUT 150 POUNDS OF OXIDIZER TRANSFERS FROM
THE STORAGE TANK TO THE SUMP TANK DUE TO A DELTA PRESSURE BETWEEN THE SUMP AND STORASE TANKS.
THIS _UANTITY OF OXIDIZER IS ABOVE THE GAUGING STILLWELL AND IS NOT bAUGED SY THE SYSTEM.

AFTER CROSSOVERs THE CAPACITANCE PROBE IN THE OXIDIZER STORAGE TANK INDICATES A _UANTITY OF

OXIDIZER REMAINING {APPROX 0.3 PERCENT1, AFTER PAD LOADING, A DIELECTRIC COMPENSATOR IS SET TO
BIAS OUT THE ERRONEOUS READING, THE NET EFFECT OF THIS PROCEDURE IS A SMALL NEGATIVE PERCENT
(-O11 PERCENT) SUMMED INTO THE STORAGE PROSE OUTPUT.

SUMMATION OF THE TRANSFERRED OXIDIZER AND THE GOADING COMPENSATION RESULTS IN A NET BIAS PRIOR

TO CROSSOVER (APpROX 200 LBS DECREASE}, THE PU VALVE SHOULD BE OPERATED TO MAINTAIN THE
UNBALANCE THAT IS INDICATED AFTER THE SYSTEM SETTLES OUT* AT CROSSOVER, THE BIAS COMPENSATION
GOES TO ZERO (NO NEGATIVE OUTPUT}-- AFTER THE OXIDIZER LEVEL REACHES THE TOP OF THE OAUGING

PROBE_ THE UNBLANCE METER WILL HAVE MOVED IN A CLOCKWISE DIRECTION (ENGINE PERFORMANCE WILL
D_TERMINE WHETHER lH_ NEEDLE MOVES TO ZERO-- IF THE FUEL FLOW RATE IS HIGH, THE UNBALANCE MAY _E
SUCH THAT AN INCREASE IN PU VALVE POSITION IS ALWAYS REQUIRED), SINCE THE BIASES WILL BE

REMOVED AFTER CROSSOVER, THE PU VALVE SHOULD BE OPERATED TO DRIVE THE UNBALANCE TO EERO,

COMMENTS

THE 25 SECOND PERIOD I$ A FUNCTION OF PROPELLANT SETTLING-- AFTER THIS PERIOD, THE SLUSH
SHOULD BE SETTLED OUT AND THE PUGS READINGS CAN BE USED,

16-14 DUAL BANK VS SINGLE BANK OPERATION

PRIOR TO THL FIRST SPS IGNITION, THE FEEDLINES DOWNSTREAM OF THE BALL VALVES ARE UNWETTED. THE
ARRANGEMENT OF INJECTOR FEEDLINES IS SUCH THAT A DUAL BANK IGNITION CAN RESULT IN A FUSL LEAD IN
THE INJECTOR HUB, FUEL VAPOR ENTERS THE OXIDIZER ORIFICES AND CAUSES AN EXPLOSION WITHIN THE
INJECTORo THE OXIDIZER PORTS MAY BE DEFORMED AS A RESULT,

COMMENTS

THE FUEL LEAD PHENOMENON SHOULD NOT OCCUR WHEN THE LINES HAVE BEEN WETTED, BUT TO PRECLUDE

THE POSSIBILITY AND TO STANDARDIZE IGNITION PROCEDURES_ ALL IGNITIONS WILL BE SINGLE BANK.
BANK A IS uSED FOR THE FIRST START-- THAT BANK IS CLOSER TO THE INJECTOR, RESULTING IN A
SMOOTHER START,

MISSION REV DATE SECTION GROUP PAGE

APOLLO 1_ FNL L2/15/TO CSM SYSTEMS SPS 5-23



t

NASA - Manned Spacecraft Center

MISSION RULES

SECTION 5 - CSM SYSTEMS

R ITEM I

6-15 PROPELLANT MANAGEMENT

A, THE PROPELLANT REDLINE TO COMMIT TO LUNAR ORBIT IS BASED ON A NOMINAL MISSION PROFILE FOR
LOIP DUIt TEl (NORMAL RETURN) AND AN ALLOWANCE FOR TEC MIDCOURSE CORRECTIONS 1160 FPSp
3-SIGMA SCS CUTOFF ON TEI)* LM RESCUE IS NOT INCLUDED IN THE GO/NO-GO FOR LUNAR ORBIT SINCE
AN ALTERNATE LUNAR MISSION MAY BE SUBSTITUTED.

B. THE pROPELLANT REDLINE TO COMMIT TO UNDOCKING IS BASED ON NOMINAL CIRCt LOPC LM RESCUE_ TEl
(SLOW RETURN) AND TEC MCCIS,

COMMENTS

NOMINAL DELTA VELOCITY VALUES WERE USED FOR THE SPS MANEUVERS, ALTERATIONS MAY BE MADE TO
THE FLIGHT PLAN BASED ON BPS DELTA VELOCITY CAPABILITY PRIOR TO A CIVEN MANEUVER*

16-16 PROPELLANT FEEDLINE TEMPERATURE MANAGEMENT

FEEDLINE AND ENGINE VALVE TEMPERATURE MANAGEMENT IS NECESSARY TO PRECLUDE POSSIBLE FREEZING OR
VAPORIZING OF PROPELLANTS, THE ENGINE WILL NOT BE OPERATED IF THE TEMPERATURE EXCEEDS THE
LIMITS OF 25 DEG F OR 100 DEG F, EXCEEDING THE LOWER LIMIT COULD RESULT IN FUEL FREEZINe WHICH
WOULD CAUSE LINE BLOCKAGE OR EXPLOSION DUE TO AN IMPROPER MIXTURE RATIO. EXCEEDING THE UPPER
LIMIT COULD RESULT I_ OXIDIZER VAPORIZING WHICH IN TURN WOULD RESULT IN AN IMPROPER MIXTURE

RATIO.

COMMENTS

FUEL FREEZES AT 19 DEC F, OXIDIZER AT iZ DEC F* OXIDIZER VAPORIZES AT 150 DEG F* THE

LIMITS FOR CYCLING THE LINE HEATERS ARE OBVIOUSLY WELL PADDED WITH RESPECT TO CRITICAL
LIMITB ON PROPELLANT TEMPERATURE*

16-13 ULLAGE MANAGEMENT

TWO-JET ULLABE_ HAVE BEEN PROVEN SATISFACTORY ON APOLLO ? TMRU E} FUR PURPOSES OF PROPELLANT

SETTLING* THE TWO-JET MANEUVER PROVIDES MORE LATITUDE FOR RCS MANAGEMENT*

COMMENTS

60DB CURVES ARE AVAILABLE SHOWING ULLAGE TIME REQUIRED AS A FUNCTION OF SP$ PROPELLANT
REMAINING AND SPACECRAFT WEIGHT,

MISSION REV DATE SECTION CROUP PAGE
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_6-20 PREGSURE DECAY IN FUEL OR OXIDIZER TANK

A PRESSURE DECAY IN EITHER PROPELLANT TANK INDICATES EITHER HELIUM OR LIQUID OR VAPORIZED
PROPELLANT IS LEAKING INTO THE SM, DIFFERENTIATION BETWEEN PROPELLANT AND HELIUM CANNOT BE
MADE. THE POSSIBILITY EXISTS OF CORROSION WITHIN THE SM-- THE PROBABILITY OF AN EXPLOSION IS
LOW FOR THE CASE OF A MONOPROPELLANT LEAK, THE MOST SERIOUS CONSEOUENCES OF SUCH A LEAK WOULD
BE INABILITY TO HA1NTAIN PRESSURE IN THE TANKS OR PROPELLANT DEPLETION DURING AN SPS SUR_,

COHMENTS

MANUAL REPRES_URIZATION OF THE TANKS MAY BE ATTEMPTEU PRIOR TO ANY REQUIRED SPS _NN, THE
PROBABILITY OF TANK RUPTURE DUE TO REPRESSURIZATION IS CONSIDERED LOW (REF MEMO FROM
SYSTEMS ENGINEERING DIVISION DATED OCTOBER 8_ 1968-- SUBJECT--- CONSTRAINTS ON MANUAL
PRESSURIZATION OF SPS PROPELLANT TANKS),

L6-21 LOSS OF ONE GNZ TANK PRESSURE

A ON2 TANK PRESSURE BELOW 400 PSI WILL RESULT IN SLOWo PARTIAL, OR NO BALL VALVE OPERATION,
BECAUSE OF THE UNPREDICTABLE NATURE OF VALVE OPERATION AT LOW PRESSURE, THE AFFECTED BANK WOULD
NOT BE USED FOR SPS BURNS, THUS, LOSS OF A ON2 TANK CONSTITUTES LOSS OF SPS REDUNDANCY* NO
COMMITMENT WILL BE MADE TO A pHASE REQUIRING SPS BURNS, LUNAR STAY AND LUNAR ORBIT (IF LM OPS
NOT AVAILABLE FOR TEl) WOULD BE TERMINATED SINCE THE MEAN TIME TO FAILURE OF THE REDUNDANT GN2
SOURCE WOULO NOT BE AN ACCEPTABLE RISK,

COMMENTS

THE GN2 PRESSURE MEASUREMENT IS A SINGLE POINT OF INSTRUMENTATION* LOSS OF GN2 CAN BE
CONFIRMED ONLY BY ENGINE OPERATION.

15-22 LOSS OF ONE BANK O E BALL VALVES

THE SPS NO LONGER HAS REDUNDANT CAPABILITY WITH THE LOSS OF ONE BANK OF BALL VALVES, NO
COMMITMENT WOULD BE MADE TO A PHASE REQUIRING SPS BURNS* LUNAR ORBIT (IF UPS NOT AVAILABLE) AND

LUNAR STAY PHASES WOULD BE TERMINATED DUE TO THE LACK OF REDUNDANCY TO PERFORM TEl*

COMMENTS

THE LOSS OF A BANK OF BALL VALVES MAY BE DuE TO A FAILURE IN THE GN2 SYSTEM {PREVALVE,

SOLENOID CONTROL VALVE, LEAK IN PLUMBING) OR A FAILURE IN THE RACK AND PINION 6EARSi

16-2Z LOSS OF BOTH GN2 TANK PRESSURES

THE LOSS OF BOTH GN2 TANKS PRECLUDES USE OF THE SPS EXCEPT FOR EMERGENCIES, THE SPS MAY BE
INCAPABLE OF PERFORMING A BORN'' OR WORSEp AN EXPLOSION MAY OCCUR AT IGNITION DUE TO IMPROPER
MIXTURE RATIO,

16-2L PROPELLANT FEEDLINE TEMP LESS THAN 40 DEG

A TEMPERATURE OF 40 DEG F IS THE LIMIT BELOW WHICH NON-CRITICAL MANEUVER& WILL BE INHIBITED,
THE TEMPERATURE BELOW WHICH THE SPS IS CONSIDERED LOST IS Z5 DEG F, WHEN THE TEMPERATUKE DROPS

BELOW 40 DEG F, NO COMMITMENT WILL BE MADE TO A PHAGE REQUIRING SPS BURNS. ADDITIONALLY, A
PHASE WILL BE TERMINATED TO PRECLUDE REACHING THE CRITICAL TEMPERATURE LIMIT (ALL. UNDOCKCO
OPERATIONS EXCEPT DESCENT), IF THE LM UPS IS AVAILABLE. AN ALTERNATE LUNAR ORBIT MISSION MAY _E
SUBSTITUTED. _TEI WOULD BE PERFORMED PRIOR TO THE 25 BEG F LIMIT-- THE LM UPS WOULD BE AVAILABLE
AS BACKUP IN THE DOCKED CONFIGURATION,

COMMENTS

REFERENCE RATIONALE FOR RULE ZE-Z# {PROPELLANT FEEDLINE TEMPERATURE MANAGEMENT),
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16-25 FLANGE TEMP GREATER THAN _80 DEG

TEMPERATURES IN EXCESS OF _80 DEG F IN THE ENGINE FLANGE AREA MAY RESULT IN FLANGE BURN-THROUGH
WHICH CAN RESULT IN THE NOZZLE SEPARATING FROM THE ENGINE CHAMBER, THIS CONSTITUTES LOSS OF THE
SPs,

COMMENTS

THE CREW HAS NO ONBOARD INDICATION OF SPS FLANGE TEMPERATUREo GROUND TELEMETRY IS THE ONLY

MEANS AVAILABLE FOR DETERMINING THAT THE FLANGE TEMPERATURE CUNSTRAINT HAS BEEN VIOLATED.

6-26 CHAMBER PRESS LESS THAN TO P$1

ENGINE OPERATION AT A CHAMBER PRESSURE BELOW 70 PSl CAN RESULT IN UNSTABLE COMBUSTION WHICH MAY
DAMAGE OR DESTROY THE ENGINED THE SPS IS CONSIDERED NO-GO FOR SUBSE_U'ENT BURNSo

COMMENTS

ACTUAL TEST DATA HAS SHOWN STABLE COMBUSTION BETWEEN 60 AND TO PSI. THIS AREA IS

CONSIDERED MARGINAL AND BHOULD BE AVOIPED.

16-27 LACK OF ULLAGE CAPABILITY

LACK OF ULLAGE CAPABILITY WITH EMPTY STORAGE TANKS CAN RESULT IN HELIUM INGESTION INTO THE

ZERO-G CAN AND ENGINE FEEDLINES AT IGNITION, THE WORST CASE RESULT OF HELIUM INGESTION WOULD BE
THE PRESENCL OF A HELIUM _UBBLE AT THE OXIDIZER BALL VALVES. THE POSSIBILITY THEN EXISTS THAT A
FUEL LEADt AND CONSEQUENTLY ROUGH COMBUSTIONP WOULD OCCUR UN A BUBSEWUENT START. ONE NO ULLAGE
SPS BURN CAN BE PERFORMED, THE SPS IS CAPABLE OF INGESTING SMALL AMOUNTS OF HELIUM THROUGH THE
ENGINE WITHOUT ADVERSE EFFECTS,

COMMENTS

NO COMMITMENT WILL BE MADE TO A PHASE REQUIRING SPS BURNSo

16-2E DELTA P BETWEEN FUEL AND OXIDIZER GREATER THAN 20 PSI

A DIFFERENCE IN PROPELLANT TANK PRESSURES IN EXCESS OF ZO PSI CAN RESULT IN A MIXTURE RATIO
OUTSIDE THE DESIRED OPERATING RANGE, ROUGH COMBUSTION GOULD RESULT,

COMMENTS

MANUAL REPRESSU_IZATION WOULD BE CONSIDERED PRIOR TO A BURN TO BRING THE DELTA P _ITHIN THE
20 PSI LIMIT,

16-2! LEAK OR COMPLETE LOSS OF HELIUM

LOSS OF THE HELIUM GOURCE DUE TO A LEAK OR MULTIPLE VALVE FAILURE IMPOSES BLOWDOWN OPERATIUN ON
THE SPS, THE DELTA V CAPABILITY OF THE $PS WILL BE DETERMINED FROM BLOWDOWN CURVES FURNISHED IN
THE SODB,

COMMENTS

OPERATION OF THE SPS IN A BLOWDOWN MODE IS ACCEPTA_LEt PROVIDING ALL OTHER CONSIDERATIONS
ARE MET {I,E,t INLET PRESSURESP DELTA P LESS THAN 2Or ET CETERA), BLOWDOWN CAPABILITY IS A
FUNCTIO_ OF PROPELLANT _UANTITY AND TANK PRESBURE AT IGNITION,
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17-1 LAUNCH

LOSS OF A SINGLE SN RCS QUAD DOES NOT PRECLUDE ROTATION OR TRANSLATION CAPABILITY, TRANSLATION
IN THE Y OR Z AXES WILL BE SINGLE JET (IN THE AFFECTED AXIS)-- THE ROLL JETS IN THE OTHER AXIS
WILL CO,;NTERACT THE ROLL TORQUE' OF THE SINGLE TRANSLATION JET, THIS iS AN EXPENSIVE MEAI_ OF
tRANSLATION PROM A PROPELLANT STANDPOINT,

LOSS OF A QUAD REDUCES BY ONE-HALF THE RCB DELTA V CAPABILITY, IF RCS DEORBIT CAPABILITY DOES
NOT EXIST AT INSERTIONt THE SPS IS STILL AVAILABLE FOR OEORBIT, DEORBIT PROM EARTH ORBIT IS
LEGS HAZARDOUB THAN A LAUNCH ABORT, THE PROBABILITY OF MULTIPLE FAILURES LEADINO TO THE LOSS OF
TWO OR _ORE QUADS DURING THE RELATIVELY SHORT SPAN OF LAUNCH IS CONSIDEREO LOW* THEWEFONE,
THERE ARE N_ SM RCS FAILURES WHICH ARE CONSIDERED CAUSE FOR ABORT,

:17-2 EARTH ORBIT PHASE

THE CAPABILITY WITH LOSS OF ONE QUAD IS RELATED IN THE RATIONALE FOR RULE Z7-1, THE PRIME
CONSIDERATION FOR THE ORBIT SITUATION IS MAINTENANCE OF BACKUP _EOR_IT CAPABILITY, SINCE 6M RCS
OEORBIT DELTA v 15 DECREASED ON THE ORDER OF 50 PERCENT BY LOSS OF A QUAD, ORBIT SHAPING MAY BE
NECESSARY TO PRESERVE SM RCS DEORBIT CAPABILITY,

LOSS OF TWO ADJACENT QUADS PRECLUDES ALL TRANSLATION CAPABILITY, SINCE BOTH SM AND HYBRID
DEORBITS ARE DEPENDENT UPON TRANSLATIONBp THE MISSION WILL BE TERMINATED WITH THE ONLY REMAINZNO
DEORBIT TECHNIQUE* SPB,

LOGS OF TWO OPPOSITE OUAOS PRECLUDES PRECISE ATTITUDE CONTROL IN EITHER +/- PITCH OR ./- YAW AND
TRANSLATION IN EITHER +/- Y OR +/- Z. EVEN THOUGH +/- X TRANSLATION CAPABILITY REMAINS, IT IS
IMPOSSIBLE TO PERFORM EXTENDED TRANBLATIONB _INCE ROTATIONAL MOTION {INDUCED BY CO _IBPLACEMEJ_T
FROM THE X AXISI CANNOT BE CONTROLLED IN THE AFFECTED AXIS, MISSION TERMINATION IS REQUIRED FO_
THE DAME REASONS STATED ABOVE FOR LOSS OF TWO ADJACENT QUADS,

lT-S TRANBLUNAR COAST

THE CAPABILITY WITH LOSS OF ONE QUAD IS GIVEN IN THE RATIONALE FOR MR 17-_, SuBSEOUENT LOSS OF
AN ADJACENT OUAD PRECLUDES ALL TRANSLATION CAPABILITY, THE RCS WOULD THEN BE UmAVAILABLE FOR

MCC'B, TRI.MNING AFTER BPS BURNS, AND ULLAGES AFTER THE SP$ STORAGE TANKS WERE EMPTY, LOSS OF
THE OPPOSITE _UAD WOULD PRECLUOE PRECISE ATTITUDE CONTROL IN ONE AXIS AND TRANSLATION CAPABILITY
IN ONE AXIS (+/- Y, +/- Z),

COMMENTS

TERMINATION OF THE TRANSLUNAR COAST PHASE WILL BE DEPENDENT ON CAPABILITY OF THE LM RCS TO
PROVIDE ATTITUDE CONTROL FOR A FLY-BY MISSION,

17-4 LUNAR ORBIT

THE LOSS OF A SINGLE QUAD IMPOSES SINGLE JET ROTATIONAL CONTROL IN ONE AXIS, THIS IB A NORMAL
MODE OF OPERATION IN LUNAR ORBIT FOR PROPELLANT MANAGEMENT. THE POSSIBILITY OF A SECOND QUAO

FAILURE IS CONSIDERED UNLIKELY-- HOWEVER_ IN THE EVENT OF SUCH A FALLURE_ THE LM ASCENT STA_E
WOULD BE RETAINED FOR ATTITUDE CONTROL PRIOR TO AND POST TEI, THUS THE LUNAR ORBIT AND LUNAR
STAY PHASES WILL NOT BE TERMINATED FOR LOSS OF A SINGLE QUAD, UNDOCKING WILL BE INHIBITED DUE
TO LOSS OF THRBE-AXIS TRANSLATION (WHICH PRECLUDES CSM ACTIVE DUCKING), DOI WILL BE INHIBITED
SINCE THE G_M REBCUE _APABILITY IS _REATLY DEGRADED, U_CE PDI HAS BEEN PERFORMED, COMMITMENT
HA5 BEEN _ADE TO A R_SCUE SITUATION, THE NOMINAL MlSSIOi_ WIL_ B_ CONTINUED FUR _UAO LOSS AFTER
DOI.

FOR LOSS OF TWO OUADS, THE LUNAR STAY WILL BE TERMINATEDt EITHER TRANBLA110N CAPABILITY OR THREE
AXIS ATTITUDE CONTROL WILL BE LOST FOR LUS$ OF TWO QUADS. THE LN ASCENT STA_E wILL BE RETAINED
FOR TEl,
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17-15 PROPELLANT GAGING

RCS GAGING CAN BE ACCOMPLISHED TWO WAYS, OBVIOUSLY, THE MOST ACCURATE OF THE TWO IS PRIME,
THERE ARE SEVERAL HEASONS WHY THE RTCC E_UATION IS MORE ACCURATE THAN THE ONBOARD P/T TECHNIUUE,
BASIC TO TH_ UNBOARD GAUGE IS THE P/T TRANSDUCER AND ASSOCIATED CIRCUITRY WHICH IS NOTHING MORE

THAN SOME HARDWARE REPRESENTING A GAS EQUATION, AT BBST_ IT APPROXIMATES THE EQUATION, GIVING
RISE TO A SIGN|FICANT ERROR AT THE OUTSET 15 PERCENTI, THE RTCC MODELS THE GAS EUUATION
EXACI[.Y, AND IN ADDITION COMPENSATES FOR HE COMPRESSIBILITY IN THE FUEL AND OX TANKS U_IN6

MANIFOLD PRtSSURES, IT AL_O COMPENSATES FOR EXPULSION EFFICIENCY AND HAS A VARIABLE MIXTURE
RATIO, EVE_ THROUGH SOME OF THESE FACTORS ARE TAKEN INTO ACCOUNT IN THE NOMOGRAPH TO CORRECT
THE ONBOARO READING, THE ACCURACY CANNOT BE IMPROVEO TO THAT OF THE GROUND EUUAT_ON, THE

PRESENT ACCURACY FIOUREE FOR THE TWO TECHNIQUES NERE OBTAINED FROM NR ANALYTICAL STUDIES OF THE
TWO METHODS. THESE _TUOIES ARE DOCUMENTED IN SO'68-167, REV AD AUGUST ibt 19bBI SUBJECT--"
CERTIFICATIUN ANALYSIS - GM _CS PROPELLANT _UANTITY GAUGING SYSTEMS.

17-i_ _UAD PROPELLANT BALANCE

THE DESIRED PROPELLANT DIFFERENCE BETWEEN _UADS IS ACTUALLY DETERMINED BY EACH _UAD_S
RELATIONSHIP TO IT_ VARIOUS REDLINE VALUES. HOWEVER_ BXPERIENCE HAS SHOWN THAT AN UNBALANCE IN
EXCESS UF 30 TO 50 POUNDS SHOULD NOT NORMALLY EXIST. ANY UNBALANCE IN EXCESS OF THAT CAN RESULT
IN LATER PRUBLEMS, ESPECIALLY IF IT IS DESIRED TO CHANGE CONTROL TECHNIQUES FOR A LARGER
MANEUVER_ SUCH AS CHANGING FROM GGN TO SC$,

COMMENTS

PROP ISOLATION VALVES SHOULD NOT BE USED FOR QUAD BALANCE TO PRECLUDE INADVERTANT
EVACUATION OF THE PROPELLANT LINES. IF THE JETS ARE FIRED WHILE THE PROP VALVES ARE CLOSEBP
AN OFF=NOMINAL MIXTURE RATIO WILL RESULT, ENGINES MAY THEN BE D_STROYED BY EXPLOGION_ DUE
TO UNSTABLE BURNING.

IF PRURELLANT IS TRAPPED BETWEEN THE IsoLATIoN VALVES AND ENGINE VALVES_ THERMAL EXPANSION
OF THE TRAPPED LIQUID MAY RUPTURE THE PROPELLANT LINES. PRESSURE WILL INCREASE lO0 TO 200
P5I FUR EVERY 1 DES F TEMPERATURE INCREASE. BEFORE ELECTRICAL ISOLATION OF THE _UAOt THE
J_TS SHOULD BE FIRED TO DECREASE THE PRESSURE OF THE TRAPPED pROPELLANT. AFTER THE PROP
ISO VALVE IS REOPENEOt THE FIRST JET FIRING SHOULD BE AT LEAST 1 SECOND IN DURATION TO BURN
OUT THE #_ESIOUE WHICH MAY HAVE POR_ED DUB TO uNSTABLE BURNING.

TH_ CASE OF TRAPPED PROPELLANT IS CONSIDERED MORE HAZARDOUS THAN FIRING THE JETS WITH THE
PROP 130 VALVE_ CLOSED. NEITHER CASE IS AN ACCEPTABLE MODE OF OPERATION.

i 17-1] GECOt,DARY PROPELLANT FUEL PRESSURE VALVE
CROSSOVER I=_TO THE SECONDARY RCS FUEL TANKS OCCURS AT A UBABLE PROPELLANT _ANTITY OF _9 LB,
DuE TO THE ACCURACY OF THE RTCC PVT PROGRAMt CROSSOVER WOULD OCCUR AT 119 +/- 20 LB USABLE
PROPELLANT. A BIAS OF 20 LB IS INTRODUCBD INTO THE CALCULATION TO INSURE THAT THE WUANTITY
REMAINIi_G IS NUT LESS THAN THE VALUE CALCULATED BY THE RTCC. THUS. CROSSOVER OCCURS AT A
DISPLAYED VALUE OF 99 +/= 20 LB. ALLOWING THE MANIFOLD PRESSURE TO REACH 150 P_IA IS THE
PREFERRED M_THOD OF DETER_INING CROSSOvER_ UNLESS AN UPCOMING PERIOD OF HIGH USAGE IULLAGE_ ETC)
WILL DRUP THE VALUE OF WPU BELOW i19 LB REMAINING,

COMMENTS

A ;._ANIFOLD PRESSURE OF 150 PSIA WILL TRIGGER THE CSW LIGHT FOR THE _UA_.
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17-20 SUSTAINED LEAK IN HELIUM TANK

A HELIUM SOURCE LEAK IMPOSES BLOWDOWN OPERATION IN A QUAD WHEN THE SOURCE PRESSURE pROPS BELOW
400 PSI. THE OUAD 15 CAPABLE OF NORMAL OPERATION ABOVE AO0 PSI-- BLO_DOWN OPERATION RESULTS IN
DEGRADED PERFORMANCE,

FOR LOSS OF A SINGLE QUADP COMMITMENT WILL NOT BE MADE TO A SUBSEQUENT PHASE WHICH WOULD EXTEND
THE TIME REQUIRED FOR THE OUAD TO FUNCTION. THE RATIONALE FOR THE GENERAL SM RCS RULES (lT-I
THROUGH 17-_) COVERS THE QUAD LOSS CASE FOR INDIVIDUAL PHASES,

COMMENTS

8LOWDOWN CAPABILITY IS A FUNCTION OF PROPELLANT REMAINING AND MANIFOLD PRESSURE, A QUAD
REMAIN& OPERATIVE UNTIL HE MANIFOLD PRESSURE DROPS BELOW 75 PSI.

I7-2E SUSTAINED LEAK BELOW HE ISOLATION VALVE

PRESSURE LOSS BELOW THE HELIUM ISOLATION VALVES MAY OR MAY NOT CAUSE LOSS OF THE QUAD_ DEPENDENT
ON LEAK RATE AND LOCATION, IN ANY CASEt THE PROBABILITY OF HAVING BOTH A FUEL AND OXIDIZER
LEAK_ THUS CREATING A HAZARDOUS SITUATION IN THE SM_ IS LOW, IF THE LEAK CAN BE ETOPPED WITH

THE PROPELLANT ISOLATION VALVESt THE QUAD MAY BE USED IN AN EMERGENCY SITUATION. THERE IS A
POSSIBILITY THE LEAK MAY BE AT THE ENGINE VALVE AND ON THE OXIDIZER SIDE, THUS SETTING uP A
POTENTIALLY EXPLOSIVh SITUATION IF THE _UAO WERE TO BE USED, IF THE LEAK IS NOT _TOPPED WITH
THE PROPELLANT ISOLATION VALVESt THERE IS A REPRESS PROCEDURE WHICH CAN BE USED IN AN ATTEMPT TO
IDENTIFY WHETHER THE LEAK IS HELIUM OR PROPELLANT, IF THE LEAK IS PROPELLANT_ THE REPRESS
PROCEDURE ITGELF WILL FORCE MORE PROPELLANT INTO THE EM WHICH IS NOT A DESIRABLE SITUATION,
AGAINt THE QUAD MAY BE USABLE IN AN EMERGENCY slTUATIONt IF THE MANIFOLD PRESSURE CAN BE KEPT
UP, IF THE LEAK IS HELIUM, THE QUAO IS ALSO USABLE IN AN EMERGENCY SITUATIONt AGAIN AS LONG AS
THE MANIFOLD PRESSURE IS KEPT UP, THE POINT HERE IG THAT EVEN THOUGH THE WUAD MAY OR MAY NOT _E

USABLE IN AN EMERGENCY SITUATION, IT SHOULD BE CONEIDERED UNUSABLE FOR ANY FURTHER MISSION
ACTIVITIES, INCLUDING THE CURRENT ACTIVITY, REF RATIONALE FOR RULES _7-i_ Zt 3, 4 FOR LOSG Of

ONE QUAD,

COMMENTS

THE RATIONALE FOR RULE 17-1B DISCUSSES THE EFFECTS OF CLOEIRG PROPELLANT ISOLATION VALVES,

17-2; PACKAGE TEMP

A PACKAGE TEMPERATURE OF 55 DEC CORRESPONDS TO A TEMPERATURE OF 30 DEC F ON THE ENGINE NOZZLE
BELL NUT, THIS IN TURN CORRESPONDS TO A TEMPERATURE AT THE INJECTOR WHICH COULD RESULT IN
OXIDIZER FRhEZINO, THIS IS PARTICULARY TRUE FOR A PERIOD OF SHO_T DORATION THROGTER FIRINGS--
SHORT IMPULSE FIRINGS CAUSE EVAPORATIVE COOLING_ THUS INCREASING THE RIEK OF OXIDIZER FREEZING,
THE QUAO I_ CONSIDERED UNUSABLE FOR A PACKAGE TEMP LESS THAN 55 DEC F, REF RATIONALE FOR RULES
i7-1t 2_ 3* 4 FOR LOSS OF ONE QUAD,

COMMENTS

OXIDIZER FREEZEB AT 12 DEG F,

17"2: LOSS OF INDIVIDUAL THRUSTERS

INDIVIDUAL THRUSTERS CAN BE ELECTRICALLY ISOLATED, USING THE AUTO RCS SELECT SWITCHES, PITCH
AND YAW ROTATIONAL MOTION IS AVAILABLE THROUGH TWO THRUSTERS PER AXIS PER DIRECTION AND ROLL _Y
FOUR THRUSThRS PER AXIS PER DIRECTION, Y AND Z TRANSLATIONS ARE AVAILABLE THROUGH ONE THRUSTER
PAIR PER AXIS PER DIRECTION AND X TRANSLATIONS THROUGH TWO THRUSTER PAIRS PER . AXIS PER
DIRECTION,
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iB-i LAUNCH

LOSS OF ONE CM RCS RING IS NOT CAUSE FOR ABORT SINCE ENTRY OR ABORT ATTITUDE CONTROL CAN BE
ACCOMPLISHED WITH A SINGLE RING, HOWEVER_ LOSS OF ONE RING WILL REQUIRE ENTRY INTO NEXT BEST
PTP SINCE THE SYSTEMS ARE NO LONGER REDUNDANTP AND ONE ADDITIONAL FAILURE IN THE REMAINING RING
(E,G,* HELIUM LEAK) _OULD REQUIRE USING THE ='CONTINGENCY SM RCSSPIN'UP I_ METHOD (ORIENT S/C IN

ENTRY ATTITUDE AND ESTABLISH A ROLL RATE WITH THE SM RCS PRIOR TO CM/SM SEPT, EVEN THOUGH THIS
IS CONSIDERED A MARGINAL METHOD OF SAFE ENTRY CONTROL_ IT IS THE ONLY OPTION REMAINING.

LOSS OF BOTH CM RCG RINGS IN THE MODE I ABORT REGION IS JUSTIFICATION FOR AN ABORT_ SINCE CM RC5
CONTROL IS NOT REWUINED FOR MODE I ABORTS, A MODE Z ABORT IS CONSIDERED OPERATIONALLY
PREFERABLE TO PERFORMING A CONTINGENCY SM RCS SPIN-UP WHICH IS THE ONLY REMAINING TECHNIQUE IF

THE G/C IS ALLOWED TO GO INTO ORBIT, AFTER TOWER JETTISONP LOSS OF BOTH CM RCS RINGS IS NOT
CAUSE FOR ABORT SINCE THE ABILITY TO PERFORM A SAFE ENTRY INTO THE ATLANTIC AT THE END OF THE
FIRST REV STILL EXISTS BY USING THE CONTINGENCY SM RCS SPIN-UP PRIOR TO CM/SM SEPARATION, THIS

METHOD OF ENTRY IS CONSIDERED OPERATIONALLY PREFERABLE TO PERFORMING A MODE 11 OR MODE IIi
ABORT_ SINCE BOTH OF THESE MODES REQUIRE CM RCS ATTITUDE CONTROL TO BitTER SAFELY, ENTRY WOULD

BE ACCOMPLISHED.AS SOON AS PRACTICAL_ SINCE ADDITIONAL FAILURES COULD PRECLUDE PERFORMING THE SM
RC$ SPIN-UP,

COMMENTS

HELIUM SUPPLY LOSSES CAN BE CONFIRMED BY USING INDEPENDBNT INSTRUMENTATION (PRESSURE AND
TEMPERATURE TRANSDUCERSt I,E,I LOSS OF PRESSURE RESULTS IN CORRESPONDING TEMPERATURE DROP),
HELIUM MANIFOLD LEAKS CAN BE CONFIRMED BY REDUNDANT PRESSURE TRANSDUCERS* ONE TRANSDUCER
IS TELhMETBRED, AND THE UTHER IS ON AN ONBOARD METER, IN ADDITION, BOTH TRANSDUCERS IN
EITHER RING WILL TRIGGER A C&W LIGHT IF A PRESSURE DROP IS GENSED AFTER SYSTEM
pRESSURIZATION,

18-2 LUNAR ORBIT_ LUNAR STAY PHASES_ LM DESCENT PHASE

18-3
18-4 THE RATIONALE FOR LOSS OF ONE OR BOTH RINGS IS STATED IN THB RATIONALE FOR MISSION RULE 1E-l,

IT SHOULD BE NOTED THAT A RING FAILURE IN ORBIT ALSO SEVERLY REDUCES THE DELTA V AVAILABLE FOR A
HYBRID DEORBIT (80 FPS-130 LBS),

EARLY ARMING OF THE CM RCS CAN RESULT IN TWO POTENTIAL PROBLEMS---

11) AFTER ARMING, THE HELIUM SUPPLY IS OPEN TO THE RELIEF VALVES, SMALL
VARIATIONS IN THE HELIUM TEMPERATURE (_0 DEGI CAN RESULT I& A PRBSSURE
I_CREASE GUFFICIENT TO UNSEAT THE RELIEF VALVES (30 PSI INCREASE IN THE
LINES CAN CRACK THE VALVES), CRACKING A RELIEF VALVE ALWAYS RAISES THE
POSSIBILITY OF ITS NOT RESEATING PROPERLY_ THUS LOSING TME HELIUM SUPPLY,

(2) IF hEATING OF THE CM RCS THRUSTERS IS RB_UIRBO_ AN IMPROPERLY SEATED
PROPELLANT ISOLATION VALVE COULD RESULT IN A MONOPROPBLLANT SITUATION
ExIsTING DUE TO THE VALVES BEING OPEN DURING THE HEATING AS WELL AS THE
ATTENDANT LOSS OF PROPELLANT, THE PROPELLANT ISOLATION VALVE POSITION
INSTRUMENTATION DOES NOT GIVE TME CREW A POSITIVE CLOSED INDICATION,

FOR LOSS OF A SINGLE RINGp LUNAR OPERATIONS WILL CONTINUE-- ALL OTHER PHASES WILL BE TBRMINATBO_
THE MEAN TIME TO FAILURE {AS MUCH AS 56 MRS) OF THE SECOND RIN@ IS A RISK THAT IS ACCEPTED
DURING LUNAR OPERATIONS, WITH LOSS OF A SINGLE RING AND DEGRADATION IN THE SECOND_ "ALL PHASES
EXCEPT LM DESCENT WOULD BE TERMINATED AS THE CM RCS CAPABILITY IS DECREASING WITH TIME, THERE

IS PRESENTLY NO KNOW!, ACCEPTABLE METHOD FOR PERFORMING A HIGH SPEED ENTRY WITHOUT CM RCS
CAPABILITY,

COMMENTS

A SOURCE PRESSURE OF 2800 PSl IS SUFFICIENT TO EXPEL ALL THE PROPELLANT IN A RING, AN

OPINED, UNUSED, STABLE RING HAS ABOUT 8500 PSI SOURCE PRESSURE, TO ARM THE RINGS---

(1) B;T_ THE SE_ ARMING BuS AND THE PYRO BUS MUST BE POWERED FOR MANUAL
ACTIVATIO:_ OF THE CM RCS PRESS S_UIB VALVES 0=_ FUR A SHORT ACROSS THE CM RCS
P;_ESS SWITCH TO CAUGE ARMING,

12} THE $E_ ARMING I_US* THE SBO LOGIC BUSP AND THE PYRO BUS MUST BE PowERED FOR
ANY INADVERTENT AUTOMATIC ACTIVATION OF THE CM RCS PRESSURIZATION SWUIB
VALVES, THESE BUSSES ARE ONLY POWERED DURING LAUNCH* SLA SEP_ LM
wITHDRAWAL, LM FINAL SEP, AND ENTRY, HENCE, THE PROBABILITY OF INADVERTENT

ANMING IS FAIRLY REMOTE, ALSO_ THE CM RCS PRESSURIZATION SWITCH IS GUARDED,
IT SMOULD ALSO BE POINTED OUT THAT THE RINGS CANNOT BE INDIVIDUALLY ARMED,
ALL HELIUM ISOLATION 5UUIB VALVES ARE ACTIVATED IN PARALLEL,
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18-10 THRUETER TENP CONTROL

CM RCS THRUSTERS W_LL BE HEATEO WHEN REQUIRED TO PRECLUOE THE POSSIBILITY OF OXIDIZER FREEZING
AT THE ENGINE,

COMMENTS

OXIDIZER FREEZE8 AT 12 DEG F PROPELLANT TEMPERATURE, HEATING I$ RECOMMENOED WHEN ANY
INJECTOR TEMP IS BELOW 28 DEG F, ONLY SIX THRUSTERS HAVE TEMPERATURE MEASUREMENTS ON
THEM--- NUMBERS 12P l_l 16t 21, 24 AND 25o

8-11 HELIUM INTERCONNECT

INTERCONNECTING 80TH RINGS WILL RESULT IN THE INTERCONNECTIQN OF HELIUMt FUEL= AND OXIDIZENt
SINCE ONE GWITCH ACTIVATION SIMULTANEOUSLY FIRES ALL $OUIB ISOLATION VALVES_ HENGEP THIS
PROCEDURE SHOULD ONLY BE USED WHEN BOTH RINGS ARE INOPERATIVE= OBVIUUELYt WHEN INTERCONNECTING=
ONE RING MAY BE DUMPED THROUGH THE OTHERIS LEAKt BUT THERE 1_ NO OTHER ALTERNATIVEI

COMMENTS

INTERCONNECTING THE RINGS REQUIRES THAT THE CR_W POWER THE SE_ ARMING _US_ THE PYRO _US AND
THE RC$ LOGIC BUSt AND THEN DEPRESS THE CM PRPLNT DUMP SWITCH FOR ABOUT 2 SECONDSe
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18-20 LOSS OF HELIUM SUPPLY PRESS

LOSS OF THE HELIUM SUPPLY PRESSURE RESULTS IN BLOWDOWN OPERATION IN THE AFFECTED RINGe THE TWO
RINGS CAN BE INTERCONNECTED SO THE GOOD SOURCE CAN BE MADE AVAILABLE FOR BOTH RINGS. ONE sOURCE
CAN EXPEL APPROXIMATELY b_ PERCENT OF THE TOTAL PROPELLANT (BOTH RINGS_ BEFORE BLO_DOWN STARTS.
TOTAL BLOWDOWN CAPABILITY WOULD EXIST IN BOTH RINGS AFTER _OURCE DEPLETION.

COMMENTS

THE MEAN TIME BETWEEN FAILURE OF THE SECOND SOURCE IS A RISK THAT IS NOT CONSIDERED
ACCEPTABLE* IF TERMINATION OF A PHASE WILL DECREASE BY 24 HOURS THE TIME THE SECOND SOURCE
MusT REMAIN INTACTI THE PHASE WILL BE TERMINATED.

18-21 LOSS OF HELIUM MANIFOLO PRESS

LOSS OF THE HELIUM MANIFOLD PRESSURE CONSTITUTES LOSS OF A RING. FOR A SMALL LEAKt THE RING MAY
BE USABLE. THE RINGS SHOULD NOT BE INTERCONNECTED TO PRECLUDE THE POSSIBILITY OF DUMPING THE
GOOD SOURCE THROUGH tHE LEAK.

COMMENTS

A PHASE V;ILL BE TERMINATED IF THE TIME REMUIRED FOR THE SECOND MANIFOLD TO FUNCTION IS
DECREASED BY 24 HOURS.

18-22 CM RCS ARMED

ARMING _F THE CM RCS REQUIRE_ ARMING THE SEqUeNTIAL AND LUGIC BUSES AND ACTIVATION OF A GUARDED

SWITCH, ACTIVATION OTHER THAN BY THE CREW WOULD BE A RESULT OF MULTIPLE ELECTRICAL FAILURES,
THE RATIONALE FOR INADVERTENT ARMING IS COVERED IN THE RATIONALE FOR RULE 18-41
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EMU/EVA

19-Z TO INITIATE AND CONTINUE LUNAR SURFACE EVA* THE EMU MUST PROVIDE THE FOLLOWING MINIMUM
CAPABILITIES---

A, CRITICAL INSTRUMENTATION

l, DEFINITION {REF MR 19-42)

CRITICAL INSTRUMENTATION IS CONSIDERED LOST IF THE FOLLOWING INDICATORS FAIL
TO PROVIDE CBY GROUND OR CREW READOUTI DATA NECESSARY TO DEFINE SYSTEM
OPERATION AND MALFUNCTIONS*

(A) PLSS 02 PRESS OR PLSS 02 OTY INDICATOR

(B} PGA PRESS GAGE OR LOW PGA PRESS TONE OR PGA PRESS

(C) LOW VENT FLOW TONE OR PLSS BATTERY CURRENT OR SUBLIMATOR 02 OuT
TEMPERATURE

2, GENERAL OPERATIONAL IMPACT

LOSS OF CRITIOAL INSTRUMENTATION WOULD RESULT IN AN INABILITY TO MONITOR
LIFE SUPPORT SYSTEMS PERFORMANCE FOR CREWMAN SAFETYo THE PLSS.OE PRESS OR
THE PLSS 02 QTY INDICATOR IS REQUIRED TO SAFELy MONITOR AND MANAGE THE PLS5
OXYGEN SUPPLY, THE PGA PRESS GAGEt LOW PGA PRESS TONE OR PGA PRESS IS
REQUIRED TO SAFELY MONITOR PGA PRESSURE* THE LOW VENT FLOW TONE OR PLSS
BATTERY CURRENT OR SUBLIMATOR 02 OUT TEMPERATURE IS REQUIRED TO DETECT THE
LOSS OF OXYGEN CIRCULATION (PLSS FAN FAILURE), LOW PGA PRESS AND LOW VENT
FLOW WARNING TONES ARE CONSIDERED SUFFICIENT FOR CRITICAL INSTRUMENTATION OF
THE APPROPRIATE SYSTEMS SINCE THE ASSOCIATED FLAGS ARE ONLY PASSIVE WARNING
INDICATIONS TO THE CREWMANo

3* SPECIFIC OPERATIONAL IMPACT (REF MR 19-ZB! 19-33)

(A) NOMINAL EVA (TWO-MAN)

LOSS OF THE TM CAPABILITY ALONE WOULD REQUIRE THE ONBOARD CRITICAL
INSTRUMENTATION IN ADDITION TO PERIODIC READOUTS FROM THE CREWMAN IN ORDER TO
SATISFY THE INSTRUMENTATION REQUIREMENT, LOSS OF THE CREWMAN'S INSTRUMENTATION
WOULD REQUIRE PERIODIC CONFIRMATION OF SYSTEMS OPERATION BY THE GROUND, THE
INABILITY TO VERIFY CRITICAL SYSTEMS PERFORMANCE WOULD RESULT IN TERMINATION OF
THE EVA AND/OR INITIATING A ONE-MAN EVA,

(B) ALTERNATE EVA (ONE-MAN)

AN ALTERNATE OR ONE-MAN EVA WOULD BE CONSTRAINED BY THE SAME CRITICAL
INSTRUMENTATION LIMITATIONS AS FOR THE NOMINAL EVA,

B, THERMAL CONTROL

le DEFINITION (REF MR _9-2}

THERMAL CONTROL IS CONSIDERED, LOST,; IF---.,,

(A) LOG/LTL CIRCULATION IS LOST,

(8) THE LOG H20 TEMPERATURE AND SUBLIMATOR 02 OUTLET TEMPERATURE ARE 50 DEC F AND
INCREASING AND THE LOG H20 DELTA T IS LESS THAN 5 DEC F AND DEOREASING WITH THE
DIVERTER VALVE IN tIMAXll POSITION (THIS CONSTITUTES A FAILED 5UBLIMATOR),

(C) UNABLE TO SUPPLY HIO TO THE SUBLIMATOR,

A LOSS OF LCG/LTL COOLING WOULD BE INDICATED BY NON-CORRELATION OF THE LOG
HIO TEMP AND LOG HIO DELTA T AND WOULD BE A RESULT OF EITHER PUMP.
DEGRADATION OR EXCESSIVE COOLANT LEAKAGE= AN LOG M20 TEMPERATURE OF
50 DEG F AND INCREASING IN COMBINATION WITH AN LeG H20 DELTA T OF LESS THAN
5 DEG F AND DECREASING IN ttMAXll DIVERTER VALVE POSITION IS A DIRECT
INDICATION OF A 5UBLIMATOR FAILURE, INABILITY TO SUPPLY HIO TO THE
SUBLIMATOR .WOULD RESULT FROM BLOCKAGE IN EITHER THE FEED HEO SUPPLY LINE OR
THE GAS SEPARATORt BLADDER RUPTUREt H20 SUPPLY LINE LEAK_ OR FEED HIO
DEPLETION,
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2, GENERAL OPERATIONAL IMPACT

THE PRIME METHOD FOR THERMAL CONTROL OF THE EVA CREWMAN IS BY HEAT TRANSFER
VIA THE LCG/LTLo SHOULD THIS CAPABILITY BE LOSTJ THE BACKUP SYSTEM AVAILABLE
WOULD BE THE BSLSS OR THE OPS (HI PURGE FLOW MODE) DUE TO LIMITED LIFETIME
OF _ITHER THE BSLSS OR THE OPSp EVA WILL NOT BE INITIATEDt OR IF IN
PROGRESSt WILL BE TERMINATED IF THERMAL CONTROL IS LOSTe

3* SPECIFIC OPERATIONAL IMPACT (REF MR 19-1BP 19-_ 19-30}

NOMINAL OR ALTERNATE EVA

LOSS OF THERMAL CONTROL WOULD PRECLUDE COMMITTING TOt OR cONTINUATION OF THE
EVA, IF THE LOSS OCCURS DURING THE EVA_ ACTIVATION OF THE OPS OR THE BSLS5
MAY BE NECESSARY TO REDUCE HEAT STORAGE IN THE CREWMAN, IF THE LOSS OF
THERMAL CONTROL IS ISOLATED TO SUBLIMATOR BREAK-THROUGH_ THE CREWMAN MAY
ATTEMPT A WET SUBLIMATOR RESTART*

C, PRIMARY 02 SUBSYSTEM

1* DEFINITION (REF MR 19-2}

THE PRIMARY OXYGEN SUBSYSTEM I5 CONSIDERED LOST IF---

(A} THE SOURCE PRESSURE READING IS LESS THAN 135 P$IA (TM) OR 5 PERCENT (GAGE)

(B) IT IS UNABLE TO SUPPLY 02 TO THE OXYGEN VENTILATION LOOP

{C) EMU PRESSURE REGULATION 15 IMPROPER (LESS THAN 2,75 OR GREATER THAN 4=05 PSID)

THE MINIMUM SOURCE PRESSURE CRITERION CONSISTS OF THE PLS5 02 PRESS
INDICATOR READOUT ERROR (+/- 45 PSIA| AND THE MINIMUM UPSTREAM PRESGURE (100
PSIA) AT WHICH THE REGULATOR IS CAPABLE OF SUPPLYING ADEQUATE MAKEUP OXYGEN
TO SUSTAIN THE EXPECTED METABOLIC LOADS= EMU PRESSURE REGULATION IS
CONSIDERED LOST IF PGA PRESSURE CANNOT BE MAINTAINED AT 3*9 +/- ,15 PSIA, A
SUSTAINED PGA PRESSURE, OF LESS THAN 3.75 PSIA AND DECREASING WOULD BE
uNACCEPTAbLE AS IT MAY FAIL TO PROVIDE ADEQUATE 02 PARTIAL PRESSURE TO
SAFELY SUSTAIN THE CREWMAN, A SUSTAINED PGA PRESSURE OF GREATER THAN _,OS
PSIA AND INCREASING WILL RESULT IN REDUCED PGA MOBILITY AND EVENTUAL LOSS OF
THE PRIMARY OXYGEN SUPPLY THROUGH THE PGA RELIEF VALVE.

2, GENERAL OPERATIONAL IMPACT (REF MR _9-11t Z9-1_)

LOSS OF THE PRIMARY 02 SUPPLY WOULD NECESSITATE THE USE OF THE OP_ TO SUPPLY
OXYGEN FOR PRESSURIZATION AND METABOLIC CONSUMPTION, REDUNDANCY OF OXYGEN
SOURCES IS LOST, LOSS OF EMU PRESSURE REGULATION COULD RESULT IN THE USE OF
THE OPS (MAKEUP MODE) TO PROVIDE PROPER PRESSURE REGULATION*

3. SPECIFIC OPERATIONAL IMPACT (REF MR 19-lBt 19-2t lg-isp Z9-3L)

NOMINAL OR ALTERNATE EVA

LOSS OF THE PLSS 02 PRESSURE REGULATOR PROHIBITS USE OF THAT PLSS FOR EVA*

SHOULD A pLSS 02 PRESSURE.R_VL_{_=_OSS O_CUR DURING THE EyA_ .THE OPS WILL
BE ACTIVATED AND THE EVA TE_|NATED, ......... "

LOSS OF A PRIMARY 02 SUPPLY DURING CHECKOUT PRECLUDE COMMITTING THAT PLSS TO
EVA. LOSS OF THE PRIMARY 02 SUPPLY DURING EVA WOULD REQUIRE ACTIVATION OF
THE OPS IN A MAKEUP MODE TO PROVIDE 02 FOR PRESSURIZATION AND METABOLIC
CONSUMPTION, EVA WILL BE TERMINATED FOR LOSS OF 02 SUPPLY REDUNDANCY,

D, PLSS FAN{S)

l* DEFINITION

THE PL$S FAN IS CONSIDERED LOST IF IT CANNOT MAINTAIN A MINIMUM OF 5,3 ACFM
02 FLOW THROUGH THE OXYGEN VENTILATION LOOP AND PGAo

AN 02 FLOW OF LESS THAN 5*3 ACFM IS INADEQUATE TO REMOVE C02 FROM THE
ORAL-NASAL.AREA OF THE CREWMAN FOR NOMINAL METABOLIC PROFILESo
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2a GENERAL OPERATIONAL IMPACT

LOSS OF THE PLSS FAN WOULD REQUIRE UTILIZATION OF THE OPS (PURGE MODE} TO
PROVIDE ADEQUATE VENTILATION*

3, SPECIFIC MISSION IMPACT {REF MR 19-1B* 19-21{

NOMINAL OR ALTERNATE EVA

LOSS OF A FLSS FAN DURING CHECKOUT WILL PROHIBIT USE OF THAT PLSS FOR EVAe

LOSS OF THE PLSS FAN DURING EVA WOULD REQUIRE ACTIVATION OF THE OPS {PURGE
MODE) TO PROVIDE C02 WASHOUT AND WOULD REQUIRE IMMEDIATE TERMINATION OF THE
EVA*

E, PLSS POWER SUPPLY

1, DEFINITION (REF MR 19-2)

THE PLSS POWER SUPPLY IS CONSIDERED LOST IF---

{A} THE PLSS BATTERY VOLTAGE IS LESS THAN 1610 VOC AND DECREASING

IS) THE PLSS BATTERY CURRENT DRAIN IS GREATER THAN 3,0 AMPS AND INCREASING
{DOES NOT INCLUDE CHECKOUT}o

A PLSS BATTERY VOLTAGE OF LESS THAN 16,0 VDC AND DECREASING INDICATES A
DEPLETED BATTERY OR THE LOSS OF ONE OR MORE CELLSt EITHER OF WHICH WILL
RESULT IN DEGRADED OPERATION OF THE PLSS ELECTRONICS= A PLSS BATTERY
CURRENT DRAIN OF GREATER THAN S,O AMPS AND INCREASING IS A DIRECT INDICATION
OF PLSS ELECTRONICS (PUMPt FAN* EVC) DEGRADATION OR FAILURE AND WILL RESULT
IN EARLY DEPLETION AND LOSS OF THE PLSB BATTERY,

2, GENERAL MISSION IMPACT (REF MR 19-10)

LOSS OF THE PLSG BATTERY RENDERS THAT PLSS USELESS UNLESS THE BATTERY CAN BE
REPLACED=

3= SPECIFIC MISSION IMPACT {REF MR 19-1Bt 19-32)

NOMINAL OR ALTERNATE EVA

LOSS OF A PLSS BATTERY DURING CHECKOUT PROHIBITS USE OF THAT PLSS FOR EVA*

LOSS OF A PLSS BATTERY DURING EVA WOULD REQUIRE ACTIVATION OF THE OPS {HI
PURGE FLOW} OR BSLSS AND OPS (LOW PURGE FLOW) FOR COOLING VENTILATION AND
IMMEDIATE TERMINATION OF THE EVA=

Fo EMU PRESSURE INTERGITY

_= D_FINITIDN {REF MR 19-E}

EMU PRESSURE INTEGRITY IS CONSIDERED LOST 1F---

i_{T_EEMUiSUNAeLET6 MEET ThE LESS'T_N"_I_ _Si}_I_ _REsSURE bE_AV CRITERI6N
DURING THE EMU PRESSURE INTEGRITY CHECK

(B) EMU REGULATED PRESSURE IS EGUAL TO OR LESS THAN 3,75 PSID AND DECREASING ON THE
LUNAR SURFACE WHICH REPRESENTS AN O2 USAGE RATE GREATER THAN 017 LBS/HRo

THE INABILITY TO MAINTAIN A LEAK RATE OF GREATER THAN 0o3 PSI/MIN INDICATES
AN EXCESSIVE LEAK THAT WOULD RESULT IN EARLY TERMINATION OF THE EVA* AN EMU
REGULATED PRESSURE OF LESS THAN 3*75 PSID AND DECREASING REPRESENTS AN 02
USAGE RATE OF GREATER THAN OoT LB/HRo

2_ GENERAL OPERATIONAL IMPACT

LOSS OF EMU PRESSURE INTERGITY PROHIBITS THE EVA ACTIVITIES IF THE LEAK IS
IN THE PGA_ IF THE FAILURE CAN BE ISOLATED TO THE PLS_ THEN THAT PLSS
CANNOT BE USED FOR EVA_

MISSION REV DATE SECTION GROUP PAGE
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Z9-i

'CONT

3+ SPECIFIC OPERATIONAL IMPACT (REF MR zg-IBt 19-Z0)

(AI NOMINAL DR ALTERNATE EVA

LOSS OF A SINGLE EMU+S PRESSURE INTEGRITY DURING THE EMU PRESSURE INTEGRITY
CHECKS WOULD RESULT IN ONE OF THE FOLLOWING---

(1) IF THE FAILURE CAN BE ISOLATED TO THE PLSS. ONE CREWMAN WOULD REMAIN ON THE
LM EC5 WHILE THE OTHER CREWMAN WOULD ATTEMPT THE ALTERNATE (ONE-MAN) EVA,

(2) IF THE VIOLATION OF PRESSURE INTEGRITY I5 IN THE PGAP IT WOULD pRECLUDE THE
POSSIBILITY OF ANY DEPRESSURIZED CABIN ACTIVITIES=

IF THE LOSS OCCURS DURING EITHER THE NOMINAL OR ALTERNATE EVAP IT WILL REQUIRE
ACTIVATION OF THE OPS {MAKEUP) AND TERMINATION OF THE EVA.

(B) RENDEZVOUS/DOCKING

LOSS OF EMU PRESSURE INTEGRITY IN THE PLSS WOULD NOT CONSTRAIN A CEVA ASSUMING
BOTH OPS UNITS ARE GOODQ LOSS OF EHU PRESSURE INTEGRITY IN THE PGA WOULD RESULT
IN A SHORTER OPS LIFETIME AND WOULD PLACE SERIOUS TIME CONSTRAINTS ON THE ABILITY
TO PERFORM A CEVT,

G, OPS 02 BOTTLE(S)

1* DEFINITION

THE OPS 02 BOTTLE{S) IS CONSIDERED LOST IF THE OPS 02 SOURCE PRES@URE IS
LESS THAN 5380 P51A AND THE OP5 HAS NOT BEEN PREVIOUSLY USED OR THE OPS 02
SOURCE PRESSURE IS LESS THAN 4900 PSIA IF THE OPS HAS SEEN USED=

AN OPS 02 SOURCE PRESSURE OF LESS THAN 5360 PSIA WITHOUT PRIOR USE INDICATES
A LEAK RATE IN EXCESS OF THAT WHICH WOULD BE CONSIDERED SAFE FOR CREWMAN
OPERATION+ AN OPS 02 SOURCE PRESSURE OF LESS THAN qgOO PSIA WOULD NOT
PROVIDE SUFFICIENT 02 FLOW FOR THE 30 MINUTES OF PURGE OPERATION REQUIRED
FOR A CEVA=

2, GENERAL OPERATIONAL IMPACT

LOSS OF AN OPS 02 BOTTLE RESULTS IN THE LOSS OF AN OXYGEN BACKUP SYSTEM AND
CONSTRAINS EXTRAVEHICULAR ACTIVITIES TO A SINGLE EVA CREWMAN=

+ 3, SPECIFIC OPERATIONAL IMPACT {REF MR 19-1AP 19-1Bt 19-4t 19-14)

(A) UNDOCKING

LOSS OF AN OP5 02 BOTTLE PRIOR TO UNDOCKING PROHIBITS UNDOCKING UNTIL THE PRIMARY
02 SUPPLY PRESSURE OF ONE PLSS IS VERIFIED,

{B} NOMINAL OR ALTERNATE EVA

LossOF AN oPs o_ Bott[_P_ioRTO tNE EVAwouL_hE_ULTiNTHE ALTERNATE(ONELHANi
EVA. THE FAILED OPS COULD BE UTILIZED AS A BACKUP TO THE PLSS SHOULD THE CREWMAN
IN THE LM BE REQUIRED TO AID THE EVA CREWMAN,

(C) LUNAR LIFTOFF

LOSS OF AN OPS 02 BOTTLE PRIOR TO LUNAR LIFTOFF WOULD REQUIRE OFF-LOADING OF THE
FAILED OPT AND RETENTION OF AN OPERATIONAL PLS5 IN ORDER TO FULFILL THE
REQUIREMENT FOR TWO GOOD LIFE SUPPORT SYSTEMS FOR A pOSSIBLE CEVT*

(D) RENDEZVOUS/DOCKING

LOSS OF ONE OR BOTH OPS 02 BOTTLES PRIOR TO RENDEZVOUS/DOCKING WOULD ELIMINATE
THE CAPABILITY OF SAFELY PERFORMING A CEVT IN THE EVENT THE CREWMEN WERE UNABLE
TO EFFECT A NORMAL TRANSFER,

MISSION REV DATE SECTION GROUP PAGE
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Ho OP5 02 PRESSURE REGULATION

11 DEFINITION

OPS 02 PRESSURE REGULATION IS CONSIDERED LOST IF A REGULATED PRESSURE BAND
OF 3e7 +/- 0o3 PSID CANNOT BE MAINTAINEOe

A SUSTAINED OPS REGULATED PRESSURE OF LESS THAN 3e€ PSID WOULD FAIL TO
PROVIDE ADEQUATE 02 PARTIAL PRESSURE OR PURGE FLOW TO SAFELY SUSTAIN THE
CREWMANo A SUSTAINED OPS REGULATED PRESSURE OF GREATER THAN 4o0 PSID WOULD

RESULT IN A HIGH OPS PURGE FLOW RATE AND A POGSIBLE RELIEVED GuIT CONDITION
WHICH WOULD REDUCE THE LIFETIME OF THE OPS AS WELL AS EXPOSING THE CREWMAN
TO A POTENTIALLy HAZARDOUS SITUATIONo

2o GENERAL OPERATIONAL IMPACT

LOGS OF AN OPS PRESSURE REGULATOR RESULTS IN THE LOSS OF AN OXYGEN PRESSURE
BACKUP AND CONSTRAINS EXTRAVEHICULAR ACTIVITIES TO A SINGLE EVA CREWMANo

3o SPECIFIC OPERATIONAL IMPACT CREF MR 19"iAt 19-1Bp 19-41 19-_4_

(A) UNDOCKING

LOSS OF AN OPS PRESSURE REGULATOR PRIOR TO UNDOCKING PROHIBITS UNDOCKING UNTIL
THE PRIMARY 02 SUPPLY PRESSURE OF ONE PLSS IS VERIFIED!

(B) NOMINAL OR ALTERNATE EVA

LOSG OF AN OP5 PRESSURE REGULATOR PRIOR TO THE EVA WOULD RESULT ZN THE ALTERNATE
(ONE-MAN) EVAo THE FAILED OPG CANNOT BE USED EITHER BY ZTSELF OR AS A BACKUP TO

_HE PLSS SHOULD THE CREWMAN IN THE LM BE REQUIRED TO AID THE EVA CREWMANo

{C) LUNAR LIFTOFF

LOBS OF AN OPS PRESSURE REGULATOR PRIOR TO LUNAR LIFTOFF WOULD REqUiRE
OFF-LOADING OF THE FAILED OPB AND RETENTION OF AN oPERATIONAL PLSS IN ORDER TO
FULFILL THE REQUIREMENT FOR TWO GOOD LIFE SUPPORT SYSTEMS FOR A POSSIBLE CEVAo

{D) RENDEZVOUS/DOCKING

LOSS OF ONE OR BOTH OPS PRESSURE REGULATORS PRIOR TO RENDEZVOUS/DOCKING WOULD
ELIMINATE THE CAPABILITY OF SAFELY PERFORMING A CEVA IN THE EVENT THE CREWMAN
WERE UNABLE TO EFFECT A NORMAL TRANSFERm

I MISSION REV DATE SECTION GROUP PAGE
i
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I* BSLSS/OPS TRAVERSE LIMITATIONS IREF MR 19"IB_9"2)

I, THE BSLS5 PROVIDES LCG COOLING TO THE FAILED PLSS AND CAN REJECT APPROXIMATELY IAO0

BTU'S/HR WHEREAS THE OP_ CAN ONLY PROVIDE FOR HEAT REMOVAL IN THE RANGE OF 800-1000
BTU_S/HR, METABOLIC AC*TIVITY ABOVE THIS RATE BECOMES HEAT STORED, ASSUMING A WORSE CASE
FAILURE OF THE PLSS (!,E,t POWER SUPPLY FAILURE) THE BACKUP sYSTEM MuST SUPPLY PROPER 02

VENTILATIONt 02 PRESSURE_ AND METABOLIC COOLING* THE BSLSS/OP5 COMBINATION CAN PROVIDE THIS
FUNCTION USING THE QPS LOW FLOW RATE (4,0 LB/HR)* FOR THIS CASE, AS LONG AS SUFFICIENT
WATER IS AVAILABLE TO SUPPORT BOTH CREWMENts RETURN TRAVERSEp THE OPS 02 AT THE # LB/HR
RATE BECOMES THE CONSTRAINT, AN EXAMINATION OF WALKING RATES FOR CONTINGENCY TRANSLATION BY
THE MROD HAS REVEALED THAT APPROXIMATELY 3,3 KM/HR IS THE MOST OPTIMUM RATE. ASSUMING THIS
RATE AND USING THE 1.25 HR, OPSt DEDUCTING 13 MINUTES INGRESS TIME AND 5 MINUTES BSLSS
ACTIVATION TIME YIELDS AN APPROXIMATE 3 KM MAXIMUM RADIUS* AS THE FEED WATER SUPPLY OF EACH
CREWMAN'S PLSS IS DEPLETEDo THERE IS A TRANSITION TIME WHEN THE FEED WATER BECOMES THE

CONSTRAINT_ THERE MUST BE SUFFICIENT WATER IN EITHER CRE WMAN_S PLSS TO SUPPORT BOTH
CREWMAN'S RETURN TRAVERSE, THE ACTUAL WATER REMAINING IS A FUNCTION OF THE METABOLIC RATE

IN REAL TIME,

2* FOR LIMITED EVA EXCURSIONS_ THE OPS BY ITSELF AT THE 8 LB/HR RATEr PROVIDES SUFFICIENT
METABOLIC COOLINGt PROPER OXYGEN VENTILATION AND PRESSURE REGULATION, SINCE THE OPS 15

STRICTLY A GASEOUS COOLING sYSTEM, THE TIME CONSTRAINT BECOMES NOT STRICTLY A FUNCTION OF
CONSUMABLES REMAINING_ BUT OF CREWMAN MAXIMUM HEAT STORAGE, THE MROD HAS GIVEN A MAXIMUM
CREW HEAT STORAGE CAPABILITY OF 300 BTUIS , BASED ON THIS HEAT STORAGE CONSTRAINTP A 3,3

KM/HC WALK RATE, AND DEDUCTING A 13 MINUTE INGRESS TIMEr THE MAXIMUM DISTANCE FOR OP$ USAGE
{HI FLOW RATE) IS i,0 KM, THIS IS BECAUSE OF THE RELATIONSHIP BETWEEN CREW HEAT STORAGE AND
METABOLIC RATE,

MISSION REV DATE SECTION GROUP PAGE
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19-2 REF RATIONALE FOR MR 19-1

19-3 REF RATIONALE FOR MR 19-1

19-4 REF RATIONALE FOR MR 19-_

19-5 CREW SAFETY

19-6 NO RATIONALE REQUIRED

19-7 REF RATIONAL FOR MR 19-1

19-'10 NO RATIONALE REQUIRED

19-11 NO RATIONALE REQUIRED

19-12 NO RATIONALE REQUIRED

19-13 NO RATIONALE REQUIRED

19-14; CREW SAFETY FOR A POSSIBLE CONTINGENCY TRANSFER

19-15 REF RATIONALE FOR MR 19-1

19-161 NO RATIONALE REQUIRED

19-2( REF RATIONALE FOR MR 19-1

19-21 REF RATIONALE FOR MR 19-1

19-2; CONTAMINATION IN THE VENTILATION SYSTEM

i, DEFINITION

CONTAMINATION IN THE VENTILATION EYSTEM IS DEFINED AG THE PRESENCE OF ANY FOREIGN SUBSTANCE
IN SUFFICIENT QUANTITY TO PROVE UNCOMFORTABLE OR NOXIOUS TO THE CREWMAN,

THE PRIMARY SOURCE OF CONTAMINATION IN THE VENTILATION SYSTEM IS LIOH AND/OR ITS
DERIVATIVES FROM THE CONTAMINANT CONTROL ASGEMBLY LIOH/CHARCOAL CARTRIDGE RESULTING FROM

;HANNE_|_ OR _REA_THRPUGHf ................

2, GENERAL OPERATIONAL IMPACT

CONTAMINATION IN THE VENTILATION SYSTEM WOULD PRECLUDE USE OF THE PLSG A5 A LIFE SUPPORT
SYSTEM AND WOULD RESULT IN THE USE OF AN OP$ IN THE LOW PURGE MODE,

3, SPECIFIC OPERATIONAL IMPACT {REF MR 19-13t 19-15

NOMINAL OR ALTERNATE EVA

CONTAMINATION IN THE VENTILATION SYSTEM DURING EVA WOULD REQUIRE ACTIVATION OF THE GP5 IN A
PURGE MODE TO CLEAR THE HELMET AREA OF THE CONTAMINATION AND TO PROVIDE BREATHABLE UXYGEN,
TERMINATION OF THE EVA WILL RE REQUIRED IF THE OPS 15 ACTIVATED,

19-3= REF RATIONALE FOR MR 19-1

19-3; REF RATIONALE FOR MR 19-1

M1SEION REV DATE SECTION GROUP PAGE
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19-32 REF RATIONALE ,:OR MR 19-i

19-_3 REF RATIONALE FOR MR 19-i

MISSION REV DATE SECTION GROUP PAGE
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LM INSTRUMENTATION
.... .B----...--....--.

20-45 TO BE SUPPLIED

20BAB

Ao ALL COMMANDS CAN BE UPLINKED VIA VOICE

B, THE MISSION WILL BE ALLOWED TO CONTINUE WITH LOSS OF THE CAUTION AND WARNING SYSTEM DUE TO

THE FACT THAT LOSS OF THAT SYSTEM WILL NOT REMOVE CREW OR GROUND CAPABILITY OF MONITORING
SYSTEMS PARAMETERS,

Co NO MISSION IMPACT,

Do REF RATIONALE FOR MR 19-1,

E, RESULTS IN LOSS OF TV ONLY-WHICH IS ONLY DESIRABLE=

F, RF DOPPLER IS SUFFICIENT

Go REMAINING CAPABILITIES (OPTICS AND RR) ARE ADEQUATE,

20-50 LM USB/TM MANAGEMENT

A, FOR NORMAL LM POWERED UP PHASEBJ THE LM STEERABLE ANTENNA WITH THE POWER AMPLIFIER WILL BE
USED, DURING LUNAR STAY* IF THE ERECTABLE ANTENNA IS USED, THE POWER AMPLIFIER MAY BE
TURNEDOFF'IF HBR TM AND VOICE CIRCUIT MARGINS ARE ADEQUATE,

RATIONALE

IN ORDER FOR BOTH HBR TM AND VOICE TO BE RECEIVED FROM LUNAR DISTANCEP THE STEERABLE
ANTENNA AND POWER AMPLIFIER MUST BE USED, DURING LUNAR STAY OPERATION5_ CIRCUIT MARGINS
MAY ALLOW TURNING OFF OF THE POWER AMPLIFIER WHEN THE ERECTABLE ANTENNA IS IN USE,
FAVORABLE CIRCUIT MARGINS FROM LARGE GROUND ANTENNAS MAY ALSO ALLOW HBR TM FROM THE
STEERABLE ANTENNA WITH NO POWER AMPLIFIER,

B, DURING PERIODS OF LM OUT OF STATION CONTACT (LUNAR FAR SIDE)t THE TM BIT RATE WILL BE
SWITCHED FROM HBR TO LBR AND TRANSMITTED TO THE CSM OVER VHF B EXCEPT DURING VHF RANGING
(WHICH REQUIRES VHF A TRANSMITTER) AND PERIODS OF CRITICAL VOICE COMMUNICATIONS,

RATIONALE

BY SWITCHING THE BIT RATE TO LOW WHILE BEHIND THE MOON, THE CSM CAN RECORD LM DATA AND PLAY

IT BACK WHEN IN LINE OF SIGHT OF EARTH, THIS ENABLES GROUND CONTROLLERS TO MONITOR LM
PERFORMANCE WHEN THE LM IS NOT IN SIGHT OF THE MSFNo OTHER MISSION PERIODS REWUIRE THAT
THE VHF SYSTEM BE uSED FOR VHF RANGING OR THAT THE VHF B DATA XHTR BE USED AS A VOICE
BACKUP TO VMF A, DUE TO THE E_U|PMENT CONFIGURATION REQUIRED FOR THESE FUNCT|O_S_ LOW BIT
RATE DATA TRANSFER I5 PRECLUDED DURING THESE OPERATIONS,

C? FOR ALL LUNAR STAy OPERATIONS IN WHICH THE PGNS IS pOWERE_ HBR TH WILL BE USED_

RATIONALE

WHEN THE PGNS IS POWERED IT IS DESIRABLE TO REMAIN IN HBR SO THAT ITS STATUS MAY BE
CONTINUOUSLY MONITORED, THE LBR TELEMETRY FORMAT DOES NOT CONTAIN THE LGC DOWNLINK ANO
MANY OTHER PGN$ PARAMETERS THAT ARE ON THE HBR FORMAT=

MISSION REV IDATE SECTION GROUP PAGE
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20-55 LM TELEMETRY

A* DEFINITION OF LOSS

LM TELEMETRY IS CONSIDERED TO BE LOST IN THE EVENT THAT USEABLE TELEMETRY CANNOT BE

RECEIVED AND RECORDED BY THE REMOTED BITE AND TRANSMITTED TO HOUSTON FOR REAL'TIME FLIGHT
CONTROLLER EVALUATION AND THIS TM CAPABILITY CANNOT BE RESTORED WITHIN A REASONABLE PER]OD
OF TIME.

B, OPERATIONAL IMPACT OF LOSS

THE LOSS OF HBR TM PRECLUDES THE MONITORING, BY @ROUND CONTROLLERS, OF THE PERFORMANCE OF
THE LGC AND AEA. A NUMBER OF GUIDANCE AND CONTROL PARAMETERS ARE TRANSMITTED ONLY ON HBR

TM AND OTHERS ARE TRANSMITTED AT A HIGH SAMPLE RATE ONLY ON HBR, THE LOSS OF ONLY LBR TM
PRECLUDES THE LBR DATA TRANSFER FROM THE LM TO THE CSM AND WOULD THUS PRECLUDE THE
EVALUATION OF BEHIND THE MOON ACTIVITY AFFORDED BY DATA PLAYBACK. THE LOSS OF ALL

TELEMETRY RESULTS IN INABILITY OF THE GROUND CONTROLLER TO MONITOR ONBOARD SYSTEM
PERFORMANCE.

C. SPECIFIC OPERATIONAL IMPACT (REF MR ZO-5_;

I, NOMINAL MISSION

(A) UNDOCKINGo DESCENT ORBIT, POWERED DESCENT - IN ORDER TO ADEQUATELY MONITOR THE
POWERED FLIGHT PHASES OF THE MISSION AND TO INSURE CREW SAFETY AND SYSTEM

COGNIZANCE DURING POWERED DESCENT, HBR TM IS NECESSARY TO LO GATE. SPECIFICALLYw
SUFFICIENT HBR DATA TO DETERMINE GO/NO-GO STATUS IS MANDATORY DURING POWERED
DESCENT TO DETECT SLOW DRIFTING OF PGNS OR AGS IN REAL TIME {ONLY THE GROUND CAN
DO THIS) AND FOR POSTFLIGHT ANALYSIS* AFTER LO GATE_ ABORTING DUE TO LOSS OF MBR
TM WOULD BE MORE HAZARDOUS THAN CONTINUING TO LAND*

{B) LUNAR STAY - HBR OR LBR TM WILL BE ADEQUATE FOR SYSTEMS EVALUATION WHILE ON THE
LUNAR SURFACE. HBR IS HIGHLY DESIRABLE FOR ASCENT AND RENDEZVOUS BUT THE LM IS
COMMITTED TO THESE PHASES REGARDLESS OF TM, SHOULD ALL TM BE LOSTt LUNAR STAY
WILL BE ABBREVIATED DUE TO DEGRADED VEHICLE MONITORING CAPABILITIES* FOR A LOSS
OF ALL TMP ONLY A ONE-MAN EVA MAY BE PERFORMED*

(C) RENDEZVOUS AND DOCKING - THE LOSS OF TM DOES NOT AFFECT THE ABILITY OF THE LM TO
RENDEZVOUS AND DOCKJ BUT ONLY PROHIBITS GROUND CONTROLLER AID IN THE MONITORING
OF SYSTEM PERFORMANCE, IN THIS EVENT_ A LM-ACTIVE RENDEZVOUS WILL BE PERFORMED

SINCE THIS IS THE NOMINAL RENDEZVOUS PLAN,

2, ALTERNATE MISSIONS

UNDOCKING AND STATION KEEPING WILL BE PERFORMED IF ALL TM IB LOST SIN{E THE
LM WOULD NUT BE COMMITTED TO LONG PERIODS INDEPENDENT OF THE CSM, EITHER
HBR OR LBR DATA IS ADEQUATE FOR A RENDEZVOUS ALTERNATE MISSION.

20-56 CRITICAL INSTRUMENTATION

A, DEFINITION OF LOSS

CRITICAL INSTRUMENTATION IS CONSIDERED LOST WHEN INFORMATION PROVIDED BY TELEMETRY AND/OR

QNBOARD DISpLAyS I5 NOT ADEQUATE TO ..M_NITOR= THE, PERFORMANOE .OF, ANy CRITICAL ONBOARD
FUN_TI6N, ' " ' i 'li''

B, GENERAL OPERATIONAL IMPACT

LOSS OF CRITICAL INSTRUMENTATION COULD JEOPARDIZE CREW SAFETY IF A CRITICAL ONBOARO
FUNCTION COULD NOT BE MONITORED EITHER BY THE CREW OR THE GROUND,

MISSION REV DATE SECTION GROUP PAGE
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20-56
CONT

¢, MISSION RULE RATIONALE (REF MR 20-56)

i. NOMINAL MISSION

CA) UNDOCKINGP DESCENT ORBITt LUNAR STAY - THE MONITORING OF ALL CRITICAL ONBOARD
FUNCTIONS IS NECESSARY TO INITIATE ANY CRITICAL MISSION PHASE. LOSS OF THIS
CAPABILITY COULD AFFECT CREW SAFETY,

(B) POWEREDDESCENT- CREWSAFETY IS JEOPARDIZED IF INSTRUMENTATION CRITICAL TO
PERFORMINGA SAFE DESCENT AND LANDING OR TO MONITORING SYSTEMS ESSENTIAL FOR A
SAFE ASCENT AND RENDEZVOUSIS LOST.

(C} RENDEZVOUS- CSM RESCUE WILL BE REQUIRED ONLy WHENLM INSTRUMENTATION ESSENTIAL
TO PERFORMINGA LM-ACTIVE RENDEZVOUSIS LOST.

2, ALTERNATEMISSION

THE LOSS OF CRITICAL INSTRUMENTATION PRECLUDES THE CONSIDERATION OF ANY
ALTERNATE MISSIQNo

MISSION REV DATE SECTION GROUP PAGE
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LM SEQUENTIAL AND PYROTECHNIC

21-1 TO INITIATE MANNED LM MISSION PHASES_ THE PYROTECHNIC SYSTEM MuST PROVIDE THE FOLLOWING MINIMUM
CAPABILITIES (REF LM TELMU GO CRITERIA IN SECTION 3 OF MR)---

PYROTECHNIC SYSTEM

1, DEFINITION {REF MR 21-2)

A PYRO SYSTEM I5 CONSIDERED LOST IF A PYRO BATTERY OPEN CIRCUIT VOLTAGE LESS THAN $5 VOC OR
IF THE SYSTEM IS INCAPABLE OF BEING ARMED= A PYRO BATTERY OPEN CIRCUIT VOLTAGE IS
NOMINALLY 37,2 VDC AND THERE IS NO REASON FOR THE VOLTAGE TO EVER FALL BELOW 35 VDC OPEN
CIRCUIT= IF IT SHOULD IT WOULD INDICATE A DEGRADING BATTERY OR LOSS OF CELLS IloS6 VOLTS
PER CELL)= IF THE MASTER ARM RELAY= KI_ CANNOT BE CLOSED THEN THE PyRU BATTERY CANNOT BE
CONNECTED TO THE PyRO BUS AND NO PYRO FUNCTION CAN BE PERFORMED WITH THIS SYSTEM=

2, GENERAL OPERATIONAL IMPACT (REF MR 21-12)

LOSS OF ONE PYRO SYSTEM MEANS LOSS OF ALL REDUNDANCY FOR PYROTECHNIC FUNCTIONS= THE MOST
CRITICAL IMPACT IS ON STAGING. IF STAGING IS PERFORMED WITH LOSS OF ONE SYSTEM THERE ARE
SINGLE POINT FAILURES WHICH COULD RESULT IN THE INABILITY TO STAGS OR IN INCOMPLETE
STAGINGe

3. SPECIFIC OPERATIONAL IMPACT (REF MR 21-20}

(A) NOMINAL MISSION

(1) UNDOC_ING THROUGH PDI +5+30 - THE LM MUST HAVE REDUNDANT PYROTECHNIC SYSTEMS TO
COMMIT TO MISSION PHASES IN WHICH STAGING IS MANDATORY, IF ONE SYSTEM IS LOST

PRIOR TO PDI+5+3G (AFTER THAT POINTo THE LM MUST STAGE TO RETURN)t THE NOMINAL LM
MISSION WILL BE ABORTED= THE LM WILL NOT BE STAGED WITH THE REMAINING PYRO
SYSTEM UNLESS CREW SAFETY DICTATES {SEE MANAGEMENT RULE Z1-12)=

(2) PDI+5+30 TO TOUCHDOWN - THE LM IS NOW COMMITTED TO STAGING FOR EITHER AN ABORT OR
LUNAR SURFACE LAUNCH= IF A PYRO SYSTEM WERE LOST DURING THIS PERIODP THE kM
WOULD HAVE TO STAGE WITH ONLY ONE PYRO SYSTEM SOONER (ABORT) OR LATER (LUNAR
SURFACE LAUNCH AFTER A ONE-REV STAY)= THEREFORE{ THERE IS NO SIGNIFICANT
ADVANTAGE TO ABORTINGo

(3) LUNAR STAY - IF ONE PYRO SYSTEM IS LOST ON THE LUNAR SURFACE{ THE LM MUST LIFT
OFF AT THE NEXT BEST OPPORTUNITY BECAUSE SUBSEQUENT FAILURE OF THE OTHER SYSTEM
WOULD RESULT IN THE INABILITY TO LIFT OFF{

(B) ALTERNATE MISSIONS

THE LM WILL NOT UNDOCK OR IF UNDOCKED PROCEED WITH EXTENDED SEPARATED
MANEUVERS WITH LOSS OF BOTH PYRO SYSTEMS BECAUSE THE CAPABILITY TO STAGE
{REQUIRED FOR DPS PROPELLANT LEAKS{ ETC=) IS LOST= LOSS OF ONE SYSTEM
PRECLUDES A RENDEZVOUS MISSION BECAUSE THE LM MUST HAVE THE REDUNDANT
CAPABILITy TO STAGE BEFORE COMMITTING TO A LM-ACTIVE RENDEZVOUS*

MISSION REV DATE SECTION GROUP PAGE
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21-2 REF RATIONALE FOR MR 21-1

21-3 REF RATIONALE FOR MR 21-13 AND 21-22

21-4 NO RATIONALE REHUIREO

21-5 NO RATIONALE REHuIREO

Z1-8 THE CONDITIONS REHUIRING A NEXT BEST OPPORTUNITY LIFT-OFF(LOSS OF A PYRO SYSTEM OR UNABLE TO
DISARM A SYGTEM)ARE NOT OF SUFFICIENT TIME CRITICALITY TO REQUIRE A T1 OR T2 LIFT OFF,

MISSION REV DATE SECTION GROUP PAGE
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21-I0 APS pRESSURIZATION

APS WILL NORMALLY BE PRESSURIZED IMMEDIATELY PRIOR TO STAGING. APS WILL NOT NORMALLY BE
PRESSURIZED MORE THAN 2A HOURS PRIOR TO THE LAST AP$ BURN-- HOWEVER. IN A CUNTINGENCYt THE APS
MAY BE PRESGURIZED UP TO 3-1/2 DAYS PRIOR TO THE LAST APS BURN.

BY WAITING UNTIL IMMEDIATELY PRIOR TO STAGING TO pR_S_UNIZE AP_ THE OPTION TO PRESSURIZE ONE OR
BOTH TANKS EXIGTS IF AN APG HELIUM LEAK HAG DEVELOPED. THE TIME CONSTRAINT OF 2A HOURS AND
3-1/2 DAYS IS DUE TO THE AMOUNT OF TIME THE PROPELLANTS CAN BE IN CONTACT WITH THE UUAD CHECK
VALVES AFTER PRESSURIZATION WITHOUT DAMAGE TO THEMe

21-ii LANDING GEAR DEPLOY

IF UNABLE TO DEPLOY ONE OR MORE LANDING GEARt A LANDING WILL NOT BE ATTEMPTED. D_GCENT _NGINE
BURNS WILL BE CONTINUED SINCE CONTROL PROBLEMS ARE NOT EXPECTED TO EXIST AND DAMAGE TU THE
LANDING GEAR FROM THE BURN WILL NOT AFFECT NON-LANDING MISSIONS.

SELF EXPLANATORY.

21-Z2 ONE PYRO SYSTEM STAGING

UNDOCKED STAGING WITH ONE PyRO SYSTEM WILL BE PERFORMED ONLy IF ABSOLUTELY NECESSARY TO MAINTAIN
CREW SAFETY.

WITH ONLY ONE PYRO SYSTEM THERE ARE MANY SINGLE POINT FAILURES WHICH COULD CAUSE INCOMPLETE
STAGING.

2E-_3 RELAY K_-K6 FAILURE

FOR A K1 THROUGH K6 FAILURE_ THE,GOOD SYSTEM WILL BE DISABLED AND A PYRO FUNCTIONt OTHER THAN
GTAGING_ ATTEMPTED TO DETERMINE IF K1 (PYRO SYSTEM ARM RELAY) HAS FAILED CLOSED.

AN EXTRA SET OF CONTACTS ON EACH RELAY K1 THROUGH K6 IN BOTH PYRO SYSTEMS ARE WIRED IN
SERIES/PARALLEL TO MAKE UP A DAISY CHAIN WHICH IS MONITORED VIA TM AND ONBGARD, AN INADVERTENT
CLOSURE OF ONE OF THESE RELAYS CAN BE DETECTED. HOWEVER_ THE PARTICULAR FAILED RELAY CANNOT BE

ISOLATED EXCEPT IN THE CAGE OF THE MASTER ARM RELAY, IF A RELAY CLOSURE 15 DETECTED, A PYRO
FUNCTION WILL BE ATTEMPTED WITHOUT ARMING EITHER SYSTEM. FAILURE TO PERFORM THE PYRO FUNCTION
WILL INDICATE THAT THE FAILED RELAY WAS NOT KI. THE RELAYS OF THE CHAIN MAKE UP THE 5TAO|Nb

SYSTEM AS FOLLOWS-''

K1 - MASTER ARM

K2 - STAGE RELAY

K3 AND K# - INTERGTAGE UMBILICAL GUILLOTINE

K5 AND KSA - INTERSTAGE BOLTS (SYSTEM A) AND NUTS (5YSTEM B)

KS - ELECTRICAL CIRCUIT INTERRUPTERS

AFTER ISOLATING K1 AS NOT BEING THE FAILED RELAYP THIS PyRO SYSTEM MUST BE DISABLED BY PULLING
THE APPLICABLE LOGIC POWER BREAKER BECAUSE THE FUNCTION CONTROLLED BY THE FAILED RELAY WILL BE
PERFORMED SHOULD THIS SYSTEM BECOME ARMED, IN THE CASE WHERE K2 MAY HAVE FAILED_ THE SYSTEM
WOULD BE IN A CONFIRMATION WHERE THE SUBSEUUENT FAILURE OF K_ WOULD CAUSE AN INADVERTENT STAGING

WHICH WOULD NORMALY _E CAUSE FOR ABORT. HOWEVERt A K2 FAILURE CAN NOT BE CONFIRMED. IT CAN ONLY
BE DETERMINED THAT ONE OF THE RELAYS K2 THRU KB HAS FAILED. ON THE BASIS THAT A K2 FAILURE CAN
NOT BE CONFIRMED THE MISSION SHOULD BE CONTINUED,
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21-14 ARMED PYRO SYSTEM

AN ARMED PyRO SYSTEM{S) THAT CANNOT BE DEARMED 15 CONSIDERED UNSAFE FOR THE VIBRATION/SHOCK
ENVIRONMENT ASSOCIATED WITH LUNAR TOUCHDOWN,

SUBSEQUENT CLOSURE OF ANOTHER PYRO RELAY WOULD RESULT IN THAT PYRO FUNCTION BEING PERFORMED.
THE WORST CASE WOULD BE INADVERTENT STAGING WHICH COULD BE CATASTROPHIC DURING THE LANDING
PHASE*

21-2( REF RATIONALE FOR MR Z1-1 ITEM 3

21-21 UNABLE TO DISARM

1, DEFINITION

(A) pYRO SYSTEM CANNOT BE DISARMED IF THE pyRO BATTERY CANNOT BE DISCONNECTED
FROM THE PYRO BUS= THIS WILL BE DETECTED BY ATTEMPTING A PYRO FUNCTION
OTHER THAN STAGING WITH THE SUSPECT SYSTEHIS) AFTER ALL ATTEMPTS HAVE BEEN
MADE TO DISARM THE FAILED SYSTEM, IF THE PYRO FUNCTION OCCURS, THE

SYSTEM(ST IS CONSIDERED ARMED,

2. GENERAL OPERATIONAL IMPACT

WITH AN ARMED PYRO SYSTEM(SIp SUBSEQUENT CLOSURE OF ANy OTHER PyRO RELAY WILL RESULT IN
EXECUTION OF THAT PYRO FUNCTION= HOST CRITICAL WOULD BE A CLOSURE OF ONE OF THE STAGING
RELAYS CAUSING INADVERTENT STAGING (PARTIAL OR COMPLETE}.

_, SPECIFIC OPERATIONAL IMPACT {REF MR 21-14o 21-5)

IA) NOMINAL MISSION

(i) UNDOCKING THROUGH TOUCHDOWN - THE NOMINAL MISSION WILL BE ABORTED IF UNABLE TO
DISARM EITHER OR BOTH PYRO SYSTEMS* OF MOST CONCERN IS _NADVERTENT STAGING WHICH
WOULD BE CATASTROPHIC DURING POWERED DESCENT* ALSO, THE SHOCK AND VIBRATION
ASSOCIATED WITH LANDING COULD CAUSE A PYRO RELAY TO SET AND INITIATE A PYRO
FUNCTION*

(2) LUNAR STAY - EVA WILL NOT BE INITIATED WITH EITHER OR BOTH PYRO SYSTEMS ARMED*
INADVERTENT STAGING WOULD ENDANGER ANY EVA CREWMAN IN THE NEAR VICINITY OF THE L_
DuE TO SCHRAPNEL FROM THE PYROTECHNIC DEVICES, WITH THE CREW INSIDE INADVERTENT
STAGING IS NOT SERIOUS SINCE THE LM WOULD REMAIN IN PLACE ON THE DESCENT STAGE
EVEN THOUGH ALL CONNECTIONS BETWEEN THE STAGES MAY BE SEVERED* HOWEVERt A NEXT
BEST OPPORTUNITY LIFTOFF WILL BE REQUIRED TO MINIMIZE THIS POSSIBILITY*

(B) ALTERNATE MISSIONS

DOCKED, UNDOCKED* DESCENT ORBIT - THE MISSION WILL BE CONTINUED WITH AN
ARMED PYRO SYSTEM oR SYSTEMS ASSUMING THE CREW CAN RECOVER FROM INADVERTENT
STAGING. STAGING WILL BE PERFORMED NORMALLY IN ORBIT*
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21-2Z KT-KZ5 CLOSED

l, DEFINITION (REF MR 21-]B)

A PYRO SYSTEM IS CONSIDERED UNUSABLE AND WILL BE DISABLED UNTIL AFTER DPS CRYOGENIC
pRESSURIZATION AND THE DES FUEL AND OX VENTS ARE CLOSED FOR AN INADVERTENT CLOSURE OF A K7
THROUGH K15 RELAY.

2, GENERAL OPERATIONAL IMPACT

AN INADVERTENT CLOSURE OF ANY RELAY_ K7 THROUGH Ki5, IN EITHER PYRO SYSTEM CAN be DETECTbD
VIA TM BUT THE PARTICULAR RELAY FAILED CANNOT BE ISOLATED. THESE RELAYS PERFORM THE
FOLLOWING FUNCTIONS---

K7 - RCS PRESS

K8 G KBA - LAND GEAR OEPLOY

K9 - DPS CRYO ME PRESS

KZO & KZI - ASC ME PRESS

KI2 S KI2A - ASC FUEL AND OX COMP VALVES

K13 - DPS FU S OX VENT VALVES

K14 - DPS AMBIENT HE VALVES

KZB - DPS FU & OX COMP VALVES

pREMATURE oPERATION OF ANY OF THE RELAYS IS NOT SERIOUS EXCEPT FOR OPT CRYOGENIC HE PRESS
IKP) AND DPS FU AND OX VENT VALVES (KI_), IF THE DPS CRYOGENIC HELIUM VALVE IS OPENED
PRIOR TO FIRST IGNITION OF THE DPSt THE FUEL/HELIUM HEAT EXCHANGER WILL FREEZEr CUTTING OFF

FUEL FLOW TO THE ENGINE, IF THE OPS FU AND OX VENT VALVES WERE TO OPEN PRIOR TO TOUCHDOWNo
THE FU AND OX WOULD VENT OVERBOARD SINCE THE SOLENOID VENT VALVES ARE NORMALLY TO BE LEFT

OPEN.

3, SPECIFIC OPERATIONAL IMPACT

(A) NOMINAL MISSION

INDICATION OF A KT THROUGH K15 RELAY CLOSURE IN EITHER PYRO SYSTEM REQUIRES
OPENING THE CORRESPONDING LOGIC POWER CIRCUIT BREAKER TO DISABLE THAT PyRO
SYSTEM FOR ALL SUBSEQUENT PYRO FUNCTIONS UNTIL AFTER DPS CRYOGENIC HELIUM
PRESSURIZATION AND THE DES FU SOX SOLENOID VENT VALVES ARE CLOSED, THIS
WZLL PREVENT INADVERTENT FIRING {OPENING) OF THE CRYOGENIC HELIUM VALVE OR
THE DES FUG OX _QUIB VENT VALVES, IF BOTH PYRO SYSTEMS SHOW INDICATIONS OF

A K7 THROUGH K15 CLOSUREP THE DESCENT HE REG VALVES i AND 2 AND THE DES FU S
OX SOLENOID VENT VALVES SHOULD BE CLOSED BEFORE ARMING THE PYRO SYSTEM FOR
ANY PYRO FUNCTIONS PRIOR TO PDI,

(B) ALTERNATE MISSIONS

SAME RATIONALE AS FOR NOMINAL MISSIONS.

21-21 UNABLE TO STAGE (REF MR 21-41

i, DEFINITION

THE LM iS CONSIDERED UNABLE TO STAGE IF EITHER STAGING CANNOT BE INITIATED DUE TO LOSS OF
BOTH PYRO SYSTEMS OR DOUBLE FAILURES WITHIN THE PYRO SYSTEMS RESULT IN INCOMPLETE

SEPARATION OF THE ASCENT AND DESCENT STAGES.

2, GENERAL OPERATIONAL IMPACT

FAILURE TO STAGE ON THE LUNAR SURFACE IS CATASTROPHIC. FAILURE TO STAGE IN ORBIT REQUIRES
THE LM TO ATTEMPT TO COMPLETE A RENDEZVOUS UNTTAGED IF THE DESCENT STAGE IS RIGIDLY
ATTACHED, IF THE DESCENT STAGE IS NOT RIGIDLY ATTACHEDt THE LM MUST BE RESCU_D!

3. SPECIFIC OPERATIONAL IMPACT

(A) NOMINAL MISSION

FOR THE NOMINAL MISSION_ KNOWN INABILITY TO STAGEp PRIOR TO PDI+BD WOULD BE
CAUSE TO ABORT THE NOMINAL MISSION. AFTER PDI+St THIS SITUATION IS
CATASTROPHIC.
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{B} ALTERNATE MISSION

RENDEZVOUS - IF STAGING CANNOT BE INITIATED OR IF IT IS AND DOES NOT
pHYSICALLY BEPARATEP THE MISSION WILL BE CONTINUED USING THE RCS AND DPS IF
AVAILABLE TO COMPLETE THE RENDEZVOUS AB LONG AS THE STAGES ARE STILL REGIDLY
ATTACHEDD CSM RESCUE WILL BE REQUIRED FOR THE TERMINAL PHASE OR IF R_G
REDLINES ARE VIOLATEDo SHOULD PARTIAL STAGING OCCUR SUCH THAT THE STAGE5
ARE NOT RIGIDLY ATTACHEDt MANEUVER CAPABILITY OF THE LM 15 LOSTo THE LM
WILL GO TO DRIFTINO FLIGHT AND CALL FOR A CSM RESCUEe
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LM ELECTRICAL POWER

22-i TO INITIATE MANNED LM MISSION PHASES_ THE ELECTRICAL POWER SYSTF'M MOST PRUVIDE THE FOLLOWING
MINIMUM CAPABILITIES {REF LM TELMU GO CRITERIA IN SECTION :_ 'JF FMR DOCUMENT)---

A, CDR/LMP BUS

1, DEFINITION (REF MR 22-2)

THE CDR OR Lr4p BUS iS CONSIDERED LOST IF T_E BUS VOLTAGE CANNOT WE
MAINTAINED GREATER THAN 26,5 VDC OR IF THE BUS CURRENT IS MREATER THAN 90

AMPS, A BUS VOLTAUE LESS THAN 26o5 VDC WILL PRUVIDE OUT uF SPEC VOLTAGES
FUR SEVERAL CRITICAL LM E_UIPMENTS {E,G, COMMt ECSt PGNS, _C_. ETCJ), BUS

CURRENTS GREATER THAN 90 AMPS INUICATE A _HORT ON THE BUS AND WOULD EXCEED
THE SPEC WIRE RATING OF THE FEEDER LINES,

2, GENERAL OPERATIONAL INPACT

LOSS OF EITHER BUS RESULTS IN LOSS OF LM EQUIPMENT RED'UNDANCY AND SERIOUSLY
DEGRAOED ELECTRICAL POWER SUBSYSTEM, SUBSEUU_NT FAILURE UF THE UTHER BUS
WOULD RESULT IN THE INABILITY TO POWER ANY SPACECRAFT EQUIPraENTS.

3, SPECIFIC OPERATIONAL IMPACT (REF MR ZZ-ZO)

(A) NOMINAL MISSION

(i) UNDOCKING THROUGH LUNAR STAY - LOS5 OF A BUS MEANS LOSS OF CAPABILITY TO
LAND AND LOSS OF REDUNDANCY OF CRITICAL SYSTEMS, DDRINS POWERED DESCENTt LOSS OF
THE CUR OR LMP BUS WILL CAUSE THE DESCENT EhuINE TO THROTTLE TO 100 PERCENT WHICH

WILL PREVENT ANY ATTEMPT TO LAND AND CAUSE AN ABORT TO BE INITIATED, IMMEDIATE
RETURN TO THE CSM IS NECESSARY TO REDUCE THE TIME I_ WHICH A FAILbRE OF A
REMAINING CRITICAL SYSTEM OR THE REMAINING BUS CAN OCCUR,

(2) LM-ACTIVE RENDEZVOUS - ONCE COMMITED TU RENOEZVOUSt THE LM SHOULD REMAIN THE

ACTIVE VEHICLE BECAUSE IT CAN STILL COMPUTE AND EXECUTE ALL RENDEZVOUS MANEUVERS
AND IT IS _E_T TO REMAIN WITH THE NOMINAL RENDEZVOUS PLAN,

(_} ALTERNATE _ISSION(S}

NO UNDOCKED MISSION IS ACCEPTABLE IN VIEW OF THE RISK INVOLVED,
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B* DESCENT FEEDER(SI

FIGURE 1- EPS FEEDER CONFIGURATION

_TTER_' DESCENT F_EOER ASCENTFEEDEJ

_IV RELAY

" ir ,I

1, DEFINITION (REF MR 22-2 AND FIG _)

LOSS OF A DESCENT FEEDER IS DEFINED AS THE INABILITY TO uSE AS A POWER PATH
THE ELECTRICAL CONNECTIONS FROM THE OUTPUT TERMINAL OF THE DESCENT ECA TO
THE DEADFACE RELAY, FROM THE DEADFACE RELAY TO THE BUSt THE DESCENT AND
ASCENT BATTERIES uSE THE SAME MAIN FEED LINES AND THIS PORTION OF THE MAIN
FEED LINES IS CONSIDERED PART OF THE ASCENT FEEDER ONLY,

2* GENERAL OPERATIONAL IMPACT

AN OPEN DESCENT FEEDER IS NOT A SERIOUS MALFUNCTION AS THE SUBSEQUENT
FAILURE OF THE OTHER DESCENT OR ONE OF THE ASCENT FEEDERS WILL NOT RESULT IN

INABILITY TO POWER THE SPACECRAFT* THERE ARE TWO SINGLE POINT FAILURES THAT
CAN CAUSE AN OPEN FEEDER* IA) THE INADVERTENT OPENING OF ONE OF THE TWO

DEADFACE RELAYS AND (El AN OPEN ECA ONBOARD CONTROL CAPABILITY EXISTS ONLY
TO OPEN OR CLOSE BOTH OF THE DEADFACE RELAYS SIMULTANEOUSLY* AN OPEN
DESCENT FE_DER RESULTS IN THE LOSS OF CONSUMABLE CAPABILITY OF TWO DESCENT
BATTERIES, CONSUMABLE CRITERIA THEN DICTATE THE EFFECT ON THE MISSION*

A SHORTED DESCENT FEEDER CAN RESULT FROM A SINGLE POINT FAILURE (SHORT)
ANYWHERE ALONG THE POWER FLOW PATH, ISOLATION OF THE SHORT REQUIRES

D_ADFACINGAND THUS THE LOS5 OF CONSUMABLE CAPACITY UF ALL D_SCENT

BATTER'IES;" TO _iAINTAiN _ PO_ERE_ _P _hACE_h_T _T_'_E_T _ATTER_{_ WILL
BE PLACED ON THEIR NORMAL FEEDPATHS, IT SHOULD BE NOTED THAT SPECIFIC
PROCEDURES HoST BE FOLLOWED TO DETERMINE WHERE ALONG THE BATTERY-TO-BUS
pOWER FLOW PATH THE SHORT EXISTS, IF INSUFFICIENT TIME IS AVAILABLE TO
TROUBLESMOOTP A SHORT MUST BE ASSUMED TO BE ON THE BUS (WORST CASE) AND THE
MISSION ABORTED,

3. SPECIFIC OPERATIONAL IMPACT {REF MR 22-21)

CA) NOMINAL MISSION (ALL PHASES)

THE NOMINAL MISSION WILL BE CONTINUED IF CONSUMABLE REDLINES ARE NOT VIOLATED AND

SUFFICIENT CONSUMABLES REDUNDANCY REMAINS, FOR AN OPENI CONSUMABLE CRITERIA
NOMINALLY PERMIT CONTINUATION OF THE LUNAR LANDING MISSION WITH AN ABBREVIATED
LUNAR STAYI FOR A SHORTt ALL DESCENT ELECTRICAL CONSUMABLES ARE LOST (SEE
22-1.B.2 ABOVE AND THERE ARE INSUFFICIENT ASCENT CONSUMABLES TO COMPLETE THE
NOMINAL MISSION*

(B) ALTERNATE MISSIONS

ANY ALTERNATE MISSION THAT DOES NOT VIOLATE CONSUMABLES CRITERIA IS ACCEPTABLE,
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Co ASCENT FEEDER(S)

i, DEFINITION (REF MR 22-2 AND FIG L)

LUSS OF AN ASCENT FEEDER IS DEFINED AS TNE INABIL]TY TO USE AS A POWER PATH

THE ELECTRICAL CONNECTIONS FROM THE OUTPUT TERMINALS OF THE ASCENT ECA_S TO
THE BAT FEED TIE CIRCUIT BREAKERS. SINCE NO UINGLE OPEN FAILURE CAN RESULT
IN LOSS OF AN ASCENT FEEOERI ONLY SHORTED FEEUERS ARE CONSIDEREU.

2. GENERAL OPENATIONAL IMPACT

THE AFFECT_O BUS CAN ONLY BE POWERED VIA THE BUS CNOSSTIE CIRCUIT BREAKERS

MAKING CACTI BUS SUSCEPTIBLE TO A SHORT ON THE orMER. ]N IHIS CONFIGURATIONJ
LOSS OF THH REMAINING FEEDER IS CATASTROPHIC. ALSOt A SHORTED ASCENT FEEDER
NESOLTS IN LOSS OF THL CORRESPONOINM UESCLNT FEEDER (]F UNSFAGEO) AND TwO
DESCENT BATTERI=S. THE ASCENT BATTERY THAT PONE!_EO THE LOST BUS VIA ITS
NORMAL FEEDPATH CAN BE USED ON ]TS BACKUP FEEUPAFH TO POWER TME REMAINING
GI)Ot) BUS,

3, SPECIFIC OPENATIONAL IMPACT (REF MN 22-21)

(A) NOMINAL MISSION

ALL PNASES" LOSS OF AN ASCENT FEEDER WILL REQUIRE AN ABORT AND IMMEDIATE RETURN
TO THE CSM BECAUSE THE SUBSE_UENT FAILURE OF THE OTHER ASCENT FEEDER WOULD RESULT
IN THE INABILITY TO POWER THE SPACECRAFT, DOCKED SYSTEMS EVALUATION CAN BE
PERFORMED WITH THE HATCH OPEN AND THE TUmbREL CLEAR, THE CREW COULD SAFELY RETURN
TO THE CSM ]F ALL POWER WAS LOST DUE TU A SDBSE_UENT SHORT,

(B) ALTERNATE MISSIONS

NO UNOCCKED ALTERNATE MISSION WILL BE CONS]DERED BECAUSE OF THE IMPACT OF A
SUBSEQUENT LPS FAILURE,

De DESCENT BATTERYIS)

i. DEFINITION (R_F MN 2Z-2)

A DESCENT _ATTERY 1S CONSIDERED LOST IF---

CA) THE BAITERY OUTPUT IS EQUAL TO OR LESS THAN 2 AMPS WHEN CONNECTED TO A BUS - THIS
]NDICATES THE BATTERY IS INCAPABLE OF DEL]VER]NU POWER AND ]S A REASONABLE L]MIT

TO DIPFERENTIATE BETWEEN A NORMAL AND A REVERSE CURRENT, A LOW OUTPUT SHOULD ALSO
BE ACCOMPANIED BY A LOW BATTERY VOLTAGE.

(_) BATTERY TEMPERATURE EQUAL TO OR GREATER THAN L45 DEC F WITH VOLTAGE AND CURRENT
HIGHER THAN NUMIklAL - DETECTED BY A BATTERY MALFUNCTIUN ANU WARNING LIGHT WITHOUT
THE BATTERY AUTO_;ATICALLY BEING TAKEN OFFLI_E, AT TEMPERATURES GREATEN THAN 14B

DEB F_ PERMANENT DAMAGE TO THE BATTERY OCCURS,

(G) IN_ILITY T() MEET REGO!RED VOLTAGE REGULATION UNDER LOAD I SELF EXPLANATORY,

(o) INA_ILIIY TO HE CONNECTED TO A FEEDER OUE TU A MALFUNCTIONED ECA - SELF
EXPLANATORY.

(E) BATTERY OPEN CIRCUIT LESS THAN _Z,B VDC STEADY STATE - THE NOMINAL OPEN CIRCUIT
VOLTAGE WHEN UPENATiNG IN THE PEROXIDE NEGIbN (LESS THAN 20 AMP-HOURS REMOVEO) OF
THE UlSCHANGE CURVE IS 37V (i,_5 VICELL). THE MINIMUM OPEN CIRCUIT VOLTAGE WHEN
OPERATING IN THE MONONIDE REGION (GREAIER THAN 20 AMP-HOURS REMOVED) OF THE
DISCHARGE CURVE IS _L*8 V {&,b9 V/CELL), A LOWER VOLTAGE INDICATES A DEPLETED
BATTExY OR LL;SS BF CELLS wITHIN THE BATTERY (L,Bb VOLTSICELL)*

2* b_NERAL _PHNAT_UNAL IMPACT

LOSS OF ONE QR TwO DESCHNT BATTER]kS WILL HAVE NO EFFECT Om THE MISSION FROM
A SYSTEMS STAN_PO]mT, AS DEFINEO ABOVEm TWO DESCENT BATTERieS COULD BE LOST
FUR COMPLETELY ONRELATLD REASONSt AND NOT CAUSE LOSS OF CONFIDENCE IN TNE,
BATTERIES* FOR EXAMPLE, ONE BATTERY CUULD BE LOST DUE TO AN INTERNAL
BATTERY PROBLEM AND A._OTHER LOST DUE TO AN ECA MALFUNCTION. IF BOTH
#ATTERIES wERE LOST DUE TO IDENTICAL MALFUNCTIONS_ SYSTEMS CONFIDENCE WOULD
BE W_AKE,\EO BUT TH_ MISSION WOULD BE CONTINLJEU UIxLHSS A DEFINITE PROPAGATING
FAILURE kLE_JENT IS FOUND, DESCENT POWER REDU,_DAI_CY STILL HEMAINS AND BOTH
ASCENT BATTERIES ARE AVAILABLE, LOSS OF THREE OR MORE DESCEJ_T BATTERIES
]'_OICATLS A SERIUOSLY DEGRADING PLECTRICAL SYSTHM REGARDLESS OF THE REASON
FOR THE LOSS AND TNE LM SHOULD RETURN TO THE VICINITY OF THE CSMo
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3, SPECIFIC OPERATIONAL IMPACT (REF MR 22-23)

(A) NOMINAL MISSION

(1) ALL PHASES EXCEPT LO GATE TO TOUCHDOWN - LOSS OF ONE OR TWO DESCENT
BATTERIES WILL HAVE NO EFFECT ON THE NOMINAL OR ALTERNATE MISSIONSP CONSUMABLES
PERMITTING, LOSS OF THREE OR MORE DESCENT BATTERIES WILL CONSTITUTE. A MISSION
ABORT_ RENDEZVOUS, AND DOCKING WITH THE CSM ASAP, SERIOUS ELECTRICAL SYSTEM
PROBLEMS ARE SUSPECTED AND EVEN WITH A COMPLETELY NOMINAL ASCENT SYSTEMP THE
ELECTRICAL SYSTEM SHOULD NOT BE RELIED UPON= DOCKED SYSTEMS EVALUATION CAN BE
PERFORMED WITH THE CONNECTING HATCHES OPEN AND THE TUNNEL CLEAR=

(2) LO GATE TO TOUCHDOWN - THE TIME TO RETURN TO DOCK WITH THE CSM IS _ HOURS
WHETHER THE MISSION IS ABORTED DURING THIS PHASE OR THE LM LANDSt AND THEN LIFTS
OFF AT Tl= AFTER LO GATE THE RECOMMENDED PROCEDURE IS TO LAND AND LIFTOFF AT TE

OR T3, THIS PROCEDURE IS CONSIDERED SAFER THAN ABORT STAGING AT A LOW ALTITUDE,

{B) ALTERNATE MISSIONS

THE SAME RATIONALE AS FOR NOMINAL MISSIONS APPLIES {REF PARA D,3=(A)), SEE ALSO
ASCENT BATTERIES - ALTERNATE MISSIONS,

E= ASCENT BATTERY{S!

1, DEFINITION

SAME AS FOR DESCENT BATTERY (REF PARA Dol)

2= GENERAL OPERATIONAL IMPACT

LOSS OF AN ASCENT BATTERY CONSTITUTES AN ABORT FROM THE NOMINAL MISSION
BECAUSE LOSS OF THE REMAINING BATTERY WOULD RESULT IN THE INABILITY TO POWER
THE SPACECRAFT FOR STAGE OPERATIONS,

3= SPECIFIC OPERATIONAL IMPACT {REF MR 22-22J

(A) NOMINAL MISSION

{1) UNDO€KING THROUGHPDI.5+3O " THE NOMINAL MISSION WILL BE ABORTED FOR THE
LOSS OF ONE ASCENT BATTERY TO AVOID COMMITTING TO STAGED OPERATIONS WITH ONLY ONE
ASCENT BATTERY, STAGING SHOULDNOT BE PERFORMEDUNLESS NECESSARY FOR CREW SAFETY
AND THE LM SHOULD DOCK ASAP,

(2) POI .5.90 TO TOUCHDOWN - THE LM SHOULD LAND TO PREVENT A ONE BATTERY/ONE BUS
ABORT AND STAGING ON ONE PYRO SYSTEM,
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SEVERAL OPTIONS ARE AVAILABLE---

ONE BATTERY/ONE BUS ABORT STAGING - THIS I$ NOT CONSIDERED TO BE A GOOD SOLUTION
SINCE THE LOSS OF A BUS MEANS A LOSS OF REDUNDANCY AND/OR LIMITED CAPABILITIES IN
PYRO $YSTEMt GUIDANCE SYSTEMSP ECSt ETC,

ONE BATTERY/TWO BUS ABORT STAGING - THIS IS NOT CONSIDERED TO BE A SOLUTION SINCE
THE REMAINING ASCENT BATTERY WOULD NOT BE CONDITIONED TO SUPPORT THE CURRENT STEP
ASSOCIATED WITH ABORT STAGING_ HENCE IT COULD RESULT IN A LOSS OF GUIDANCE
SYSTEMS AND REQUIRE A MANUAL ASCENTo

ONE BATTERY/TWO BUS MANUAL SEQUENCING OF DESCENT TO ASCENT POWERe STAGING, AND

APS ON - THIS IS NOT CONSIDERED TO BE A GOOD SOLUTION SINCE THE REMAINING BATTERY
MAY OR MAY NOT CONDITIONED FOR THIS PROCEDURE (S AMP/HOQRS MUST HAVE BEEN REMOVED

BEFORE THE LAST DESCENT BATTERY IS D]SCONNECTEO), ALSO ADEQUATE TIME MAY NOT BE
AVAILABLE TO COMPLETE THIS PROCEDURE,

LAND= CONFIGURE FOR A ONE BATTERY/TWO BUS TI L/O USING NORMAL L/O PROCEDURE5 -
THIS IS A REASONABLE SOLUTION SINCE IT RETAINS THE TWO BUS REDUNDANCYP AND THE

BEHAINING ASCENT BATTERY SHOULD BE ADEQUATELY CONDITIONED WITH 5 AMP HOURS
REMOVED INSURING THAT THE GUIDANCE SYSTEMS WILL NOT BE ADVERSELY AFFECTED, IT
ALSO SHOULD PROVIDE ADEQUATE TIME TO PROPERLY CONFIGURE THE ~ SPACECRAFT FOR THE
L/O, THE RENDEZVOUS AND DOCKING TZ_E FOR A L/O AT T_ IS 4 HOURS-- WHEREASp THE

TOTAL TIME FOR LUNAR STAY RENDEZVOUS AND DOCKING IS 6 HOURS FOR A L/O AT T2 OR E
REV LATER AT T3, THE ADVANTAGE OF A T3 L/O IS THAT DESCENT POWER CAN BE USED FOR
THE LUNAR STAY TIME-- THEREBYP REDUCING THE ASCENT POWER REQUIREMENTS, THE
ADVANTAGE OF A TZ L/O IS THAT THE LM 1S IN ORBIT ALMOST IMMEDIATELY AND THE TIME
FOR THE REMAINING ASCENT BAT TO FAIL ON THE LUNAR SURFACE IS REDUCED, THE
DISADVANTAGE OF A T2 L/O 1S THAT THE LM MUST BE POWERED DOWN SINCE ONE BATTERY I5
NOT ADEQUATE TO PERMIT A 6 HOUR POWERED UP RENDEZVOUS, THE RENDEZVOUS AND DOCKING
TIME FOR A L/O AT T1 IS 4 HOURS_ WHEREAS THE TOTAL TIME FOR LUNAR STAYt
RENDEZVOUSt AND DOCKING IS 6 HOURS FOR L/O AT TZ OR ONE REV LATER AT T_, THE
ADVANTAGE OF A T3 L/O IS THAT DESCENT POWER CAN BE USED FOR THE LUNAR STAY TIME--
THEREBY_ REDUCING THE ASCENT POWER REQUIREMENTS, THE ADVANTAGE OF A T2 L/O IS
THAT THE LM IS IN ORBIT ALMOST IMMEDIATELY AND THE TIME FOR THE REMAINING

ASCENT BATTERY TO'FAIL ON THE LUNAR SURFACE IS REDUCED, THEDISADVANTAGE OF A T2
L/O IS THAT THE LM MUST BE POWERED DOWN SINCE ONE BATTERY IS NOT ADEQUATE TO
PERHIT A S HOUR POWERED UP RENDEZVOUSo

13) LUNAR STAY - LOSS OF AN ASCENT BATTERY WHILE ON THE LUNAR SURFACE REQUIRES A
LIFTOFF AT THE FIRST OPPORTUNITY BECAUSE FAILURE OF THE REMAINING ASCENT BATTERY
WOULD RESULT IN THE INABILITY TO POWER THE SPACECRAFT AFTER STAGING*
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CONT

(&) RENDEZVOUS - LM-ACTIVE RENDEZVOUS WILL BE PERFORMED A_ LONG AS
SUFFICIENT ELECTRICAL'POWER TO SUPPORT RENDEZVOUS EoUIPMENT REMAINS.

IH) ALTERNATE MISSIONS

ONDOGKING AND TH_ DESCENT ORBIT PHASES MAY BE INITIATED WITH LOSS OF ONE AS_NT
BATTERY BUT NOT POWERED DESCENT, ANY ALTERNATE MISSION MAY BE PERFORMED WHICH

WILL NOT NOMINALLY COMMIT THE LM TO STAGING,

_. LOSS OF BOTH ASCENT BATTERIES

ALL PHASES - CONSTITUTES AN ABORT AND RENDEZVOUS WITH THE CSM ASAP, IF

OOCKED_ THE LM WILL NOT UNDOCK BECAUSE ANY FAILURE WHICH COULD FORCE THE LM
TO STAGE WOULD RESULT IN THE INABILITY TO POWER THE SPACECRAFT.
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F+ INVERTERS

1, DEFINITION (REF MR 22-2|

AN INVERTER IS CONSIDERED LOST IF THE AC BUS VOLTAGE CANNOT BE MAINTAINED
S_UAL TO OR GREATER THAN 110+5 VAE AND LESS THAN 120 VAC OR THE AC BUS
FREQUENCY CANNOT BE MAINTAINED EQUAL TO OR GREATER THAN 390 HZ AND EQUAL TO
OR LESS THAN _I0 HZ, A FUNCTIONAL INVERTER SHOULD OPERATE wELL WITHIN THESE

RANGES. AN OUT OF SPEC CONDITION EXISTS FOR ALL AC EOUIPMENT AT OR BEYOND
THESE LIMITS,

2, GENERAL OPERATIONAL IMPACT

LOSS OF EITHER OF BOTH INVERTERS DOES NOT PRESENT ANY CREW SAFETY PROBLEM.
LOSS OF ALL AC POWER ODES+ HOWEVER_ SERIOUSLY HANDICAP MISSION PHASES WHERE
LOSS OF E_UIPMENT LISTED IN THE AC BUS LOADS/E_LJIPMENT TABLE AFFECTS LM
CAPABILITY.

3. SPECIFIC OPERATIONAL IMPACT (REF MR 22-2A)

{A) ALL PHASES - FOR LOSS OF ONE INVERTER THE MISSION wILL BE LONTINUED,

(B) DOCKED, UNDOCKED - WITH BOTH INVERTERS LOST, CIRCULARI_ATION WILL NOT BE

PERFORMED BECAUSE THE LM WILL NOT BE COMMITTED TO A RENDEZVOUS WITHOUT THE
RENDEZVOUS RADAR,

(C) CIRC TO TOUCHDOWN - WITH BOTH INVERTERS LUSTy THE LM _ILL NOT BE COMMITTED TO
POWERED DESCENT ORt IF PDI HAS ALREADY OCCURRSDt WILL ABORT IF pRIOR TO LO GATE,

LOSS OF ALL AC REDUCES TOTAL SPACECRAFT CAPABILITY TO THE EXTENT THAT FURTHER
PROGRESS BECOMES HAZARDOUS, FUNCTIONS LOST INCLUDE--- RENUZ RDR, RNG/ALT METER,
BOTH FDAI'S, THE S-BAND STEERABLE ANTENNA_ DEOA ONBOARD READOUTSt NUMERIC AND

INTEGRAL LIGHTING_ UPS READOUTS AND THE TIMERS, AFTER LO GATE, HOWEVER, IT IS
PREFERABLE TO ATTEMPT TO LAND,

(D) LUNAR STAY - THE MISSION WILL BE CONTINUED WITH LOBS OF BOTH INVERTERS SINCE THE

SITUATION CANNOT _ORSEN INSOFAR AS AC IS CONCERNED AND IT IS NOT CRITICAL TO
THESE PHASES,
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G, AC BUS(ES)

1. DEFINITION (REF MR 22-2)

AN AC BUS 1$ CONSIDERED LOST IF POWER CANNOT BE SUPPLIED TO ITP IF THE BUS
VOLTAGE CANNOT BE MAINTAINED EQUAL TO OR LESS THAN _20 AND E_UAL TO OR
GREATER THAN _10o5 VACt OR THE BUS FREOUENCY EQUAL TO OR LESS THAN 410 AND
EQUAL TO OR GREATER THAN 390 Hie

21 GENERAL OPERATIONAL IMPACT

LOSS OF AC BUS A WILL RESULT IN LOSS OF THE DESCENT ENGINE UIMBALING AND A
SEVERELY HANDICAPPED RENDEZVOUS BECAUSE OF LOSS OF THE RENDEZVOUS RADARP
RNO/RNG RT ALT/ALT RT METERt GASTAt AND INTEGRAL LIGHTING= THE MAJOR IMPACT
OF LOSS OF AC BUS B WOULD BE LOSS OF THE HBR TM IF A 210 FOOT ANTENNA IS NOT
AVAILABLE-- THUS HANDICAPPING SYSTEMS ANALYSIS AND CAUSING LOSS OF
TRAJECTORY INFORMATION= LOSS OF BOTH AC BUSES WOULD CAUSE LOSS OF ALL OF THE
ABOVE_ PLUS BOTH FDAIIS AND THE AOT,

9. SPECIFIC OPERATIONAL IMPACT (REF MR 22-25)

(A) NOMINAL MISSION

(l) DOCKEDt UNDOCKED - LOSS OF AC BUS A OR BOTH BusES WiLL PREVENT INITIATING
CIRCULARIZATION DUE TO LOBS OF THE DESCENT ENGINE GIMBALS AND RENDEZVOUS RADAR.
LOSS OF ONLY AC BUS B WILL NOT INHIBIT CIRCULARIZATION SINCE NO CRITICAL
FUNCTIONS ARE LOST,

12) PDI THROUGH TOUCHDOWN - WITH THE LOGS OF EITHER BUS A OR BUS B THE MISSION
WILL BE CONTINUED SINCE TOTAL SPACECRAFT CAPABILITY IS NOT SEVERELY HANDICAPPED
WITH LOSS OF ONE AC BUS. SHOULD BOTH BUSES BE LOSTp ALL AC IS LOST AND POWERED
DEGCENTt UNTIL LO GATE_ WILL BE ABORTED {SEE PARA F,3,(C))*

(9} LUNAR STAY - AFTER TOUCHDOWNt LOSS OF AC POWERED EQUIPMENT IS NOT CRITICAL.
ALSOo IF ONE AC BUS IS LOSTp EARLY LIFTOFF WILL NOT COMPENSATE FOR THE LOSS*
MOREOVERt THERE IS NO REASON TO EXPECT FAILURE OF ONE BUS TO AFFECT RELIABILITY
OF THE REMAINING BUS*

22-2 NO RATIONALE REQUIRED

22-3 NO RATIONALE REQUIRED
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22-10 OVERCURRENT PROTECTION

THE MISSION WILL BE CONTINUED WITH LOSS OF OVERCURRENT PROTECTION-- IF THIS PROTECTION IS LOST
PRIOR TO EARTH LIFTOFFt A HOLD WILL BE CALLED,

ECA CIRCUITRY_ ASSOCIATED WITH CURRENT MEATURING_ DETECTS AN OVERCURRENT CONDITION )GREATER THAN
150 AMPS/ AN_ APPLIES POWER TO THE °tRESETZt COILS OF THE RELAY CONNECTING THE BATTERY TO THE

FEEDER.

ECA OVERCURRENT PROTECTION IS DEFINITELY LOST IF BOTH CIRCUIT BREAKERS POWERING THE DESCENT OR
ABCENT ECAtG FAIL OPEN_ OR IF AN ASCENT BATTERY NORMAL FEED CONTACTOR 1S LOSTe

OVERCURRENT PROTECTION IS PROBABLY LOBT IF A BATTERY CURRENT CANNOT BE MEAGURED OR A BATTERY
CANNOT BE SWITCHEO OFFLINE. IT SHOULD BE NOTED THAT IF CURRENT CANNOT BE MEASUREDt THE PROBLEM
COULD BE IN THE CURRENT MEASURING CIRCUITRY OR IN THE INSTRUMENTATION, LIKEWISE IF THE BATTERY

CANNOT BE SWITCHED OFFLINE MANUALLY_ THE PROBLEM CAN BE IN THE ECA OR IN THE MANUAL SWITCH AND
ASSOCIATED CONTROL LINES EXTERNAL TO THE ECA. SINCE IT IS IMPOSSIBLE TO ISOLATE A FAULT
EXTERNAL TO THE ECA {OVERCURRENT PROTECTION REMAINS) FROM CERTAIN FAULTS IN THE ECA (OVERCURRENT
PROTECTION LOST)_ IT MUST BE ASSUMED THAT IF THESE ANOMALIES OCCUR IN FLIGHT THAT OVERCURRENT
PROTECTION HAD BEEN LOST,

A, IF OvERCURRENT PROTECTION IS LOST ON AN INDIVIDUAL DESCENT BATTERYt THE BATTERY WILL BE
LEFT ONLINE IF REQUIRED,

THE OTHER DESCENT BATTERY CURRENTS AND VOLTAGES PROVIDE THE NECESSARY INDICATIONS AS TO THE
STATUS OF THE BATTERY)S) WITHOUT OVERCURRENT PROTECTION, THE BATTERY(S) WILL BE
IRDIVIDUALLY TAKEN OFFLINE MANUALLY IF AN OVERCURRENT CONDITION IS INOICATEDo IN THE EVENT
THAT THE BATTERy)S) CANNOT BE SWITCHED OFFLINE MANUALLYt ALL DESCENT BATTERIEB WILL BE
DEADFACED IF AN OVERCURRENT CONDITION OCCURS ON THE BATTERY{B) WHICH CANNOT BE SWITCHED
MANUALLY,

B, IF ALL DESCENT OVERCURRENT PROTECTION IS LOBTP BOTH ASCENT BATTERIES WILL BE PARALLELED
WITH THE DESCENT BATTERIES ONLINE PERIODICALLY TO MONITOR CURRENT AND OBTAIN A CONSUMABLE
TREND,

THE TOTAL CURRENT OF THE LM CAN BE EBTIMATED BY THE CURRENT BEING DELIVERED BY THE ASCENT
BATTERIES AND A CONSUMABLE TREND DEVELOPED* THIS WILL ALLOW COMPLETION OF THE NOMINAL
MISSION EXCEPT FOR THE TWO MAN EVAo A ONE MAN EVA IS CONSIDERED ADVISABLE TO ENABLE ONE
CREWMAN TO REMAIN IN THE LM'TO MONITOR THE EPGI IF THE TREND DATA IS" INADEQUATE AND THE
BATTERIES DEPLETE SOONER THAN EXPECTEDt SUFFICIENT CONSUMABLES WILL BE AVAILABLE IN THE
ASCENT BATTERIES FOR A SAFE RETURN TO THE CSM=

C, 1F ONE OR BOTH ABCENT BATTERY NORMAL FEED CONTACTORS FAIL OPENt THE SPACECRAFT
CONFIGURATION FOR ASCENT STAGE ONLY OPERATIONS WILL USE BACKUP F_EDS ON BOTH ASCENT
BATTERIES WITH OPEN BUS CROSSTIES*

BOTH BUSES WILL BE INDEPENDENTLY POWERED AND ISOLATED FROM EACH OTHER SO THAT A SHORT ON
ONE BUS OR FEEDER WILL NOT AFFECT THE OTHER,
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!22-11 THE ASCENT BATTERIES WILL BE PRECONDITIONED FOR---

A. ABORT STAGING WITH TWO ASCENT BATTERIES/SPLIT BUS OPERATION = BY REMOVING A MINIMUM OF 2o5
AMP HOURS FROM THE BATTERY ON THE LMP BUSS (NORMALLY BATTERY 5) AND A MINIMUM OF 5 AMP
FLOURS FROM THE BATTERY ON .THE CDR BUS (NORMALLY BATTERY 6) IMMEDIATELY PRIOR TO PDI,

TESTS HAVE SHOWN THAT WITH THE CURRENT STEPS ACCOSICATED WITH THE CDR AND LMP BUSES AT
ABORT STAGING, THE ABOVE PRECONDITIONING 15 REQUIRED TO PREVENT THE VOLTAGE AT THE AEA FROM

FALLING BELOW 2Z,5 VDC FOR GREATER THAN O,5 SECONDS {LOSS OF AEA MEMORY| OR THE VOLTAGE AT
THE pGNS FROM FALLING BELOW 22.6 +/- O,_ VDC FOR GREATER THAN 0,5 SECONDS (LGC RESTART),
THE CURRENT STEP IN THIS CASE IS ESSENTIALLY ONE LARGE STEP ON EACH BUS,

B° LUNAR L/O OR STAGING DURING COASTING FLIGHT WITH TWO ASCENT BATTERIES/SPLIT BUS OPERATION -

BY REMOVING A MINIMUM OF 2,5 AMP HOURS FROM EACH ASCENT BATTERY IMMEDIATELY PRIOR TO
DISCONNECTING THE LAST DESCENT BATTERY FROM EACH BUS,

THIS PROCEDURE IS REQUIRED TO AVOID UNDBRVOLTAGES AT THE GUIDANCE EQUIPMENT (AEA AND LOG)
WHEN THE LM IS NOT IN POWERED FLIGHT,

THE CURRENT STEP IN THIS CASE IS SMALLER SINCE IT IS A SUCCESSION OF STEPS WHEN NOMINAL
LIFTOFF/STAGING PROCEDURES ARE USED. SEQUENTIALLY REMOVING THE TWO DESCENT BATTERIES ON
EACH BUS RESULTS IN TWO SMALLER STEPS, AND SUBSEQUENT STAGING_ APS ONt AND RCS JETS FIRING

CONSTITUTES THE REMAINING STEPS,

C, LUNAR L/O OR STAGING DURING COASTING FLIGHT WITH ONE ASCENT BATTERY/TWO BUS OPERATION - BY
REMOVING A MINIMUM OF 5 AMP HOURS FROM THE REMAINING ASCENT BATTERY IMMEDIATELY PRIOR TO
DISCONNECTING THE LAST DESCENT BATTERY FROM THE BUS,

THIS pART OF THIS MISSION RULE COVERS THE CAPABILITY TO SWITCH TO ASCENT POWER AND STAGE
DURING COASTING FLIGHT OR DURING LUNAR STAY AT ANY TIME PROVIDED A MINIMUM OF 5 AMP HOURS
HAVE BEEN REMOVED IMMEDIATELY PRIOR TO DISCONNECTING THE LAST DESCENT BATTERY,

IF THE REMAINING ASCENT BATTERY HAS A MINIMUM OF 5 AMP HOURS REMOVED AT TOUCHDOWNP IT WOULD

BE THERMALLy AND CHEMICALLY CONDITIONED TO SUPPORT A TI OR T2 L/U WITHOUT ADVERSELY
AFFECTING THE GUIDANCE SYSTEMS. IN THIS CASE THE CURRENT STEPS WOULD BE A SucCESSION OF
STEPS AS EACH DESCENT BATTERY I5 DISCONNECTED FOLLOWED BY ADDITIONAL STEPS AS A RESULT OF
STAGING AND POWERED FLIGHT, HOWEVERt A ONE BATTERY/TWO BUS ABORT STAGING DURING POWERED
DESCENT IS PRECLUDED SINCE THE REMAINING ASCENT BATTERY WOULD NOT BE CONDITIONED TO SUPPORT
THE HIGH CURRENT STEP INVOLVED WITH ABORT STAGING, WHICH IS CAUSED BY NEAR SIMULTANEOUS
SWITCHDVER FROM DESCENT TO ASCENT POWER_ STAGING, APS ONt AND RCS JET FIRINGS,
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22-12 BUS TIE CIRCUIT BREAKERS

AT LEAST ONE OF THE BAL LOAD CROSSTIE (3OA) CIRCUIT BREAKERS WILL BE OPEN FOR MAIN PROPULSION
BURNGt 5TAGINBP AND WHENEVER BOTH IIAEA=I CIRCUIT BREAKERS ARE CLOSED,

THIS PREVENTS LOSS OF_ OR VOLTAGE TRANSIENTS ONo BOTH BUSES DURING CRITICAL MISSION PHASEB
SHOULD A SHORT OCCUR ON A BUS, THE AGS IB POWERED REDUNDANTLY VIA DIODES FROM BOTH BUSES AND
WILL NOT BE AFFECTED.

AT LEAST ONE OF THE BUS CROSSTIES {ZOOA) WILL NOMINALLY NEVER BE CLOTEOe

WITH BOTH THESE BREAKERS CLOSED, A SHORT ON ONE BUS WOULD DEFINITELY INDUCE TRANSIENTS ON THE
OTHER BUS WHICH WOULD BE DETRIMENTAL TO THE AEAe

22-13 SHORT ISOLATION"

ELECTRICAL POWER WILL NEVER BE INTENTIONALLY APPLIED TO A SHORT TO HELP DETERMINE ITS LOCATION

UNLESS THE FEEDER FAULT LIGHT HAS FAILEDQ A GOOD BUS WILL NEVER BE CRGSST_EO INTO A SHORT OR
POSSIBLE SHORT=

FOR LM-6 AND SUBSE_UENTt THE BUS FAULT LIGHT HAS BEEN CONNECTED TO THE FEEDERS ENABLING A RAPID
DETERMINATION OF FEEDER VS BUS SHORTS AND ELIMINATING THE NEED TO INTENTIONALLY FEED A GHORT,

THE BUSES WILL NEVER BE CROSGTIED TO DETECT THE LOCATION OF A SHORT WHICH ELIMINATES THE
POSSIBILITY OF INDUCING VOLTAGE TRANSIENTS ON THE REMAINING BUS, \

22-14 INVERTER SWITCHING

THE INVERTER5 WILL BE SWITCHED FOR A VOLTAGE EQUAL TO OR LESS THAN ll2VAC OR A FREQUENCY EQUAL
TO OR GREATER THAN 402 HZ OR EQUAL TO OR LESS THAN 39B HZ.

SHOULD THE INVERTER OPERATE OUTSIDE THESE LIMITSt A MASTER ALARM WILL BE TRIGGERED INDICATING
DEGRADED INVERTER OPERATION. SWITCHING INVERTERB WILL CLEAR THE MASTER" ALARM AND INDICATE
WHETHER THE FAILURE WAS THE FAULT OF THE INVERTER, THE AC DISTRIBUTION SYSTEM, OR
INSTRUMENTATION,

22-1_ BATTERY MANAGEMENT

BATTERIES WILL BE MANAGED DURING LUNAR STAY TO MAINTAIN EQUAL DISSIPATION OF AVAILABLE ENERGY
WITHIN TBD AMP-HOURS BETWEEN ALL BATTERIES ONLINE,

BATTERIES HAVING THE SAME CHARACTERISTICS SUCH AS INTERNAL RESITTANCE_ TEMPERATURE_ STATE OF
CHARGEr AND CHEMICAL MAKEUP SHOULD DISCHARGE FAIRLY EVENLY WHEN PARALLELLED, DUE TO THE
PHYSICAL LOCATION OF THE BATTERIES ON THE COOLANT LOOPS THERE WILL BE A DELTA IN TEMPERATURES

CAUSING SOME DIFFERENCE IN THE DISCHARGE RATES OF THE BATTERIES* HOWEVERP AT SOME POINT THE
DELTA AMP-HOURS BETWEEN THEM WILL INDICATE THAT THE DIFFERENCE IN THEIR PHYSICAL MAKEUP PREVENTS
EVEN DISCHARGING AND THEREFORE BATTERY MANAGEMENT WILL BE EXERCIGED IF REQUIRED TO MEET MISSION

OBJECTIVES OR TO _A_NTAIN _OMINAL CREW PROCEDURES, AT _LL TINGS THE CAPABILITY OF _PLITTING THE
BusEs wiTH NOMINAL ASCENT/DEscENT s_ARIN_ _RIOR T_'LUNAR LIFT_Fff'WILL'BE _AINf_i_b:_ "
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22-16 SHORTED DESCENT FEEDER

FOR A SHORTED DESCENT FEEDERt THE ASCENT BATTERIES WILL BE PLACED ON NORMAL FEED WITH THE SHORT
ISOLATED VIA THE DEADFACE RELAY, OPERATIONALLY THIS RESULTS IN THE LOSS OF ALL REMAINING
DESCENT ELECTRICAL ENERGY FOR CONSUMABLE CONSIDERATIONS, THE TWO DESCENT BATTERIES THAT STILL
HAVE AN OPERABLE FEEDPATH WILL BE USED ONLY IF NECESSARY TO MAINTAIN CREW SAFETY,

IF THE DESCENT BATTERIES ARE NOT DEAOFACED FOR A SHORT ON A DESCENT FEEDERt A SUBSEQUENT SHORT
ON THE OTHER FEEDER SYSTEM OR BUS WOULD REMOVE ALL POWER FROM THE LM, POWER CANNOT BE RESTORED

uSING THE ASCENT BATTERIES AND FEEDERS BECAUSE THE SHORT MUST BE ISOLATED FROM THE BUS AND
ASCENT FEEDERS VIA THE DEADFACE RELAY WHICH REQUIRES POWER TO BE OPERATED, BY ISOLATING A

DESCENT FEEDER SHORTt ALL DESCENT ELECTRICAL POWER IS LOST, HOWEVER IN A CONTINGENCY SUCH AS
SUBSEQUENT LOSS OF ALL ASCENT BATTERIES THE TWO DESCENT BATTERIES NOT ON THE SHORTED FEEDER
COULD BE USED AGAIN BY CONNECTING THE DEADFACE RELAY, THE CONSUMABLES IN ALL DESCENT BATTERIES
WILL BE OONSIDERED UNAVAILABLE FOR MISSION PLANNING SUBSEQUENT TO A FEEDER SHORT,

22-17 LOSS OF ONE ASCENT BATTERY

WITH THE LOSS OF ONE ASCENT BATTERYt THE REMAINING ASCENT BATTERY WILL BE PLACED ON BOTH NORMAL
AND BACKUP FEEDS WITH THE CROSSTIES OPEN*

THIS PROCEDURE POWERS BOTH BUEES WITH A MINIMUM VOLTAGE DROP, IT ALSO PROVIDES AUTOMATIC
ISOLATION OF A SHORT ON EITHER BUSt SINCE THE BUS TIE (C/BtS) WOULD BE OPENP THERE WOULD BE NO
PROTECTION FOR A SHORT ON EITHER FEEDER SINCE THE VOLTAGE ON BOTH BUSES WOULD DROP TOO LOW TO
OPERATE THE ECA RELAYS,
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_2-18 OPEN DESCENT FEEDER OR LOSS OF TWO DESCENT BATTERIES ON SAME BUS

FOR AN OPEN DESCENT FEEDER OR FOR THE LOSS OF TWO DESCENT BATTERIES ON THE SAME BUS THE CROSST|E
BAL LOAD CIRCUIT BREAKERS WILL BE CLOSED ON THE LUNAR SURFACE AND THE MISSION CONTINUED WITHIN
THE CONSUMABLES BUDGET, IF ONLY ONE FEEDER IS BEING uTILIZED TO FEED POWER TO THE BUSES AND A

SHORT OCCURRED ON THIS FEEDER_ THERE WOULD BE NO WAY TO CLEAR THE SHORT AUTOMATICALLY _INCE THE
VOLTAGE WOULD BE TOO LOW TO OPERATE THE ECA RELAYS, THE POSSIBILITY OF A SHORT IN A STATIC

SITUATION ON THE LUNAR SURFACE IS CONSIDERED REMOTE ENOUGH TO ACCEPT THIS RISK* IF A SHORT DID
OCCUR, A CONNECTOR OR WIRE WOULD PROBABLY MELT TO OPEN THE CIRCUIT WITH NO CATASTROPHIC

CONSEQUENCE,

22-19 SHORTED ASCENT FEEDER ON LUNAR SURFACE

FOR A SHORTED ASCENT FEEDER ON THE LUNAR SURFACEr THE ASCENT BATTERIES WILL NOT BE CONNECTED

UNTIL THE NOMINAL TIME TO MEET PRECONDITIONING REQUIREMENTS, DURING LUNAR SURFACE OPERATIONS_
THE ASCENT bAITERIES ARE NOT PLACED ON LINE UNTIL THE NOMINAL TIME TO CONSERVE ASCENT ELECTRICAL

POWER* PLACING THE ASCENT BATTERIES ON LINE DOES NOT PROVIDE ANY ADDITIONAL PROTECTION IN THE
EVENT OF A SHORT ON THE GOOD BUS, THE LOAD REQUIREMENTS ARE WITHIN THE CURRENT HANDLING
CAPABILITY OF THE TWO REMAINING DESCENT BATTERIES,

22-20 REF RATIONALE FOR MR 22-i

22-21 REF RATIONALE FOR MR 22-i

22-22 REF RATIONALE FOR MR 22-i

22-2} REF RATIONALE FOR MR 22-1

22-24 REF RATIONALE FOR MR 22-1

!2-25 REF RATIONALE FOR MR 22-1
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23-1 LM GO/NO-GO CRITERIA CHART AND ASSOCIATED SPECIFIC MITBION RULES

TO INITIATE THE FOLLOWING MISSION PHASES_ THE ECS SYSTEM MUST PROVIDE THE FOLLOWING MINIMUM
CAPABILITIES (REF LM TELMU GO CRITERIA IN SECTION 3 OF MR)---

A, LOSS OF SUIT LOOP INTEGRITY

1, DEFINITION (REF MR 23-2)

TOTAL PGA/BUIT LOOP LEAKAGE E_UAL TO OR GREATER THAN 0,3 PSI/MIN (.Go6
LB/HR) DURING SUIT LOOP PRESSURE CHECK OR A VISIBLE TEAR IN THE PGA,

THIS UBAGE RATE WILL ALLOW UNPRESGURIZED CABIN OPERATIONS INCLUDING A TOTAL
METABOLIC 02 USE RATE OF 0,17 LB/HR FOR A MINIMUM OF S HOURS FROM THE ASCENT
02 TANKS°

2e GENERAL OPERATIONAL IMPACT

THE LOSS OF BUIT LOOP INTEGRITY REQUIRES THAT CABIN PRESSURE INTEGRITY BE
MAINTAINED FOR CREW GAFETY, SHOULD THE CABIN PRESSURE SHELL FAILI THE CREW
WOULD BE LOST_ SINCE THERE IS A MARGINAL SUPPLY OF ASCENT 02 (2,06 LBG) IN
EACH OF TWO TANKS TO MAINTAIN SUIT PRESSURE DURING THE RENDEZVOUS,

3, SPECIFIC OPERATIONAL IMPACT (REF MR 23-20)

CA) NOMINAL MISSION

(1) DOCKED - LM SYSTEMS EVALUATION MAY BE PERFORMED SINCE THE LM AUTOMATIC CABIN
REPRESSURIZATION CIRCUITRY WILL BE ACTIVATED-- IN THE EVENT OF A CABIN FAILUREt
THERE IS APPROXIMATELY 48 LBG OF 02 IN THE DESCENT TANK WHICH MAY BE USED TO
MAINTAIN CABIN PRESSURE WHILE THE CREW IS INGRESSING THE CSM,

{2) UNDOCKING THROUGH PDI +5+30 - IN ORDER TO RETAIN THE DESCENT 02 PURGE
CAPABILITYt STAGING SHOULD NOT BE ATTEMPTED, IT IS NECESSARY TO DOCK ASAP IN
ORDER TO REDUCE THE CHANCES OF A CABIN PUNCTURE THAT WOULD DEPLETE THE ONBOARD 02
SUPPLY,

(3) PDI +5+30 TO TOUCHDOWN - THE LM MUST BE 5TAGED [O REACH ORBIT, IF CABIN
PRESSURE INTEGRITY SHOULD BE LOST ALGOl THE SUPPLY OF ASCENT 02 COULD NOT
MAINTAIN SUIT pRESSURE UNTIL DOCKING HAS BEEN COMPLETED, THE MISSION SHOULD
THEREFORE BE ABORTED IN ORDER TO AVOID POSSIBLE DAMAGE TO THE CABIN SHELL AT

_ouc_ow_

(4) LUNAR STAY - A LOSS OF SUIT LOOP INTEGRITY PRIOR TO EVA PRECLUDE5 EVA AND
REQUIRES TERMINATION OF LUNAR STAY AT NEXT BEST OPPORTUNITY TO MINIMIZE THE TIME
TO CSM RETURN,

(5) RENDEZVOUS " SINCE A CSM RESCUE WOULD NOT SAVE TIME, LOSS OF SUIT INTEGRITY
DURING THIS PHASE IS NOT CAUSE FOR A CSM-ACTIVE RENDEZVOUS, OPS UNITS ARE
AVAILABLE SHOULD A CONTINGENCY SUCH AS LOSS OF CABIN INTEGRITY ARISE DURING THIS
PHASE,

MISSION REV DATE SECTION GROUP PAGE

APOLLO 14 FNL 12/15/70 LM SYSTEMS LM ECS
6-31



i

NASA - Manned Spacecraft Center

MISSION RULES

SECTION 6 - LM SYSTEMS

R ITEM

23-I
:ONT

(B) ALTERNATE MISSION

DUE TO THE RISKS INVOLVED, NO UNDOCKED ALTERNATE MISSION WILL BE CONSIDERED AND
THE DOCKED ACTIVITIES SHOULD BE VERY LIMITED.

B= CABIN PRESSURE INTEGRITY

l, DEFINITION IREP MR 23-2)

LM PRESSURE VESSEL LEAKAGE SUCH THAT CABIN PRESSURE CANNOT BE MAINTAINED

E_UAL TO OR GREATER THAN #.6 PSIA WITH AN 02 FLOW RATE OF 0,6 LB/HR*

THIS FLOW RATE WILL ALLOW A TOTAL METABOLIC 02 USE RATE OF 0,17 LB/HR FOR A
MINIMUM OF 6 HOURS FROM THE ASCENT 02 TANKS* FOR DOCKED ACTIVITIES, THIS
WILL BE RELAXED TO A FLOW RATE OF 6 LB/HR, THIS FLOW RATE ALLOWS EITHER THE
CGM REGULATORS OR A SINGLE LM DEMAND REGULATOR TO MAINTAIN CABIN PREBSURE
GREATER THAN 4.6 PSIA WITHIN CONSUMABLE LIMITATIONS*

2* GENERAL OPERATIONAL IMPACT

THE LOSS OF CABIN PRESSURE INTEGRITY REQUIRES THAT SUIT LOOP INTEGRITY BE
MAINTAINED FOR CREW SAFETY* SHOULD THE SUIT LOOP INTEGRITY BE LOSTP THE

CREW WOULD BE LO$Tt SINCE THERE IS A MARGINAL SUPPLY OF ASCENT 02 12.O6 LB5)
IN EACH OF TWO TANKS TO MAINTAIN CABIN OR SUIT PRESSURE DURING THE
RENDEZVOUS,

_= SPECIFIC OPERATIONAL IMPACT (REF MR 23-21)

{A) NOMINAL MISSION

{1) DOCKED - THE DOCKED PHASE WILL BE INITIATED AND/OR CONTINUED WITH A CABIN
LEAK RATE LESS THAN S LB/MR* EACH DEMAND REGULATOR CAN SUPPLY AN ADEUUATE 02
FLOW UP TO 6o75 LB/HR AT 95O PSIA. AT THIS POINT IN THE TIMELINEP THERE IG

APPROXIMATELY #8 LBS OF 02 IN THE DESCENT TANK, PROVIDING NORMAL LM
PRESSURIZATION FOR AT LEAST 8 HOURS. THE DOCKED PHASE CAN BE INITIATED WITH ONE
CREW MEMBER ON THE TRANSFER UMBILICALt WITH A CABIN LEAK GREATER THAN 6,0 LB/HR,
HOWEVERt IF THE LEAK RATE CANNOT BE REDUCEDp THE LM MIGGION WILL BE TERMINATED.
THE INFORMATION TO BE OBTAINED FROM A SYSTEMS EVALUATION WOULD NOT WARRANT
CONTINUED EXPOSURE OF THE CREW MEMBER TO THIS POTENTIALLY HAZARDOUS CONDITION.

(2) UNDOCKING TO PDI +5+30 - IN ORDER TO MAINTAIN THE DESCENT 02 SUPPLYP THE LM
SHOULD NOT BE COMMITTED TO STAGING, THE LM SHOULD ABORT AND DOCK ASAP TO REDUCE
THE CHANCE THAT A GROSS LOSG OF SUIT PRESSURE INTEGRITY MAY DEPLETE THE ONBOARD
02,

(3) PDI +5+30 TO LO GATE - THE MISSION SHOULD BE ABORTED TO AVOID RISKS OF
LANDING AND TO MINIMIZE THE RETURN TIME TO THE CSM.

(#) LO GATE TO TOUCHDOWN - THE MIGSION SHOULD BE CONTINUED WITH AN APPARENT
CABIN LEAK RATE GREATER THAN 0.6 LB/HR BECAUSE IT CANNOT BE DEFINITELY ATTRIBUTED

TO.A.LPS_.OF CAB!_ _H_L INTEGRIT_ _RELIE_ VALVE POSSIBLY .CBACKIN_.). PRIOR TO
TOUCHDOWNJ hUE TO THE _HORT_Ih_"_ER_OB' _OR TRoO_LE_dGT_N_I'_POR?RE_;T_E
POSBIBILITY OF DAMAGING THE SUIT LOOP AT TOUCHDOWN IS MINIMAL WHEN COMPARED WITH
THE POSSIBILITY OF DAMAGING THE CABIN BTRUCTURE. LIFTOFF SHOULD BE ACCOMPLISHED
AT THE NEXT BEST OPPORTUNITY.

(51 LUNAR STAY - A LOGS OF CABIN PRESSURE INTEGRITY PRIOR TO THE EVA WILL CANCEL
THE EVA PRIMARILY BECAUSE ECS/PLSS/ECS TRANSFER WOULD BE PERFORMED IN A VACUUM
AND EVA ACTIVITIES CAUSE CONSIDERABLE DELAY IN RETURN TO THE CSM, THE LUNAR STAY
WILL _E TERMINATED AT THE NEXT BEBT OPPORTUNITY TO MINIMIZE THE TIME TO ¢SM
RETURN*

16) RENDEZVOUS - SINCE THE ASCENT 02 WILL PERMIT AT LEAST 8 HRS OF CLOSED SUIT
LOOP OPERATION (SPEC SUIT LEAK PLUB CREW CONSUMPTION 0.25 LB/HRIt AND THE CREW
CAN PERFORM ALL NECESSARY FUNCTIONS IN A HARDSUIT_ LOSS OF CABIN INTEGRITY DURING
THIS PHASE WOULD NOT BE CAUSE FOR CSM RESCUE, OPS UNITS ARE AVAILABLE SHOULD AN
02 CONTINGENCY ARISE DURING THIS PHASE*
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Co SUIT FAN{S)

lm DEFINITION

A SUIT FAN I5 CONSIDERED LOST IF IT CANNOT BE TURNED ON OR IF THE DELTA P
ACROSS THE FAN IS LOW ENOUGH (6 IN HZO) TO ACTIVATE THE CAUTION AND WANNING
SYSTEM,

2* GENERAL OPERATIONAL IMPACT

FAILURE OF A SINGLE SUIT FAN IS NOT HAZARDOUS SINCE THE TWO LH SUIT FANS ARE
REDUNDANT. FAILURE OF BOTH SUIT FANS MEANS LOSS OF THE CAPABILITY TO REMOVE
C02 AND HUMIDITY FROM THE CABIN/SUIT ATMOSPHEREo

THE C02 BUILDUP IN THE HELMET IS CRITICAL* CAUSING UNACCEPTABLE LEVELS
WITHIN 1 TO 3 HINUTESP THEREFORE THE HELMET SHOULD BE REMOVED IMMEDIATELY*
C02 BUILDUP IN THE CABIN, WHILE CRITICALp PERMITS APPNOXIMATELY 4 HOURS OF
OPERATION WITHOUT CREW DEGRADATION,

3, SPECIF|C OPERATIONAL IMPACT _REF MR Z3-22)

{A) NOMINAL MISSION

(1) DOCKED - FAILURE OF A SINGLE FAN DOES NOT AFFECT THIS PHASE AS THE REDUNDANT
FAN CAN MEET PHYSIOLOGICAL REQUIREMENTS, THE LOSS OF BOTH FANS REQUIRES UNE
CREWMAN TO IVT INTO THE CSM WHILE THE OTHER CONTINUES DOCKED OPERATIONS ON THE
CSM TRANSFER UMBILICAL* SINCE THE TRANSFER UMBILICAL MUST BE USED* LOSS OF SUIT
CIRCULATION PRECLUDES UNDOCKED OPERATIONS,

(2) UNDOCKING TO PDI +5+30 - FAILURE OF ONE SUIT FAN DOES NOT AFFECT THIS PHASE
SINCE THE REMAINING FAN IS CONSIDERED RELIABLE AND AN ACCEPTABLE BACKUP PROCEDURE

IS AVAILABLE FOR RENDEZVOUS IF IT SHOULD FAIL, IF THE REMAINING SUIT FAN FAILSP
AN ABORT WILL BE REQUIRED AND CABIN MODE OF OPERATION OR* EGRESS MODE WITH
DESCENT 02 PURGE USED TO PREVENT CO2 BUILDUP*

{3) PDI +5+30 TO LO GATE - AFTER POX +5+30t THE DESCENT TAN_ CANNOT BE RETAINED
FOR PURGING PURPOSES AND FOR A LO GATE TO TOUCHDOWN ABORT* THE TIME TO DOCK 15 #

HOURS, THEREFORE* IF BOTH SUIT FANS FAIL* LM WILL ABORT TO AVOID POSGIBILITY OF
CABIN RUPTURE UPON LANDING (CREW LOSS)*

(4) LO GATE TO TOUCHDOWN - THE MISSION WILL NOT BE ABORTED FOR L055 OF BOTH SUIT
FANS 5INCE RISK OF LANDING IS LESS THAN RISK OF ABORTING AT THIS POINT,

(5) LUNAR STAY - THE MISSION WILL BE CONTINUED WITH THE LOSS OF ONE SUIT FAN
SINCE AN ACCEPTABLE WORKAROUND IS AVAILABLE SHOULD THE REMAINING FAN BE LOST,

(6) RENDEZVOUS - WITH THE LOSS OF BOTH FANS_ NOMINAL RENDEZVOUS PROCEDURES

SHOULQ BE _OLLQW_D W!TH DOCKING OCCURRING A_P_ ....

(B) ALTERNATE MISSIONS

UNDOCKING AND RENDEZVOUS " FAILURE OF ONE FAN DOES NOT PRECLUDE ANY ALTERNATE
MISSION WHICH ALLOWS RETENTION OF THE DESCENT OZ TANK (THROUGH DOCKING IF
NECESSARY) FOR 02 PURGE CAPABILITY* ALSO* A LOSS OF CABIN INTEGRITY IS LESS
LIKELY FOR ALTERNATES WHICH DO NOT SUBJECT THE LM STRUCTURE TO LANDING AND FITH*
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De 02 DEMAND REGULATORS

i. DEFINITION

A REGULATOB WILL BE CONSIDERED FAILED IF IT CANNOT MAINTAIN THE DESIRED

PRESSURE LEVEL IN EITHER AUTOMATIC (CABIN - 4,8 +/- .2 pSIA OR EGRESS = B,B
./- .2 PSIA) MODE.

THIS FAILURE DOES NOT PRECLUDE MANUAL OPERATION {DIRECT OR CLOSED) OF THE
AFFECTED REGULATOR(S),

2o GENERAL OPERATIONAL IMPACT

THE PRIME FUNCTION OF THE TWO PARALLEL DEMAND REGULATORS IS TO AUTOMATICALLY
PROVIDE 02 TO THE CREW AT SPECIFIED pRESSURES AND FLOW RATES. AN OPEN
FAILURE OF A SINGLE REGULATOR (6,75 LB/HR AT 950 PSIA} MAY BE COMPENSATED
FOR BY MANUALLY CLOSING THE REGULATOR. MOWEVERp A FAILED CLOSED REGULATOR
MAY NOT BE DETECTED EXCEPT DURING SCHEDULED IICABINII REGULATOR CHECKS

SINCE THE PARALLEL REGULATOR WILL CONTINUE TO SUPPLY 02 AT THE SPECIFIED
PRESSURE, SHOULD BOTH REGULATORS FAIL CLOSED WHILE OPERATING IN THE CABIN

MODE WITH HELMETS OFFt THE CABIN MAY BE IIBREATHE D DOWN It FROM 5,0 TO 4GO

PSIA AND THEN REPRESSED TO 5,0 PSIA BY MANUALLY CYCLING EITHER Of THE DEMAND
REGULATORS OR THE CABIN REPRESSURIZATION VALVE. WITH NORMAL USAGE RATES
(0,25 LB/HR)_ THIS MANUAL OPERATION IS NECESSARY EVERY 5,3 HOURS. WHEN

OPERATING IN THE EGRESS MODE, FAILURE OF BOTH DEMAND REGULATORS (OPEN OR
CLOSED) WILL REQUIRE THE CREW TO tIBREATHE DOWN _i THE SUITS FROM A*O TO _*3

PSIA AND MANUALLY REPRESS TO 4,0 PSIA USING A DEMAND REGULATOR, WITH NORMAL
USAGE RATESt THIS DECAY IN PRESSURE WILL TAKE APPROXIMATELY 6 MINUTES.

3. SPECIFIC OPERATIONAL IMPACT (REF MR 23-23)

(A) NOMINAL MISSION

(1) DOCKED - A SINGLE REGULATOR CAN MEET ALL THE REQUIREMENTS FOR DOCKED
OPERATIONS, A LOSS OF BOTH REGULATORS SHOULD NOT RESTRICT OPERATIONS WITH HELMET
AND GLOVES OFF. LM DESCENT 02 AND CSM MAKEUP 02 15 AVAILABLE IN THE EVENT CABIN
INTEGRITY IS LOST.

(2) UNDOCKING/THROUGH PDI - A FAILURE OF ONE REGULATOR WILL NOT CONSTITUTE AND
ABORT BECAUSE THE REDUNDANT REGULATOR AND CABIN PRESSURE INTEGRITY ARE AVAILABLE.
FAILURE OF BOTH REGULATORSt THUS REQUIRING MANUAL CYCLING I$ AN INEFFICIENT MEANS
OF SUPPLYING 02, WHICH COULD INTERFERE WITH CREW OPERATIONS AND THUS THE MISSION
SHOULD NOT BE CONTINUED,

(3) POWERED DESCENT - AFTER PDI IT BECOMES DIFFICULT IF NOT IMPOSSIBLE TO
CONFIRM A DOUBLE REGULATOR CLOSED FAILURE BEFORE LANDING AS THE REGULATORS ARE IN
EGRESS AND THE CABIN PRESSURE DECAY WOULD BE INSIGNIFICANT. AN OPEN FAILURE

COULD BE DETECTED BECAUSE OF THE HIGH 02 FLOW RATE (APPROX= EQUAL TO T LBS/HR),
WITH EITHER OR BOTH REGULATORS FAILED CLOSED OR OPENt MANUAL RECYCLING OF THE
VALVES IS REQUIRED. AT THIS TIME_ HUWEVER_ IT IS CONSIDERED OPTIMUM TO FOLLOW
THE NOMINAL _EW TIMEL!NE AND C_C_E.THEVALVES AS REQU!RED_

(4) LUNAR STAY - ONCE LM HAS LANOEDt THE REGULATORS MAY BE CYCLED BETWEEN CREW
TASKS IN ORDER TO MAINTAIN CABIN PRESSUREi EVAIS WILL NOT BE PERFORMED SINCE A
FAILURE TO REPRESS FORCES THE CREW TO CYCLE A DEMAND REGULATOR EVERY 2 TO 6
MINUTES FOR THE DURATION OF THE LM MISSION,

(B) RENDEZVOUS - THE CREW TASK ASSOCIATED WITH CYCLING A VALVE TO COMPENSATE FOR
LOSS OF BOTH DEMAND REGULATORS WILL NOT PREVENT THE CREW FROM PERFORMING ALL
TASKS REQUIRED FOR LM-ACTIVE RENDEZVOUS,

(B) ALTERNATE MISSIONS

LOSS OF ONE REGULATOR WILL NOT PROHIBIT UNDOCKED/RENDEZVOUS ALTERNATE MISSIONS*
HOWEVER, FAILURE OF BOTH REGULATORS PROHIBITS UNDOCKEO MISSIONS DUE TO HIGH CREW
WORKLOADS,
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E, H20 SEPARATOR{S)

l* DEFINITION

A H20 SEPARATOR WILL BE CONSIDERED LOST IF--- IT CANNOT BE STARTED {APPROX*
I MIN WHEN DRYJ, RATE FALLS BELOW BOO RPM WHICH WILL TRIGGER THE CAUTION
AND WARNING 5YSTEMt OR BOTH SUIT FANS FAILt THEREBY TERMINATING THE 02 FLOW
TO THE TURBINE-OPERATED SEPARATORS,

2, GENERAL OPERATIONAL IMPACT OF LOSS(ES)

THE TWO M20 SEPARATORS ARE REDUNDANT--- ONE H20 SEPARATOR WILL MAINTAIN
COMFORTABL_ TEMPERATURE/HUMIDITY CONDITIONS FOR THE CREw INDEFINITELY. THE
LCO, OPERATING INDEPENDENTLY OF H20 5EPARATORSo CAN MAINTAIN A SAFE
CONDITION FOR THE CREW FOR AT LEAST 6 HOURS, NORMALLY, ONE H20 SEPARATOR

AND THE LCG OPERATE SIMULTANEOUSLY, IF BOTH H20 SEPARATORS PLUS THE LCG
FAIL, THE ONLY COOLING FOR THE CREW iS BY 02 PURGE FLOW OF ABOUT 3,5

LB/HR/MAN, THUS, THE DESCENT TANK COULD PROVIDE UP TO S HOURS, BUT ASCENT
02 HAS ESSENTIALLY NO PURGE CAPABILITY, WITHOUT ACTIVE COOLING, THE CREWIS
pHySIOLOGICAL CONDITION DETERIORATES TO A CRITICAL LEVEL IN APPROXIMATELY
TO 1-1/2 HOURS IN THE PGA=S*

3, SPECIFIC OPERATIONAL IMPACT (REF MR 23-24}

(A) NOMINAL MISSION

(i) DOCKED - A LOSS OF BOTH SEPARATORS AND THE LCG LOOP WILL NOT PREVENT DOCKED
OPERATIONS AS THE CREW NOMINALLY WILL BE PERFORMING TASKS IN THEIR CONSTANT WEAR

GARMENTS, ALSO, THE TEMPERATURE/HUMIDITY EFFECT ON THE INDIVIDUAL GRADUALLY
INCREASES AND ALLOWS SUFFICIENT NOTICE FOR THE CREW TO TRANSFER TO THE CSM
UMBILICAL,

{2} UNDOCKING TO PDI + 5+30 - ONE H20 SEPARATOR 15 REWUIRED TO BE ABLE TO MEET
THE CREW COOLING REQUIREMENTS FOR A NOMINAL LUNAR SURFACE MISSION, SHOULD BOTH

SEPARATORS BE LOST, THE MISSION SHOULD BE ABORTED SUCH THAT THE DESCENT 02 TANK
CAN BE RETAINED_ IN THE EVENT OF AN ABORT, FOR 02 PURGE BACKUP CAPABILITY,

(3) PDI . 5+30 TO TOUCHDOWN - EVEN IF BOTH H20 SEPARATORS AND THE LCG ARE LOST,
LM WILL NOT ABORT POWERED DESCENT, SINCE THE DESCENT STAGE CANNOT BE RETAINED IF
LM ABORTS, THE CREW WOULD BE WITHOUT ACTIVE COOLING FOR 4 HOURS (NO 02 PURGE
CAPABILITY), 1F THE LM LANDED, THE MAXIMUM THE CREW COULD BE WITHOUT COOLING
WOULD ALSO BE 4 HOURS SINCE THE DESCENT 02 WILL PROVIDE PURGE COOLING WHILE ON
THE SURFACE, THEREFORE_ THERE IS NO ADVANTAGE TO ABORTING FOR FAILURES OF WATER
SEPARATORS AND/OR THE LCG,

(4) LUNAR STAY " FOR CONTINUED LUNAR STAY_ I SEPARATOR IS REQUIRED IN ORDER THAT
THE HEAT REJECTION CAPACITY Of THE SYSTEM IS MOT LOST, IN THE EVENT BOTH UNITS
FAILt THE CREW SHOULD PURGE AS REQUIRED WITH DESCENT 02 AND IF NECESSARYt
REPLENISH THE CABIN WITH DRY O2 JUST PRIOR TO LIFTOFF AT THE NEXT BEST

QPPQRT_N1T_, TH_ IS _ONSIDER_D TO BE AN ACCEPTABLE WORKARO_NO FOR CONTIMUIN_ THE
HISSION _IT_THE _ING[E _oINT _LU__ONbIT_oN O_A SiNgLE&kP_RATOR,
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151 RENDEZVOUS - THE LM WILL REMAIN ACTIVE AS LONG AS POSSIBLE FOR THE
RENDEZVOUS SINCE THE CREW TRAINING IS ORIENTED TOWARD THOSE PROCEDURES,

(B) ALTERNATE MISSIONS

NO UNDOCKED MISSION WILL BE CONSIDERED WITHOUT 1 OF 2 HZO SEPARATORS OPERABLE,

F, 02 TANKS

i, DEFINITION {REF MR 23-2)

02 TANKS ARE CONSIDERED LOST IF---

(A) DESCENT 02 TANK

INABILITY TO TRANSFER 02 FROM DESCENT TANK OR HSFN CONFIRMATION OF INADEQUATE
DESCENT TANK PRESSURE WITH 02 MANIFOLD PRESSURE,

(B) ASCENT 02 TANK

11) MSFN 'CONFIRMATION OF LOSS OF ASCENT TANK PRESSURE WITH 02 MANIFOLD
PRESSURE-- OR

12) IF UNSTAGED AND DESCENT TANK GREATER THAN B5 PERCENT_ CREW CONFIRM LOSS BY
BALANCING ONE TANK AGAINST THE OTHER-- OR

13) IF [1) AND 12) CANNOT BE PERFORMED( TANK IS ASSUMED LOST FOR LOSS OF ONBOARD
AND MSFN READOUT,

2. GENERAL OPERATIONAL IMPACT

A LOSS OF THE DESCENT TANK (48 LBS OF 02) PREVENTS EVA SINCE THE AMOUNT
REQUIRED FOR THE TWO REPRESGURIZATIONS (6,5B LB5 EACH) CANNOT BE SUPPLIED
FROM THE ASCENT TANKS, SECONDLY_ DESCENT TANK LOSS ELIMINATES THE
AVAILABILITY OF 02 FOR PURGING OPERATIONS (BoB LBS/HR AT BOO BTU/MAN-HOUR).

AN ABCENT TANK LOSE OEPLETE5 BY 50 PERCENT THE AMOUNT OF AVAILABLE 02 IN THE
ASCENT STAGE TANKS (4,12 FOR BOTH TANKS), SINCE THE NORMAL RENDEZVOUS MAY
BE COMPLETED ON ONE ASCENT 02 TANK AND THE CABIN 02 MAY BE CONSIDERED FOR
CONSUMABLE USAGEt A LOSS OF ONE TANK WILL NOT PREVENT A LUNAR LANDING,

3, SPECIFIC OPERATIONAL IMPACT (REF MR 23-25)

(A) NOMINAL MISSION

(1,} OOCKED/UNDOCKED/PRE-POI/POWERED DESCENT " THE MISSION WILL BE ABORTED AT
ANYTIME PRIOR TO PDI IF THE DESCENT 02 TANK I5 LOST SINCE THE EVA MAYNOT bE
PERFORMED AND THERE I5 LITTLE TO GAIN FROM LANDING AND LIFTIN_ OFF COMPARED TO
THE INHERENT RISKS, AFTER POI, THE POWERED BURN WILL NOT BE ABORTED FOR LOSS OF
THE DESCENT TANK* THE MISSION MAY BE CONTINUED WITH THE LOSS OF ANY SINGLE
ASCENT 02 TAN_ SINCE..THE T_M_ TO _OCKING IS WITHIN TH_ AMOUNT OF CONSUMABLES THAT
CouLD _E CONTXINED WITHIN T_E _EMAiN_NG"A_ENT _2 TANK ANb _HE _A_iN 'Is AVAILABLE
AS A BACKUP= SHOULD THERE BE A SUBSEQUENT LOSS OF AN 02 TANK PRIOR TO LO GATEp
THE REMAINING PRESSURE VESSEL (TANK OR CABIN) WOULD ONLY BE ABLE TO SUPPORT A
#-HOUR RENDEZVOUS AND THE MISSION SHOULD BE ABORTED=

AT LO GATE, THE LANDING WILL BE CONTINUED IF NO 02 TANKS ARE AVAILIABLE SINCE THE
HAZARDS INVOLVED WITH AN ABORT AT THAT POINT MAKE IT IMPRACTICALe

ADDITIONALLY_ THE CABIN MAY BE USED FOR A MAXIMUM OF 9 HOURS tAT 0o25 LB/MR) TO
PROVIDE METABOLIC AND CABIN LEAK REQUIREMENTS BEFORE THE CABIN DECREASES TO 3,3
PSIA, ALL OF THE RATIONALE ARE BASED ON SPECIFICATION LEAK AND USAGE RATES,

12,) LUNAR STAY/RENDEZVOUS - LUNAR STAY SHOULD BE TERMINATED AT THE NLXT BEST
OPPORTUNITY SHOULD THE DESCENT 02 TANK BE LOST= LOSS OF THE DESCENT TANK DURING
EVA WILL RESULT IN EITHER CLOSED SUIT LOOP LIFTOFF/RENDEZVOU5 OPERATIONS OF THE
USE OF THE OP5 TO PRESSURIZE THE CABIN. A LOSS OF EITHER ASCENT 02 TANK AFTER
LANDING WOULD NOT AFFECT LUNAR STAY OPERATIONS, IF SUBSEQUENTLY THE SECOND
A5CENT TANK WERE LOSTp THE DESCENT TANK COULD SUPPLY METABOLIC AND LEAKAUE
REQUIREMENTS UNTIL LIFTOFFo HOWEVERI THERE WILL BE NO FURTHER CABIN
OEPRESSURIZATIONS SINCE A FAILURE TO REPRESSURIZE WOULD LEAVE NO LM SOURCE OF 02
TO SUPPORT CLOSED SUIT LOOP OPERATIONSp AND PLS5 OPERATIONS FOR RENDEZVOUS ARE
HIGHLY UNDESIRABLE= DURING RENDEZVOUSP THE CABIN COULD BE BREA_HED DOWND OR IF
RETAINED AND RECHARGED* THE PLSS UNITS COULD BE USED,
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Go COOLANT LOOP S)

i, DEFINITION (REF MR 23-2)

SUSTAINED GLYCOL TEMPERATURE EQUAL TO OR GREATER THAN 50 pEG F AND RISING
EXCEPT DURING COOLANT LOOP STARTUP AND DRYOUT {SUBLIMATOR LOST) OR GLYCOL

PUMP DELTA P EQUAL TO OR LESS THAN 6 PBID (CIRCULATION LOST) OR KNOWN LOSS
OF H20 FEED CAPABILITY TO THE SUBLIMATOR(S),

2, GENERAL OPERATIONAL IMPACT

LOSS OF THE PRIMARY LOOP IS MORE SERIOUS THAN LOSS OF THE SECONDARY SINCE IT

COOLS MORE EQUIPMENT (E,G,P PNGSI AND 18 DESIGNED WITH MORE BUILT-IN
REDUNDANCY, PNGS IB USUALLY CONSIDERED UNRELIABLE AFTER OPERATING ABOUT AN
HOUR WITHOUT COOLINGt AS WOULD BE THE CAGE FOR A FAILURE OF THE PRIMARY
LOOP, LOSS OF EITHER LOOP IS CONSIDERED LOBS OF THERMAL CONTROL REDUNDANCY,

LOSS OF CREW COOLING IS THE MOST BERIOUS IMPACT OF LOSS OF BOTH LQUPS, CREW
PHYSIOLOGICAL CONDITION DETERIORATES TO A CRITICAL LEVEL IN APPROXIMATELY E

TO I-E/2 HOURB IN PGAIB, FOR LOSS OF BOTH LOOPSI LM EUUIPMENT WILL BE CYCLED
AS REQUIRED FOR LIFE SUPPORT_ €OMMUNICATION_ AND GUIDANCE AND CONTROL IN

ORDER TO PERFORM A LM ACTIVE RENDEZVOUS, THE CREW MAY BE REQUIRED TO DOFF
PeA'S.

3, SPECIFIC OPERATIONAL IMPACT (REF MR 2B-26)

(A) NOMINAL MISSION

(E,) DOCKED - OPERATIONS DURING THIS PHASE PERMIT SUFFICIENT TIME FOR CREW
INGRESS SHOULD THE SECOND LOOP FAIL,

(Z,) UNDOCKING TO PDI - IF THE PRIMARY COOLANT LOOP IS LOST_ THE NOMINAL MISSION
WILL BE ABORTED SINCE PGNB IS REQUIRED FOR POWERED DESCENT,

(_,) PDI TO LO GATE AND LUNAR STAY - SINCE THE TIME TO C&M DOCKING IS NOT

SHORTENED BY ABORTING DURING THEBE PHASESP AN ABORT IS NOT WARRANTED JUST BY THE
LOGS OF REDUNDANCY6 LOSS OF BOTH LOOPS DOES NOT JUSTIFY AN. ABORT PRIOR TO LO

GATE SINCE RENDEZVOUS TIME IS A MINIMUM AT THIS TIME, WE WILL NOT ABORT FROM LO
GATE SINCE IT IS MORE HAZARDOUS TO ABORT THAN TO LANQ, HOWEVERP A T OR T2 ABORT

WILL BE REQUIRED TO MINIMIZE HEATING TIME ON THE PGN&, LOSS OF BOTH LOOPS ON THE
LUNAR SURFACE REQUIRES A NEXT BEST OPPORTUNITY LIFTOFF TO M_NIMI&E THE THERMAL
EFFECTS. GINGLE LOOP OPERATION IS ACCEPTABLE IF THE BACKUP PROCEDURE IS

AVAILABLE,

(4,) RENDEZVOUS -

{B) ALTERNATE MISSION

DOCKED OPERATIONS AND UNDOCKED MISSIONS WHICH NORMALLY REQUIRE NO MORE THAN A
Z-HOUR MAXIMUM RETURN TO THE CSM MAY BE CONSIDERED FOR THE LOSS OF A _IN@LE
COOLANT LOOP,
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HI H20 FEEDPATHS

11 DEFINITION

AN H20 FEEDPATH IS CONSIDERED LOST IF IT CANNOT SUPPLY ENOUGH H20 TO MEET
THE HEAT REJECTION DEMANDS OF THE BUBLIMATOR OR THE H20 REGULATOR{5) FAIL
OPENt CAUSING SUBLIMATOR BREAKTHROUGH,

THE NOMINAL FAILURE MODE OF THE WATER REGULATORS IS FAIL OPEN,

2, GENERAL OPERATIONAL IMPACT

SINCE THE TWO PRIMARY H20 REGULATORS ARE SERIES REDUNDANTP FAILURE OF BOTH

REGULATORS IN THE OPEN POSITION WILL RESULT IN HIGH PRESSURE DOWNSTREAM OF
THE REGULATORS_ CAUSING SUBLINATOR BREAKTHROUGH, FAILURE OF EITHER
REGULATOR IN THE CLOSED POSITION WILL STOP THE FLOW OF WATER IN THE PRIMARY

WATER FEEDPATH. IF UNCORRECTED EITHER CONDITION WILL EVENTUALLY RESULT IN
LOSS OF COOLING FOR THE CREW AND CRITICAL ELECTRONICS* CLOSING THE PRIM
EVAP FLOW NO 1 VALVE AND OPENING THE PRIM EVAP FLOW NO 2 VALVE BYPASSES THE
FAILURE BY DIRECTING WATER FLOW FROM THE ASCENT TANKS {DESCENT WATER IS
AVAILABLE IF N£CESGARY)t THROUGH THE SECONDARY WATER REGULATOR TO THE
PRIMARY LOOP SUBLIMATOR. ONCE THIS ACTION IS TAKEN* T_E MISSION MAY BE

CONTINUED ALTHOUGH THIS REGULATOR IN THIS FEEOPATH IS A SIMPLE POINT FAILURE
ICLOBED) FOR LOSS OF BOTH THE PRIMARY AND SECONDARY COOLANT LOOPS, A FAILED
OPEN SECONDARY REGULATOR WILL RESULT IN LOSS OF ONLY PRIMARY COOLANT LUuP
BECAUSE A SECOND H20 REGULATOR HAS BEEN ADDED DOWNSTREAM OF SEC EVAP FLOW
VALVE ON LM-5 AND SUBSEQUENT,

3, SPECIFIC OPERATIONAL IMPACT IREF MR 23-27}

{A) NOMINAL MISSION

(111 DOCKED - OPERATIONS DURING THIS PHASE PERMIT SUFFICIENT TIME FOR CREW
INGRESS SHOULD THE SECOND FEEDPATH FAIL,

(2,) UNDOCKINO TO'PDI - THE IMPACT AND MISSION ACTION FOR LOSS OF THE PRIMARY H2D

FEEDPATH IS THE SAME AS FOR LOSS OF THE PRIMARY COOLANT LOOP, SEE COOLANT LOOPS,

(3,) POT TO LO GATE AND LUNAR STAY " LOSS OF REDUNDANCY DOES NOT JUSTIFY AN ABORT
AT THIS POINT NOR IS A LIFTOFF IMMEDIATELY AFTER TOUCHDOWN WARRANTED. THE MISSION
WILL BE CONTINUED IF ONE OF TWO FEEDPATH$ IS AVAILABLE WITHIN THE CONSUMABLE
CONSTRAINTS, SEE COOLANT LOOPS FOR RATIONALE SINCE LOSS OF BOTH H20 FEEOPATH_
CONSTITUTES LOSS OF COOLING.

(4o) RENDEZVOUS - LM HAS ALL RENDEZVOUS EQUIPMENT AVAILABLE BECAUSE BOTH THE
PRIMARY AND SECONDARY LOOPS ARE OPERABLE WITH EITHER THE PRIMARY OR SECONDARY
FEEDPATH, SEE COOLANT LOOPS FOR RATIONALE FOR LOSS OF BOTH H20 FEEDPATHS,

(B) ALTERNATE MISSION(S)

ANY MISSION WITH MORE THAN A 2 HOUR RETURN TIME TO THE CSM IS NOT ACCEPTABLE.

I, H20 TANKS

i. bE#iNITi0N IREF MR 2_'_I

H_O TANKS ARE CONSIDERED LOST IF-'-

(A) DESCENT H20 TANK

MBFN CONFIRMATION OF LOSS OF DESCENT TANK PRESSURE WITH DES H20 P AND M20 DELTA

P, OR

INABILITY TO SUPPLY H20 TO W/B RESULTING IN RISING GLYCOL AND 'SUIT LOOP
TEMPERATURE (CREW AND MSFN) AND DROP IN H20 DELTA P (MSFN ONLY),

(B) ASCENT H20 TANK

LOSS OF MEASUREMENT AND REMAINING TANK FEEDING AT TWICE NORMAL RATE OR ONE TANK
FEEDING TWICE NORMAL RATE AND NO CMANOE IN MEASUREMENT ON OTHER TANK.
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2* GENERAL OPERATIONAL IMPACT

A LOSS OF THE DESCENT TANK PRIOR TO PDI WILL ABORT THE LUNAR LANDING, THE
DESCENT TANK HAS 234 LBS USABLE H20 AND EACH ASCENT TANK CONTAINS 40 LBS
USABLE* AT THIS TIME_ AN APPROXIMATE AVERAGE USE RATE OF 6 LBS/HR MAY BE
ASSUMED FOR POWERED UP PHASES AND 4 LBS/HR FOR POWERED DOWN {LUNAR SURFACEI
PHASESe

ONE ASCENT TANK IS REOUIRED TO CONTINUE THE MISSION THROUGH ALL PHASES=

HOWEVER* IN ORDER TO OBTAIN A 6 HOUR LIFETIME ON A 51NOLE ASCENT TANK* IT 15
QUITE PROBABLE THAT IT WILL BE NECESSARY TO POWER DOWN SOME EQUIPMENT IN THE

LATER PART OF THE LM-ACTIVE RENDEZVOUS, SHOULD THE H20 TANK BECOME
DEPLETED* THE GLYCOL TEMPERATURE INCREASE WOULD APPROXIMATELY FOLLOW A
DRYOUT CURVE, IT 15 ESTIMATED THAT THE GLYCOL TEMP INTO THE LOW TEMP
ELECTRONICS AREA {PGNS) WOULD REACH 70 DEG F (PREDICTED EQUIPMENT LOSS) IN
60 MINUTESo THE SUIT INLET 02 TEMP WOULD REACH 85 DEe F (PERFORMANCE
DEGRAOATION_ IN 60 _IMUTES, IT IS AGVI_ABLE TO DOFF THE _OIT TO INCNEA_E
THE TIME TO PERFORMANCE DEGRADATION BY ABOUT 180 MINUTES=

3* SPECIFIC OPERATIONAL IMPACT (REF MR 23-28)

(A) NOMINAL MISSION

{i,} UNDOCKING/CIRCULARIZATION/PRE-PDI - LOSS OF THE DESCENT TANK PRIOR TO POI
ABORTS THE LANDING MISSION, THERE IS INSUFFICIENT H2Q TO PERFORM AN EVA AND
RENDEZVOUS FROM THE ASCENT TANKS,

LOSS OF AN ASCENT TANK DOES NOT ABORT THE LANDING SINCE FAILURE OF THE REMAINING
ASCENT TANK MAY BE CIRCUMVENTED WITH THE LOSS OF ALL COOLING PROCEDURE {SEE
COOLANT LOOPS PROCEDURE),

(2=) PDI TO LO GATE - LM SHOULD NOT ABORT FOR LOSS OF ANY SINGLE H20 TANK,

HOWEVER* THE LM MUST HAVE 2 OF 3 H20 TANKS TO CONTINUE TO LAND TO PROVIDE
REDUNDANCY, THUS, WITH FAILURE OF A SECOND ASCENT TANKP THE DESCENT TANK CAN
KEEP THE _PACECRAFT AND CREW COOLED UNTIL AN IN-PHASE LIFTOFF, THE CREW THEN HAS
AN EVEN CHANCE FOR SURVIVAL FOR THE 4 HOURS RENDEZVOUS WITHOUT H20. WITH FAILURE
OF THE DESCENT TANK* THE FULL REMAINING ASCENT TANK HAS A 6-HOUR CAPABILITY TO
PERMIT LUNAR STAY TO ALLOW AN IN-PHASE LIFTOFF AND A 4-HOUR RENDEZVOUS.

(3,) LO GATE TO TOUCHDOWN - THE LM WILL NOT BE ABORTED DURING THIS PHASE FOR LOSS
OF ALL H20 TANKS, HOWEVER_ IF ALL H20 TANKS ARE LOST* LM SHOULD LIFTOFF
IMMEDIATELY AFTER TOUCHDOWN TO HAVE PGNS AND AGS FOR ASCENT,

(4.) LUNAR STAY - OBVIOUSLYJ THE DESCENT TANK IS REQUIRED TO CONTINUE LUNAR _TAY
BEYOND THE NEXT BEST OPPORTUNITY LIFTOFF* FAILURE OF BOTH ASCENT H20 TANKS
REQUIRES LIFTOFF AT THE NEXT BEST OPPORTUNITY SINCE CONTINUING THE MISSION
INCREASES THE POSSIBILITY OF LOSING THE DESCENT TANK FORCING ASCENT PREPARATION*
AS WELL AS THE RENDEZVOUS* WITHOUT ANY COOLING,

{5.1 RENDEZVOUS - LM WILL REMAIN ACTIVE AS LONG AS POSSIBLE, THE CREW MAY BE
REQUIRED TO DOFF THEIR PGAIS IF THE THERMAL CONDITIONS BECOME UNACCEPTABLE.
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23-2 NO RATIONALE REQUIRED

23-3 NO RATIONALE REQUIRED

23-4 NO RATIONALE REQUIRED

23-5 NO RATIONALE REQUIRED

23-6 NO RATIONALE REQUIRED
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23-10 DELETED

23-11 ASCENT 02 TANK RECHARGE

IF EITHER ASCENT 02 TANK IS EQUAL TO OR LESS THAN 95 PERCENTP IT WILL BE REPLENISHED FROM THE
DESCENT 02 WHEN THE DESCENT TANK QUANTITY IS EQUAL TO OR GREATER THAN 35 PERCENT AND AS CLOSE TO
STAGING AS POSSIBLE*

FULL LOADINGS IN THE 02 TANKS ARE AS FOLLOWS--- DESCENT 2730 PSIA {100 PERCENT) AND BACH ASCEN1
TANK IS 854 PSIA 1100 PERCENT)e AN ONBOARD DESCENT 02 READING OF 35 PERCENT (920 PSIA) WILL
INDICATE SUFFICIENT DESCENT 02 TANK PRESSURE TO FILL THE ASCENT 02 TANKS, THE TRANSFER SHOULD
BE ACCOMPLISHED CLOSE TO STAGING IN ORDER TO AVOID WASTING DESCENT 02 BY HAVING TO REPLENISH THE
ASCENT TANKS MORE THAN ONCE AND TO MAXIMIZE THE QUANTITY IN THE ASCENT TANKS FOLLOWING STAGING,

23-12 PLSS FILL VALVE MANAGEMENT

THE PLSS FILL VALVE WILL BE CLOSED EXCEPT FOR REPRESSURIZING THE PL$S AND FOR MSFN REQUESTED
READOUTS OF THE 02 MANIFOLD PRESSURED

THE PLSS FILL VALVE WILL NOMINALLY BE KEPT CLOSED SINCE THIS VALVE IS A BACKUP TO THE QUICK
DISCONNECT ON THE END OF THE PLSS FILL HOSE (MINIMIZES THE CHANCE OF AN 02 LEAK INTO THE CABIN),

23-13 02 USAGE MANAGEMENT

CREW WILL GO TO EGRESS MODE IF INSUFFICIENT 02 IS AVAILABLE TO MAINTAIN CABIN PRESSURE FOR THE
REQUIRED TIME, ADDITIONALLY9 A MISSION PHASE WILL NOT BE INITIATED IF THIS CONDITION CAN BE
ANTICIPATED.

MAINTAINING CABIN PRESSURE DOUBLES THE 02 USAGE RATE. IF THE 02 SUPPLY IS LOW OR IF IT IS
PREDICTED TO BE LOWP THE CREW WILL GO TO THE EGRESS MODE BREATHING THE CABI'N DOWN TO 3.8 +/- 0*2
PSIA WHEN THE SUIT LOOP IS AUTOMATICALLY ISOLATED FROM THE CABIN* THIS MAXIMIZES THE 02
LIFETIME*

23"20 REFERENCE RATIONALE FOR MR 23"i

23"21 REFERENCE RATIONALE FOR MR 23-i

23"22 REFERENCE RATIONALE FOR MR 2_'1

23"23 REFERENCE RATIONALE FOR MR 23-1

23"2_ REFERENCE RATIONALE FOR MR 23-1

23-25REFERENCERATIONALEFORMR2_-Z

23"27 REFERENCE RATIONALE FOR MR 23-i

23-28! REFERENCE RATIONALE FOR MR 23-I
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23-29 FIRE OR SMOKE IN CABIN OR SUIT

ACTION SHOULD BE TAKEN TO COMBAT THE FIRE AND ATTEMPT TO DETERMINE ITS ORIGIN= TIME OF TRANSFER
TO THE CSM IS DEPENDENT ON THE EXTENT OF THE DAMAGE= ANY pOSSIBLE DEGRADATION IN SPACECRAFT
CAPABILITY WOULD BE CAUSE TO ABORT THE LUNAR LANDING MISSIUNe

23-30 CONTAMINATION IN CABIN

ALL ATTEMPTS SHOULD BE MADE TO CLEAR THE CONTAMINATION INCLOOING DECOMPRESSING THE CABIN, IF

UNABLE TO CLEAR THE CONTAMINATION AND IT AFFECTS CONTINUED SAFE CREW OPERATIONS, THE MISSION MAY
BE TERMINATED EARLY.

23-32 GLYCOL COOLANT LEAK

OBSERVED FLUID IN CABIN CONFIRMED BY TASTE OR PRESENCE OF GLYCOL LOW INDICATION CONFIRMED BY
STATE PRESSURE PROPo

WHETHER IN THE SUIT OR CABIN_ ACTION SHOULD BE TAKEN TD TRANSFER TO THE CSM ASAP= IF IN THE
CABINt THE SUIT LOOP SHOULD BE CONFIGURED TO THE EGRESS MODE AND ISDLATEO FROM THE CABIN, IF ZN
THE SUITt THE CREW EHOULD DISCONNECT FROM THE SUIT LOOP AND OPERATE STRICTLY ON THE CABIN,
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LM GUIDANCE AND CONTROL

2A-2 NO RATIONALE REQUIRED

24-3 IMU

A. IRIG BAIS UPDATES WILL BE ACCOMPLISHED WHEN GYPO DRIFT IS GREATER THAN OR _QUAL TO +/- ,075
DEG/HR (5 MERU)*

FIVE MERU REPRESENTS A CUTOFF POINT BELOW WHICH THE BAI5 CALCULATION IS AFFECTED BY ALIGNMENT
INACCURACIES TO THE POINT WHERE AN UPDATE MAY ACTUALLY INCREASE [RIG DRIFT=

B, THE PGNS WILL BE CONSIDERED NO-GO WITH A GYRO DRIFT GREATER THAN OR EQUAL TO +I- 1,5 OEGIHR
( 100 MERU), THE MAXIMUM ALLOWABLE VALUE WITHIN THE LGC IS +/- I=9_ DEG/HR 1128 MERUI.

A GYRO DRIFT OF'to5 DEG/HR 15 CONSIDERED NO-GO SINCE A DRIFT RATE THIS HIGH REPRESENTS 5BRIOUS

HARDWARE PROBLEMS WITHIN THE IMU= REFERENCE MIT/IL GTG MEMO 1256= i

C* PIPA BIAS UPDATES WILL BE ACCOMPLISHED AS FOLLOWS--"

l, NO BIAS UPDATES WILL BE ACCOMPLISHED PRIOR TO 30 MIN OF IMU OPERATION_

THIRTY MINUTES IS ALLOWED FOR PIPA TEMPERATURE STABLIZATION, REFERENCE
MIT/IL STG MEMO 1347=

2J INITIAL BIAS UPDATES WILL BE ACCOMPLISHED IF THE DELTA BIAS IS GREATER THAN
OR EQUAL TO +/- ODD3 CM/SEC/SEC_ AND SUBSEQUENT UPDATES WILL B_ ACCOMPLISHE0
IF THE DELTA BIAS IS GREATER THAN OR E_UAL TO +/- Ool CM/SEC/SEC, BOTH MIT
AND GGC DIVISION AGREED IN DATA PRIORITY MEETINGS TO UPDATE THE PIPA BIAS
REGARDLESS OF HOW SMALL THE CALCULATED VALUE MIGHT HAVE BE_N= DUE TO THE

METHOD OF CALCULATION AND THE GRANULARITY TO THE PIPA _EAOOUT (+/- ODE
CMISEC/SEC)P A DELTA BIAS OF 0=03 CM/SEC/SEC WAS CHOSEN FOR AN INITIAL

UPDATE VALUEI AND Ool CM/SEC/SEC FOR SUBSEQUENT UPDATES*

3= PIPA BIAS WILL NOT BE UPDATED WHILE THE LM IS ON THE LUNAR SURFACE=

NO ATTEMPT WILL BE MADE TO UPDATE PIPA BIAS WHILE ON THE LUNAR SURFACE DUE
TO THE UNCERTAINTY OF BIAS DETERMINATION IN A GRAVITY ENVIRONMENT= HOWEVERp

THE CALCULATED BIAS WILL BE EXTRAPOLATED FROM THE TIME OF LIFTOFF TO
INSERTION TO DETERMINE IF GUIDANCE SWITCH-OVER LIMITS WILL BE VIOLATED*

D* THE PGNS WILL BE CONSIDERED NO-GO IF THE PIPA BIAS EXCEEDS +I- 5,05 CM/SEC/SECL,_b8
FT/SEC/SEC), THE MAXIMUM LOAD VALUE WITHIN THE LGC iS +/- 12,5 CM/SEC/SEC, THE NIT RECOMNENDE_

VALUE FOR A FAILED PIPA IS +1" 5,06 CM/SEC/SEC* REFERENCE MIT/IL _TG MEMO 1255.
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24-4 LGC

A, A MASS UPDATE IS REQUIRED IF THE DIFFERENCE BETWEEN GROUND CALCULATION AND LGC VALUE I5
MORE THAN 200 LBS,

IF THE LGC CALCULATED MASS IS GREATER THAN THE ACTUAL VALUE* THE DAP WILL ASSUME CONTROL
EFFECTIVENESS OF A HEAVY VEHICLE* THIS ASSUMPTION WILL RESULT IN OVERCONTROL OF THE
VEHICLE WITH A RESULTANT LOSS OF RCS FUEL* CONVERSELY IF LGC HAG5 IS LESS THAN THE ACTUAL
MASEr THE VEHICLE BEHAVE5 SLUGGIGHLY SINCE THE DAP ASSUMES IT HA5 A LIGHT VEHICLEe IF THE
ERROR IS NOT TOO GREATt NO FUEL PENALTY RESULTS* HOWEVERI IF THE ERROR IS LARGE ENOUGH THE
DAP WILL RESPONO WITH NUMEROUS JET FIRINGG IN ATTEMPTING TO OVERCOME THE SLUGGISHNESS OF
THE VEHICLE. IN THIS CASE A FUEL PENALTY MAY BE REALIZED.

B* ALL +/" {U-V) JETS WILL BE INHIBITED VIA V85 DURING DOCKED OP$ BURNS,

DUE TO RCS PLUME IMPINGEMENT CONSTRAINTS ON 80TH THE C$M AND LM (REF HRR 27-25)t THE LM
VERTICAL FIRING JETS (+/-X) HOST BE INHIBITED VIA V65 DURING DOCKED DPS BURNS* V65
INHIBITS ONLY THOSE FIRINGS CAUSING ROTATION5 ONCE THE BURN BEGINS. ULLAGE IS NOT AFFECTED
BY THIS VERB AND WILL BE HONORED NOMINALLY* NORHAL DAP ATTITUDE CONTROL WILL RESUME AT THE
TIME AN ENGINE SHUTDOWN HAS BEEN COMMANDED BY THE LGC,

C. DURING DOCKED MANEUVERS* DPS G1MBAL TRIMMING MUST BE DONE AT GREATER THAN 35 PERCENT
THROTTLE IN THE AUTO THROTTLE MODE* THE RECOMMENDED SETTING IS 40 PERCENT*

IN THE DOCKED DP5 BURNt AT lO PERCENT THROTTLE_ THE DAP CANNOT CALCULATE SMALL OFFSET
ACCELERATIONS NEEDED TO DRIVE THE ENGINE THRUST VECTOR THROUGH THE COMBINED CG OF THE TWO
VEHICLES* BECAUSE OF THE LARGE INERTIA OF THE DOCKED COMB_NATIONt A MUCH GREATER THRUST IS
HEEDED TO INCREASE THE DAPIS SENSITIVITY TO OFFSET ACCELERATIONS, FOR THIS PURPOGEt A 40
PERCENF THROTTL_ SETTING IS RECOMNENDED, THROTTLE SETTINGS OF GRLATER THAN _5 PERCENT HAVE
PROVIDED SATISFACTORY THRUST VECTOR ALIGNMENT, THE THROTTLE INCREASE SHOULD BE APPLIED
MANUALLY VIA THE CREW TTCA WITH THE THROTTLE CONTROL IN THE AUTO THROTTLE MODE* THE AUTO
THROTTLE MODE MUST BE USED SUCH ThAT THE LGC CAN COMMAND ZOO PERCENT THROTTLE AT TIG PLUS
26 SECONDS, IF THE MANUAL THROTTLE POSITION WERE USED IN THIS PROCEDUREp THE CREW WOULD
HAVE TO APPLY THE ZOO PERCENT THRUST COMMAND MANUALLY FOR THE REQUIRED TIME, SWITCHING THE
THROTTLE CONTROL BACK TO AUTO WILL RESULT IN A 10 PERCENT THROTTLE SETTING AFTER THE LGC
HAS ISSUED THE Z00 PERCENT COHMANDS SINCE THESE COMMANDS ARE ISSUED ONLY ONCE BY THE LGC,
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Z24-5 RENDEZVOUS RADAR

A, THE RR MUST NOT BE USED TO TRACK CSM TRANSPONDER UNTIL 2,5 HOURS AFTER OPERATE HEATER
ACTIVATION AND ANTENNA TEMPERATURE (HPM) IS GREATER THAN OR EQUAL TO ZO DEG F AND THE GYRO
PACKAGE IS ESTIMATED TO BE GREATER THAN OR EQUAL TO 15 DEG F.

OPERATING THE RR AT TEMPERATURES LESS THAN THOSE LISTED IN THE ABOVE RULE MAY RESULT IM
DEGRADED RR PERFORMANCE AND POSSIBLE UNRECOVERABLE DAMAGE, BASED ON THE VALUE OF THE RR
ANTENNA TEMPP IT IS POSSIBLE TO DETERMINE THE APPROXIMATE TIME NEEDED FOR RR WARMUP TO MEET
THE ABOVE CONSTRAINTS, IT I$ ESTIMATED THAT WORST CASE CONDITIONS WOULD REQUIRE A 2,9 HOUR
WARMUP PERIOD, (REF SODB 2,5 - GNC-12),

B, THE RR SHOULD NOT BE OPERATED AT AN ANTENNA TEMPERATURE GREATER THAN OR EQUAL TO 145 DIG F
AND/OR A GYRO PACKAGE TEMP (ESTIMATED) OF GREATER THAN OR EQUAL TO 290 DEG F*

OPERATING THE RR AT TEMPERATURES EXCEEDING THOSE LISTED ABOVE MAY RESULT IN DEGRADED RR
PERFORMANCE AND UNRECOVERABLE DAMAGE TO THE HPM AND GYRD PACKAGE, EXTREME CARE SHOULD BE

TAKEN TO EXTRAPOLATE PRESENT RR TEMPERATURES TO FINAL VALUES BASED ON THE EXPECTED USAGE
RATE OF THE RR TO AVOID REACHING AND EXCEEDING THE TEMPERATURE CONSTRAINTS,

C. IF IT IS ESTIMATED THAT THE RR GYRO PACKAGE WILL EXCEED 200 DEC F (MPM APPROX, 135 DEG F)

PRIOR TO COMPLETION OF THE BRAKING PHASEP THE RR SHOULD BE TURNED OFF UNTIL REQUIRED FOR
TPI AND BRAKING=

TPI AND BRAKING ARE THE MOGT CRITICAL PHASES OF THE RENDEZVOUS, RR OPERATION IS MANDATORY
DURING THIS PERIOD. THEREFORE_ RR OPERATION PRIOR TO CSI AND CDH WILL BE DELETED IN ORDER

TO ASSURE RR TEMPERATURES LOW ENOUGH TO SUPPORT TPI AND BRAKING.

D. IF THE ESTIMATED GYRO PACKAGE TEMP SHOULD EXCEED 200 DEG F (HPM APPROX, 1_5 OEG F) ANYTIME

DURING THE RENDEZVOUS PHASE, THE AC POWER TO THE RR SHOULD NOT BE TURNED OFF,

TESTS ON THE GYRO PACKAGE INDICATE THAT IF THE RR AC POWER IS REMOVED WHEN THE GYRO PACKAGE
EXCEEDS 200 OEG F* GYRO FAILURE OR DEGRADED OPERATION MAY OCCUR UPON SUBSEQUENT POWERUP.

E. IF THE RR ANTENNA TEMP EXCEEDS THE NOMINAL TEMPERATURE PROFILE BY 15 OEG F THE RR SHOULD BE
TURNED OFF IF IT IS NOT NEEDED.

EXCEEDING THE NOMINAL TEMPERATURE PROFILE BY 15 DEC F INDICATES OVERHEATING THAT MAY CAUSE
RADAR REDLINEG ON THE GYRO PACKAGE TO BE EXCEEDED AT A LATER TIME, THE Z5 DIG RULE IS
CONSIDERED A TEMPERATURE MANAGEMENT RULE HELPFUL AS AN INDICATOR THAT THE RR SHOULD BE
TURNED OFF WHEN NOT NEEDED.

F, IF THE RR OVEN HEATERS ARE TURNED OFF (BOTH THE PGNS--- RNDZ RDR AND HEATERS--- RNDZ RDR
OPR OPEN) RR RANGE DATA MUST NOT BE USED uNTIL 17 MIN AFTER RE-ENERGIZINGI AssUMING THE
OVEN TEMP HAS DROPPED TO THE COLD RAIL TEMP,

TESTS INDICATE THAT iT MIN IS REQUIRED TO ALLOW THE RR OVEN TO REACH ZBO DIG F FROM WORSE
CASE COLD RAIL OF APPROX, 95 DEG F,

2A-E LANDING RADAR

A, THE LR SHOULD NOT NORMALLY BE OPERATED AT AN ANTENNA TEMP LESS THAN + 50 DIG F. HOWEVER,
THE LUNAR LANDING MISSION WILL BE ATTEMPTED IF THE ANTENNA TEMP IS ABOVE THE CRITICAL LIMIT

9F -i_ DEG F .IHA_D_ARE pAMAG_.)_ .....

PDI wILL BE INITIATED BELOW THE 5O DEC F VALUE IN THE HOPE THAT AT ALTITUDES WHERE LR DATA
IS REQUIRED THE ANTENNA WILL BE UP TO OPERATING TEMPERATURE,

B, LR ACTIVATION WILL BE DELAYED IF THE LR TEMP IS PREDICTED TO BE GREATER THAN Z_ OEG F AT
PDI+8._O (HIGATE),

BASED ON THE FACT THAT THE LR MUST BE LOCKED ON AND CONVERGED BY 10,000 FT (THAT IGI NOT
MANDATORY AFTER HIGATE)_ THE PREDICTED OR ACTUAL TEMP RISE RATE CAN BE USED TO DETERMINE
HOW LONG BEFORE PDI.8+30 THE LR CAN BE TURNED ON SO AS NOT TO EXCEED 14E DIG F BY HIGATE,
BEYOND ZA5 OEG Ft LR OPERATION IS _UESTIONABLE,
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24-7 AG5

Ao THE A@B IS DECLARED NO-GO DURING A GYRO AND ACCELEROMETER CALIBRATION IF THE GYRO DRIFT
CHANGE IS GREATER THAN 2*DO DEG/HR AND IF THE ACCELEROMETER BIAS CHANGE IS GREATER THAN
0.039 FT/SEC2 FROM THE VALUE AT THE START OF THE CALIBRATION*

THE ACCEPTABLE BOUNDS ON @YRO DRIFT AND ACCELEROMETER BIAS SHIFTBp WHICH CAN OCCUR BETWEEN

TWO SUCCESSIVE CALIBRATIONSt ARE GIVEN IN TABLE 1T.i OF LM/AGB OPERATING MANUAL.

B. THE AG$ CAN BE USED TO PERFORM DOCKED ATTITUDE HOLD CONTROL*

51MULATIONG HAVE PROVEN THAT THE AGS CAN CONTROL THE DOCKED MASS IN AN ATTITUDE HOLD
CONFIGURATION AND MAINTAIN THE PROPER DEADBAND WITH A MINIMUM AMOUNT OF RCS PROPELLANT
USAGE*

C. THE AGS IN pULSE MODE USING ONLY TTCA CONTROL CAN BE USED TO PERFORM A DOCKED BURN.

SIMULATION RuNS HAVE SHOWN THAT THE DOCKED DPS BURN CAN BE PERFORMED WITH THE LOSS OF

THRUST VECTOR CONTROL WITHOUT EXCEEDING THE RCB IMPINGEMENT CONSTRAINTS BY SWITCHING TO AGS
PULSE MODE OF OPERATION AND CONTROLLING THE VEHICLE VIA THE TTCAa RECENT TESTS PERFORMED
ON A LN DOCKED TO A CSM HAVE SHOWN THAT THE NATURAL BENDING FREQUENCY OF THE DOCKING CONE

IS BETWEEN TWO AND THREE CYCLES PER SECOND. THESE TESTS HAVE ALSO SHOWN THAT THE DOCKING
CONE CAN WITHSTAND THE FORCES RESULTING FROM TRANSLATION MANEUVERS AS LONG AS THE

TRANSLATIONS ARE NOT PULSED AT THE NATURAL BENDING FREQUENCY. THE LM CREW HAS BEEN ADVISED
OF THIS AND SAID THAT PROCEDURALLY THEY WOULD NEVER HIT THAT FREQUENCYI IF THE LM IS YAWED

TO ALIGN THE VEHICLES C.O. mS IN THE DOCKED APS CONFIGURATION_ ATTITUDE CONTROL VIA TTCA HAS
PROVED I_ SIMULATIONS TO BE AN ACCEPTABLE MODE*
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24-20 LOSS OF GUIDANCE STEERING

A, OPERATIONAL AGS

AGS GUIDANCE STEERING IS NOT REQUIRED FOR ALL PHASES OF THIS MISSlON BECAUSE
IT CANNOT STEER THE LM ALONG THE REQUIRED POWERED DESCENT TRAJECTORY,

B, OPERATIONAL PGNS

DOCKED/UNDOCKEDt PRE-PDIt POWERED DESCENT PRIOR TO HIGATE

PGNS GUIDANCE STEERING UTILIZING AN OPERATIONAL PGNS IS REQUIRED TO HIGATE
TO STEER THE LM EITHER AUTOMATICALLY IPGNS AUTO) OR MANUALLY (PGNS RATE
COMMAND1 ALONG THE DESCENT TRAJECTORY,

POWERED DESCENT AFTER MIGATE

AFTER .HIGATE OUT-THE-WINDOW ANU ONBOARD CUES SHOULD BE SUFFICIENT FOR THE
CREW TO MANUALLY STEER THE LM TO TOUCMOOWN AND THEREFORE GUIDANCE STEERING
15 NOT REQUIRED, LANOING ENABLES THE CREW TO USE STANDARD PROCEDURES AND

ALLOWS ADDITIONAL TIME TO RESOLVE THE PROSLEM,

LUNAR STAY

ON THE LUNAR SURFACE A LOSS OF PGNS GUIDANCE STEERING THAT DOES NOT AFFECT
REDUNDANT 3-AXIB ATTITUDE CONTROL IS NOT CAUSE FOR AN ASCENT SINCE AGS
GUIDANCE STEERING 15 STILL AVAILABLE,

RENDEZVOUS

SINCE THE MAJORITY OF CREW TRAINING IS WITH A LM ACTIVE RENDEZVOUS AND TO
CONSERVE CSM CONSUMABLES THE AGS WILL BE USED TO PERFORM A LM ACTIVE
RENDEZVOUS IF THE PGNS FAILG.

24-21 LOSS OF FOAl FUNCTIONS ( ATTt RATESo ERRORS)

THE FDAI IS A CREW METHOD FOR MONITORING ATTITODES_ RATES, AND ATTITUDE ERRORS DURING CRITICAL
PHASES OF THE MISSION-- THEREFORE', CONTINUATION OF THE MISSION IS A CREW OPTION, AFTER HIGATEP

OUT-THE-WINDOW CuES ARE ACCEPTABLE FOR LANDING, AFTER LANDING9 NOTHING IS ._AINED BY AN EARLY
LIFTOFF, THE LM ACTIVE RENDEZVOUS IS POSSIBLE USING THE DSKY ATTITUDE READDUTG,

24-22 LOSS OF AOT

SINCE ACCEPTABLE METHODS (0.05 DEG ALIGNMENT ACCURACY) HAVE BEEN DEVELOPED TO FINE ALIGN AND

ALSO DETERMINE THE DRIFT OF THE LM IMU WHILE DOCKED WITH THE CSM (SIMULTANEUUS SETS OF LM/CSM
COO ANGLES)t THE AOT IS NO LONGER REQUIRED TO OBTAIN THE MANDATORY FINE ALIGNMENT PRIOR TO PDI.
ON THE LUNAR GURFACE A GRAVITY ALIGNMENT IS ADEQUATE FOR LIFTUFFt AND A RENDEZVOUS CAN BE
ACCOMPLISHED WITH AN ADEQUATE DEGREE OF ACCURACY USING THE RR FOLLOWING A LUNAR SURFACE

ALIGNMENT,
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4-23 LOSS OF RENOEZVOUS RADAR/VHF RANGING/OPTICAL TRACKING

AI LOSS OF ANY ONE

ALL PHASES

TWO LM-CSH TRACKING SYSTEMS ARE CONSIDERED SUFFICIENT TO ASSURE A SAFE RENDEZVOUS*

B, LOSS OF ANY TWO

DOCKED/UNDOCKED/PRE PDI-A SINGLE POINT FAILURE COULD CAUSE A LOSS OF THE REMAINING QNBOARD

TRACKING SYSTEM_ SERIOUSLY JEOPAROIZING THE SUCCESS OF THE RENDEZVOUS PHASE. ALSO GROUND
TRACKING CAN BE USED TO BACKUP THE NORMAL RENDEZVOUS WHEREAS NO _ROUND HELP IS AVAILIABLE
FOR THE SHORT RENDEZVOUS*

ALL OTHERS

AFTER PDI THE LH IS COMMITTED TO A RENDEZVOUSP THEREFORE THE SURFACE PHASE I5 CONTINUEU_
RELYING ON GROUND TRACKING AS A BACKUP TO THE REMAINING TRACKING SYSTEM*

24-28; LOSS OF LANDING RADAR

DOCKED/UNDOCKEDt PRE ~PDI

PRIOR TO INITIATING THE POWERED OESCEHTt THE MISSION WOULD NOT BE CONTINUED WITH THE LOSS
OF THE LR SINCE LR DATA IS ESSENTIAL FOR STATE VECTOR UPDATING, THE LOSS IN THIS CASE IS

ASSUMED TO BE SOME CLEAR CUT TOTAL LOSS SUCH AS CIRCUIT BREAKER FAILURE TO STAY IN,

POWERED DESCENT PRIOR TO ADEQUATE ALTITUDE UPDATING OF LM STATE VECTORS

THE CURRENT MISSION RULE ASSUMES A REQUIREMENT FOR MAINTAING 3 SIGMA PGNS PERFORMANCE WITH
A MAXIMUM ALTITUDE DISPERSIONS BEING CORRECTED BY LR UPDATES, IN THIS CASE PGNS DELTA H
CONVERGENCE PRIOR TO SOME MINIMUM ALTITUDE IS REQUIRED TO PREVENT PGNS TRAJECTORY

DISPERSION5 FROM CAUSING IMPACT WITH THE MOON,

POWERED DESCENT AFTER ADEQUATE ALTITUDE UPDATING OF LM STATE VECTORS "

UPON THE DECISION BY GUIDO THAT ADEQUATE UPDATING OF THE LM STATE vECTOR5 HAS BEEN
ACCOMPLISHEO_ THE REMAINDER OF THE LUNAR DESCENT CAN BE ACCOMPLISHED ON STATE VECTOR DATA
ALONE,
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24-2B LOSS OF REDUNDANT }-AXIS ATTITUDE CONTROL

DocxEo/uNDOCKEDt PRE-PDI_ PowERED DESCENT PRIOR TO HIGH GATE

SINCE PGNS AUTO/RATE CMD AND AGE RATE CMD ARE THE ONLY ACCEPTABLE CONTROL MODES FOR PDtt LOSS OF
EITHER CONSTITUTES A LOSS OF REDUNDANCY, REDUNDANCY IS MANDATORY SINCE THERE ARE MANY SINGLE
FAILURES THAT CAN CAUSE LOSS OF EITHER MODE,

POWERED DESCENT FROM HIGH GATE TO TOUCHDOWN

AFTER HIGH GATE THE DECISION TO CONTINUE IS CREW OPTION, LANDING ENABLES THE CREW TO USE
STANDARD PROCEDURES AND ALLOWS ADDITIONAL TIME TO RESOLVE THE PROBLEM,

LUNAR STAY AND RENDEZVOUS

ON THE LUNAR SURFACE THE LOSS OF EITHER PGN5 AUTO/RATE CMD OR AGE AUTO/RATE CMD WILL BE CAUSE
FOR AN ASCENT AT THE NEXT BEST OPPORTUNITY SINCE FURTHER SYSTEMS DEGRADATION CAN CAUSE LOSS OF
ALL ATTITUDE CONTROL RECOMMENDED FOR ASCENT, DURING RENDEZVOUS OTHER NODES OF ATTITUDE CONTROL
BECOME ACCEPTABLE AND THE MISSION CAN BE CONTINUED,
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24-29 LOSS OF TRANSLATION CAPABILITY

A, AUTOMATIC ULLAGE (+X}

AUTOMATIC ULLAGE IS CAUSED BY THE LGC ISSUING APPROPRIATE JET-ON COMMANDS TO THE PGNS
ASSOCIATED CES HARDWARE= A FAILURE OF AUTOMATIC ULLAGE COULD THEREFORE BE CAUSED BY EITHER
AN LGC/LGC INTERFACE OR A GEE MALFUNCTION= IF AN AUTOMATIC ULLAGE FAILURE OCCURSt THE CREW
WILL MANUALLY ULLAGE WITH THE +X TRANSL P,B= TO SATISFY THE CONSTRAINT OF HAVING ULLAGE TO
START A DPS BURN, SINCE THE USE OF THE P,B= DOES NUT ENTAIL USING ANY AUTOMATIC ULLAGE
CIRCUITS_ A SINGLE FAILURE IN AUTOMATIC ULLAGE WILL NOT INHIBIT OR AFFECT THE MANUAL
ULLAGE, THUS THE ULLAGE REQUIREMENT WILL BE SATISFIED= BECAUSE THE NORMALLY SHORT ULLAGE
TIME (8 SECOND_) OOESNfT ALLOW FOR A SUBSTANTIAL AMOUNT OF TROUBLESMOOTINGp A SECONDARY
INDICATION OF FAULT IS NECESSARY TO ISOLATE THE MALFUNCTION= THAT SECONDARY INDICATION IS
THE AUTOMATIC START OF THE DPS, IF THE OPS STARTS AUTOMATICALLYt THE LGC IS ASSUMED TO BE
OPERATING NOMIALLY SINCE THE PROBABILITY OF CHANNEL BITS (I=E,o ULLAGFLG OR A .X JET-ON
COMMAND) FAILINO IS EXTREMELY LOWo HDWEVERp A TEST OF REDUNDANT 3-AXIS ATTITUDE CONTROL MAY
BE MADE DURING THE PTP PORTION OF PDI TO INSURE PGNS 3-AXIS ATTITUDE CONTROL, THUS_ IF
NECESSARYpA PGNS ASSOCIATED CES HARDWARE FAILURE WILL BE DETECTEDo IF THE AUTOMATIC START
DOES NOT OCCUR_ A WORST CASE ASSUMPTION IS MADE {I=E,t THE LGC HAS LOST ITS ABILITY TO
CONTROL MAJOR FLIGHT FUNCTIONS)* THUSo THIS SECONDARY FAILURE CONSTITUTES A NO-GO FOR PDI
ON THE _ASIS OF LGC CONTROL FAILURES=

B, 3-AXIS TRANSLATION

THREE AXIS TRANSLATION IS REQUIRED PRIOR TO CIRO TO MAINTAIN SYSTEMS INTEGRITY BECAUSE A
DOUBLE FAILURE IN NECESSARY TO VIOLATE THE LMtS BASIC 3-AXIS TRANSLATION REDUNDANCY= AFTER
CIRC, THE VEHICLE IS IN A SITUATION WHERE IT MUST PERFORM A RENDEZVOUS--- THEREFORE_ IT IS
NO EAIEER TO PERFORM A RENDEZVOUS FROM THE CURRENT ORBIT THAN FROM THE LUNAR SURFACE, THUSD

AFTER CIRCt CONTINUE MISSION IS THE APPROPRIATE ACTION, AFTER INSERTIONt THE LM CAN PERFORM

THE DIRECT RENDEZVOUS AS LONG AS IT CAN PERFORM THE TWEAK BURN AND TPI= TO DO THIEf THE LM
MUST HAVE X TRANSLATION CAPABILITY, FOR TPFt IT IS NECESSARY THAT THE CREW EVALUATE THE
LOSS OF TRANSLATION IN REAL TIMEr TMUSt THE ACTION IS TO CONTINUE MISSION,
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24-30 LOSS OF PITCH OR ROLL GDA

THE LOSS OF PITCH OR ROLL GDA (THRUST VECTOR CONTROL| WOULD CAUSE AN ABORT ONLY IF EXCESSIVE
IMPINGEMENT OR LOSS OF ATTITUDE CONTROL COULD REBULTe

24-31 LOSS OF REDUNDANT ASCENT ENGINE ON CAPABILITY

A REDUNDANT METHOD OF MAINTAINING THE ASCENT ENGINE ON IS NECESSARY TO INSURE CREW SAFETY, THE
TWO METHODS WHICH CONSTITUTE THE NECESSARY REDUNDANCY ARE AUTO START AND ENGINE START OVERRIDE,
IF A FAILURE OCCURS AFFECTING EITHER METHOD AND IF THERE IS AVAILABLE TIMEr TROUBLE SHOOTING
PROCEDURES WILL BE IMPLEMENTED TO DETERMINE AP$ START REDUNDANCY* PRIOR TO PDI THE CONFIRMED
LOSS OF EITHER METHOD IS SUFFICIENT TO NO-GO PDI, IF THE LOSS OF REDUNDANT ASCENT ENGINE ON
OCCURS DURING PDIP DIPFERENT.ACTIONG ARE REQUIRED DEPENDING ON WHETHER OR NOT DECENT INSERTION
CAPABILITY EXISTS (REFERENCE MR 25-21e WHEN DESCENT INSERTION CAPABILITY EXIGTS_ THE bOSS OF
EITHER METHOD W_LL BE CAUSE FOR AN ABORT. IF EITHER IS LOST AFTER DESCENT INSERTION CAPABILITY_
THE ACTION WILL BE TO CONTINUE THE MISSION BECAUSE IT WOULD BE DIFFICULT TO IMPLEMENT CORRECTIVE
PROCEDURES DURING THIS TIME OF HIGH CREW ACTIVITYo IF THE LOSS OF EITHER IS CONFIRMED AFTER
LANDING_ THE LM WILL BE NO-GO FOR AN EXTENDED LUNAR STAY* LIFTOFF AT NEXT BEST OPPORTUNITY IS
THEN THE DESIRED ACTION,

24-32 LOSS OF DPS AUTO ON CAPABILITY

IF DPS AUTO ON CAPABILITY I5 LOST_ THE REQUIRED ACTION IS DEPENDENT UPON WHETHER OR NOT
AUTOMATIC ULLAGE HAS OCCURRED= THIS CONSTRAINT AGAINST THE DPS AUTO ON WAS LEVIED TO ALLOW A

SECONDARY INDICATION OF THE LGC=5 ABILITY TO CONTROL MAJOR FLIGHT FUNCTIONS,

IF ULLAGE HAD OCCURRED AUTOMATICALLY AND THE DPS AUTO ON CAPABILITY WAS LOSTt THE USE OF THE
ENGINE START P.B, WOULD BECOME MANDATORY, THIS IS BECAUSE IT IS NECESBARY TO FIRE THE
SUPERCRITICAL HELIUM SQUIBS WHICH WHEN BLOWN WILL ALLOW FOR NOMINAL MIGSION COMPLETIONeIF

IGNITION NOW OCCURSP THE DESCENT ENGINE COMMAND OVERRIDE SWITCH SHOULD BE PLACED ON BECAUSE OF

SINGLE POINT FAILURES IN THE START PUSH BUTTON CIRCUITRY, IF IGNITION DOBSNIT OCCUR WITH START
P.B, DEPRESSION_ THEN THE SHE SQUIBS MAY NOT HAVE BEEN BLOWN, IF THE DPS WERE TO BE SUBSEQUENTLY

STARTED (VIA THE DSC END CMD OVRD) WITH THE LOSS OF SHEt PDI WOULD BE ABORTED. THUS A PERIOD OF
TROUBLESHOOTING {_ REV} IS NECESSARY TO DETERMINE WHETHER OR NOT THE CAPABILITY EXISTS TO

SUCCESSFULLY BLOW SHE SQUIBS AND IGNITE THE DPB.

HOWEVER_ IF ULLAGE HAD NOT OCCURRED AUTOMATICALLYt AND THE OPS AUTO ON CAPABILITY WAS LOSTe THE
ACTION WOULD BE TO INHIBIT POl SINCE TWO MAJOR PLIGHT FUNCTIONS MAY NOT HAVE BEEN PERFORMED BY

THE LGC, THU5_ PDI IS NO-GO BECAUSE OF A SUSPECTED LGC FAILURE,
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24"34 LOSS OF AUTO/MANUAL THROTTLE CONTROL

A, EITHER

THE LOSS OF AUTO THROTTLE WILL NOT NO-GO PDI SINCE IT IS POSSIBLE TO MONITOR VIA DSKY
READOUT GUIDANCE THRUST COMMANDS, SIMULATIONS HAVE SHOWN THAT THE CREW CAN FOLLOW WITH
MANUAL THROTTLE CONTROL THE APPROPRIATE THROTTLE SCHEDULE DISPLAYED ON THE DSKY,

NOMINALLYt MANUAL THROTTLE IS USED TO SUPPLEMENT/BACKUP AUTO THROTTLED DPS MAX THRUST CAN
BE ACHIEVED BY EITHER A PULL SCALE OUTPUT OF AUTO THROTTLE AND A PERCENTAGE OUTPUT OF

MANUAL THROTTLE OR A FULL SCALE OUTPUT OF MANUAL THROTTLE, SINCE MAX THRUST FROM THE DPS IS

A NECESSARY REQUIREMENT FOR BOTH THE NOMINAL POI TRAJECTORY AND NEAR LUNAR SURFACE ABORTSJ
A MEANS OF ACHIEVING MAX THRUST 15 MANDATORY,

THE LOSS OF MANUAL THROTTLE REQUIRES A CONTINUE MISSION RULING BECAUSE A WORK-AROUND

PROCEDURE EXISTS TO FORCE THE OPS TO MAX THRUST REGARDLESS OF THE MANUAL THROTTLE OUTPUT,
THUS THE NECESSITY OF REQUIRING MANUAL THROTTLE HA5 BEEN REMOVED_

AN EXAMPLE OF HOW THE PROCEDURE IS IMPLEMENTED WILL CLARIFY ITS USE, IF MANUAL THROTTLE IS

LOST PRIOR TO OR DURING PDIt THE DECA POWER OB ON PANEL 11 WILL BE PULLED WHEN MAX THRUST
IS NECESSARY, WHEN GTC I$ BELOW 57 pEROENT_ THE CB WILL BE RESET TO ALLOW THE LGC TO
CONTROL THE THROTTLE, WITH THE CB PULLEDP GROUND MONITORING OF CERTAIN PARAMETERS IS LOST
BUT THE LOSS DOES NOT COMPRIMIZE FAILURE DETECTION TECHNIQUES IN THIS TIME FRAME,

THUS* THE LOSS OF EITHER THROTTLE CONSTITUTES A CONTINUE MISSION RULING ON THE BASIS THAT
BACKUP TECHNIQUES FOR EACH ARE AVAILABLE,

B, BOTH

THE LOSS OF BOTH THROTTLES WILL BE CAUSE FOR AN ABORT DURING PDI SINCE THE PDI TRAJECTORY
REQUIRES THAT THE DPS BE THROTTLED TO MEET ALTITUDE AND ALTITUDE RATE CONSTRAINTS* IF THE
CONFIRMED LOSS OF BOTH IS DETECTED ANYTIME PRIOR TO PDI_ THE ACTION WILL BE TO RETURN TO

THE CSM SI,NCE A LUNAR LANDING CANNOT BE ACCOMPLISHED,

24-36 LOSS OF LUNAR COKTACT LIGHTS

THE FUNCTION OF THE LUNAR CONTACT LIGHT 15 TO CUE THE CREW WHEN TO H1T THE STOP PUSH BUTTON
PRIOR TO TOWCHDOWN, IF THE LUNAR CONTACT LIGHTS WERE LOSTP THE CREW WOULD CONTINUE THE MISSION
USING VISUAL REFERENCE AS THE PRIMARY SHUTDOWN CUE AND THE OTHER ONBOARD CREW DISPLAYS AS
SECONDARY CUES,
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LM PROPULSION-DP5

THE FOLLOWING LM DPS PROPULSION MISSION RULES RATIONALE ATTEMPTS TO EXPLAIN THE BACKGROUND
BEHIND EACH MISSION WULE. SINCE THE FIRST RULE 1N EACH SECTION IS k REPETITION OF THE LM cONTROL
GO/NO-GO=S IN SECTION 3 {REF PAGE _-23). THE RATIONALES BELOW ALSO COVER THE GO/NO-GOIG* IN
GENERAL THE OVERALL PHILOSOPHY IS TO IDENTIFY THE EQUIPMENT ABSOLUTELY ESSENTIAL TO COMPLETE THE
NORMAL LUNAR MISSION AND AT EACH PHASE SPECIFY THAT EQUIPMENT REWUIRED FROM THAT POINT THROUGH
REDOCKING, IN ADDITIONP OTHER EQUIPMENT IS ALSO REQUIRED TO PROVIDE REDUNDANCY FOR CREW SAFETY
PURPOSES. THIS IS PRIMARILY ASSOCIATED WITH REDUNDANT CAPABILITY FOR MAINTAINING DPS IGNITION.
DURING THE END OF THE POWER DESCENT PHASE AT SOME PERIOD JUST PRIOR TO TOUCHDOWN IT BECOMES MORE
DANGEROUS TO ABORT THAN TO MANUALLY LANDt AND THEN DO A NOMINAL LIFTDFF* THIS IS BECAUSE THE
NOMINAL LIFTDFF IS MORE THOROUGHLY EXERCISED DURING PREMISSION SIMULATIONS AND INVOLVES LESS
UNKNOWNS BOTH FROM A STANDPOINT OF SOFTWARE CHECKOUT AND CREW PROCEDURES, DURING THE LUNAR
STAYt THERE ARE OPTIMUM TIMES FOR L1FTOFF WHERE THE ¢SM POSITION IS ALIGNED FOR EASY RENDEZVOUS=
ABORTS DURING LUNAR STAY WILL BE DELAYED TO LIFTOFF AT THESE OPTIMUM TIMBSp EXCEPT IN CASES
WHERE CAPABILITY TO ACHIEVE ASCENT IS JEOPARDIZED=

25-2 DEFINITIONS

A, OPERATIONAL DPS

I, THIS MINIMUM INLET PRESSURE ASSURES THAT SYSTEM PRESSURIZATION VIA THE SHE
WILL OCCUR QUICKLY ENOUGH TO OPEN PROPELLANT BALL VALVES AND ALLOW
PROPELLANT FLOW PRIOR TO THE SHE FLOW FREEZING THE FUEL IN THE FUEL'HELIUM
HEAT EXCHANGER.

2. IF ENGINE INLET LOWER PRESSURE LIMITS ARE VIOLATEDt EXTREME COMBUSTION
ROUGHNESS CAN RESULT, ROUGH COMBUSTION GIVES RISE TO SEVERE CHAMBER
PRESSURE SPIKESt HIGH TRANSIENT ACCELERATIONSt AND ABNORMAL ENGINE STRESSES
WHICH COULD CAUSE ENGINE DAMAGE.

_. THE ENGINE SHOULD NOT BE STARTED AND OPERATED AT PROPELLANT BULK
TEMPERATURES OUTSIDE THE 50 DEC F TO 90 DEG F RANGE, A BULK TEMP GREATER
THAN 50 DEC F IN THE PROPELLANT TANKS INSURES THAT PROPELLANT IN THE LINES
DOWNSTREAM OF THE TANKS REMAINS ABOVE #O DEG F. THE TEMP OF 40 DEG F
REPRESENTS THE LOWER LIMIT OF THE ENGINE INJECTOR QUALIFICATION ENVELOPE.
AND EFFECTS OF OPERATION OUTSIDE THIS ENVELOPE ARE UNKNOWN, FOR BULK TEMPS
GREATER THAN 90 DEC F PERFORMANCE DEGRADATION AND HIGH EROSION WITH POSSIBLE

ENGINE BURN-THROUGH MAY OCCUR.

4, DELTA TEMPERATURE GREATER THAN 10 DEC F CAUSES DEGRADED PERFORMANCE WHICH
RESULTS IN OFF-NOMINAL MIXTURE RATIO AND LOWER SPECIFIC IMPULSE WHICH COULD
CAUSE pROPELLANT DEPLETION PRIOR TO LANDING. IN ADDITIONJ A DELTA T GREATER
THAN 25 DEC F MAY PRODUCE HIGH EROSION RATES AND A POSSIBLE PREMATURE
CHAMBER BURN-THROUGH= THE TEMPERATURE LIMITS ARE ONLY TO INITIATE A BURN
BECAUSE IT IS NOT REASONABLE FOR BULK TEMPERATURES TO CHANGE DURING A BURN--
THEREFORE_ ANY SIGNIFICANT SHIFT IN TEMPERATURES DURING A BURN WILL BE
CONSIDERED A TM FAILURE*

5.{A}DELTA PRESSURE BETWEEN FUEL AND QXID ENGINE INLET PRESSURES CREATES
. OF -NOMINAL PBOPELLA_T FLO H RATES. OXI_-HIGH PLOW RATES CAUSE @IG_ EROSION

RATES AND POSsiBLE PREMATURE _HAH_ER BU_-YHR_GH* fU_L'HIGH _Lb_ RA_
CAUSE ROUGH COMBUSTION, IN BOTH CASES DEGRADED PERFORMANCE AND IMPROPER
PROPELLANT UTILIZATION RESULTS,

(B)IF THE DELTA PRESSURE AT THE START OF ANY BURN IG GREATER THAN 50 PSID (FUEL
HIGH}, THE FUEL LEAD INTO THE COMBUSTION CHAMBER MAY BE LARGE ENOUGH TO
ALLOW THE FUEL TO ENTER INTO THE OXID ORIFICES AND CAUSE DETONATION OF
PROPELLANTS IN THE INJECTOR WHICH COULD DAMAGE THE INJECTOR.

B* SUFFICIENT GUPERCRITICAL HELIUM MUST EXIST TO ALLOW PROPELLANT DEPLETION
WITHOUT EXCEEDING THE MINIMUM FTP INLET PRESSURE LIMIT.

B, LOW THROTTLE POINT

THE EXACT LOW THROTTLE POINT IS DEFINED FOR INFORMATION PURPOSES AS IT CHANGES SLIGHTLY
FROM VEHICLE TO VEHICLE= {REFERENCE SODB VOL II APPENDIX)

C, DPS INSERTION CAPABILITY - NO RATIONALE REQUIRED,
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25-11 MINIMUM DPS ENGINE BURN TIME AND RESTART CAPABILITY

A MINIMUM BURN OF 3*5 SECONDS IS REQUIRED TO ASSURE THAT COMBUSTION CHAMBER HEATING iS ENOUGH TO
PREVENT FREEZING OF PROPELLANTS IN INJECTOR MANIFOLDS WHICH COULD CAUSE UNPREDICATABLE AND
UNREPEATABLE SYSTEM OPERATION* AFTER A MINIMUM BURN_ A COAST PERIOD OF 2 SECONDS 15 THEN
REQUIRED TO ASSURE THAT SOAK-BACK EFFECTS HAVE CAUSED COMPLETE SUBLIMATION OF PROPELLANTS IN THE
INJECTOR*

25-14 SUPERCRITICAL HELIUM BURST DISC RUPTURE DURING MANNED OPERATION IS AN ALLOWABLE EVENT

THE SUPERCR1TICAL HELIUM PRESSURE RELIEF ASSEMBLY IS DESIGNED TO RELIEVE THE SHE TANK TO ZERO IF
THE STORAGE TANK PRESSURE BECOMES EXCESSIVE WITHOUT CAUSING STRUCTURAL DAMAGE TO THE SPACECRAFTt
PRODUCING TOO LARGE A MOMENT UNBALANCEt OR ENDANGERING THE CREW,

2fi-15 PROPELLANT GAGING

THE PQGS IS THE MOST ACCURATE METHOD OF GAGING DPS PROPELLANT WHICH IS AVAILABLE TO THE CREW*

A, THE PQGG ONBOARD ERROR IS DEFINED AS 1,3 PERCENT FROM 95 PERCENT TO 23 PERCENT* 1 PERCENT
FROM 25 PERCENT TO 8 PERCENTi AND 1,G PERCENT FROM 8 PERCENT TO 0 PERCENT*

SINCE THE GREATEST RANGE OF THE PQGS _S WELL AS THE MOST CRITICAL (8 PERCENT -0) HAS AN
ERROR OF 1,3 PERCENTt THIS IS THE ERROR ESTABLISHED FOR MISSION RULE USE*

B* THE BACKUP METHOD UTILIZES THE LGC MASS IN ITS CALCULATION, THIS METHOD CAN DETERMINE
TOTAL PROPELLANT REMAINING VERY ACCURATELY (1 PERCENT) A NOMINAL MIXTURE RATIO IS ASSUMED
WHEN CALCULATING THE OXIDIZER AND THE FUEL INDIVIDUALLYt WHICH RESULTS IN A LARGER ERROR (3
PERCENT)*

25-16 FRACTURE MECHANICS

WHEN DESCENT STAGE RETENTION IS DEGIRABLE AFTER A LONe BURN_ THE FRACTURE MECHANICS REQUIREMENTS
ON THE DESCENT PROPELLANT TANKS MUST BE SATISFIED, A BURN THAT LEAVES GREATER THAN 29 PERCENT
OF THE PROPELLANT PRODUCES NO FRACTURE MECHANICS PROBLEMS* FOR LONGER BURNG PLACING THE ENGINE
IN A BLOWDOWN MODE AT 29 PERCENT INSURES THAT FRACTURE MECHANICS LIMITS WILL NOT BE VIOLATED*
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25-3C LOSS OF OPERATIONAL DPS

R_FERENCE MISSION RULE RATIONALE 25-2 FOR LOSS OF OPERATIONAL DPS= AFTER LO GATE THE CREW 1S
TOO BUSY TO OBSERVE ANYTHING OTHER THAN ULLAGE PRESSURESt AND IF A FAILURE DID OCCUR THAT
VIOLATED OTHER OPERATIONAL PARAMETERS BUT NOT ULLAGE PRESSURE5_ THE ENGINE COULD BE SAFELY
OPERATED IN THAT MODE FOR THE SHORT TIME UNTIL LANDING.

25-31 GTART TANK LEAK

A. INLET PRESSURE EQUAL TO OR GREATER THAN 30 PSIA

THE DPS START TANK CANNOT BE ISOLATED FROM THE DPS PRESSURIZATION SYSTEM AFTER ITS
EXPLOSIVE VALVE IS OPENED, HELIUM FROM THE SHE TANK WILL FLOW BACK THROUGH THE SECONDARY
REGULATOR AND LEAK OVERBOARD THROUGH THE START TANK WHEN THE &HE EXPLOSIVE VALVE IS OPENED
AUTOMATICALLY 1.3 BECOND$ AFTER ENGINE IGNITION. THE ENGINE CAN BE SAFELY STARTED AND
OPERATED FOR 1=3 SECONDS WITHOUT PRESSURIZING FROM THE START TANK IF THE INLET PRESSURES
ARE E_UAL TO OR GREATER THAN 30 PSIA. THIG WILL AVOID LOGG OF HELIUM FROM THE SHE TANK.

B* INLET PRESSURE LESS THAN 30 P$IA

WITH ENGINE INLET PRESSURES BELOW SPECIFIED LIMITS_ THE ENGINE CANNOT BE BAFELY STARTED'-
THEREFOREP THE START TANK MUBT BE USED. IF A START TANK LEAK EXISTS AND THE S_UIB IS BLOWN
AND THERE IS SUFFICIENT HELIUM TO BRING THE ULLAGE PRESSURE TO EgUAL TO OR GREATER THAN 30
PSIA= IT IS ASSUMED THAT THE LEAK I5 GMALL BECAUSE ENOUGH PRESSURE IN THE 5TART TANK
REMAINED TO PARTIALLY PRESSURIZE THE DPGe AND POWERED DESCENT WILL BE ATTEMPTED (REF MRR
26-33),

25-33 LOGS OF SuPERCRITICAL PRESSURE DURING POWERED DESCENT
IF SUPERCRITICAL HELIUM PRESSURE IS LOST PRIOR TO 31 PERCENT PROPELLANT REMAINING THE DPS ENGINE
WILL BE BELOW ITS MINIMUM FTP INLET PRESSURE PRIOR TO PROPELLANT DEPLETION= IF THE DPS GOES
INTO BLOWDOWN BELOW 31 PERCENT PROPELLANT REMAINING_ THE CAPABILITY TO GO TO FTP AT ANY POINT
AND DEPLETE PROPELLANTS EXISTS, THIS ASSURES AN FTP ABORT AY ANY TIME DURING THE LUNAR LANDING*
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25-3A DPS HELIUM LEAK

A DPS HELIUM LEAK PRIOR TO PD1 WILL BE EVALUATED BY THE GROUND, IF THE HELIUM LEAK ALLOWS A LOS5
OF LEGS THAN 12 LBS, THEN PDI CAN BE COMPLETED WITHOUT VIOLATING MR 25-2 FOR AN OPERATIONAL DPS.
IF MORE THAN 12 LBS OF HELIUM WILL BE LOST THEN PDI WILL NOT BE ATTEMPTED,

25-36 97 SECONDS AFTER LO LEVEL

AT LO LEVEL ACTIVATIONf THE GROUND ASSUMES THAT 117 SECONDS AT 25,4 PERCENT THRUST REMAINS, THE
ll3 SECONDS IS DERIVED FROM RS$1NG THE 3 SIGMA LOW LEVEL POINT FOR EACH TANK WITH THE OTHER FUEL
TANK, THE SAME IS DONE FOR THE OXIDIZER TANKer AND THE LOWEST OF THE FUEL AND OK RSSED NUMBER
IS USED* THIS ASSUMES THAT IT IS HIGHLY IMPROBABLE THAT BOTH FUEL LOW LEVELS OR OX LOW LEVELS
WOULD BE AT THEIR 3 SIGMA MINIMUM, AT LEAST ONE LOW LEVEL OUT OF EACH PAIR SHOULD BE AT THEIR
RSSED LOW LEVEL POINT.

NINETY-SEVEN SECONDS AFTER A LOW LEVEL_ APPROXIMATELY 20 SECONDS OF HOVER TIME OR FIVE SECONDS
OF FTP REMAIN. THEREFOREt AT 97 SECONDS_ THE CREW FACES AN ABORT/NO ABORT DECISION, THEY MUST

HAVE EITHER THE CAPABILITY TO LAND WITHIN 20 SECONDS OR THEY MUST ABORT_ IN WHICH CASE THEY HAVE
FIVE SECONDS AT FTP TO COVER ANY ABORT SITUATION SUFFICIENTLY.

25-37 LOW LEVEL CONFIRMS INSUFFICIENT PROPELLANT TO LAND

IF IN THE CREW'S ESTIMATION INSUFFICIENT PROPELLANT REMAINS TO LAND WHEN THE LOW LEVEL
INDICATION IS OBTAINED_ THEN AN ABORT WITH AN ABORT STAGE @O SECONDS LATER SHOULD BE INITIATED,
THIS WILL ALLOW MAXIMUM USE OF THE DESCENT ENGINE WHILE AVOIDING AN FTP BURN TO DEPLETION WHICH
COULD PRODUCE HAZARDOUS THRUST OSCILLATIONS. AT THE LOW LEVEL INOICATION_ APPROXIMATELY 32
SECONDS OF BURN TIME REMAIN AT FTP, IN ADDITION_ IF A LARGE DELTA SHOULD ARISE BETWEEN OXIDIZER
AND FUEL PQG$ READINGS* THIS INDICATES THAT ABNOMINAL PROPELLANT USAGE OR A PROPELLANT LEAK MAY
EXIST, WHEN THE DELTA BETWEEN READINGS REACHES GREATER THAN _3 PERCENTp THE NOMINAL OXIDIZER OR
FUEL PROPELLANT MARGIN pREDICTED AT LANDING HAS BEEN CONSUMED_ AND THE CAPABILITY TO LAND DOES
NOT EXIST EVEN CONSIDERING WORST CASE PUGS ERROR,

25-38 PUGS READING 2 PERCENT AND NO VALID TIME ESTIMATE FROM LOW LEVEL

IF THE THROTTLE IS TAKEN OVER MANUALLY OR NO VALID TIME ESTIMATE FROM LOW LEVEL IS OBTAINEDp
THEN THE CREW MUST ABORT WHEN PROPELLANTS GET SO LOW THAT THEY COULD RUN OUT PRIOR TO GETTING
OUT OF THE APS ABORT CURVE IF AN ABORT WAS REQUIRED, UNDER THESE CIRCUMSTANCES THE PQGSt WHICH
IS THE CREWI5 ONLY PROPELLANT GAGING SYSTEMt BECOMES THE PRIMARY CUE OF PROPELLANT REMAINING
AFTER LOW LEVEL, WHEN THE PQGS FLIPS TO 2 PERCENT* AN ABORT/NO ABORT DECISION POINT IS FACED BY
THE CREW, THE PUGS READING OF 2 PERCENT MEANS THE GAGE IS REGISTERING A PROPELLANT QUANTITY
BETWEEN E*5 AND 2,5 PERCENT DEPENDING ON HOW SOON THE CREW SEES THE READING AFTER THE FLIP TO 2
PERCENT, TAKING INTO ACCOUNT PUGS ERROR IN THE LOWER RANGE OF I PERCENT. THE CREW CAN HAVE AN
ASSURED ABORT PAD OF 0,5 TO 1,5 PERCENT WHICH CORRESPONDS TO BETWEEN 10 AND 30 SECONDS OF BURN
TIME AT 25.4 PERCENT THRUST AND PROVIDES SUFFICIENT FTP BURN TIME FOR ABORT SITUATIONS,
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!5-39 EXCESSIVE PROPELLANT USAGE

POWERED DESCENT SHOULD BE ABORTED WHENEVER IT BECOMES CLEAR THAT SUFFICIENT PROPELLANT DOES NOT
EXIST TO LANDQ pRIOR TO P641 SUFFICIENT DATA DOES NOT EXIST TO DETERMINE WHETHER EXCESSIVE
PROPELLANT IS BEING USED= DURI.NG PS4J THE GROUND CAN ANALYSE LGC DATA AND DESCENT UUANTITIE5 TO
DETERMINE WHETHER SUFFICIENT PROPELLANT REMAINS TO LAND, THIS ANALYSIS ALSO TAKES INTO ACCOUNT
ANY REDESIGNATION, EXCESSIVE PROPELLANT USAGE PREDICTED BY GROUND ANALYSIS WILL BE VERIFIED BY
SECONDARY CUES SUCH AS THROTTLE DOWN TIME, THRUST LEVEL TCPo AND SYSTEM PRESSURES WHICH WOULD
INDICATE OFF-NOMINAL DPS PERFORMANCE, A MINIMUM PERCENTAGE OF PROPELLANT IS REQUIREO AT ALL
TINES FOR AN FTP ABORT. WHEN APPLIED TO THE PROPULSION PER CENT MARGIN PLOTS, A MINIMUM
PREDICTED MARGIN NUMBER AT TOUCHDOWN IS OBTAINED BY SUBTRACTING BOTH PUGS ERROR AND MARGIN PLOT
_RROR FROM THE MINIMUM PUGS NUMBERS REQUIRED FOR ALL ABORT SITUATIONS=

REQUIRED FOR FTP ABORTS +1 PERCENT
PUGS ERROR IN Z5 PERCENT TO S PERCENT REGION -1 PERCENT
MARGIN PLOT ERROR -,2 PERCENT

LOWEST ACCEPTABLE MARGIN -,Z PERCENT

25-40 FAILURE TO VENT DPS

VIOLATION OF THE FRACTURE MECHANICS LIMITS ON THE DPS PROPELLANT TANKS COULD CAUSE A RUPTURE OF
THE TANKS CREATING A HAZARDOUS CONDITION FOR THE CREW,

FRACTURE MECHANICS LIMITS ARE ESTABLISHED ON A PRESSURE-TEMPERATURE RELATIONSHIP, THE
PROPELLANT TANK TEMPERATURE WILL CHANGE ACCORDING TO THE ENGINE BURN TIME AND THE QUANTITY OF
PROPELLANT REMAINING IN EACH TANK, THE PROPELLANT TANK PRESSURE WILL BE EFFECTED BY THE HEAT

SOAK BACK AFTER THE BURN,

IF THE OXIDIZER TANKS ARE NOT VENTED AFTER THE BURNt A HIGH TANK PRESSURE WILL RESULT AS A
FUNCTION OF HEAT SOAK BACK. AS LONG AS THERE IS AT LEAST 150 LBS IN EACH OK TANKP THE TANK
TEMPERATURE INCREASE WOULD NOT BE LARGE ENOUGH TO VIOLATE THE FRACTURE MECHANICS PRESSURE
TEMPERATURE RELATIONSHIP. THE PRESSURE NEEDED FOR THE TEMPERATURE RISE TO VIOLATE THE FRACTURE
MECHANICS LIMITS CAN NEVER BE OBTAINED, THE PRESSURE WOULD BE RELIEVED THRU THE BURST DISC
BEFORE IT C_ULO REACH ITS LIMITS= IF THE PROPELLANT REMAINING IN EACH OX TANK IS LESS THAN 150

LBS_ IN EXCESS OF TWO HOURS IS REQUIRED FOR TEMPERATURES TO INCREASE TO A POINT SUCH THAT
FRACTURE MECHANICS LIMITS MAY BE VIOLATED, THEREFORE, IT 15 SAFE TO CONTINUE TO T-3* AND REAL
TIME EVALUATION WILL BE MADE FOR CONTINUING AFTER T-3,

IN THE EVENT OF FAILURE OF THE FUEL TANKS TO VENT THERE IS NO PROBLEM IN VIOLATING FRACTURE
MECHANICS LIMITS, NO MATTER WHAT QUANTITY OF FUEL REMAINEDt THE BURST DISC WOULD BE BLOWN
BEFORE ANY PRESSURE COULD SATISFY THE FRACTURE MECHANICS LIMITS,

23-41 EROSION EFFECTS

DURING DESCENT ENGINE OPERATION_ THE ABLATIVE LINER OF THE ENGINE IS BEING CONSTANTLY WORN AWAY
CAUSING AN INCREASE IN ENGINE THROAT AREA* THROAT AREA INCREASE BEYOND A PREDETERMINED
PERCENTAGE MAY EXCEED THE ENGINE THRUST CHAMBER HEATING AND ERUSION LIMITS AND RESULT IN AN

ENGINE BURN-THROUGH=..THE AMOUNT QE THRO_J_ABEA INCREASE ChN BE,GAUGE_ BYENGINE TOP. THIS IS

IMPLEMENTEb!ON £ GRAPH OF DPS CHAMBER PRESSURE VS _ER_EN_ THhUST _'IfN A _E_IES _ €ORVE$" WHI_
SHOW DIFFERENT STAGES OF EROSION, THUS, FOR A CERTAIN THRUST LEVEL A PARTICULAR TCP CAN BE
OBTAINEDp ANDt WHEN PLOTTED ON THE GRAPH_ GIVES THE STAGE OF EROSION THE ENGINE HAS OBTAINED,
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LM PROPULSI ON-APS

THE FOLLOWING LM PROPULSION APS MISSION RULE RATIONALE ATTEMPTS TO EXPLAIN THE BACKGROUND BEHIND
EACH MISSION RULE. SINCE THE FIRST RULE IN EACH SECTION IS A REPETITION OF THE LM CONTROL
GO/NO-GODS IN SECTION _ (REF PAGE 3-23)t THE RATIONALE BELOW ALSO COVER THE GO/NO "GOIS, IN
GENERAL THE OVERALL PHILOSOPHY I5 TO IDENTIFY THE EQUIPMENT ABSOLUTELY ESSENTIAL TO COMPLETE THE
NORMAL LUNAR MISSION AND AT EACH PHASE SPECIFY THAT EQUIPMENT REQUIRED FROM THAT POINT THROUGH

REDOCKING, IN ADOITION.t OTHER EQUIPMENT I5 ALSO REQUIRED TO PROVIDE REDUNDANCY FOR CREW SAFETY
PURPOSES= THIS IS PRIMARILY ASSOCIATED WITH REDUNDANT CAPABILITY FOR SAFE ASCENT, DURING THE
LUNAR STAYP THERE ARE OPTIMUM TIMES FOR LIFTOFF WHERE THE CSM POSITION IS ALGINED FOR EASY
RENDEZVOUS= ABORTS DURING LUNAR STAY WILL BE DELAYED TO LIFTOFF AT THESE OPTIMUM TIMES9 EXCEPT
IN CASES WHERE CAPABILITY TO ACHIEVE ASCENT IS JEOPARDIZED,

26-2 DEFINITIONS

A, OPERATIONAL APS (PRE-PRESSURIZATION)

1, THIS PRE-PRESSURIZATION DELTA PRESSURE BETWEEN OXID AND FUEL ENGINE INLET
PRESSURE IS THAT HAXIMUM PRESSURE THAT WILL ALLOW ABORT START PRESSURIZATION
AND SAFE ENGINE START, THIS DELTA PRESSURE IS THE LIMIT OF TESTING AND MUST
NOT BE EXCEEDED, DELTA PRESSURES.GREATER THAN THIS PRODUCE SLOW ENGINE

STARTS= DURING AN ABORT STAGE SEQUENCE9 WITH A LIGHT UPS STAGEP A SLOW AP5
ENGINE START COULD RESULT IN THE TWO STAGES RECONTACTING,

2, DELTA TEMPERATURE GREATER THAN 10 DEG F CAUSES DEGRADED PERFORMANCE WHICH
RESULTS IF OFF-NOMINAL MIXTURE PROPELLANT DEPLETION PRIOR TO INSERTION* THE
TEMPERATURE RATIO AND LOWER SPECIFIC IMPULSE WHICH COULD CAUSE LIMITS ARE
ONLY TO INITIATE A BURN BECAUSE IT IS NOT REASONABLE FOR BULK TEMPERATURES

TO CHANGE APPRECIABLY DURING A BURN-- THEREFOREt ANY SIGNIFICANT SHIFT IN
TEMPERATURES DURING A BURN WILL BE CONSIDERED A TM FAILURE,

3= ENGINE OPERATION WITH PROPELLANT BULK TEMPERATURES OUTSIDE THESE LIMITS
RESULTS IN PERFORMANCE'DEGRADATION, TEMPERATURES GREATER THAN" 50 DEG F
PREVENT PROPELLANT LINE AND ENGINE INJECTOR TEMPERATURES FROM DECREASING
BELOW #0 DEe F WHICH IS THE LIMIT OF TESTING= AT PROPELLANT TEMPERATURES
BELOW 50 DEG F_ THRUST CHAMBER EROSION INCREASES GREATLY AND COULD REsuLT IN
CHAMBER BUrN-THROUGH, PROPELLANT TEMPERATURES GREATER THAN 90 DEG F RESULT
IN PERFORMANCE DEGRADATION,

4, IF UPPER ENGINE INLET PRESSURE LIMITS ARE VIOLATED_ EXTREME COMBUSTION
ROUGHNESS CAN RESULT, ROUGH COMBUSTION GIVES RISE TO SEVERE CHAMBER
PRESSURE SPIKEB_ HIGH TRANSIENT ACCELERATIONSI AND ABNORMAL ENGINE STRESSES
WHICH COULD RESULT IN ENGINE DAMAGE, PROPELLANT TANK PRESSURES LESS THAT 62
PSIAt DURING PERIODS OF ACCELERATIONo COULD RESULT IN TANK BUCKLING AND

SUBSEQUENT FAILURE,

5. REDUOANT PRESSURIZATION PATHS ARE REQUIRED TO PREVENT A SITUATION WHERE A
SUBSEQUENT FAILURE COULD CAUSE AN INABILITY TO PRESSURIZE THE APS, ANY
HELIUM LEAK MAY RESULT IN THE LOSS OF THE CAPABILITY TO PROPERLY PRESSURIZE
THE APS SYSTEM. THIS WOULD REDUCE THE APS PRESSURIZATION REUUNDANCY AND

GOULD REDUCE THE _PS TOTAL DELTA y _APABIL|TY_
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26-2
CONT

B* OPERATIONAL APS (POST-PRESSURIZATION)

1, SUFFICIENT HELI_UM SOURCE PRESSURE, INCLUDING BLOWDOWN CAPABILITYt MUST BE
AVAILABLE TO EXPEL ALL THE PROPELLANTS TO OBTAIN TME REQUIRED DELTA V,

2. APS ENGINE TESTING WITH PROPELLANT BULK DELTA TEMPS OF GREATER THAN 60 DEG F
FOR BURNS OF LESS THAN ZOO SECONDS IS BEYOND THE LIMIT OF TESTING

EXPERIENCE, TESTING HAS PROVEN THAT BURNS OF GREATER THAN 10O SECONDS wITH
MORE THAN 10 DEG F DELTA TEMPERATURE RESULTS IN SIGNFICANTLY DEGRADED
PERFORMANCE AND PREMATURE PROPELLANT DEPLETION,

9, FOR SHORT APS BURNS (OF LESS THAN 100 SECONDS} THE PROPELLANT BUL_ TEMR WILL

NOT CHANGE APPRECIABLY, ENGINE OPERATION OUTSIDE THESE TEMPERATURE LIMITS
RbSULTS IN OFF-NOMINAL MIXTURE RATIOt SPECIFIC IMPULSEp AND THRUST CHAMBER

EROSION. THE ENGINE HAS BEEN SUCCESSFULLY TESTED FOR SHORT DURATION BURNS
AT 120 PEG F, BURNS OF GREATER THAN _00 SECONDS WILL PRODUCE SIGNZFIOANT

EXCURSIONS IN MIXTURE RATIOI SPECIFIC IMPULSE_ AND THRUST CHAMBER EROSION.
THESE EXCURSIONS COULD RESULT IN PROPELLANT DEPLETION PRIOR TO THE QESIREO
TIME OR RESULT IN THRUST CHAMBER FAILURE*

4, THE MINIMUM INLET PRESSURE (ULLAGE PRESSURE) INSURES THAT THE TOP REMAINS
ABOVE 80 PSIA, PRESSURES BELOW THIS LEVEL RESULT IN TCP THAT PRODUCES ROUGH
COMBUSTIONP HIGH TRANSIENT ACCELERATIONSI AND ENGINE STRESSES,

5, DELTA PRESSURE BETWEEN FUEL AND OXIDIZER ENGINE INLET PRESSURES CREATE
OFF-NOMINAL PROPELLANT FLOW RATES, OXIDIZER HIGH FLOW RATES CAUSE HIG_
EROSION RATES AND POSSIBLE pREMATURE CHAMBER BURN-THROUGH, FUEL HIGH FLOW
RATES CAUSE ROUGH COMBUSTION. IN BOTH CASESt DEGRADED PERFORMANCE AND
IMPROPER PROPELLANT UTILIZATION RESULTSP WHICH COULD CAUSE PREMATURE
PROPELLANT DEPLETION,
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!6-13 MINIMUM IMPULSE

THE MINIMUM IMPULSE 1S THE MINIMUM ON TIME THAT PRODUCES A REPEATABLE MINIMUM THRUST WITHOUT
RESULTING IN DETRIMENTAL FREEZING OF PROPELLANT IN THE INJECTOR, BREEZING UF THE PROPELLANTS IN
THE INJECTOR COULD RESULT IN SUBSEQUENT HARD STARTS. H_RD STARTS RESULT IN SEVERE THRUST
CHAMBER PRESSURE SPIKES AND TRAmSIENT ACCELERATIONB WHICH COULD CAUSE ENDINE DAMAGE,

26-14 MULTIPLE BURN PROFILES

THE PROBLEM OF CERTIFYING AN APB MULTIPLE BURN PRUFILE IS VERY COMPLEX, THE P_IMARY
£ONTRIBUTING FACTORS THAT MUST BE CONSIDERED ARE THRUST CHAMBER CHARRING_ BACKWALL TEMPERATUREt
AND pROPELLANT FREEZING WITHIN THE INJECTOR, THESE FACTORS ARE IMPOSED BY ENGINE DESIGN

CHARACTERISTICS,

DURING A BURNt THE THRUST CHAMBER LINER MATERIAL IS CONSUMED BY ABLATION, THE RATE OF ABLATION
IS GREATEST DURING A BURN START AND DURING LONG BURNS AND IS DEPENDENT UPON PREVIOUS BURNS,

EXCESSIVE ABLATION REDUCES THE ENGINE LIFE TO THE POINT THAT CONTINUED ENGINE OPERATION MAY
RESULT IN ENGINE FAILURE.

HIGH BACKWALL TEMPERATURE IS THE RESULT OF THE ENGINE BURNING A;_D TEMPERATURE TRANSFER THROUGH

THE CHAMBER WALL, THIS TEMPERATURE IS GREATLY AFFECTED BY PREVIOUS BURNS AND THE COAST TIME
BETWEEN BURN8. EXCESSIVE TEMPERATURE RESULTS IN INCREASED ABLATION RATE_ WHICH COULD RESULT IN
PREMATURE ENGINE FAILURE.

PROPELLANT FREEZING WITHIN THE ENGINE INJECTOR OCCURS AT THE END OF A BURN, THE PROPELLANT
TRAPPED IN THE INJECTOR FREEZES ALMOST IMMEDIATELY AT BHUTDDWN_ THBN SUBLIMATES, THE RATE OF
SUBLIMATION i_ DEPENDENT ON INJECTOR TEMPERATURBP WHICH IS A FUNCTION OF PREVIOUS BURN PROFILE,
LACK OF A COMPLETE SUBLIMATION RESULTS IN FROZEN pROPELLA,_TS IN THE INJECTORo THESE FROZEN
PARTICLES MAY CAUSE SUBSkOUENT ENGINE STARTS TO BE ROUGH AND ERRATIC, SUCH STARTS MAY
EXPERIE_CE BEVERE THRUBT CHAMBER PRESSURE SPIKES AND HIGH TRANSIENT ACCELERATIONS WHICH COULD
CAUSE ENGINE DAMAGE,

IN ORDER THAT MAXI_U,_ SAFE APB ENGINE OPERATION CAPABILITIES BE OBTAINED, ONLY PREMISS|ON APS
MULTIPLE BURN PROFILES MUST BE USED,

26-_5 pROPELLANT GA()ING

THERE IS NO ONBOARD APS PROPELLANT GAGINGj BUT THE GROUND HAS TWO METHODS OF MONITORING APS

PROPELLANTG, THE GROUND MASS CALCULATION METHOO IS PRIME BECAUSE IT IS MORE ACCURATE THAN THE
FLOW-RATE-TIMES-TIME GROUND PROGRAM, THE GROUND MASS CALCULATION USES THE LGC MASS TO DECREMENT
APS PROPELLANT. THE THREE PERCENT GROUND MASS CALCULATION ERROR COMES FROM A ONE PERCENT MABS
ERROR AND A TWO PERCENT MIXTURE RATIO UNCERTAINTY,
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26-2O LOSS OF AN OPERATIONAL APS

REFERENCE MISSION RuLE RATIONALE 26-2 FOR THE DEFINITION OF AN OPERATIONAL APE= PRIOR TO OR
DURING DESCENT, THE LOSS OF AM OPERATIONAL SYSTEM REQUIRED AN IMMEDIATE ABORT AND RETURN TO THE
CSM, CONTINUATION OF THE DESCENT WITHOUT A GOOD APS SYSTEM WOULD REDULT IN THE INABILITY TO
ASCEND FROM THE LUNAR SURFACE, IF THE SYSTEM BEGINS TO DEGRADE AFTER LANDINGt THE ASCENT MUST
BE INITIATED AT THE NEXT BEST OPPORTUNITY, THIS WILL INSURE MAXIMUM PERFORMANCE FROM THE APG
SYSTEM,

26-21 AP5 HE SOURCE PRESSURE

A SAFE ASCENT CAN BE ACCOMPLISHED ON ONE HELIUM BOTTLE BUT A GUBSEGUENT LEAK IN THE SECOND
SOURCE BOTTLE MAY PREVENT INSERTION,

WHENEVER THE MISSION 15 ABORTED FOR A LEAK IN ONE HELIUM BOTTLE AND THE ASCENT ENGINE IS
REQUIREDt THE FOLLOWING PROCEDURE SHOULD BE USED TO MORE EFFICIENTLY OPTIMIZE THE UDE OF THE APS
HELIUM--- SELECT AND PRESSURIZE THE APS WITH THE GOOD BOTTLE, UTILIZE THE APS WITH THE ONE
BOTTLE UNTIL THE SYSTEM GOES IN BLOWDOWN WHICH OCCURS WHEN THE ULLAGE PRESSURE REACHES 180 PSIA*
THE SECOND BOTTLE (THE LEAKING DOTTLE) SHOULD BE SELECTED AT THIS TIME IF IT CONTAINS SUFFICIENT
PRESSURE TO AID IN PRESSURIZING THE SYSTEM WHICH 15 DEFINED AS HAVING A PREGSURE GREATER THAN
T_E PRESSURE REMAINING IN THE FIRST BOTTLE*

THIS PROCEDURE IS UTILIZED TO PREVENT EXPOSING THE GOOD HELIUM TANK TO THE LEAKING TANK UNTIL
ALL APPRECIABLE HELIUM ID USED OUT OF THE GOOD HELIUM TANK, THE SECOND (LEAKING) BOTTLE SHOULD
BE USED IF ANY HELIUM IS REMAINING* TO KEEP THE OPERATION AS CLOSE TO NOMINAL AS POBSIBLE SINCE

ONLY LIMITED TESTING HAS BEEN DONE IN ONE BOTTLE BLOWDOWN,

AFTER PRESSURIZATION* THE HELIUM TANKS ARE MANIFOLDED TOGETHER AND A LEAK IN EITHER TANK
JEOPARDIZES SAFE ASCENT, BECAUSE OF THIS_ ASCENT MUST BE INITIATED IMMEDIATELY,

WHENEVER THE APS CAPABILITY HAS BEEN REDUCED BY LOSS OF HELIUM PRESSURIZATION_ THE ADO FEEL
VALVES MUBT NOT BE OPENED, THIS IS TO PROVIDE ADDITIONAL APE PROPELLANT NORMALLY uSED BY THE

RCS TO INCREABE THE INDERTION DELTA V CAPABILITY, THE APD USED THIS ADDITIONAL PROPELLANT MORE
EFFICIENTLY THAN THE RCS TO PROVIDE ADDITIONAL DELTA V CAPABILITY,

2B-22 APS HE BETWEEN QUAD CHECK VALVEG AND ACS HE REG Z AND 2 SHUTOFF VALVES

A LEAK IN THIS PART OF THE PLUMBING COULD PREVENT FULL APS DELTA V CAPABILITY IF THE LEAK RATE
IS SUFFICIENT TO PREVENT COMPLETE EXPULSION OF THE PROPELLANTS,

PRIOR TO POWERED DESCENT* THE MISSION SHOULD BE ABORTED SO THAT CREW SAFETY IS NOT JEOPARDIZED,
ONCE POWERED DESCENT HAS BEEN INITIATED* THE BAFEST APPROACH IS TO ADORT ON THE DPS AD LONG AG

PODBIBLE, DHOULO THIS FAILURE OCCUR ON THE LUNAR SURFACE_ A GUBSSQUENT FAILURE COULD PREVENT A
SAFE INSERTION, ASCENT DHOULD BE ACCOMPLISHED AT THE NEXT BEST OPPORTUNITY. DURING RBNDEZVOUSt
THE APD HAD SUFFICIENT BLOWDOWN CAPABILITY TO CONTINUE THE MISSION, WHENEVER THIS FAILURE
OCCURD_ THE APS HELIUM SHOULD BE OPTIMIZED TO MINIMIZE THE EFFECTS OF THE LEAK,

THE APE HELIUM OPTIMIZATION PROCEDURE IS FOUND IN THE AOH VOL If, THID PROCEDURE UTILIZES THE
FACT THAT HELIUM IG CONTINUOUSLY LODT ONLY WHILE THE LEAK IS BEING DUPPLIED WITH HELIUM* BY
MINIMIZING THE TIME THE LEAK IS BEING SUPPLIED, THE AMOUNT OF HELIUM LOST CAN BE MINIMIZED. THIS

IS ACHIEVED BY CYCLING THE REGULATORS SBUT-OFEIVAWyESTO PUT THEAP5 IN PERIODS OF B_OW_ DOWN
OPERATION, NO HBLiU_ IS LOST DURING T_ESE _LOWOOWN hERio_S BECAbsE THE PRB"PELLAN? _AN_2 ARE

ISOLATED BY QUAD CHECK VALVES,

WHENEVER THE APS CAPABILITY HAD BEEN REDUCED BY LOSD OF HELIUM PREDDURIZATION_ THE ASC FEED
VALVES MUST NOT BE OPENED= THIS IS TO PROVIDE ADDITIONAL APS PROPELLANT NORMALLY USED BY THE k_$
TO INCREABE THE INSERTION DELTA V CAPABILITY, THE APS USES THIS ADDITIONAL PROPELLANT MORE
EFFICIENTLY THAN THE RCS TO PROVIDE AODITIONAL DELTA V CAPABILITY,
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26-23 PROPELLANT LEAKS

ANY LOSS OF pROPELLANT REDUCES THE TOTAL DELTA V CAPABILITY OF THE APS-- THEREFORE, WHEN A LEAK
EXISTSt THE MISSION SHOULD BE ABORTED IMMEDIATELY, PRIOR TO CIRCP THE LM MUST RETURN TO THE
CSM, DURING THE DESCENT PHASE_ THE DP5 SHOULD BE USED FOR AN IMMEDIATE ABORT AND SHOULD BE USEU
AS LONG AS POSSIBLE (BECAUSE OF POSSIBLE LOSS OF APS DELTA V CAPABILITY), DURING LUNAR STAY, AN

ASCENT 5HOULD BE INITIATED IMMEDIATELY BECAUSE A pROPELLANT LEAK DECREASES DELTA V CAPABILITY
AND ENDANGERS SAFE ASCENT. THE ABC FEED VALVES MUBT NOT BE OPENED. THIS PROVIDES ADDITIONAL
APS PROPELLANTt NORMALLY uSED BY THE RCBt TO INCREASE THE INSERTION DELTA V CAPABILITY. DURING

RENDEZVOUSt THE APS SHOULD NOT BE USED FOR TPI BECAUSE OF THE LACK OF KNOWLEDGE OF THE
PROPELLANT REMAINING.

26-24 APS PROP VALVE MISMATCH

THERE ARE TWO SETS OF PROPELLANT SHUTOFF VALVESt A AND B, IN A PARALLEL SERIES ARRANGEMENT,
THIS INSURES THE CAPABILITY TO SHUT OFF PROPELLANT TO THE ENGINE, AN INDICATION OF A MISMATCH

DURING COAST PRIOR TO THE FIRST APS BURN WOULD BE CONSIDERED AS A TM FAILURE DUE TO THE
MECHANICAL LINKAGE AND HIGH RELIABILITY OF THE ACTUATOR SYSTEM. A MISMATCH AT THE END OF AN APS
BURN WOULD BE AN INDICATION OF AN ACTUAL FAILURE OF PARALLEL PAIR OF VALVES TO CLOSE. THE
ENGINE SHOULD NOT BE RESTARTED IN THIS SITUATION SINCE FAILURE OF THE REMAINING PAIR TO CLOSE
WOULD RESULT IN FAILURE TO SHUT DOWN THE ENGINE*

26-25 APS FU AND/OR OXID LOW LEVEL

A VALID LOW LEVEL INDICATES THAT APPROXIMATELY B SECONDS OF BURN TIME REMAINS WITH THE AP5

ENGINE, ASCENT FEED OPERATION SHOULDP THEREFOREt BE TERMINATED DURING ASCENT BECAUSE OF
POSSIBLE HELIUM INGESTION INTO THE RCS JETSt WHICH COULD CAUSE JET FAILURE=

IF A VALID APS LOW LEVEL CONFIRMS INSUFFICIENT PROPELLANT FOR AN APB TPIt RCS SHOULD BE USED FOR
TPI, IT IS NOT ADVISABLE TO KNOWINGLY START AN AP5 TPI BURN WHICH WILL BURN TO DEPLETION.
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LM REACTION CONTROL

THE FOLLOWING LM RCS MISSION RULES RATIONALE ATTEMPTS TO EXPLAIN THE BACKGROUND BEHIND EACH

MIGSION RULED SINCE THE FIRST RULE IN EACH _ECTION I5 A REPETITION OF THE _M CONTROL GO/NO-GOt5
IN SECTION _ (REF PAGE 3-23)t THE RATIONALE BELOW ALSO COVER THE GO/NO-GO tS* IN GENERAL THE
OVERALL PHILOSOPHY IS TO IDENTIFY THE EOUIPMENT ABSOLUTELY ESSENTIAL TO COMPLETE THE NORMAL
LUNAR MISSION AND AT EACH PHASE SPECIFY THAT EQUIPMENT REUUIRED FROM THAT POINT THROUGH
REOOCKING, IN ADDITIONt OTHER EQUIPMENT IS ALSO REUUIRED TO PROVIDE REDUNDANCY FOR CREW SAFETY
PURPOSES_ THIS IS PRIMARILY ASSOCIATED WITH REDUNDANT CAPABILITY FOR ASCENT= DURING THE _NO OF

THE POWER DESCENT PHASE AT SOME PERIOD JUST PRIOR TO TOUCHDOWN_ IT BECOMES MORE DANGEROUS TO
ABORT THAN TO LAND_ AND THEN DO A NOMINAL LIFTOFF, THIS IS BECAUSE THE NOMINAL LIFTOFF IS MORE
THOROUGHLY EXERCISED DURING PREMISSION SIMULATIONS AND INVOLVES LESS UNKNOWNS BOTH FROM A
STANDPOINT OF SOFTWARE CHECKOUT AND CREW PROCEDURES* DURING THE LUNAR 5TAYt THERE ARE OPTIMUM
TIMES FOR LIFTOFF WHERE THE CSM POSITION IS ALIGNED FOR EASY RENDEZVOUS* ABORTS DURING LUNAR
STAY W1LL BE DELAYED TO LIFTOFF AT THESE OPTIMUM TIMES EXCEPT IN CASES WHERE CAPABILITY TO
ACHIEVE ASCENT IS JEOPARDIZED=

27-2 DEFINITIONS

A* OPERATIONAL RCS SYSTEM

1= THIS DEFINITION DEFINES THE PLUMBING OF AN ROB SYSTEM FOR USE AS A MISSION
RULE REFERENCE*

2, IF ENGINE INLET LOWER PRESSURE LIMITS ARE VIOLATEU= EXTREME COMBUSTION
ROUGHNESS AND MIXTURE RATIO SHIFTS CAN RESULT. ROUGH COMBUSTION GIVES RISE
TO SEVERE CHAMBER PRESSURE SPIKES_ HIGH TRANSIENT ACCELERATIONS, AND

ABNORMAL ENGINE STRESSES WHICH COULD CAUSE ENGINE DAMAGE. MIXTURE RATIO
SHIFTS RESULT IN IMPROPER PROPELLANT UTILIZATION,

_, ENGINE PERFORMANCE OUTSIDE PROPELLANT TEMPERATURE LIMITS SPECIFIED IS
UNKNOWN DUE TO LIMITS OF TESTING,

#. PULSE FIRING OF THE RCS JETS WITHOUT PROPERLY HEATING UP OF THE RCS QUADS
CAN RESULT IN PROPELLANT FREEZING WHICH CAN CAUSE A THRUSTER FAILURE* ONCE
HEATED UPP IF THE _UAD TEMPERATURE DROPS BELOW ITS PRESCRIBED LIMIT A
RESIDUE CAN FORM IRSIDE THE THRUSTER= IF THE RCS JET IS THEN FIRED AT A
PARTICULAR DUTY CYCLE WITH THIS RESIDUE PRESENT THEN DETONATION OF THE

RESIDUE CAN OCCUR.
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27-I1 USABLE RC$ PROPELLANT I5 548,9 LBS OR 86*7 PERCENT OF TOTAL LOADED

USABLE RCS PROPELLANT IS DEFINED AS THAT PROPELLANT WHICH CAN BE GUARANTEED TO PRODUCE IMPULSE,
THIS USABLE NUMBER IS OBTAINEO BY SUBTRACTING TRAPPED PROP_LLANTt LEADING ERRORt AND PROGRAM
ERROR FROM TOTAL RCS PROPELLANT LOADED, TRAPPED PROPELLANT AND LOADING ERROR ARE FOUND IN THE
SODBo AND PROGRAM ERROR IS BASED ON THE RCS GROUND PV PROGRAM WHICH HAS AN ACCURACY OF b PERCENT
OF TOTAL LOADED*

27-12 PROPELLANT GAGING

THE PRIME GAGING METHOD FOR THE RCS SYSTEM IS THE GROUND RCS PROGRAM WHICH HAS AN ACCURACY OF b
PERCENT, THE BACKUP METHOD IS THE GROUND READOUT OF THE PQMD WITH AN ACCURACY OF 10 PERCENT,
BOTH PROGRAMS ARE SIMILARo BUT THE RCS GROUND PROGRAM TAKES INTO ACCOUNT SUCH ADDITIONAL
PARAMETERS AS OFF-NOMINAL HELIUM OR PROPELLANT LOADING AND MIXTURE RATIO CHANGES WHICH WOULD
CAUSE THE POND TO BE IN ERROR.

MISSION REV DATE SECTION GROUP PAGE

APOLLO Z4 FNL L2/15/70 LM SYSTEMS LM RCS
6-6_



NASA - Manned Spacecraft Center

Id|SSIOE RULIS

SECTION 6 - LM SYSTEMS

27-2C LOSS OF RCS SYSTEM A OR B

DURING ALL PHASES OF THE MISSION BOTH RCS SYSTEMS A AND B ARE REQUIRED TO PROVIDE ATTITUDE
CONTROL AND TRANSLATION ABILITY* IF ONE SYSTEM IS LOST THEN REDUNDANCY IS LOSTt AND ANY OF A
MULTITUDE OF SYSTEM FAILURES CAN RESULT IN THE LOSE OF THE OTHER SYSTEM= FAILURE OF BOTH
SYSTEMS WILL RESULT IN THE TOTAL LOSS OF ATTITUDE CONTROL AND TRANSLATION CAPABILITY WHICH WOULD
BE CATASTROPHIC TO THE SPACECRAFT, IF THE PROBLEM DEVELOPS ON THE LUNAR SURFACED ASCENT $HOULD
COME AT THE NEXT BEST OPPORTUNITY IN ORDER TO GUARANTEE A SAFE RENDEZVOUS,

27-21 RCS THRUSTER PAIR

IN ORDER TO HAVE AN RCS THRUSTER PAIR ISOLATED A PROPELLANT LEAK DOWNSTREAM OF THE TCA ISOLATION
VALVES MUST HAVE OCCURRED* FAILED-ON JETS AND FAILED-OFF JETS ARE ISOLATED ELECTRICALLY AND
WOULD NOT REQUIRE ISOLATING A PAIR VIA A TCA ISOLATION VALVE= ONCE POWERED DESCENT IS INITIATED
THE HISEIDN WILL CONTINUE EVEN IF A THRUSTER PAIR I5 ISOLATED= AFTER ONE PAIR HAS BEEN ISOLATEDt
THE PROBABILITY OF A SUBSEQUENT PROPELLANT LEAK DOWNSTREAM OF ANOTHER TCA ISOLATION VALVE IS
VERY REMOTE, AND THE PROBABILITY OF A SUBSEQUENT PARTICULAR FAILURE WHICH CAUSES LOSS OF VEHICLE
CONTROL IS EXTREMELY REMOTE, IN ADDITION_ THE PROBABILITY OF THE SUESEUUENT FAILURE 1S LESS
THAN THE RISK OF ABORTING DURING POWERED DESCENT* LUNAR STAY CAN BE PERMITTED FOR THE SAME
RATIONALE USED DURING POWERED DESCENT=

27-22 DECREASINS OR LOSS OF RCS HE PRESSURE

WHENEVER THERE 1S A LOSS OF HELIUM SOURCE PRESSURE THERE EXISTS SOME CAPABILITY TO USE THAT
SYSTEM IN A BLOWDOWN MODE, IN ORDER TO MAINTAIN AN OPERATIONAL RCS SYSTEM (MR 27-2) WITH A
LEAKING SOURCE PRESSURE_ THE CAPABILITY TO EXPEL A GIVEN WEIGHT OF PROPELLANT FROM THE LEAKING
SYETEM MUST EXIST= PRIOR TO POWERED DESCENT THE CAPABILITY IS TOO SMALL TO PROVIDE REDUNDANT
SYSTEM FOR THE 'TOTAL MISSION, ONCE POWERED DESCENT IS INITIATEDP THE CAPABILITY MAY _R MAY NOT
EXIST DEPENDING ON THE TIME INTO POWERED DESCENT WHEN THE LEAK OCCURS, IF PROJECTION AHEAD
REVEALS THAT THIS CAPABILITY CAN NOT BE GAINED PRIOR TO TOTAL SOURCE PRESSURE LOSS OR TOUCHDOWN
THEN AN ABORT WILL BE REQUESTED* HOWEVER_ AFTER HIGH GATE LANDING IS EMINENT AND THE CREW
PROCEDURES SO TIGHT THAT TROUBLESHOOTING A LEAK IS IMPOSSIBLE OR IMPMACTICALt AND A LANDING WILL
BE ATTEMPTED= IF THE LANDING IS ACCOMPLISHEDt BUT THE PRESCRIBED BLOWDOWN 'CAPABILITY DOES NOT
EXISTt THEN TWO OPERATIONAL RCS SYSTEMS WILL NOT BE AVAILABLE WHICH VIOLATES MR 27-20 AND
REQUIRES ASCENT AT THE NEXT BEST OPPORTUNITY=

27-23 RCS PROPELLANT LEAK BETWEEN MAINS AND ISOLATION VALVES

PROPELLANT LEAKS ARE NOT HAZARDOUS TO THE CREW-- HOWEVERP A PROPELLANT LEAK CAN RESULT IN THE
COMPLETE LOSS OF AN RCS PROPELLANT SYSTEM, SHOULD A PROPELLANT LEAK BETWEEN THE MAINS AND
ISOLATION VALVES DEVELOP PRIOR TO HIGH GATEt AN ABORT WILL BE REQUESTED* THE ABORT IS REQUESTED
BECAusE THE LEAKING SYSTEM CANNOT BE COUNTED ON FOR PROPELLANT RESULT|NG IN ITS LOSS AS A_
OPERATIONAL RCS SYSTEM= THIS VIOLATES MR 27-20 WHICH REQUIRES AN ABORT AT ANY TIME DURING
POWERED DESCENT* HOWEVER AFTER HIGH GATE_ LANDING IS EMINENT AND THE CREW PROCEDURES SO TIGHT
THAT TROUBLE SHOOTING A LEAK IS IMPOSSIBLE OR IMPRACTICAL-- THEREFOREI A LANDING WILL BE
ATTEMPTED= IF THE LANDING IS ACCOMPLISHED_ THE LEAK WILL STILL CAUSE LOSS OF AN OPERATIONAL
SYSTEM AND REDUNDANCY WHICH vIoLATES MR 27_20 AND REQUIRES ASCENT AT THE NEXT BEST OPPORTUNITY*
DURING RENDEZVOUS PHASES THE FUNCTIONING RCS SYSTEM SHOULD BE USED AS LONG AS THE RCS PROPELLANT
REDLINE IS NOT VIOLATED=

27-2_ IMPINGEMENT CONSTRAINTS VIOLATED

IMPINGEMENT CONETRAINTS AS DEFINED IN VOLUME IT OF THE SODS SHOULD NEVER BE VIOLATED= IF THEY
ARE ExCEEDEDt THEN FURTHER OPERATION WHICH WOULD CONTINUE TO VIOLATE THESE CONSTRAINTS MUST BE
INHIBITED, IF NOT INHIBITED_ THE PLUME DEFLECTOR_CAN FRACTURE INTO TWO PARTS AT THE' POINT OF
MAXIMUM HEATING (APPROXIMATELY TEN INCHES FROM THE TOP OF THE DEFLECTOR}= THE BROKEN @EFLECTOR
CAN THEN DAMAGE THE SPACECRAFT BY EITHER PUNCTURING OR DESTROYING ASCENT STAGE PANELS AND
INSULATION, THE NET EFFECT OF IMPINGEMENT CONSTRAINT VIOLATION IS THEN TO ABORT THE MISSION
PRIOR TO TOUCHDOWN, THE PROCEDURE WILL BE TO ABORT AND THEN ABORT STAGE AS SOON AS POSSIBLE,
IF LANDING DID OCCUR EVEN THOUGH IMPINGEMENT CONSTRAINTS WEREVIOLATEDp NOTHING CAN BE DONE TO
CORRECT THE PROBLEM AND INSERTION COULD COME AT THE NOMINAL TIME=

DURING RENDEZVOUS IF IMPINGEMENT CONTRAINTS ARE VIOLATED THEN ./-X RCS BURNS ARE PROHIBITED TO
PROTECT THE ASCENT STAGE*
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MISSlOII RULES

SECTION 7 - SPACE ENVIRONMENT

R ITEI_
.n I _.--..

28-1 NO RATIONALE REQUIRED

Z8"2 NO RATIONALE REQUIRED

Z8-3 NO RATIONALE REQUIRED

28-4 NO RATIONALE REQUIRED

28-1C THE DATA SOURCES THAT WILL BE USED CONSIST OF THE LIMA RIOMETER SITED NASA HEADQUARTERS SOURCES=
AND APOLLO S/Co

THE NASA HEADQUARTERS SOURCES REPRESENT THE BEST REAL-TIMEP PRELAUNCH SOURCE OF DATA ON THE
RESULTS OF A HIGH ALTITUDE NUCLEAR DETONATIONo THE DATA IS A RESULT OF A COMPILATION OF VARIOUS
SOURCES WITHIN THE DEPARTMENT OF DEFENSE AND THE STATE DEPARTMENT MADE BY THE JOINT ATOMIC
ENERGY INTELLIGENCE COMMITTEE AND RELAYED THROUGH SPECIAL DATA CHANNELSt SET UP FOR THAT
PURPOSEt TO THE MISSION DIRECTOR_ AND THE SPACE ENVIRONMENT CONSOLED

BECAUSE OF THE NATURE OF THE RADIATION PROBLEM IN THIS AREA AND THE UNKNOWNS ASSOCIATED WITH THE
INDIRECT MONITORING THAT IS AVAILABLEt NO DECISION SHOULD BE MADE UNTIL ALL AVAILABLE DATA HAS
BEEN ANALYZED AND THERE IS SUFFICIENT EVIDENCE TO INDICATE THAT THE RESULTANT RADIATION WILL
CONSTITUTE A HAZARD TO THE PLIGHT CREW*

28-1: DEFINITE EVENT 15 DEFINED AS A NUCLEAR DETONATION AT SUCH AN ALTITUDE AND LOCATION AND OF SUCH A
GIZE TO PRODUCE AN ENHANCEMENT OF THE APOLLO RADIATION ENVIRONMENT* NASA HEADQUARTERS SOURCES
WILL PROVIDE THE FOLLOWING INFORMATION---

l* NOTIFICATION OF AN EVENT WHICH SHOULD COMPLIMENT THE RIOMETER DATA*

2* TIME OF EVENT TO WHICH DECAY RATES CAN BE APPLIED*

3* ALTITUOEt LATITUDEt LQNGITUOE_ AND SIZE FROM WHICH THE DISTRIBUTION AND
EXTENT OF THE ELECTRON CLOUD CAN BE DETERMINED*

IF A DEFINITE EVENT IS CONFIRMED THEN THE COUNTDOWN WILL BE HELD UNTIL THE APPLICATION OF ALL
AVAILABLE INFORMATION INDICATES THAT THE RADIATION WILL NOT EXCEED THE MISSION OPERATIONAL DOSEi
(A TOTAL SKIN DOSE OF 400 RADS AND/OR A TOTAL DEPTH DOSE OF 50 RADS TO ANY MEMBER OF THE FLIGHT

CREWo) ...........

28-1; IFt DURING THIS PHASEP A DEFINITE EVENT OCCURS AND THE TOTAL DOSE PROJECTED THROUGH THE MISSION
B*l DURATION INDICATE5 THE DOSE WILL EXCEED THE MOOt TLI WILL STILL BE GO, A NO-GO FOR TLI WILL NOT

BE GIVEN IN THIS PHASE UNLESS THE ANALYSIS INDICATES THAT THE TOTAL MISSION DOSE WILL EXCEED THE
HOD BY A SIGNIFICANT AMOUNTt THE EXTENT ALLOWED WILL BE DETERMINED IN REAL-TIME= AFTER A
SUCCESSFUL LAUNCH AND EARTH ORBIT INSERTION WE ARE WILLING TO RISK HIGHER DOSE RATE TO TRY FOR A
LUNAR TYPE MISSION*

28-11 SELF-EXPLANATORY
B.2

28-1C WHEN A DEFINITE EVENT HAS OCCURRED AND THE SIC IS ABOVE THE VAN ALLEN BELT5_ WE WILL CONTINUE
THE MISSION BECAUSE THE FLIGHT CREW WILL NOT BE EXPOSED TO RADIATION FROM SUCH AN EVENT*
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MISSION RULES

SECTION 7 - SPACE ENVIRONMENT

R ITE_

28-1; THE MOO IS THE CUT OFF POINT WHERE THE VALUE OF THE MISSION IS INSUFF;CIENT TO EXPOSE FLIGHT
CREW MEMBERS TO ADDITIONAL RADZATIONo

NOTE--- TOTAL MISSION SKIN DOSE 400 RADS AND/OR TOTAL MISSION DEPTH DOSE |5 ON) 50 RADS TO ANY
CREW MEMBER PRIOR TO SCHEDULED END OF MISSION*

28-Z_ SOLAR FLARE ACTIVITY CANNOT BE PREDICTED WITH ANY DEGREE OF RELIABILITY, PREDICTION6 THAT ARE
MADE ARE GENERALLY EXPRESSED AS A PERCENT OF PROBABILITY AND CANNOT BE RELATED TO A RESULTANT
DOSE WITHOUT MAKING A NUMBER OF ASSUMPTIONSo THE MAJORITY OF THESE ASSUMPTIONS COULD BE
UNFOUNDED IN THE ACTUAL SITUATION THUS IT IS NECESSARY TO TAKE A WAIT AND Sd_IE WHAT HAPPENS TO
THE ATTITUDE*
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SECTION ? - SPACE ENVIRONMENT

R ITEM

28"14 A MAJOR SOLAR FLARE WILL PRODUCE HARMFUL RADIATION TO THE CREW ONLY BY MEANS OF THE PARTICLES
EMITTED WITH THE FLARE* NOT ALL FLARES WILL EMIT THE HIGH ENERGY PARTICLES NECE_T_SARY TO CAUSE
THE RADIATION HAZARD* IF THERE ARE NO PARTICLES THERE WILL BE NO RADIATION DOSE RECEIVED BY THE
CREW* THE TIME DELAY BETWEEN OBSERVING OR DETECTING THE FLARE AND DETECTING THE PARTICLESt IF
ANYt CAN VARY FROM MINUTES TO HOURSI THE LONGER IT TAKES TO DETECT PARTICLESt WHEN THEY ARE
PREBENT_ THE LESS INTENSE WILL BE THE RADIATION DOSEe THERE IS NO BASIS FOR TAKING ANY ACTION
OTHER THAN CONTINUING WITH THE NOMINAL MISSION UNLESS THERE I6 DEFINITE CONFIRMATION OF
PARTICLES IN THE VICINITY OF THE SPACECRAFT* ESTIMATES OF THE RADIATION DOSE WILL BE MADE
ASSUMING THAT THERE WILL BE PARTICLES* BUT UNTIL THE PARTICLES ARE ACTUALLY MEASURED THIS
ESTIMATE IS INVALID*

28-14 IF ANALYSIS OF ALL AVAILABLE DATA INDICATES THAT THE HOD (400 RAD$ SKIN DOSE AND/OR BO RADS
BeX DEPTH DOSE) WILL BE EXCEEDED PRIOR TO MISSION COMPLETION THEN THE COUNTDOWNSHOULD BE HELD AT

SOME CONVENIENT POINT UNTIL FOLLOWON ANALYSIS INDICATES THAT THE RESULTANT RADIATION DOSE WILL
HAVE DROPPEDTO,WITHIN ACCEPTABLELIMITS*

28-1_ IF* DURING THIS PHASEP A CONFIRMED PARTICLE EVENT IS ANALYZED AND THE TOTAL DOSE PROJECTED
B*2 THROUGH THE MISSION DURATION INDICATED THE DOSE WILL EXCEED THE MODt TLI WILL STILL BE GO* A

NO-GO FOR TLI WILL NOT BE GIVEN IN THIS PHASE UNLESS THE ANALYSIS INDICATES THAT THE TOTAL
MISSION DOSE WILL EXCEED THE HOD BY A SIGNIFICANT AMOUNT--- THE EXTENT ALLOWED WILL BE
DETERMINED IN REAL-TIME* AFTER A SUCCESSFUL LAUNCH AND EARTH ORBIT INSERTION WE ARE WILLING TO
RISK A HIGHER DOSE RATE TO TRY FOR A LUNAR TYPE MISSIONe

2B'14 AFTER A GOOD TLI THE CREW WILL BE MORE OR LESS COMMITTED TO A CERTAIN AMOUNT OF RADIATION THAT
B,_ WILL RESULT IF _ SOLAR PARTICLE EVENT OCCURS* THERE ARE ONLY A FEW CASES WHERE A SITUATION

COULD DEVELOP THAT IS TIME CRITICAL TO THE EXTENT THAT A DECISION WOULD HAVE TO BE MADE BASED ON
PROJECTIONS FROM DATA NOT DIRECTLY MEASURED BY THE CSM INSTRUMENTATIONe THESE CASES ARE WHERE
THE CREW IS PREPARING TO TRANSFER INTO THE LMo OR JUST PRIOR TO TEI, DURING THESE SITUATIONS IT
MAY BE DESIRABLE TO INHIBIT OR DELAY THESE ACTIVITIES UNTIL A BETTER KNOWLEDGE OF THE
ENVIRONMENT IS OBTAINED BY ONBOARD MONITORS*

28-_Z UNbE_ THIS _ITU_TIO_ THE _REWwiLLBE SUB_E_T TO DOSES THAT WILL EXCEED THE HOD SHOULD THE
CZ-4 NOMINAL MISSION pROFILE BE CONTINUED, THERE MAY BE WAYS TO REDUCE THE TOTAL RADIATION RECEIVED

BY ADJUSTMENTS IN THE MISSION TIMELINE, THERE SHOULD* HOWEVER_BE NO DECISIONS MADE REGARDING
CHANGING THE MISSION PROFILE UNLESS THE RESULTS WOULDHAKE A SIGNIFICANT REDUCTION IN THE DOSE
TO THE CREW* THE ACTION THAT CAN BE TAKEN WILL BE GOVERNEDBY THE PHASE OF THE MISSION AND THE
EXTENT OF DOSE REDUCTION WILL HAVE TO BE DETERMINED BASED ON OCCURRINGRADIATIONs THE MISSION
RULES REFLECT POSSIBLE ALTERNATIVES THAT HAY BE AVAILABLE DURING THE MISSION= DECISIONS ON THE
IMPLEMENTATION OF THESE REOUIREHENTS WILL HAVE TO BE BASED ON THE ACTUAL SITUATION OCCURRING*
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NASA - Manned Spacecraft Center

MISSION RULES

SECTIONS- LANDINGANDRECOVERY

R ITEH

29-1 THERE 15 THE POSSIBILITY OR A SPACECRAFT LAND LANDING IN THE LAUNCH SITE AREA* THE POSSIBILITY
OF CREW INJURY FOLLOWING A LAND LANDING IS SUFFICIENTLY HIGH TO MAKE IT MANDATORY TO BE ABLE TO
EFFECT THEIR RECOVERY WITHOUT A DELAY CAUSED BY WEATHER+

29-2 THESE AREAS CONTAIN ALL THE LANDING POINTS THAT WOULDFOLLOW ABORTS INITIATED PRIOR TO EARLY
S-IVB STAGING CAPABILITY DURING THE LAUNCH PHASEt AND THE LANDING POINTS THAT WOULD FOLLOW
DEORBITS FROM EARTH PARKING ORBIT INTO EITHER THE WEST ATLANTIC OR MID-PACIFIC RECOVERY ZONES
DURING THE FIRST FOUR REVOLUTIONS REGARDLESSOF LAUNCHAZIHUTH*

29-3 FORTY HOURS IS THE NECEGSARYTIME REQUIRED TO LOCATE THE CM AFTER A LANDING ANYWHERE IN THE
WORLDBETWEEN_0 DEQ, NORTH AND 40 DEG, SOUTH LATITUDE,

E9-4 EIGHTEEN HOURS IS THE NECESSARYTIHE REQUIRED TO LOCATE THE CM AFTER ANY LANDING TARGETED TO A
PTP OR THE MPL,

29-5 IT IS HIGHLY DESIRABLE BECAUSE OF THE POSSIBILITY OF INCLEMENT WEATHER CONDITIONS IN THE PLANNED
END OF MISSION RECOVERY AREA, THIS CAPABILITY WILL INSURE THAT THE TARGET POINT CAN BE MOVED TO
AN AREA WITH ACCEPTABLE WEATHER CONDITIONS UNTIL ENTRY -24 HOURS* AFTER THIS TIME TARGET POINT
RELOCATION WOULD BE ACCOMPLISHED BY CHANGING THE ENTRY RANGED

29-6 THESE ELLIPSE CONTAIN THE HIGH PROBABILITY LANDING POINTS FOR A DEORBIT FROH EARTH PARKING ORBIT
FLYING A GUIDED OR A HALF LIFT ENTRY, THE PROBABILITY OF ACTUALLY LANDING IN ONE OF THESE
ELLIPSES IS SUFFICIENTLY HIGH TO HAKE IT MANDATORY THAT THERE BE NO LAND MASSES IN THE AREA,

29.7 THESE ELLIPSES CONTAIN THE LANDING POINTS FOR THE GACKUPMODES OF ENTRY, THE PROBABILITY OF
''i ACTUALLY;LAN_IN_ _N ONE O_ _HE_E _LL|PSE_ _$"_UFFI_ENT_YhH_GH T_ _A_E _T MANDATORY'-THA_ +*THERE

BE NO LAND MASSES IN THE AREA,

29-8 THESE ELLIPSES CONTAIN THE HIGH pROBABILITY LANDING POINTS FOR THE PRIMARY AND FIRST BACKUP
MODES OF HIGH SPEED ENTRY+ THE PROBABILITY OF A LANDING WITHIN EITHER OF THESE ELLIPSES IS
SUFFICIENTLY HIGH TO MAKE IT MANDATORY THAT THERE BE NO LAND IN THE AREA,

29-9 THE PROBABILITY OF ACTUALLY LANDING IN THESE AREAS IS SUFFICIENTLY HIGH THAT IT IS HIGHLY
DESIRABLE TO HAVE THEM CLEAR OF ALL LARGE LAND MASSESo
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SECTION 9 - AEROMEDICAL
i

R ITEM

AEROMEDICAL MISSION RULE RATIONALE NOT SUBMITTED
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SECTION 10" LUNAR 6URFACE

R ITEM

LUNAR SURFACE MZSSION RULE RATIONALE NOT SUBMITTED
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APPENDIX A - DI6TRIBUTION LIST

R ITEM

DIFECTOR O_ERATIONS

FA, BJOBE Gt S. A.
ROSE_ R. G.

FL: GHT C{

FC, KRANZ E, F. (5)
ROACH J* W*

FL GHT C(, P A ¢

FC; /HARL_,NI €. Se (11)

_1 SYSTINS BRANCH

FC: /ALDR CH_ A, D* (18)

_M SYSTEJI_ BRANCH

FC,'/HANN GAN_ J. E* (25)
EDEL N_ F* (4)

E._ GHT D 'NAMICB BRANCHH

FC ,/BOST CK_ J, C, (20)

'HO0_I R.A. (8)

E SO'_N_ A_DTEG_B_OLOGYBBANOH

FOlrB]_LT_Y,O.B.(2)

FC_/SAUL'Zp J, E, (5)

c FLI__

PM MO-F/IAMNERI R* S, 12)

GHT SJPP-._O.EG.--PJ-_L_

F5 DUNSE[THo I., C$

FLGHTS_
FS /STOK S, J. D, t2)

_ SZON
NALYS

FN MAYER J* P.
HUBS, C.
TINDA L_ H, W,

E.LGHTA
F_ /ALLE ,_ C, C, (2}

H PH'Y

FlY /MCPF RSON_ J, C*

PII 51ON

F_ /BERR _ R,

B.E DEZVC 5 AN I BRAN H

Ffv ,/LINE ;ERRY_ E, C,
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APPENDIX A - DISTRIBUTION LIST

R ITEM

GU DANCE & PER ORMANCE RAN H

FM /EASS_TIo Me De

A9 LLO T AJ_T RY UPPORT OFF ¢_

FM 3/PAR EN_ R,

_A DING ND RECOVERY DIVISION

FL HAMMA:K_ J, Be

AS RONA_ OFFICE

CB STAFF RDt Te P, {T)

FL GHT C PP RT DIV ION

CF /WARR Nt De K*

OgNE L&P J* W. (2)
CF 2A/P. KRAMER

DI ECTOR OF M ICAL RESEARCH
,NO OF RATIO_L_.

DA ZIEGL ,CHMIDt J, F,t Me De

_F _LLO 'ACECRAFT PROGRAM OFFIC_

PA 2/MCC VITT* JJ A,
KLE NKNECHTt K* Co
MOF :ISt 0,
$1F .INSONP S.

PC KUBI( It RoLe
PC 2/ MI ,SION STAFF ENGINEER (2)
PC /KOHR .t Ri H,
PC IG_L_ ,R_ H. t5}
PE CORCC IANt DeN, 13)

PF COHE6 A,

DI IECTOF OF ENGI_
_EVELC 'MENIT

E_ 'FAGEI M, A, (4)

E[ ,/DEA_ it P, Me

J( IN f. ,ENNEDY SPACE CENTER NAGA-M@OB

uC 'KAPR_ ,N, W, J,
&{ ,OPN/[ )NNELLYt Pe
LC 'PLN-; 'KNIGHTe Ge We
P_ _/MOR_ _e Ao E,

QF rICE " N D SP CE FLI T

N{ _TH AF " L N Y FO NI

PC 'TS_ R. AB7O

B( ilNG DATA MANAGEMENT

HI HA-( 1_)

FL GHT _FETY BRANCH
SF 'LIND_ !Y_
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