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FLIGHT MISSION RULE RATIONALE DOCUMENT

DECEMBER 15y 1970

PREFACE

THIS DOCUMENT IS COMPILED BY THE FLIGHT CONTROL OPERATIONS BRANCH (FCOB)s FLIGHT CONTROL
DIVISIONs MANNED SPACECRAFT CENTERs HOUSTON» TEXASe IT IS A COMPLEMENTARY DOCUMENT TO THE FLIGHT
MISSION RULES WHICH 1S A COLLECTION OF RATIONALEs HISTORYs AND SUPPORT DATA DESCRIBING OR
JUSTIFYING THE MISSION RULES.

COMMENTS CONCERNING THE CONTENTS OF THLS DOCUMENT SHOULD BE DIRECTED TO MRe BARRY Me WOLFER, FCOB
(FC2)s 482-3838.

THIS DOCUMENT IS NOT TO BE REPRODUCED WITHOUT THE WRITTEN APPROVAL OF THE CHIEF» FLIGHT CONTROL
DIVISIONs MANNED SPACECRAFT CENTERs» HOUSTON» TEXASe

UGENE \Fe KRAN
1EF» FLIGHT CONTROL DIVISION
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NASA - Manned Spacecraft Center

MISSION RULES
PART I = INTRODUCTION

ITEM

Co

PURPOSE

THE FLIGHT MISSION RULE RATIONALE DOCUMENT CONTAINS EXPLANATORY DATA THAT ALLOWS THE
MISSION RULES TO BE SIMPLE STATEMENTS OF CONDITIONS/MALFUNCTIONS AND A BRIEF RESULTANT
ACTION RATHER THAN LENGTHY PROCEDURAL DESCRIPTIONSe THE RATIONALE ALSO PROVIDES A
DOCUMENTED COMPILATION OF SYSTEM DATA PERTINENT TO NON=NOMINAL SITUATIONS OR ALTERNATE
MISSION PLANSe GENERAL PROCEDURES FOR THE DEVELOPMENT OF THE FLIGHT MISSION RULE RATIONALE
DOCUMENT ARE CONTAINED IN SECTION 3 OF THE MISSION RULE PREPARATION DOCUMENT.

RESPONSIBILITY

THE DIRECTOR OF FLIGHT OPERATIONS» MSCy HOUSTONs TEXAS» HAS THE OVERALL RESPONSIBILITY FOR
THE PREPARATION» CONTENTS AND CONTROL OF THE FLIGHT MISSION RULE RATIONALE DOCUMENT. IN
ORDER TO ASSIST THE DIRECTOR OF FLIGHT OPERATIONS IN THIS TASKs THE CHIEFs FCOBy HAS BEEN
DESIGNATED AS THE SINGLE POINT OF CONTACT AT THE MSC FOR FLIGHT MISSION RULE RATIONALEe AS
THE SINGLE POINT OF CONTACTy FCOB IS THE CENTRAL COORDINATING AGENCY AND CONTROLS THE
FLIGHT MISSION RULE RATIONALE DOURING THE PUBLICATION PHASE ONLYe SINCE THE RULES
CONT INVOUSLY CHANGEs NOT ALL RATIONALE CONFORMS TO RULES AS THEY EX[ST AT PRESENTe HOWEVER»s
IN GENERALs THE RATIONALE IS COMPATIBLE WITH EXISTING RULESe THIS DOCUMENT WILL NOT BE
UPDATED.

ORGANIZATION
THE FLIGHT MISSION RULE RATIONALE DOCUMENT 1S SUBDIVIDED INTO TEN BASIC SECTIONSe  EACH

SECTION IS ORGANIZED SO THAT SUBGROUPINGS OF A SECTION FALL IN THE SAME ORDER AS THE
APPLICABLE PARTS OF THE FLIGHT MISSION RULES DOCUMENTe

MISSION |REV | DATE SECTION GROUP . PAGE

APOLLO 14]FNL E£2/15/70]INTRODUCTION
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NASA - Manned Spacecraft Center

MISSION RULES
SECTION 1 = FLIGHT OPERATIONS

ITEM

2~1

2=11

2-12

PRELAUNCH

Ae

THE LAUNCH AZIMUTH CONSTRA}NT OF 72 DOEG IS AN ARBITRARY LIMIT WwHICH PROVIDES GOOD
PERFORMANCE RESERVES AND MSFN COVERAGEe THE CONSTRAINT FOR 96 DEG IS AN FOD LIMIT TO ALLOW
ACCEPTABLE MSFN COVERAGE THROVWGH INSERTI'ONe

Be A LAND LANDING WITH A HORIZONTAL COMPONENT GREATER THAN 54 FPS AT IMPACT IS CONSIDERED TO
BE HAZARDOUS TO CREW SAFETYs

Co LAUNCH COVERAGE THROUGH INSERTION IS REQWUIRED FOR GROUND MONITORING FOR ABORT SITUATIONSe
COVERAGE FROM INSERTION TO INSERTION PLUS 60 SECONDS IS REWUIRED FOR VOICE COORDINATION OF
POST=INSERTION GO/NO=GOs+ MODE IV ABORTSs AND APOGEE KICK MANEUVERSs

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.

EARTH ORBI T

NO RATIONALE REQUIRED.

TRANSLUNAR INJECTION

Ael

Ae2

Be

TD6E
Ae

Be

tA} CREW SAFETY CONSIDERATION

() IF THERE IS ANY FINITE PROBABILITY OF ACHIEVING A LUNAR LANDING MISSIONs TLI
WILL BE ATTEMPTEDe THIS PHILOSOPHY 1S BASED ON THOSE SLV PROBLEMS WHICH MAY
DEGRADE SLV PERFORMANCE BUT HAVE NO ADVERSE IMPACT ON CREW SAFETYe PRIOR TO
TLI IF IT IS CLEAR THAT A LUNAR LANDING MISSION IS NOT POSSIBLEsTLI WILL NOT
BE PERFORMED BECAUSE OF A RISK VS GAIN EVALUATION.

THE TLI COMMITS THE CSM TO A LONG RETURN TIME AND/OR A LARGE ABORT MANEUER=~ THEREFORE»
THE CSM SHOULD HAVE REDUNDANCY IN ALL SYSTEMS BEFORE SUCH A COMMITMENT.

WE DO NOT WANT TO CHANCE COMMITTING TO TLI WITH A BAD SYSTEM FOR THE REASONS STATED IN Ae2»
BUT WE DESIRE TO TAKE ADVANTAGE OF EVERY OPPORTUNITY TO ACHIEVE A LUNAR MISSIONe THE TLI
TARGETING IN THE IV 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.

THE RISK OF CM DECOMPRESSION 1S CONSIDERED ACCEPTABLE TO RETRIEVE THE LM.

AN UNACCEPTABLE CREW RISK EXISTS IN PERFORMING A STAGING SEWQUENCE OFF OF THE CSM/LM/S-1VBs
IT CANNOT BE DETERMINEDs TO AN ACCEPTABLE LEVELs WHAT THE DESCENT STAGE WILL DO UNDER THESE
CIRCUMSTANCESs AND IF IT DID SEPARATE FROM THE S=IvBs AN EXTREMELY HAZARDOUS RECONTACT
CONDITION WOULD EXISTe

MISSION REV| DATE SECTION GROUP PAGE

APOLLO 14¢]FNL |12/15/70] FLIGHT GENERAL
OPERATIONS 1=1




NASA - Manned Spacecraft Center

MISSION RULES
SECTION 1 = FLIGHT OPERATIONS

" ——

ITEM

2=13

2~14

TRANSLUNAR COAST

Ae

Be

Ce

De

Ee

NO RATIONALE REWUIRED.

IF SOME CONSUMABLE HAS DECREASED SO THAT A CIRCUMLUNAR EARTH RETURN PLUS A 12=HOUR PAD
CANNOT BE SATISFIED» FLEXIBILITY 1S DIMINISHED AND A SHORTER RETURN SHOULD BE SELECTEDs THE
12=HOUR PAD 1S BASED ON THE TIME REQUIRED TO MOVE THE LANDING POINT FROM ONE OCEAN TO THE
OTHER.

NO RATIONALE REWQUIREDe.
THE HYBRID TRAJECTORY FOR THIS MISSION WAS DESIGNED TO SET UP CERTAIN CONDITIONS FOR LUNAR

ORBIT OPERATIONS (LIGHTING AT TOUCHDOWNs 210-FT SITE COVERAGEs AND DPS ABORT CAPABILITY).
[F LOI CANNOT BE ACCOMPLISHEO» THERE 1S NO REASON 7O GO OFF A FREE RETURN TRAJECTORY.

NO RATIONALE REWUIRED

LUNAR ORBIT INSERTION

Ae

Be

cl
De

Ee

WE DO NOT WANT TO LEAVE THE FREE RETURN TRAJECTORY AND SPEND TIME IN LUNAR ORBIT [IF ONE
MORE FAILURE COULD BE CATASTROPHIC OR A SAFE POWER LEVEL OF 40 AMPS COULD NOT BE MAINTAINED
DURING TLCe

1T 1S PREFERABLE TO GO INTO LUNAR ORBIT AND ACCOMPLISH MINIMAL OBJECTIVES AS OPPOSED TO
INHIBITING LOI BECAUSE THE NOMINAL MISSION CANNOT BE PERFORMED. :

NO RATIONALE REQUIRED.
NO RATIONALE REWQUIREDe.

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

LUNAR ORBIT

A THROUGH Ee NO RATIONALE REQUIRED.

Fe

THIS RESERVES THE SPS BACKUP FOR THE TEI THUS PROVIDING REDUNDANT PROPULSION SYSTEMS FOR
TEL

INTRAVEHICULAR TRANSFER

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

DOCKED LM OPERATION

NO RATIONALE REWUIRED.

MISSION REV | DATE SECTION GROUP PAGE

APOLLO 14JFNL |12/15/70]FLIGHT GENERAL
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NASA - Manned Spacecraft Center

MISSION RULES
SECTION 1 = FLIGHT OPERATIONS

ITEM

2=24

CSM/LM UNDOCKING AND SEPARATION

Ae INDEPENDENT CAPABILITY IS REQUIRED TO PREVENT THE NEED FOR AN EVT IN CASE EITHER VEHICLES
DOCKING CAPABILITY IS LOST. '

Be EVT CAPABILITY 1S REQUIRED TO GUARANTEE THAT THE LM CREWMEN CAN RETURN TO THE CSM EVEN
THOUGH THE LM AND CSM CANNOT REDOCK FOR ANY REASONe

Co 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 HAZARDSs THE
CREWMEN ARE NOT REQUIRED TO WEAR HELMENTS AND GLOVESe

De VHF VOICE BETWEEN LM AND CSM IS REWUIRED TO PROVIDE COMMUNICATION FOR OPERATIONS OCCURRING
BEHIND THE MOON WHEN MSFN RELAY IS NOT AVAILABLE.

CSM LUNAR ORBIT UNDOCKED

Aely IF REDUNDANCY IS LOST IN CRITICAL CSM SYSTEMS (LIFE SUPPORTs SPS PROPULSION AND GUIDANCE)»

Ae2 THE REMAINING CAPABILITY SHOULD BE USED TO RENDEZVOUS AND RETURN TO EARTH RATHER THAN
COMMIT TO LANDINGe IF LM RESCUE CAPABILITY IS LOST PRIOR TO CSM CIRCULARIZATION THE CSM
SHOULD NOT DO THE CIRCULARIZATION BURNs AND PUT THE VEHICLES |INTO A RENDEZVOUS AND
REDOCKING SITUATION.

Be FOR CSM FAILURES IN THIS PERIODs THE MOST TIME THAT COULD BE SAVED BY ABORTING IS TWO HOURS
AND A RENDEZVOUS [S ALREADY REQUIREDe ALSOs CONTINUING KEEPS THE MISSION ON THE NOMINAL
TIMELINE WHICH 1S EASIER TO PERFORM THAN A LM ABORT.

Ce THE RISK OF CONTINUING THE LUNAR STAY WITH LOSS OF REDUNDANCY IN THE CSM IS NOT CONSIDERED
WORTH THE GAINe

LM POL

THE LM WILL NOT BE ALLOWED TO START POWERED DESCENT KNOWING THAT IT WILL NOT BE POSSIBLE TO
PERFORM A LUNAR LANDING WITH EVAe . THE PRIME OBJECTIVES ON THE H=2 MISSION CONCERN ACTIVITIES ON
THE LUNAR SURFACE AND IF THESE OBJECTIVES CANNOT BE METs THE GAIN IN PERFORMING A LUNAR LANDING
1S NOT WORTH THE RISKe

LM POWERED DESCENT

Ae EARLY IN POWERED DESCENTs THE DPS WITH ITS REMAINING CONSUMABLES CAN BE RETAINED THROUGH
INSERTIONe HOWEVERs 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 IS TWO HOURS
SHORTER :

Be DURING THIS TIME PERIODy THERE IS NO TIME ADVANTAGE TO ABORTING EARLY AND [T IS PREFERABLE
TO STICK TO THE NOMINAL TIMELINE IF POSSIBLE.

MISSION REV | DATE SECTION GROUP PAGE

APOLLO 14 {FNL f2/15/TO0|FLIGHT GENERAL
. OPERATIONS i=3




NASA - Manned Spacecraft Center

MISSION RULES
SECTION 1 = FLIGHT OPERATIONS

ITEM

2=26

2=27

2-28

LM LUNAR STAY

Ae AN ANYTIME LIFTOFF COULD RESULT IN LARGE PHASING ANGLES AND REQUIRE EXCESSIVE AMOUNTS OF
TIME TO RENDEZVOUSe THEREFORE»s» UNLESS THE CAPABILITY TO GET INTO ORBIT IS BEING LOSTs 1IT IS
BETTER TO WAIT AND LIFTOFF WITH THE PROPER PHASINGs

Be THE CAPABILITY REMAINING SHOULD BE USED TO RETURN TO THE CSM RATHER THAN CONTINVE THE
MISSIONs THE GAIN OF CONTINUINGs DURING LUNAR STAY WITHOUT REDUNDANCY» IS NOT CONSIDERED
WORTH THE RISKe

EVA

Ae REQUIRED FOR CREW SAFETYe EVA/MSFN VOICE IS REQUIRED FOR ADVISING THE CREW OF LM SYSTEMS
STATUS.

B REQUIRED FOR CREW SAFETY.

Ce REQUIRED FOR CREW SAFETYe 1 KM CONSTRAINT ON THE OPS OPERATIONAL RADIUS IS BASED ON THE
HEAT STORAGE CONSTRAINT ON THE CREWMANe THE 3 KM BSLSS OPERATIONAL RADIUS 1S BASED ON OPS
02 CONSUMABLE CONSTRAINT FOR LOW PURGE FLOWe

De COMMUNICATIONS BETWEEN ONE EVA CREWMAN AND MSFN IS REWUIRED FOR REPORT OF LM STATUS AND FOR
EVALUATION OF PLSS STATUSe.

Ee THIS ORDER OF EGRESS/INGRESS WILL ASSURE THE CDR WILL BE IN THE LEFT POSITION AND THE LMP
IN THE RIGHT POSITION FOR ASCENT.

Fe THE EVA CREWMAN MUST BE ABLE TO INGRESS RAPIDLYe THE TROUBLE SHOOTINGs REQUIRING THE
PRESSURIZATIONs COULD RESULT IN A SUIT PROBLEM REWQUIRING A PRESSURIZED CABIN BE RETAINED.

Ge REQUIRED FOR CREW SAFETY.

He A 1000 FT LIMITATION FOR 1 MAN EVA WILL SATISFY THE REWUIREMENT FOR ALSEP DEPLOYMENT.

Ie TWO LIFE SUPPORT SYSTEMS ARE MANDATORY TO SUPPORT A CEVT SHOULD CSM/LM DOCKING NOT BE
ACCOMPL ISHED

Je MAINTAIN BACKUP OPERATIONAL CAPABILITY TO RETURN TO THE LM SHOULD THE PLSS FAIL.

Ke THE CAPASILITY TO ASCEND WITH THE PLSS ONBOARD IS REWUIRED SHOULD AN ASAP ASCENT BE
REQUIRED OR SOME PROBLEM ARI SE PRECLUDING CABIN DEPRESS.

Le TWO GROUND COMMANDS ARE REQUIRED TO FIRE THE ASE MORTERs HOWEVERs THIS IS CONSISTENT WITH
GOOD OPERATIONAL PRACTICE.

ASCENT

IT IS NOT CRITICAL THAT ASCENT BE ACCOMPLISHED ON THE NOMINAL ASCENT REVe 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
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NASA - Manned Spacecraft Center

MISSION RULES
SECTION 1 = FLIGHT OPERATIONS

ITEM

2=29

RENDEZVOUS

AsB THE LM ACTIVE RENDEZVOUS 1S THE PRIME METHOD AND IS KNOWN BESTe ALSO» IT IS BETTER TO USE

THE LM PROPULSION CONSUMABLES AS LONG AS POSSIBLE AND CONSERVE THE CSM PROPELLANTSe IF PLANE
ERRORS WILL EXIST AT INSERTION» IT 1S PREFERABLE TO PERFORM THE LONG RNDZ TO ALLOW TIME FOR A

MANEUVER TO CORRECT THE PLANE ERRORe

RETENTION OF THE LM ASE STAGE

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

TRANSEARTH COAST
Ae TO LESSEN THE POSSIBILITY OF A CM SKIPOUT OR TO PROVIDE CREW MINIMUM G LOADS.

Be 1T 1S CONSIDERED SAFER TO GO INTO THE CONDITIONS ESTABLISHED THAN TO PERTURB THE TRAJECTORY
AFTER EI = 24 HOURSe

Co THE EARLIER THE 'MIDCOURSE CORRECTION THE LESS THE CORRECTION HAS TO BE AND THE MORE
EFFICIENT IT IS

De SPS CONSUMABLES MAY BE USED FOR MCC S IF THE SM RCS CONSUMABLES BECOME CRITICALe

ALTERNATE MISSION
Ae EeQe )

IF A TLI IS NOT PERFORMED A HIGH INCLINATION EeOs¢ MISSION WILL BE DONE TO OBTAIN
PHOTOGRAPHS FOR EARTH RESOURCE PURPOSESs

Bs LaOs
AN LOI WILL BE PERFORMED THOUGH NO LANDING 1S POSSIBLE TO OBTAIN DESCARTES PHOTOGRAPHY.

Ceo THE FIRST ORDER OF PRIORITY IN RETAINING OR JETTISIONING THE LM IS TO EVALUATE 1ITS
USEFULNESS IN PROIVIDING CRITICAL CAPABILITY THAT MAY BE LOST IN THE CSMe IF A DPS TEI IS
NOT TO BE PERFORMED THE LM SHOULD BE IMPACTED ON THE LUNAR SURFACE TO PREVENT POTENTIAL
COLLISION PROBLEMS IN FUTURE MISSIONe IF THE LM IS RETAINED FOR TEIls THE PREFERED METHOD OF
DISPOSAL 1S OCEAN IMPACT TO PLACE THE RTG/ POSSIBLE LM FRAGMENTS FROM [IMPACTING NEAR
POPULATED LAND AREASe THE THIRD CHOICEs REMIAN IN LOe» WILL EXIST IF [IMPACT IS NOT
POSSIBLEe NO CONSIDERATION WILL BE GIVEN TO BRINGING THE LM BACK AT TEl TO SATISIFY A
PREFERENCE TO ACCOMPLISH AN OCEAN IMAPCTe THE RETURN TIME AND UNIQUE PROCEDURES REWUIRED
WOULD PROHIBIT THISe

MISSION REV | DATE SECTION GROUP PAGE
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OPERATIONS 1=5
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NASA - Manned Spacecraft Center

MISSION RULES
SECTION 2 = GROUND SUPPORT INSTRUMENTATION/COMMUNICATIONS

ITEM

- o -

4=2A

4=2B

4=4Al

4=4A2

4=48

4=58

4=5C

4=-5E

4uBA

4=6C

4-88

CONSOLE TELEMETRY DISPLAYS ARE MANDATORY FOR THE DISPLAY TO F/C'S OF MANDATORY S/V PARAMETERS.

ONE PCM GROWND STATION IS REQUIRED TO DRIVE THE STRIP CHART RECORDERS WHICH DISPLAY MANDATORY
S/V ANALOGS AND EVENTSs

ONE INDEPENDENT TRACKING SOURCE IS REQUIRED FOR REAL TIME VERIFICATION OF L/V NAVIGATION AND FOR
PROTECTION AGAINST VIOLATION OF THE LAUNCH ENVELOPE.

BOTH IU AND CMC TELEMETRY VECTORS ARE REQUIRED TO INSERTION PLUS 60 SECONDS FOR DETERMINATION OF
THE TRAJECTORY AND ORBITs AN ORBIT GO/NO GO WILL BE MADE BASED ON THIS DATA»s

RTCC DATA SELECT CAPABILITY IS MANDATORY FOR SELECTION OF THE BEST AVAILABLE DATA SOURCE FOR
PROCESSINGs

EITHER THE FD LOOP OR AFD CONF LOOP IS MANDATORY FOR USE AS THE PRIME MCC INHOUSE VOICE LOOP FOR
MISSION CONTROLs

ACCESS TO AT LEAST ONE OF THE PRIME OIS CONTROL CIRCUITS 1S MANDATORY FOR COORDINATION OF THE
TERMINAL COUNT MCC=PAD ACTIVITIES,

ONE DIRECT VOICE CIRCUIT TO THE RSO IS REQUIRED FOR TRAJECTORY VERIFICATION AND BOOSTER SAFINGs

ONE A/G PATH VIA GSFC IS REWUIRED 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.

ONE IBM 360/75 IS MANDATORY TO PERFORM AS THE MOC FOR THE PROCESSING OF MANDATORY S/V PARAMETERS
AND TRAJECTORY DATAs

ONE UNIVAC 494 1S MANDATORY ONLINE TO THROUGH PROCESS MANDATORY S/V PARAMETERS TO THE MOCs

ONE MITE SYSTEM IS MANDATORY AS THE MASTER MCC TIMING STANDARD TO SUPPORT MANDATORY RTCC/CCATS
COMPUTERS»

BUS Al IS MANDATORY TO PROVIDE UNINTERRUPTABLE POWER FOR THE D/TV CONVERTERS.

BUS A2 IS MANDATORY TO PROVIDE UNINTERRUPTABLE POWER FOR THE D/Tv DATA DISTRIBUTORS AND 20
SECONDS INTERRUPTABLE POWER FOR THE VSMe

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

MISSION RULES
SECTION 2 = GROUND SUPPORT INSTRUMENTATION/COMMUNICATIONS

]

4~8D

4=94

4=981

4=982

4=983

4=984

4=9D

ITEM

4=9811.

BUS B2 IS MANDATORY TO PROVIDE 20 SECONDS INTERRUPTABLE POWER FOR MOCR AND SSR CONSOLESe

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

THE FDO LAUNCH DIGITALS ARE MANDATORY ON D/TV FOR CONTINGENCY ORBIT INSERTION MANEUVER DATA AND
MONITORING OF TFF LIMITSe

THE GAMMA VSs V PLOT 1S MANDATORY ON AT LEAST ONE DISPLAY SYSTEM TO PROVIDE FDO THE NECESSARY
INFORMATION REQUIRED TO CALL ABORTS BASED ON LV BREAKUPe

THE RFO LAUNCH DIGITALS ARE MANDATORY ON D/TV TO PROVIDE A MONITOR FOR MODE III AND MODE 18
MANEUVER DATA.

DISPLAY OF THE GAMMA (EI) VS« V(EI} PLOT IS MANDATORY TO MONITOR FOR G=LIMIT VIOLATIONS DURING
LAUNCH OR ABORT.

DISPLAY OF THE INSERTION/INJECTION DIGITALS ON THE D/TV IS MANBATORY TO PROVIDE A BASIS FOR
MAKING A GO/NO GO DECISION ON THE CSM G&#Ns

THE VSM 1S MANDATORY TO PROVIDE REQUIRED D/TV OPERATIONe

MISSI1ON REV | DATE SECTION GROUP PAGE
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NASA - Manned Spacecraft Center

MISSION RULES
SECTION 2 = GROUND SUPPORT INSTRUMENTATION/COMMUNICATIONS

-]

ITEM

e e e

+=10A

+=108

4=10C3

ji=118B

ji~128

4=120

l4~138

4=13C

4=130

4=14

AGB

4=15
As»BE&C

ONE GSFC UNIVAC 494 COMMUNICATIONS PROCESSOR IS MANDATORY TO THROUGH PROCESS MANDATORY §/V
PARAMETERS TO THE MCC CCATS.

ONE WBD (5040 KBPS) LINE IS MANDATORY BETWEEN GSFC AND MCC FOR THE TRANSMISSION OF MANDATORY S/V
PARAMETERS »

ONE INCOMING (JJ) TTY CIRCUIT FROM GSFC TO MCC IS MANDATORY FOR THE TRANSMISSION OF LOW=SPEED
RADAR DATA.

ONE SOURCE OF RECEIVING USB TM 1S MANDATORY TO PROVIDE MANDATORY CSM PARAMETERSe

U CCS (DP=1B) OR IV VHF (DP=1) TELEMETRY IS MANDATORY TO MONITOR SIVB BULKHEAD DELTA PRESSURE
FOLLOWING S/C SEPARATION DURING TD&Ee CSM USB TELEMETRY IS MANDATORY FOR ABORT CUES TO MCC FROM
LIFTOFF THROUGH S=IvB CUTOFF PLUS 60 SEC.

VHF OR USB A/G VOICE IS MANDATORY FOR MCC ABORT. CUES THROUGH INSERTION PLUS 60 SECONDS.

ONE IV TM DOWNLINK IS REQUIRED TWICE PER REVOLUTION THROUGH REV 3 TO PROVIDE SIVB SYSTEMS DATA
TO SUPPORT A TLI GO/NO GOe CSM USB TM 1S MANDATORY TWICE PER REVOLUTION THROUGH REV 3 TO PROVIDE
CSM SYSTEMS DATA TO SUPPORT A TLI GO/NO GO

USB TRACKING CAPABILITY AT AT LEAST TWO MSFN STATIONS PER REVOLUTION IS REWUIRED THROUGH REV 3
TO PROVIDE A TRAJECTORY BASE FOR TLI MANEUVER PLANNING.

A/G COMMUNICATIONS (VHF OR USB) AT TWO MSFN STATIONS PER REVOLUTION IS REQUIRED THROUGH REV 3 TO
PROVIDE CAPABILITY TO ALERT CREW OF PROBLEMS AFFECTING CREW SAFETY.

CCS TELEMETRY 1§ MANDATORY TO DETERMINE‘ VEHICLE STATUS BEYOND VHF RANGE DURING POST S/C
SEPARATIONes CCS COMMAND 1S MANDATORY TO PROVIDE CORRECTIVE CAPABILITY FOR AN SIVB BULKHEAD DELTA
PROBLEMS DURING TDG&E.

CSM USB TELEMETRYs TRACKINGs» AND VOICE SUPPORT MUST BE AVAILABLE AT TWO 85 FOOT STATIONS TO
PROVIDE MANDATORY SUPPORT DURING TLC AND LPO.

[mission  kev [oate  fpecrion GROUP PAGE
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NASA - Manned Spacecraft Center

MISSION RULES
SECTION 2 = GROUND SUPPORT INSTRUMENTATION/COMMUNICATIONS

ITEM

20-1A

BASELINE REWUIREMENT (ALL PHASES EXCEPT LAUNCH)

le

r

TWO-WAY VOICE COMMUNICATIONS BETWEEN SPACECRAFT.
Ae 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.

Be 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 PERFORMEDe IN ADDITIONs IF THE TOTAL LM VHF SYSTEM
FAILSs TWO=WAY VOICE COMMUNICATIONS WITH AN EVA WILL NOT BE POSSIBLE.

Ce SPECIFIC OPERATIONS IMPACT (REFERENCE SPECIFIC MISSION RULE 20-13)
(1) NOMINAL MISSION

(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 RENDEZVOUSs WE WILL
NOT COMMIT TO A RENDEZVOUS WITHOUT THE CAPABILITY TO PERFORM THIS COORDINATION.
HOWEVERs AFTER PERFORMING A MANEUVER THAT COMMITS THE LM TO A RENDEZVOUSs THE
LOSS OF VHF COMMUNICATION BETWEEN THE SPACECRAFT IS NOT SUFFICIENT JUSTIFICATION
FOR MISSION TERMINATIONe

(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 IS
MSFN RELAYs THE LUNAR STAY NEED NOT BE ABORTEDe DEPENMING ON THE VHF FAILURE
MODEs EVA ACTIVITIES MAY STILL BE POSSIBLE.

(D) EVA = FOR A TWO=MAN EVAs» VHF VOICE BETWEEN ONE EVA CREWMAN AND THE LM IS
NECESSARY FOR EVA TO MSFN AND MSFN TO EVA COMMUNICATIONSe THIS LINK ENABLES THE
GROUND CONTROLLERS TO INFORM EVA CREWMAN OF LM AND EVCS/PLSS OPERATING STATUS.
LOSS OF THIS LINK COULD COMPROMISE CREW SAFETYe.

(E} RENDEZVOUS AND DOCKING = REGARDLESS OF WHICH SPACECRAFT PERFORMED THE ACTIVE

RENDEZVOUS AND DOCKINGs THE SAME PROBLEMS AND CONSTRAINTS WOULD BE PRESENT DUE TO
THE LOSS OF VHFe SINCE THE LM IS NORMALLY THE ACTIVE VEHICLEs THERE WOULD BE NO

REASON TO PERFORM ANYTHING OTHER THAN A LM ACTIVE RENDEZVOUS.
(2) ALTERNATE MISSION

IF VHF COMMUNICATIONS 1S LOST PRIOR TO UNDOCKING AND BOTH VEHICLES HAVE GOOD
S~BAND VOICE COMMUNICATIONS WITH THE MSFNs THEN AN UNDOCKING AND STATION KEEPING
TYPE MISSION WILL BE CONSIDEREDe DOUE TO CONTINUOUS VEHICLE TO VEHICLE
COORDINATION REQUIRED DURING RENDEZVOUS» CSM CIRCULARIZATION WILL NOT BE
PERFORMED IF VHF IS LOSTe DURING LUNAR STAYs A ONE~MAN EVA CAN BE PERFORMED IF
EVCS TO EVCS VOICE COMMUNICATIONS THROUGH THE SPACECRAFT S POSSIBLEe

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

Ae 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 COOMMUNICATIONS BETWEEN THAT VEHICLE AND THE MSFN IS
CONSIDERED TO BE LOST.

MISSION REV | DATE SECTION GROUP PAGE

APOLLO 14]FNL |12/15/70| GROUND SUPPORT FUNCTIONAL
INST/COMM COMM=GENERAL _2=4




NASA - Manned Spacecraft Center

MISSION RULES
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ITEM

20~1A
CONT

20~18

20-1C

Be GENERAL OPERATIONAL IMPACT

LOSS OF ONE VEHICLE'S S=BAND FORCES THAT VEHICLE TO COMMUNICATE WITH THE MSFN VIA RELAY
THROUGH THE REMAINING VEHICWLEe IN ADDITIONs 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 PHASEe SHOULD THE REMAINING VEHICLE LOSE ITS S=BAND
CAPABILITY» THEN BOTH SPACECRAFT WOULD HAVE NO VOICE COMMUNICATIONS WITH THE MSFN UNTIL
THEY GET WITHIN VHF RANGE DURING TEC.

Ce SPECIFIC OPERATIONAL IMPACT (REFERENCE SPECIFIC MISSION RULE 20=14)
(1) NOMINAL MISSION

(A} 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
REVe DURING LUNAR STAY OPERATIONSe THIS LIMITED CONTACT COMPROMISES GROUND
CONTROLLER CAPABILITY TO INFORM THE CREW OF POTENTIALLY HAZARDOUS MISSION OR
SPACECRAFT SITUATIONSe

(B) LO GATE TO TOUCHDOWN = A COMMUNICATIONS FAILURE DURING THIS PERIOD 1S5 NOT
SERIOUS ENOUGH TO WARRANT THE HAZARDS INVOLVED IN AN ABORT OPERATION WITHOUT
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
VHFe $=BAND RELAY WILL ALLOW THE MALFUNCTIONING SPACECRAFT TO TALK TO THE MSFNe

(2) ALTERNATE MISSIONS
IF ONLY LM S~BAND COMMUNICATIONS 1S LOST AND VHF COMMUNICATIONS 1S AVAILABLE
BETWEEN SPACECRAFTs ALTERNATE MISSIONS WHICH DO NOT COMMIT THE LM AND CSM TO A

RENDEZVOUS MAY BE PERFORMEDe IF CSM S=BAND IS LOSTs NO ALTERNATE MISSION WILL BE
PERFORMED WHICH JEOPARDIZES AVAILABILITY OF LM S=BAND COMMUNICATIONS FOR TECe

NOTE===LOSS OF ONE OR BOTH CSM TRANSPONDERS WHICH WOULD MEAN NO REDUNDANCY OR
COMPLETE LOSS OF CSM/MSFN COMM WOULD REWUIRE WUTILIZATION OF THE LM FOR COMM
DURING TRANSLUNAR COAST.

LAUNCH
THERE ARE NO COMMUNICATIONS FAILURES FOR WHICH THE LAUNCH/INSERTION PHASE WILL BE TERMINATEDe

Ae DEFINITION OF LOSS

SPACECRAFT TO MSFN COMMUNICATIONS 1S CONSIDERED LOST IF COMMUNICATIONS CANNOT BE
ESTABLISHED IN ANY OF THE FOUR VHF CONFIGURATIONS OR THE USB MODE.

Be GENERAL OPERATIONAL IMPACT
CONTINUING A LAUNCH/INSERTION WITHOUT SPACECRAFT TO MSFN COMMUNICATIONS 1S NOT AS HAZARDOUS

AS SUBJECTING THE CREW TO A LAUNCH ABORTe ADEWQUATE ONBOARD MONITORING DEVICES EXIST TO KEEP
THE CREW COGNIZANT OF THE LAUNCH VEHICLE AND SPACECRAFT STATUS.

POWERED DESCENT ADDITIONAL REQUIREMENTS

LM VOICE REWUIRED TILL LO GATEe THERE ARE NO CSM COMMUNICATIONS SYSTEMS FAILURES FOR WHICH LM
POWERED DESCENT WILL BE TERMINATED.

Ae DEFINITION OF LOSS
SAME AS ITEM 20=1=A.
Be GENERAL OPERATIONAL IMPACT (REFERENCE SPECIFIC MISSION RULE 20-14)

FROM PDI IGNITION TO TOUCHDOWNs THE FLIGHT CONTROLLERS HAVE THE PRIME RESPONSIBILITY FOR
IDENTIFYING SLOW DIVERGENCES IN THE GUIDANCE SYSTEMS (PNGS AND AGS)e MEASUREMENT ACCURACIES
ARE SUCH THAT THE MSFN CAN DETERMINE PRIOR TO LO GATE THAT THERE ARE NO SLOW TRENDS IN
EITHER GUIDANCE SYSTEM THAT WOULD PRECLUDE USING EITHER SYSTEM TO LO GATEe. OBVIOUSLYs TO
ADVISE THE CREW OF THE ABOVE DETERMINATIONs VOICE COMMUNICATIONS WITH THE LM MUST BHE
MAINTAINED TO LO GATE.
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20~-2
A&B

LUNAR STAY ADDITIONAL REQUIREMENTS

le

2e

3.

FOR TWO=~MAN EVA=-~VOICE COMMUNICATIONS BETWEEN MSFN AND ONE EVA.

FOR ONE=MAN EVA=-VOICE COMMUNICATIONS BETWEEN MSFN AND LM OR EVA PLUS DUPLEX VOICE BETWEEN
THE LM AND EVA CREWMAN,

DUPLEX VOICE COMMUNICATIONS BETWEEN BOTH EVA CREWMENe
Ae GENERAL OPERATIONAL IMPACT

TWO=WAY COMMUNICATIONS BETWEEN THE MSFN AND AN EVA CREWMAN (EITHER DIRECT OR VIA RELAY FROM
THE OTHER CREWMAN) AND TWO=WAY COMMUNICATIONS BETWEEN EVA CREWMEN IS CONSIDERED A FLIGHT
SAFETY ITEM DUE TO THE HOSTILE ENVIRONMENT AND THE LACK OF READILY AVAILABLE BACKUP
HARDWARE »

Be SPECIFIC OPERATIONAL IMPACT (REFERENCE SPECIFIC MISSION RULE 20=l6 THRU
20~21)

FOR LOSS OF VOICE COMMUNICATIONS BETWEEN CREWMEN (EITHER EVA-1 TO EVA=2 OR EVA=2 TO EVA=1),»
THE MISSION MAY BE CONTINUED SINCE THE CAPABILITY STILL EXISTS TO COMMUNICATE BETWEEN
CREWMEN VIA THE LMe 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 LOSS OF ALL MSFN TO CREWMAN
COMMUNICATIONSe

THIS ITEM DUCUMENTS THE PRIME AND ALTERNATE COMMUNICATION MODES FOR BOTH A DUAL AND SINGLE EVA.
THE PRIME MUDES ARE DESIGNED TO ALLOW DUPLEX VOICE BETWEEN EVA'S» VOICE COMMUNICATIONS BETWEEN
THE EVA CREWMEN AND THE MSFN» ANDO THE TRANSFER OF EVA DATA FROM BOTH CREWMEN TO THE MSFNe THE
BACKUP MODES ARE DESIGNED TO ALLOW DUPLEX VOICE BETWEEN THE EVA'Ss» VOICE COMMUNICATIONS BETWEEN
THE EVA CREWMAN AND THE MSFNs AND DATA FROM ONE EVA CREWMAN.
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-

ITEM

20—7/f

0 ITEMS 20=7 THROUGH 20=10 DOCUMENT THE MANNER IN WHUCH THE COMMUNICATIONS SYSTEMS WILL
MANAGED FOR' THIS MISSION AND THEREFORE ARE PROCEDURAL IN NATURE AND REQVIRE NO RATIONALE.

BE
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ITEM

20-~13

20-14

20-15

20-16]
20-17

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 DOCKINGe HOWEVERs IF THE MALFUNCTION OCCURS AFTER THE VEHICLES ARE
SEPARATED ENOUGH TO HAVE COMMITTED TO A RENDEZVOUSs LACK OF COMMUNICATIONS IS NOT SUFFICIENT
REASON TO TERMINATE THE ENTIRE FLIGHT PLAN INCLUDING LANDING AND EVAe

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 CAUSE FOR REENTERING SINCE THE CONTINUATION OF THE MISSION WOULD REQUIRE A SUCCESSFUL
TLI AND TDO AND E TO REESTABLISH COMMUNICATIONS VIA THE LMe EVEN THEN THE LOI MANEUVER WOULD NOT
BE PERFORMEDe.

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 LOI WOULD NOT BE JUSTIFIED SINCE UNDOCKING COULD NOT BE PERFORMED ONCE IN
LUNAR ORBIT DUE TO CSM/MSFN COMMUNICATIONS FAILURE.

RATIONALE FCR THE LOSS OF LM/MSFN COMMUNICATIONS IS THE SAME AS STATED PREVIOUSLY IN THE
RATIONALE FOR MISSION RULE 20-1=Ce

NOTE===FOR 20-~14A» 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 COMM DURING TRANSLUNAR
COAST.

LOSS OF TWO CSM AUDIO CENTERS

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

AFTER TLI HAS BEEN PERFORMEDs THE MISSION WILL BE CONTINUED BUT IS NO GO FOR LOI WITH THE LOSS
OF TWO AUDIO CENTERSe UNDUCKING WILL NOT BE PERFORMED BECAUSE OF POSSIBLE LOSS OF CSM/MSFN
COMMUNICATIONSes HOWEVERs ONCE POWERED DESCENT IS INITIATED IT WILL BE CONTINUEDe IN ALL CASESy

IN EVENT OF LOSS OF TWO CSM AUDIO CENTERSs» THE LM WILL BE RETAINED FOR POSSIBLE BACKUP
COMMUNICATIONS,.

EVA=EVA COMM

Ao DEFINITION OF LOSS
VOICE FROM EVA TO EVA IS CONSIDERED LOST IF ONE EVA CANNOT RECEIVE THE OTHERe
Be GENERAL OPERATIONAL IMPACT

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

Ce SPECIF1C OPERATIONAL IMPACT
{1) LOSS OF VOICE FROM EVA=2 TO EVA-=1 (REF MISSION RULE 20=16)+

IN THE DUAL EVA PRIME MODEs EVA-2 TALKS TO EVA=1 ON THE 2790 MHZ (FM) LINKe
THEREFOREsy A LOSS OF VOICE FROM EVA=2 TO EVA-1 REQUIRES A CHANGE TO A BACKUP
MODEes EVA-1 REMAINS IN THE AR COMM SWITCH POSITION AND EVA=2 SWITCHES TO B
POSITION TO RE=ESTABLISH DUPLEX COMMUNICATIONe

{2) LOSS OF VOICE FROM EVA=1 TO EVA=2 (REF MISSION RULE 20=17)

IN THE DUAL EVA PRIME MODEs EVA=1 TALKS TO EVA=2 ON THE 2597 MHZ (AM) LINKe
THEREFOREs A LOSS OF VOICE FROM EVA=1 TO EVA=2 REQUIRES A CHANGE TO A .BACKUP
MODEe EVA=1 SWITCHES TO B AND EVA=2 SWITCHES TO A TO RE=ESTABLISH ~ DUPLEX
COMMUNICAT 1 ONe
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1TEM

20-18
20=21

20-19
20=20

EVA DUPLEX COMM

Ao DEFINITION OF LOSS

OUPLEX VOICE IS CONSIDERED LOST IF BOTH CREWMEN CANNOT DIRECTLY COMMUNICATE WITH EACH OTHER IN
PRIME OR BACKUP MOOESe

Be GENERAL OPERATIONAL IMPACT

THE LOSS OF DUPLEX VOICE INDICATES LOSS OF DIRECT COMMUNICATION BETWEEN THE TWO CREWMEN,
SUBSEQUENT FAILURES IN THE LM COULO RESULT IN THE COMPLETE ISOLATION OF EACH CREWMANe THE EVCS
OPERATES ON OUPLEX ONLY BETWEEN THE TWO CREWMANs THEREFOREs OUPLEX VOICE IS MANDATORY FOR SAFE
LUNAR SURFACE OPERATION.

Co SPECIFIC OPERATIONAL IMPACT
(1) NOMINAL EVA = TWO MEN (REF MISSION RULE 20~18)

FOR OUAL OPERATION ON THE LUNAR SURFACEs THE CREWMEN REQUIRE EVA~TO~EVA VOICE TO CONDUCT
SAFE LUNAR OPERATIONS. THIS CAN BE ACCOMPLISHED EITHER IN THE PRIME MODEs OR BACKUP MODES.
IF THE EVA TO EVA OUPLEX VOICE COMMUNICATION CANNOT BE ESTABLISHEDy THE EVA MUST BE
TERMINATEOQ. .

{2) ALTERNATE EVA = ONE MAN (REF MISSION RULE 20-21)

FOR A ONE=MAN EVAs THE EVA AND LM CREWMEN REQUIRE DUPLEX VOICE BETWEEN EACH OTHER FOR SAFE
LUNAR SURFACE OPERATIONSe THIS CAN BE ACCOMPLISHED EITHER IN THE PRIME OR BACKUP MODE. IF
DUPLEX VOICE COMMUNICATION CANNOT BE ESTABLISHEOs THE EVA MUST BE TERMINATED.

5

EVA=MSFN COMM

Ae DEFINITION OF w.OSS

TWO=WAY VOICE BETWEEN MSFN AND CREWMEN IS CONSIDERED LOST IF TWO=WAY VOICE: CANNOT BE ESTABLISHEO
BETWEEN MSFN AND EITHER OR BOTH OF THE CREWMEN.

Be GENERAL OPERATIONAL IMPACT

THE LOSS OF TWO=WAY VOICE BETWEEN MSFN AND BOTH CREWMEN 1S UNACCEPTABLE FOR SAFE LUNAR SURFACE
OPERATIONSe SUBSEQUENT FAILURES IN EITHER EMU UNITS OR THE LM NOTICED BY MSFN CANNOT BE RELAYED
TO THE CREWMEN.

Ce SPECIFIC OPERATIONAL IMPACT
(1) NOMINAL EVA =~ TWO MEN (REF MISSION RULE 20=19)

FOR DUAL OPERATION ON THE LUNAR SURFACEs TWO-WAY VOICE BETWEEN MSFN AND ONE
EVA 1S MANDATORY FOR SAFE LUNAR SURFACE OPERATION. IF THE PRIME EVCS MODE 1S
LOSTs A BACKUP MODE 1S NECESSARY TO CONTINUE THE EVAe SIMPLEX VOICE THROUGH
THE LM 1S ACCEPTABLE ‘WHERE ONE. CREWMAN CAN RECEIVE.MSFN ONLYs AND THE OTHER
CREWMAN CAN TRANSMIT TO MSFN ONLY BUT THE TWO CREWMEN MUST HAVE DUPLEX VOICE
BETWEEN EACH OTHERe IF TWO~WAY VOICE WITH MSFN CANNOT BE RE=ESTABLISHEDs THE
EVA MUST BE TERMINATED.

(2) ALTERNATE EVA = ONE MAN (REF MISSION RULE 20~20)

FOR A ONE~MAN EVAs TWO-WAY VOICE BETWEEN MSFN AND AT LEAST ONE CREWMAN IS
MANDATORY FOR SAFE LUNAR SURFACE OPERATIONSe. IF THE PRIMARY EVCS MODE 1Is
LOSTs A BACKUP MODE IS NECESSARY TO CONTINUE EVAe IF TWO=WAY VOICE WITH MSFN
CANNOT BE RE=ESTABLISHEDs THE EVA MUST BE TERMINATED.
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ITEM

5=1
AsBGC

TERMINATION OF THE LAUNCH PHASE

COMMENTS

THE ACCEPTABLE TRAJECTORY ENVELOPE 1S DEFINED BY A VEHICLE BREAKUP LINEs AN ABORT

''G'Y LIMITy AND A PREENTRY SEQUENCING TIME REWQUIREMENT.
le LAUNCH VEHICLE BREAKUP 1S CAUSED BY CONTROL OR GUIDANCE SYSTEM FAILURES
WHICH RESULT IN EXCESSIVE ANGLE OF ATTACK AND AERODYNAMIC LOADING ON THE
LAUNCH VEHICLE AND SPACECRAFTe THE FIRST STRUCTURAL FAILURE OCCURS AT THE
CM/SM TENSION TIES AND 1S FOLLOWED SHORTLY BY LAUNCH VEHICLE BREAKUPe THE
LIMIT LINE 1S BIASED BY 8 SECONDS FOR DATA SYSTEM DELAYS AND REACTION TIME.
24 THE ENTRY ''G'' LOAD RESULTING FROM A LAUNCH ABORT IS LIMITED TO 16 ''G'',
3. THE NORMAL MINIMUM PREENTRY SEQUENCING TIME (TFF) REQUIREMENT IS DEFINED 8Y
THE TIME REWUIRED FOR==~
(A} DATA SYSTEM DELAY
(B) COMMUNICATIONS DELAY
(C) J=2 TAILOFF
(D) CSM/S=1vB SEPARATION
{E) 2=SECOND SPS BURN (IF REQUIRED FOR RATE DAMPING)
(F) SM JETTISON
(G) MANEUVER CM TO ENTRY ATTITUDE.
THE SUM OF THE REQUIRED TIMES PLUS AN OPERATIONAL PAD RESULTS IN 100 SECONDS
AS THE LIMITe THE NOMINAL TRAJECTORY MAINTAINS MORE THAN 180 SECONDS AFTER
TOWER JETTISON.
PARTICIPATION

FLIGHT DYNAMICS OFFICER

FLIGHT DIRECTOR

CAPCOM

FLIGHT CREW

DATA SOURCES

Ae

Be

Co

PROCEDURE

Ae

VEHICLE BREAKUP GAMMA VSe V ON THE LEFT PROJECTION PLOTTERs MSK 0040y SSR
PLOTBOARD 1.

ENTRY ''G'! LIMIT ~ GAMMA EI VSe VEI ON MSK 0041 AND ON SSR PLOTBOARD 3.

PREENTRY SEQUENCE TIME = FDO LAUNCH DIGITALSs MSK 0043y TFF VSe RIP ON MSK
0333 AND SSR PLOTBOARD 2.

INDICATION

TRAJECTORY TRACE DEVELOPS TREND TOWARD ANY ONE OF THE LIMITSe
ACTION

le GO TO YELLOW STATUS.

20 IF TIME PERMITSs BRIEF FD ON CONDITION.

3. GO RED IF CONDITION WORSENSe

be GIVE FD MARKs TRANSMIT ABORT REQUEST AT VIOLATION OF LIMITs

Se CAPCOM 'WILL RELAY MARK TO PROVIDE SECOND ABORT CUE.

ENTRY
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ITEM

-

TERMINATION OF THE LAUNCH PHASE

COMMENTS

THERE ARE CERTAIN LAUNCH VEHICLE FAILURES WHICH COULD CAUSE COI CAPABILITY TO BE LOST AFTER
IT HAS BEEN ACHIEVED AND CONSEWUENTLY WILL NOT RESULT IN A ''GO'' ORBITs» THESE FAILURES ARE
CAUSED BY GUIDANCE PROBLEMS AND RESULT IN LARGE FLIGHTPATH ANGLE EXCURSIONS WITHOUT
VIOLATING A RATE LIMIT,.

VS IS AN IMPULSIVE COMPUTATION OF THE DELTA V REQUIRED TO ACHIEVE A SAFE ORBIT. BY
TERMINATING POWERED FLIGHT WHEN VS STARTS INCREASINGs WE PREVENT THE SIZE OF THE MODE IV
MANEUVERS FROM BECOMING EXCESSIVE AND IN MOST CASES STOP A DEVIATING VEHICLE FROM LOSING A
COl CAPABILITY ALREADY GAINEDs DEPRESSED TRAJECTORIES RESULTING FROM THESE TYPE FAILURES
OFTEN RESULT IN LAND IP'S WITH MARGINAL OR INSUFFICIENT FREE FALL TIME TO PERFORM A MODE

1I1 MANEUVER.

PARTICIPATION

FLIGHT DYNAMICS OFFICER
FLIGHT DIRECTOR
CAPCOM

FLIGHT CREW

DATA SOURCES
GAMMA vSe VS DISPLAY
FDO LAUNCH DIGITALS
PROCEDURE

Ae INDICATION = EITHER VS ON GAMMA VS VS BEGINS TO INCREASE OR V/VS ON DIGITALS
BEGINS TO DECREASE.

Be ACTION
le GO TO YELLOW STATUS
20 BRIEF FO IF TIME PERMITS
3. GO TO RED IF DIVERGANCE CONTINUES
4o GIVE FD MARK AND TRANSMIT ABORT REQUEST

Se CAPCOM WILL RELAY MARK AS SECOND CUE
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ITEM

TERMINATION OF THE LAUNCH PHASE
COMMENTS

ONCE THE LV HAS INSERTED THE SPACECRAFT INTO ORBIT» ANY CONTINUED THRUSTING BEYOND THE
INSERTION POINT WILL PLACE THE S/C INTO INCREASINGLY 'tOFF NOMINAL'' ORBITS FROM WHICH A
TLI CANNOT BE PERFORMED.

THE TIMES REQUIRED TO ''A'*' RECOGNIZE AND VERIFY AN OVERSPEED CONDITION 't'B'' TRANSMIT A
REQUEST TO THE CREW TO TERMINATE S=IvB THRUSTINGs AND ''C'*' THE TIME REQUIRED FOR THE CREW
TO ACTUALLY TERMINATE THRUSTING ARE AS FOLLOWS==-

(Al = 8 SECS (RECOGNIZE AND VERIFY!).

(B) = 8 SECS (REQUEST CUTOFF)e

(C) = 8 SECS (CREW SHUTDOWN) .

ALLOWING THE LV TO THRUST FOR THE PERIOD OF TIME REQUIRED TO RECOGNIZE THE OVERSPEED
CONDITION WILL PLACE THE LV AND S/C INTO AN ORBIT INSTANTANEOUSLY CHARACTERIZED BY AN HA OF
200 Ne Mo THIS THEN BECOMES THE OVERSPEED LINE OF THE PLOTBOARD FOR WHICH THE LV WILL BE

MANUALLY SHUT DOWNe AS THE BOOSTER WILL THRUST FOR AN ADDITIONAL l6 SECS BEFORE SHUTDOWN
CAN BE EFFECTED» THE S/C AND SLV WILL END UP IN AN ORBIT CHARACTERIZED BY AN HA = 350«

PARTICIPATION
GDO
FDO
FOD
CAPCOM
FLIGHT CREW
DAYA SOURCES
Ao GAMMA VSe V PLOTBOARD.
Be GUIDANCE OFFICER
PROCEDURE

Ae INDICATION = TRAJECTORY TRACE MOVES BEYOND NOMINAL INSERTION CONDITIONS TO
200 NeMe LINE AFTER THE NOMINAL TIME OF GUIDANCE CUTOFF,

Be ACTION = FDO WILL IMMEDIATELY INFORM THE FD THAT '*WE ARE OVERSPEED!'' AND
*"REQUEST SHUTDOWN''e THE CREW WILL THEN ATTEMPT SHUTDOWN VIA THE S~IvB/S-1I!
STAGING SWITCH OR THE THC IF THE SWITCH SHOULD FAIL TO EFFECT C/Oe SHOULD
THE THC NOT YIELD C/O CONDITIONS» THE FDO WILL VIA A VERBAL CODEs REQUEST
THE RSO TO TRANSMIT MFCO.
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ITEM

S=1F

TERMINATION OF THE LAUNCH PHASE
COMMENTS
DURING FIRST STAGE FLIGHTy SHOULD AN OTHERWISE NORMAL OPERATING BOOSTER DEVIATE BEYOND THE
EXIT HEATING LINEs CATASTROPHIC SPACECRAFT FAILURES DUE TO ATMOSPHERIC FRICTION WILL
RESULTe THIS ATMOSPHERIC HEATING WEAKENS THE STRUCTURAL INTEGRITY OF THE SMs SLA» AND
DETERIORATES THE RELIABILITY OF THE PYROTECHNICS SURROUNDING THE SM AND THE SLAe
PARTICIPATION
GDOs FDOs» FDs» CAPCOM» FLIGHT CREW
DATA SOURCE
GAMMA VSe V PLOTBOARD
PROCEDURE
Ae INDICATION
TRAJECTORY TRACE DEVIATES TOWARD THE EXIT HEATING LINE.
Be ACTIONe
le GO TO YELLOW STATUS.
ry IF TIME PERMITSs» BRIEF THE FDe
3. GO TO RED STATUS IF CONDITION WORSENSe
be GIVE FD ''MARK''s TRANSMIT ABORT REQUEST UPON VIOLATION OF EXIT HEATING LIMIT.

S5ae CAPCOM WILL RELAY *'MARK'' AS THE REQUIRED SECOND ABORT QUE.
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R ITEM

TERMINATION OF LAUNCH PHASE FOR DECREASING ALTITUDEe

COMMENTS===

SHOULD THE SLV EXPERIENCE A PREMATURE CUTOFF DURING THE LAUNCH PHASE VARIOUS ABORT MODES
ARE AVAILABLE TO EFFECT A SAFE RETURN OF THE S/Ce THIS SAFE TRAJECTORY ENVELOPE IS FURTHER
MAINTAINED BY TAKING EFFECTIVE ABORT ACTION BEFORE THE SLV ENTERS AN UNSAFE REGIONe ONE
CONCERN IS THE AMOUNT OF TIME REQUIREDs ONCE ABORT ACTION HAS BEEN TAKENs TO '!SHAPE!! THE
ABORT TRAJECTORY AND PREPARE THE S$/C FOR ENTRYe SHOULD A THRUSTING MANEUVER B& REWUIRED TO
EFFECT THIS ''SHAPING''y SUFFICIENT TIME MUST BE PROVIDED AT THE COMPLETION OF THIS
MANEUVER FOR ENTRY PREPARATIONSe THIS TIME IS CALLED TFF (TIME OF FREE=FALL)eAS LONG AS THE
LAUNCH TRAJECTORY ALTITUDE PROFILE REMAINS ABOVE APPROXe 80 NeMe THIS TFF CAN BE
MAINTAINEDe SHOULDs HOWEVERy A DECREASING TREND IN ALTITUDE BE OBSERVED TFF MINIMUMS CANNOT
BE GUARANTEEDe THIS 1S ESPECIALLY TRUE IF THE CURRENT FREE FALL IMPACT POINT IS ON A LAND
MASSe IN THIS CASE THE TIME REWUIRED TO SHAPE THE TRAJECTORY (THRUSTING MANEUVER TIME)
INCREASES NON=LINEARTY TO A POINT WHERE A LAND IMPACT CANNOT BE AVOIDED.

PARTICIPAT ION===

FDOs FDs RFOs CAPCOM
DATA SOURCES===

LAUNCH DIGITALSs H VS D

PROCEDURE==~

WHEN THE ALTITUDE HAS RISEN ABOVE 80 NeMe AND THEN DECREASE BACK TO 80 NeMe THE FDO WILL
INSTRUCT TO FD OF SAME AND COMMAND ABORT.
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NASA - Manned Spacecraft Center
MISSION RULES

SECTION 3 - TRAJECTORY AND GUIDANCE

1TEM

HOLD LES UNTIL MOCE 11 CAPABILITY IS ESTABLISHED

COMMENTS
MODE 11 ABORTS REWQUIRE A MINIMUM TIMEs BETWEEN ABORT AND DYNAMIC PRESSURE = 16 PSFy OF 100
SECONDS FOR ORIENTATION TO ENTRY ATTITUDE. A TFF OF 80 SECONDS TO 300K FEET PROVIDES THE
REQUIRED TIME. THEREFOREs THE PREVIOUS ABORT CAPABILITYs LES» SHOULD NOT BE ABANDONED PRIOR
TO ACHIEVING THAT CAPABILITYe DEPRESSED TRAJECTORIES CAN RESULT IN NOT MEETING THIS
REQUIREMENT BY THE NOMINAL LES JETTISON TIMEe.
PARTICIPATION
FLIGHT DYNAMICS OFFICER
FLIGHT DIRECTOR
CAPCOM
FLIGHT CREW

DATA SOURCE
PRIMARYs FDO LAUNCH DIGITALSs MSK 41
SECONDARYs TFF VSe RIP DISPLAYs MSK 333

PROCEDURE
Ae INDICATION

TFF AS INDICATED ON ABOVE DATA SOURCES IS LESS THAN 80 SECONDS AFTER
STAGING.

B4 ACTION

FDO ANNOUNCE OVER FLIGHT DIRECTOR LOOPy ''TRAJECTORY IS LOW HOLD TOWER
JETT''s CAPCOM RELAY SAME REPORT TO CREW OVER AIR TO GROUND LOOPs CREW DELAY
TOWER JETTISONe WHEN TFF EXCEEDS 80 SECONDS» FDO ANNOUNCE OVER FLIGHT
DIRECTOR LOOP ''GO FOR TOWER JETT''s CAPCOM RELAY TO CREWs CREW JETTISON
LES.
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NASA - Manned Spacecraft Center

MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM|

5=3A

MODE Ily Illy IVy APOGEE KICK

MODE IIs IIIs IVe APOGEE KICK

COMMENTS
Ae

Be

Co

De

Ee

THE GROUND HAS THE CAPABILITY OF SELECTING THE BEST OF FIVE DATA SOURCES
{APLy SAT» USBy IP RAWs SHIP C=BAND) AND AS SUCH IS IN THE BEST POSITION TO
EVALUATE THE PERFORMANCE OF THE CMC AND ANY REQUIRED ABORT OR CO{ MODE. FOR
MOOE Iv MANEUVERS» PROCEDURES HAVE BEEN OEVELOPED SO THE CREW» UPON
RECEIVING A MODE lv RECOMMENDATION AND A GO EVALUATION OF THE CMCy» CAN
PERFORM A MODE IV MANEUVER WITHOUT ASSITSTANCE FROM THE GROUNDe IN THE EVENT
THE CMC 1S DECLARED NO~GO FOR MODE IV MANEUVERSs THE GROUND WILL ASSUME
RESPONSIBILITY FOR SUPPORTING DATA REQUIREDe

MODE 1IV'S EXECUTED WITH THE CMC WILL BE PLANNED FOR 1le5 MINUTES AFTER S=IVB
C/0e¢ A GROUND COMPUTED BACKUP SOLUTION WILL BE AVAILABLE FOR EXECUTION AT
2+05 FROM S=IVvB C/0.

THE GROUND WILL BE PRIME FOR COMPUTATION OF MODE IIl ABORT MANEUVERS BECAUSE
THE CMC IS NOT ADEWUATELY CONFIGURED TO COMPUTE OR MONITOR MODE 111
MANEUVERS WITHOUT GROUND ASSISTANCEe.

APOGEE KICK MANEUVERS WILL BE USED WHEN THEY PROVIDE A CONSIDERABLE DELTA V
SAVINGS OVER MODE IV SOLUTIONSe THIS LIMITS USE TO HIGH FLIGHT PATH ANGLE
DISPERSED CUTOFFSe THE CMC WILL BE PRIME FOR COMPUTATIONs THE GROUND WILL
PROVIDE APOGEE TIME TO AID CREWe IF THE CMC IS NO=GOsy THE GROUND WILL
PROVIDE A COI PAD.

AS LONG G&N 1S *'GO''s THE CREW WILL HAVE A MORE IMMEDIATE CAPABILITY TO
DETERMINE S=IVB OVERSPEED CONDITIONSes IN ORDER TO'CONSERVE TLI CAPABILITY)
THE CREW WILL EFFECT AN S=IvB CUTOFF WHENs BY MONITORING V1 H AND H DOT OR
HA AND HP» THE CREW HAS DETERMINED A SAFE INSERTION ORBIT HAS BEEN OBTAINED.
IN THE EVENT THE G&N IS NO=GO» 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 DIGITALS

RFO LAUNCH DIGITALS

PERIGEE ADJUST TABLE

PROCEDURE

Ae

Be

INDICATION

TRAJECTORY 1S NO=GO AT S=IvB CUTOFF DUE TO TRAJECTORY PROBLEMSe
ACTION

le FDO MARKS MODE 1v CAPABILITY DURING POWERED FLIGHT.

20 AT S=1VB CUTOFF FDO MAKES GO/NO~GOe

3. IF ORBIT IS NO=GO AND MODE IV CAPABILITY HAS BEEN ACHIEVEDs CAPCOM RELAYS MODE 1V

RECOMMENDATION.

be IF ORBIT 1S NO=GO AND MODE IV CAPABILITY HAS NOT BEEN ACHIEVED» RETRO MAKES ABORT

MODE DECISION AND FDO SENDS ABORT REWUEST LIGHT ONe

Se EITHER THE FDO (MODE IV) OR RETRO (MODES II AND I1I) PASS APPROPRIATE PADS
CAPCOM FOR RELAY TO THE CREWe
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NASA - Manned Spacecraf! Center

MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM
5=38 INTERRUPTION OF ABORT AND COI MANEUVERS
COMMENTS
ONE MINUTE AND 40 SECONDS ‘PRIOR TO 300K 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)e¢ FOR THIS REASONs ALL THRUSTING MANEUVERS SHOULD BE TERMINATED AT TFF = 1+40.

NOMINALLY THE ONLY MANEUVERS THAT APPROACH THIS LIMIT ARE HIGH DELTA V MODE 1II1 MANEUVERS
AND EARLY MODE IV'Ss
PARTICIPAT ION
FLIGHT DYNAMICS OFF ICER
FLIGHT DIRECTOR
CAPCOM
FLIGHT CREW
RETROFIRE OFF ICER
DATA SOURCES
FDO LAUNCH DIGITALS
CMC TFF READOUT (REGISTER 3 VO6N&44)
TFF VS R1P PLOTBOARD
H VS D PLOTBOARD
PROCEDURE
Ae  INDICATION

le TFF AS INDICATED ON ABOVE SOURCES IS LESS THAN 1+40 AND DECREASING DURING A
POWERED FLIGHT MANEUVERe

Be ACTION
le IF TFF 1S MARGINAL OR A KNOWN TFF INTERRUPT WILL OCCURsy FDO OR RFO WILL GO AMBER
ANO BRIEF FLIGHT PRIOR 10 THE BURNe THE CAPCOM wiILL RELAY THE CAUTION TO THE
FLIGHT CREWe.

r WHEN THE TFF IS VIOLATEDs FDO WILL ANNOUNCE ABORT AND SEND A AND B ABORT LIGHT
ONe CAPCOM WILL RELAY ABORT TO THE FLIGHT CREWe

3 RFO WILL DETERMINE THE ENTRY PROFILE AND PITCH ANGLE AT 300K FEETe THE RFO WILL
ANNOUNCE ENTRY PROFILE AND PITCH ATTITUDE OVER FD LOOP AND CAPCOM WILL RELAY THE
DATA.

Ge THE ENTRY PROFILE WILL BE EITHER FULL LIFT OR RL90 DEPENDING ON LAND IP
EVALUATION=~ THE PITCH ANGLE AT ENTRY WILL BE BASED ON A HAND PLOT.

S5e FLIGHT CREW WILL EXECUTE SPS OFF BASED ON ONBOARD AND GROUND CUES» SEPARATE ASAP
IN THE PRESENT THRUSTING ATTITUDEs ORIENT THE CM BEF AND FLY THE RECOMMENDED BANK
ANGLEs FOR NO=VOICE ORIENT THE CM USING THE HORIZON REFERENCE AND FLY RL90.
REFERENCES
A AAWG

Be CREW OPINION
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NASA - Manned Spacecraft Center

MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

5=3C

INTERRUPTION OF MODE 1ls 11l» 1V

COMMENTS

MOOE III AND MODE Iv MANEUVERS DERIVED BY THE LAUNCH PROGRAM OF THE RTCC ARE DISPLAYED ONLY
IF THE INSTANTANEOUS ALTITUDE DURING THE MANEUVER WILL REMAIN ABUVE 75 NeMe

UNDBER CERTAIN CIRCUMSTANCES» SUCH AS MANEUVERS PERFORMED AT WRONG ATTITUDEs LOW SPS THRUST»
OR DELAYED IGNITION TIMEs IT IS POSSIBLE FOR THE S/C TO DROP BELOW 75 NeMe DURING THE BURNe
IN MOST OF THESE CASESs A LAND IP WILL EXIST AT THIS POINTs IF ANY IP EXISTS AT ALLe
BECAUSE OF THE LOW ALTITUDE AND MARGINAL FREEFALL TIMEs TERMINATION OF THE MANEUVER IN
FAVOR: OF A MODE 111 1S NOT FEASIBLE.

SIMULATION EXPERIENCE HAS SHOWN THAT UNDER THESE CIRCUMSTANCESs IT IS BETTER TO CONTINUE
THE MODE IV MANEUVER AS LONG AS THE CURRENT HP IS AT LEAST 300K FTe FOR HP LESS THAN 300K
FTe THE MANEUVER WILL BE TERMINATED AND AN ENTRY ATTEMPTED.

PARTICIPATION

DATA

FLIGHT DYNAMICS OFFICER
FLIGHT DIRECTOR

CAPCOM

FLIGHT CREW

SOURCE

TFF VSe RIP

FDO LAUNCH DIGITALS

RFO LAUNCH DIGITALS

ACTION

le GO TO YELLOW STATUS.

2y BRIEF FD IF TIME PERMITS.

3. AT LIMIT REQUEST FLIGHT TO TERMINATE BURN.
4o CAPCOM RELAY REQUEST. |

Se RETRO FOLLOW WITH ENTRY DATA.
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NASA - Manned Spacecraft Center

MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

e

5=30

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 CREWe FOR THIS REASONs EVERY ATTEMPT IS MADE TO INSURE A
WATER LANDINGe THE RULE APPLIES WHEN ENTRY TRAJECTORY CANNOT BE ALTERED WITH A BURN TO
AVOID LANDe

PARTICIPATION

RETROFIRE OFFICE
FLIGHT DIRECTOR
CAPCOM

FLIGHT CREW

DATA SOURCES
RFO LAUNCH DIGITALS
PHI VSe LAMBDA PLOTBOARD
RFO ENTRY DIGITALS
PROCEDURE
Ae INDICATION
NO BURN FULL LIFT IMPACT POINT LOCATIONe ZERO LIFT IMPACT POINT LOCATION CAN
BE USED IF AVAILABLE (ENTRY PHASE)
Be ACTION
le THE RFO WILL DETERMINE IF THE FULL LIFT IMPACT IS ON LAND OR WATER.
(A} IF THE FULL LIFT IMPACT POINT IS ON LANDs THE RFO WILL RECOMMEND RL90e THIS
ENTRY PROFILE AIDS IN IMPACT PREDICTION (NO L/D) ANDs IN SOME CASESs ALLOWS A
WATER LANDING OFF THE WEST COAST OF AFRICAe THE RFO WILL ALSO ADVISE IF THE RL90
IMPACT POINT IS ON LAND OR WATERe
(B) IF THE FULL LIFT IMPACT POINT Is ON WATERs 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 POINT.
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
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NASA - Manned Spacecraft Center

MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

5=3E

MODE I[1» Il1ls» IVe AND APOGEE KICK

COMMENTS

Ae

Be

Ce

PROCEDURE
Ae

Be

SPS BURN FAILURES INCLUDE NO SPS BURNS AND PARTIAL SPS BURN CASESe NO
ATTEMPT IS MADE TO CONTINUE THE FAILED SPS MANEUVER WITH THE SM RCSe INSTEAD
ALL ATTEMPTS AND EVALUATIONS MADE ARE TO INSURE A SAFE REENTRY (HP LESS THAN
40 NM) FOR THE S/Ce ALSO NO ATTEMPT 1S MADE TO PERFORM MANEUVERS TO AVOID
LANDs EXCEPT FOR VARYING THE LIFT ORIENTATIONe 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 NMe

NO SLA SEP CASES ARE CONSIDERED AS NO SPS BURN CASES EXCEPT WHEN 40 LESS
THAN HP LESS THAN 75¢ FOR THIS CASEsy DUE TO THE MASSES INVOLVED AND THE LOW
SM=RCS ACCELERATION» IT IS NOT PRACTICAL TO USE THE SM=RCS TO BRING HP DOWN
{(DELTA Vv OBTAINED IN THIS CONFIGURATION 1S APPROXIMATELY 35 FPS OVER 14
MINUTES) ¢ THEREFORE THE PROCEDURE IS TO SEPARATE AND CONTROL HP WITH THE
CM=RCS. ASAP.

IN GENERAL===

le THE MODE II FAILURE CASES HAVE HP'S LESS THAN 40 NM AND NO RCS MANEUVER
REQUIRED

Is

) THE MODE IVs AKs AND MODE III FAILURE CASES CAN HAVE HP'S GREATER THAN 40 IN SOME

CASESy AND THEREFORE MAY REQUIRE AN RCS MANEUVERSe (SEE ATTACHED GAMMA VSe

PLOTe)

INDICATION.
le FLXGHT CREW REPORTS NO THRUST OR.NO SLA SEP.
) NO THRUST CONFIRMED BY G&C~= NO SLA SEP CONFIRMED BY EECOMs
ACTIONe
le SPS FAILURES.
(A) RFO DETERMINE HP AND WHETHER APOGEE WILL BE BEYOND CYI AOSe

v

(1) HP LESS THAN 40 NM =~ RFO DO LAND IMPACT EVALUATION (REFe MRe 5=5D) AND RELAY

TO CREW VIA CAPCOM ENTRY PROFILEs PITCH AT ¢05Gy AND GET 300Ke

(2) 40 LESS THAN HP LESS THAN 75 NM = CREW ORIENT FOR SM=RCS DEORBIT (HEADS
DOWNs» RETROGRADE)s RFO RELAY TO CREW VIA CAPCOM AT CYl GETI DELTA Vs DELTA TB»

PITCH AT «05Gs GET 300Ky AND ENTRY PROFILEe
(3) SOME HP GREATER THAN 40 NM CASES REWUIRE A LARGE AMOUNT OF DELTA V

IF

DELAYED TO CYI (CASES ARE LOW GAMMAs» H)e FOR THESE CASES» RFO WILL ADVISE BURN
ASAP WITH 100 FPS RETROGRADE» FLY RL90e CREW MAY TERMINATE BURN AT 100 FPS OR HP

= 40 NMy WHICHEVER COMES FIRSTe

{B) FOR NO=VOICEs CREW WILL USE GETI = 19+00y DELTA V = 100 FPSs FLY RL90s
MAY BE TERMINATED ON 100 FPS OR HP = 40 NMe

2o NO SLA SEP.
(A) RFO DETERMINES HP AND WHETHER APOGEE WILL BE BEYOND CYI AOSe

BURN

(1) HP LESS THAN 40 NM = RFO DO LAND IMPACT EVALUATION (REFe MR 5=5D) AND RELAY
TO CREW VIA CAPCOM ENTRY PROFILEs PITCH AT ¢05G AND GET 300Ke CREW WiLL PERFORM

CM SEPARATION MANEUVER.

{2} HP GREATER THAN 40 NM BUT LESS THAN 75 NM =~ RFO WILL ADVISE CM~RCS DEORBIT
WITH DELTA V = 70 FPSe IF APOGEE IS PRIOR TO CYls» CREW WILL SEPARATE IMMEDIATELY
AND GETI WILL BE ASAPe IF APOGEE IS AFTER CYl» CREW WILL SEPARATE 3 MINUTES PRIOR
TO GETle GETI = GET AND CAPCOM WILL GIVE CREW GETI» DELTA V AND RL90 ENTRY

PROFILEe CREW CAN TERMINATE BURN ON DELTA V OR HP = 40 NMe
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NASA - Manned Spacecraft Center

MISSION RULES
SECTION 3 =~ TRAJECTORY AND GUIDANCE

| ————

ITEM

5=3E
CONT

3.

REFERENCE

CM SEP MANEUVERe

(A)
(B)
()
(01

{E)

PITCH ENTIRE STACK CONFIGURATION DOWN 36 DEGe

CM/(SM/S=1VB) SEPe

PITCH THE CM DOWN ANOTHER 35 DEG TO 71 DEGs

ROLL 180 OEGe

BURN OUT DELTA Ve

FCD OPERATIONAL OPINIONe

2.0 30 40 —[
Apogee kick line /4 GO/NO-GO lne
~_ scale IIT scale TIL
1.5 25 35 COl boundary .
Nominal ] scale TT—|
| seale I \ ) ‘
1.0 20 30 /
°
> .5 15 25 : "
g S-1IVB early stliging —16-G load -Overspeed fine
E to orbit scale I factor line (apogee = 500
s | ‘i, scale I nautical miles)
S 0 10 20 |-Nomina g - s scale 1
s scale L — _’[ﬂm
£ , 1111 o
= cale cOorners
s 2 3 [T s ey ] Scale Tl N
5 staging to
= COI scale T—} \
-1.0 0 10 |Time of free fall to o
300,00 feet NG N Leunch \_
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scale I ———— Z\ X
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5 8 11 14 17 20 . 23
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Inertial velocity, V (ft/sec X 10"3)
Figure 1. - Inertial flight path angle versus inertial velocity {y-V).
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NASA - Manned Spacecraft Center

MISSION RULES .
SECTION 3 = TRAJE&TORY-AND GUIDANCE

ITEM

S=4A

MODE III ABORTS = PREDICTED TFF LESS THAN 1HR 4OMIN AFTER CUTOFF

COMMENTS
Ao THE CREW HAS STATED THAT 1440 IS A VALID TIME CONSTRAINT BETWEEN CUTOFF AND
300K FEET FOR ENTRY PREPARATIONSe FOR MODE 111 ABORTS OFF THE NOMINALs TFF
AT C/0 VARIES FROM 1+26 TO 4+15¢ FOR ABORTS OFF THE LATER PORTION OF THE
NOMINAL» AS WELL AS CASES FROM AN OFF=NOMINAL TRAJECTORYs CARE MUST BE TAKEN
TO INSURE THE 1440 CONSTRAINTe THIS WILL NOT ALWAYS RESULT IN A WATER
LANDING.
Be A PARTIAL SPS MANEUVER WILL BE PERFORMED ONLY TO AVOID A LAND LANDINGe AN
RL90 ENTRY WILL BE FLOWN IN AN ATTEMPT TO MOVE THE IP AS FAR WEST AS
POSSIBLE.
Ce ACTION SHOULD BE TAKEN TO MAINTAIN THE 1+40 CONSTRAINT AS WELL AS INSURE A
WATER LANDING IN AS MANY CASES AS POSSIBLE BY VARYING THE LIFT PROFILE
AND/OR: THE BURN TIME.
PROCEDURE
WHEN PREDICTED TFF LESS THAN 1440 FOR THE MODE IIl MANEUVERe
Ae IF THE FULL=LIFT IP 1S ON WATERs» THERE WILL BE NO BURNe.
Be IF THE G AND N IS GO AND THE FULL=LIFT IP IS ON LAND» THE CREW WILL BURN AT
GETI AND TERMINATE THE BURN AT TFF s 1440+ THEY WILL FLY RL90 TO GET THE
MODE IIl IP AS NEAR THE WEST COAST OF AFRICA AS POSSIBLE.
Co IF THE G AND N IS NO=GO AND THE FULL~LIFT 1P IS ON LAND» THE AMOUNT OF TFF
VIOLATION WILL BE SUBTRACTED FROM THE COMPUTED BURN TIMEe THE RESULTING BURN
TIME ALONG WITH THE CORRESPONDING DELTA V WILL BE PASSED TO THE CREWs THIS
INSURES NO VIOLATION OF THE TFF CONSTRAINT BUT MAY RESULT IN A LAND LANDING,
THE CREW WILL FLY RL90 TO GET THE MODE Ill IP AS NEAR THE WEST COAST OF
AFRICA AS POSSIBLE.
REFERENCES
Ae PRELIMINARY LAUNCH ABOﬁT STUDY FOR APOLLO MISSION F/CSM=103/LM-3.
Be APOLLO MISSION TECHNIQUES SATURN V/APOLLO LAUNCH PHASE ABORTSe.
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MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

5=48

MODE 11l BURNS LESS THAN 2 SECONDS
COMMENTS

MODE III BURNS OF LESS THAN 2 SECONDS ARE NOT WORTHWHILE BECAUSE A 2=SECOND BURN MOVES
IP ONLY ABOUT 25 Ne Me THE FLIGHT CAN BEST BE SPENT BY PREPARING FOR ENTRYs

MODE IIl BURNS OF GREATER THAN 2 SECONDS SHOULD BE PERFORMED TO AVOID LAND.
PROCEDURE

THE RFO WILL ANNOUNCE MODE III NO BURNs FLY RL55e

CAPCOM RELAY DATA TO CREW.

THE RFO WILL PROVIDE PITCH AT +05G FEET AND GET 300K
REFERENCES

AAWG,

OPERATIONAL OPINIONe

THE
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MISSION RULES::
SECTION 3 ‘= TRAJECTORY AND' GUIDANCE

|
ITEM

n—————-

5=4C

NO IGNITION BY GETI +10 SECONDS FOR MODE ‘If'l ABORTS::

COMMENTS
Ao

Ce

PROCEDURE

Ao

Co

THE DELTA V AND GETI COMPUTED FOR MODE {II IS A :MANEUVER TO HIT AN RLSS
TARGET POINTe IF THE GETI 1S DELAYED THE 1P .MOVES EAST APPROXIMATELY 5
NM/SECe ALSOs TFF AFTER THE MANEUVER IS REDUCED APPROXIMATELY 1 SECOND FOR
EACH SECOND OF DELAY. ?

THE WEST COAST OF AFRICA IS 150 NM FROM THE MODE lll TARGET POINTs IN THE
MODE IIl REGIME THE IP ASSOCIATED WITH RL90 BANK ANGLE IS APPROXIMATELY 200
NM UPRANGE OF THE IP FOR AN RL55 BANK ANGLEe AFTER 60 SECONDS OF DELAY TIME
TFF BECOMES A FACTOR DURING THE MANEUVERe SINCE THE MODE 111 IP IS BASED ON
AN RL55 BANK ANGLE» WHEN THE CREW CAN BURN DELTA : R .-TO ZEROs. AN - RL55 IS
ACCEPTABLE BECAUSE THEY WILL HIT THE TARGETs WHEN DELTA R CANNUT BE BURNED
TO ZERO BECAUSE OF THE TFF CONSTRAINTs A BURN.TO -TFF = 1440 AND RLS90 ENTRY
WILL KEEP THE CREW OFF LAND FOR DELAYS uP TO 10 SECONDS

IF THE G AND N IS NOT AVAILABLEi THE ORIGINAL MODE 111 DELTA V PASSED CAN BE
USED WITH AN RL90 ENTRY ‘WHICH WILL AVOID LAND: FOR DELAYS UP TO 70 SECONDS
FOR MODE II1 ABORTS OFF THE NOMINAL TRAJECTORY OCCURRING BEFORE 11+00 GET.

T

- Tt [ G
RFO WILL MARK GETI + 10 SECONDS AND IF PREDICTED TFF IS NOT VIOLATED WILL
ADVISE BURN DELTA R = O AND FLY RL584+ IF THE PREDICTED TFF WILL BE VIOLATED
RFO WILL ADVISE BURN TFF « 1040 AND FLY RL90.

IF THE G AND N IS NO=GO AND T ABORT LESS THAN 11#00 RFO WILL ADVISE BURN
ORIGINAL MODE 11l DELTA v PASSED AND:--RLY RL9Oe -iti-

IF THE G AND N IS NO=GOAND: T  ABORT ‘GREATER THAN 11400s RFO WILL ADVISE TO
BURN A REDUCED DELTA V SO TFF LIMIT WILL NOT BE VIOLATED BUT AN ENTRY
TRAJECTORY WILL BE ESTABLISHED« -RFO WILLADVISE TO FLY RL90.
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MISSION RULES

SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

-

5=5A

CRITERIA FOR CMC NO=GO FOR ABORT MANEUVER . AND MONITORING (SOFTWARE FAILURES)

COMMENTS

THE RELIABILITY OF THE CMC AS A DATA SOURCE OR CONTROL DEVICE 1S DEPENDENT ON THE
FUNCTIONING OF THE SOFTWAREs THE CMC- IS PROGRAMMED TO RECOGNIZE
ERRONEOUS CONOITIONSe UPON RECOGNITION OF SUCH A CONDITIONs THE COMPUTER ISSUES A PROGRAM
ALARMe THE ALARMS CONSIDERED TO INVALIDATE THE CMC FALL INTO TWO CATEGORIES.
OCCUR SINGULARLY AND CONTINUOUSLYe THE ALARMS» BY CATEGORY» ARE AS FOLLOWSe

'SINGLE OCCURRENCE

ALARM CODE
00214
00777
01107
01407
04777
07777
10777
13777

T 14777
00205

CONTINUOUS - OCCURRENCE

ALARM CODE

ALARM: FAULT

PROGRAM USING IMU WHEN IMU TURNED OFF

A PIPA FAILED CAUSED ISS WARNING

RESTART PHASE TABLE ENTRIES DISAGREE

VG INCREASING

1COU AND PIPA FAILS CAUSED 1SS WARNING

IMU FAIL CAUSED ISS WARNING

IMU AND PIPA FAILS CAUSED iSS WARNING

IMU AND ICDU FAILS CAUSED. 1SS WARNING

IMUs - ICDUs AND PIPA FAILS CAUSED 1SS WARNING

MAXIMUM ACCELERbMETER OUTPUT

ALARM FAULT

INTERNAL FAULTS AND
THOSE WHICH

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 DISPLAY SYSTEM ADDRESS BUFFERS FULL
21210 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 FLASHING DISPLAY
21521 NEW.PROGRAM REQUEST .GANNOT BE MADE
AFTER P11 STARTED
31104 TOO MANY JOBS ATTEMPTING TO USE JOB
miss1oN |rev | oaTe |secTion GROUP PAGE .
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MISSION. RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

-

ITEM

- e

5=5A
CONT

DELAY ROUTINE

31201 NO VAC AREAS AVAILABLE
31202 NO- JOB REGISTER SETS AVAILABLE
31203 " NEW TASX CANNOT BE INSERTED

SUCCESSFULLY IN WAITLIST SYSTEM
31207 NO VAC AREA AVAILABLE FOR MARK DATA
31211 OPTICS USE NOT ALLOWED WITH EXTENDED
VERB BEING PERFORMED

PARTICIPATION

GUIDANCE OFF ICER

FLIGHT CREW

FLIGHT DIRECTOR

DATA SOURCES

CMC DSKY/PROGRAM ALARM LIGHT

GUIDe INS/INJ DIGITALSs MSK 290

CMC MONITOR I H/Ss» MSK 966

CCATS CMC DOWNLINK READOUT

PROCEDURE

Ae

INDICATION

CREW OBSERVES PROGRAM ALARM LIGHT AND KEYS V05 NO9 TO VERIFY ALARMe GDO
OBSERVES PROGRAM ALARM LIGHT AND VERIFIES ALARM VIA CREW KEYING V05 NO9
USING MSK 290 OR VIA FAILREGS USING MSK 966 OR CCATS CMC DOWNLINK READOUT.

ACTION

ALARM IS IDENTIFIED AS APPLICABLE TO A GO/NO=GO DECISIONs 1IF IT IS IN
*"CONTINUOUS'' CATEGORY DSKY ERROR RESET 1S EXECUTED TO VERIFY RE=OCCURANCE.
AFTER IDENTIFICATION GDO DECLARES'' CMC GO ON PROGRAM ALARM'' OR ''CMC NO=GO
ON PROGRAM ALARM'' OVER FLIGHT DIRECTOR LOOPs .CAPCOM RELAYS THE SAME OVER
AIR=TO~GROUND LOOP.

MISSION -JREV | DATE - |SECTION GROUP - PAGE

GUIDANCE

APOLLO 14 |FNL R2/15/70 JTRAJECTORY' AND LAUNCH




NASA - Manned Spacecraft Center

MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

R ITEM

CRITERIA FOR CMC NO=GO FOR ABORT MANEUVER DETERMINATION AND/OR MONITORING TFF ERROR

COMMENTS

ERRONEUUS NAVIGATION BY THE CMC WILL BE REFLECTED IN ITS KNOWLEDGE OF TFFe SINCE THIS

PARAMETER IS USED AS ABORT CRITERIAs ANY ERROR IN ITS COMPUTATION MUST BE LIMITED.

ABORT IS INITIATED FOR TFF DECREASING BELOW 1+40e¢ THE TIME REQUIRED FOR 180 DEGREES PITCH
ATTITUDE MANEUVER TO INSURE BEF IS 26 SECONDSe THUS FOR MOST SENSITIVE CASEy CMC TFF
GREATER THAN RTCC TFFe AN ERROR OF 40 SECONDS CAN BE TOLERATED AND VYET LEAVE TIME FOR

REORIENTATION TO INSURE SAFE CAPTURE.
PARTICIPATION

GUIPANCE OFFICER

FLIGHT DIRECTOR

CAPCOM

FLIGHT CREW
DATA SOURCES

GDO STRIPCHARTSs GUIDANCE INS/INJ DIGITALS» MSK 29
PROCEDURE

Ae INDICATION

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

Be ACTION

GDO ANNOUNCES OVER FLIGHT DIRECTOR LOOP 'fCMC NO-GO TFF. ERROR''s ~ CAPCOM
RELAYS SAME TO CREW OVER AIR TO GROUND LOOP, .
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MISSION RULES .
SECTION 3 = TRAJECTORY 'AND -GUIDANCE

ITEM

CRITERIA FOR'CMC NO=GO FOR ABORT MANEUVER DETERMINATION AND/OR MONITORING (ERROR IN X AND/OR 2z
PLATFORM AXIS NAVIGATED VELOCITY!

COMMENTS
SINCE THE CMC IS USED FOR ORBITAL NAVIGATION AND TO DETERMINE CONTINGENCY MANEUVER ACTION»
SIGNIFICANT ERRORS IN ITS INPLANE NAVIGATIONAL STATE COULD ENDANGER THE CREWe SUCH ERRORS
WILL BE IMMEDIATELY REFLECTED BY THE CMC KNOWLEDGE OF SENSED VELOCITY ALONG ITS X AND/OR 2
PLATFORM AXISe G AND N DISPERSION ANALYSIS HAS SHOWN THAT A CONFIRMED ERROR ALONG THE X
AXIS OF GREATER THAN 80 FPS AND/OR 2 AX1S OF GREATER THAN 100 FPS INDICATES SOME COMPONENT
WITHIN THE CSM G AND N IS OPERATING AT AN UNRELIABLE LEVEL (APPROXIMATELY 9=SIGMA)e THE CMC
WILL BE DECLARED ''NO=GO'' DUE TO INABILITY TO NAVIGATE PROPERLYs
PARTICIPATION
GUIDANCE OFF ICER
FLIGHT CREW
CAPCOM
DATA SOURCES
GDO STRIPCHARTS
GUIDANCE INSERTION/INJECTION DIGITALSs MSK 290
AGC DYNAMICS STARUS DISPLAY
PROCEDURE
Ae  INDICATION
GDO DETECTS AND OBSERVES A TREND ON X AND/OR Z AXIS VELOCITY DIFFERENCES
FROM_STRIPCHARTS OR MSK 290s CONFIRMATION THAT THE ERROR IS IN THE CMC IS
THEN MADE BY COMPARING ACTUAL TRAJECTORY PATH WITH THAT OF CMC VIA THE AGC
DYNAMIC STATUS DISPLAYe -~ - g k :

Be ACTION

GDO ANNOUNCES CMC ''NO=GQ'' DUE TO NAVIGATION ERROR OVER FLIGHT DIRECTOR
LOOPs CAPCOM RELAYS SAME TO CREW OVER AIR TO GROUND LOOP.

MissioN |rev | bate - IsecTion g GROWP PAGE

APOLLO 14 |FNL R2/15/70 TRAJécroax_gmop * LAUNCH

GUIDANCE 3-19




NASA - Manned Spacecraft Center

MISSION RULES
SECTION 3 ~ TRAJECTORY AND GUIDANCE

ITEM

5=5D CRITERIA FOR CMC NO=GO FOR ABORT MANEUVER DETERMINATION AND/OR MONITORING (CMC/RTCC
RECOMMENDATION DISAGREEMENT)

COMMENTS

AT TERMINATION OF LAUNCH PHASE POWERED-FLIGHTs THE CMC WILL BE USED TO DETERMINE ORBITAL
STATUS AND/OR CONTINGENCY MANEUVER REWUIREMENT. BECAUSE. OF DEGRADED PERFORMANCE OF THE
INERTIAL SUBSYSTEM COMPONENTS» THE CMC NAVIGATION COULD INDICATE A SAFE PERIGEE WHILE THE
BEST TRAJECTORY SOQURCE INDICATES A PERIGEE LESS THAN SAFEs THE CREW WOULD TAKE NO ACTION
WITH DISASTEROUS RESULTSs ON THE OTHERHANDy THE CMC NAVIGATION COULD INDICATE A PERIGEE
LESS THAN SAFE WHILE THE BEST TRAJECTORY SOURCE INDICATES A SATISFACTORY PERIGEEe THE CREW
WOULD UNNECESSARILY SEPARATE FROM THE SIVBs MAKE A CONTINGENCY SPS MANEUVER» AND THEREBY
SACRIFICE A LUNAR MISSIONe THUSs ANYTIME THE ORBITAL GO/NO=GO RECOMMENDATIONS BASED ON BEST
SELECTED SOURCE AND CMC TELEMETRY DISAGREEs THE CMC WILL BE DECLARED ''NO=GO'',

PARTICIPATION
GUIDANCE OFF ICER
FLIGHT DYNAMICS OFFICER
DATA SOURCE
FDO LAUNCH DIGITALSs MSK 043

PROCEDURE

Ae INDICATION

IN RTCC HOLD PHASEs FDO CALLS OUT THE BEST TRAJECTORY SOURCEs GDO OBSERVES
THE ORBITAL RECOMMENDATIONS IN THE APL AND ''BEST SOURCE'' COLUMNS OF MSK
043,

Be ACTION

IF OBSERVED RECOMMENDATIONS ARE IN AGREEMENTs GDO CALLS OUT OVER FLIGHT
DIRECTOR LOOPs CMC IS ''GO''se OTHERWISEs GDO CALLS OUT CMC IS ''NO=GO''e
CAPCOM ADVISES CREW ACCORDINGLY»
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MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

R

ITEM]

e e

THE ORBIT IS ''GO*'' IF HP GREATER THAN OR EQUAL TO 75 NeMe

COMMENTS

A ''GO'* ORBIT MUST PROVIDE A LIFETIME OF ONE FULL REV WITHOUT DEGRADING OR FAILING
SPACECRAFT SYSTEMSe THE EFFECTS OF AERODYNAMIC HEATING ON SPACECRAFT SYSTEMS DURING ONE
PASS THROUGH PERIGEE ARE MORE CONSTRAINING THAN PROVIDING ''ORBITAL LIFETIME''e ORDNANCE IN
THE SLA SEPARATION UNIT AND IN THE CM/SM UMBILICAL GUILLOTINE FAILS FOR PERIGEES LOWER THAN
71 Ne Me AND 90 DEG ANGLE OF ATTACKe ATMOSPHERIC DENSITYs INITIAL TEMPERATURES» AND DRAG
COEFFICIENTS CAUSE LITTLE CHANGE IN THE FAILURE ALTITUDEs A 'PAD FOR .THE UNCERTAINTY IN
PERIGEE ALTITUDE PREDICTION BY MCC ADDED TO THE ORDNANCE FAILURE ALTITUDE ESTABLISHED 75 Ne
Me AS THE MINIMUM PERIGEE ALTITUDE FOR A ''GO'' ORBITe

PARTICIPATION

FLIGHT DYNAMICS OFFICER
FLIGHT DIRECTOR
CAPCOM

FLIGHT CREW

DATA SOURCES
PRIMARY» FDO LAUNCH DIGITALS» MSK 4l
SECONDARYs» GAMMA VSe V DISPLAY MSK 40
PROCEDURE

Ae  INDICATION
le RTCC RECOMMENDS GO/NO GOe
2¢  V/VPS VERIFIES RECOMMENDATION
3¢ Vs GAMMA,» H FROM SELECTED SOURCE VERIFIES RECOMMENDAT ION.
Be ACTION '
le HP GREATER THAN OR EWUAL TO 75 = FDO ANNOUNCES '"!'FLIGHTs WE ARE GO!'' ON FD LOOP.
2¢ HP LESS THAN 75, = MODE IV = FDO ANNOUNCES ''FLIGHTs WE ARE GO MODE IV»
SEPARATE'' ON FD LOOPs PASS MODE IV MANEUVER ASAPe CAPCOM WILL RELAY REPORT AND
MANEUVER TO CREWe
3. HP LESS THAN 75» APOGEE KICK = FDO ANNOUNCES *'FLIGHT» WE ARE GOs APOGEE KICK»
SEPARATE'' ON FD LOOPs PASS APOGEE KICK MANEUVER ASAPe CAPCOM WILL RELAY REPORT
AND MANEUVER TO CREWs ,
4e HP LESS THAN 75» NO POSSIBLE MODE IV OR APOGEE KICK = FDO ANNOUNCES ''FLIGHT» WE

ARE NO GOs SEPARATE'' ON FD LOOPe RETRO FOLLOWS WITH ABORT MODE AND MANEUVER IF
MODE 111 CAPCOM RELAYS REPORTS AND MANEUVER TO CREWe
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MISSION RULES
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ITEM

5=-20A

EARTH ORBITAL ALTITUDE CONSTRAINT
COMMENTS
THE MINIMUM PERIGEE ALTITUDE LIMIT IS ESTABLISHED TO PROTECT AGAINST ATMOSPHERIC HEATING
CAUSING DAMAGE TO S/Ce TO PROTECT AGAINST THIS DAMAGE» PERIGEE MUST BE MAINTAINED ABOVE 75
NeMe VIOLATIONS OF THIS LIMIT MUST BE CORRECTED ASAPe FOR PLANNING PURPOSES IT IS DESIRABLE
TO ALLOW FOR REASONABLE EXECUTION ERRORS WITHOUT VIOLATING THIS CONSTRAINTe 85 NeMe ALLOWS
FOR THESE ERRORS WITHOUT SERIOUSLY LIMITING PLANNING FLEXIBILITY.
THE MAINTENANCE OF RCS DEORBIT CAPABILITY DEFINES THE MA*IMUM PERIGEE ALTITUDE AT ANY GIVEN
POINT DURING THE MISSIONe HOWEVERes WHEN THE CONSIDERATION OF LM PROPULSION IS ADVANTAGEOUSH
THIS LIMIT MAY BE RAISEDe.
CURRENTLYs NO CONSTRAINTS HAVE BEEN DEFINED WHICH WOULD LIMIT THE MAXIMUM APOGEE ALTITUDEe
PARTICIPATION
FDO
RFO
FD
G AND C
CREW
DATA SOURCES
MISSION PLANNING DISPLAYSs ORBIT DIGITALS
PROCEDURES
Ae NORMAL MISSION PLANNING.
le G AND C DETERMINES RCS DELTA VvV AVAILABLE FOR DEORBIT THROUGH NEXT MANEUVERe

2 FDO/RFO DETERMINE MAXIMUM PERIGEE ALTITUDE FOR DELTA Ve USE NOMINAL PERIGEE IF
LOWER THAN MAXIMUM.

3. FDO DETERMINE APOGEE ALTITUDE WHICH PROVIDES LIFETIME THROUGH END OF MISSIONe USE
NOMINAL APOGEE IF HIGHER.

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

Be PERIGEE VIOLATIONe 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 OIGITALS SHOw TIME OF APOGEE AND TRUE ANOMALY
PROBLEMS ANL PSAT SHOWS MSFN COVERAGEe
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ITEM

5-208

EMERGENCY DEORBIT WITH HP LESS THAN 75 NeMe

COMMENTS
Ae 1T IS ASSUMED THAT AN-ORBITAL MANEUVER CANNOT BE MADE TO CORRECT THE HP LESS)
THAN 75 NM PROBLEMs .
Bs  ANY MANEUVER PERFORMED WILL BE TO REDUCE HP LESS THAN 40 NM TO INSURE A SAFE
REENTRY e
Co  THE SPS THKUSTER WILL BE USED WHENEVER POSSIBLEs WHEN THE RCS THRUSTER 1S
USEDy IT WILL BE AS CLOSE TO APOGEE AS POSSIBLE TO GET MAXIMUM DELTA V
EFFICIENCY.
, De  TARGETING WILL BE DONE WHERE POSSIBLE (TRUE ANOMALY LESS THAN 180 DEG) AND
TIME PERMITS.
PROCEDURE
Ae  IF HF IS GREATER THAN 40 ‘NM BUT LESS THAN 75 NM ===
le  TRUE ANOMALY GREATER THAN 180 DEG = IF SPS 1S GOs» CREW WILL GO TO SPS DEORBIT
ATTITUDE (HEADS UPy HORIZON MONITOR)e IF SPS 1S NO=GO» CREW WILL GO TO RCS
DEORBIT ATTITUDE (HEADS DOWNs» RETROGRADE)e CREW PERFORMS MANEUVER ASAP TO LOWER
HP TO AT LEAST 40 NM IF POSSIBLEs CREW WILL BURN ALL RCS DELTA V AVAILABLE TO
ACHIEVE 40 NM OR WILL TERMINATE BURN WHEN TFF EWUALS 7 MINe GROUND WILL PROVIDE
PITCH AT ENTRY GET +05G AND ENTRY PROFILEe IF NO VOICEs CREW WILL FLY A RL 90
ENTRY.
2. TRUE ANOMALY LESS THAN 180 DEG = CREW WILL GO TO RCS DEORBIT ATTITUDEs GROUND
WILL PROVIDE TIG DELTA V PITCH AT ENTRY GET +05G AND ENTRY PROFILEe MANEUVER WILL
BE PLANNED FOR EXECUTION AT APOGEEes
Be IF HP LESS THAN 40 NM AND===
le  TRUE ANOMALY GREATER THAN 180 DEG = NO BURNs GROUND WILL PROVIDE PITCH AT ENTRY»
GET «05G AND ENTRY PROFILEs ENTRY PROFILE BASED ON LAND IP EVALUATIONe
2.  TRUE ANOMALY LESS THAN 180 DEG = GROUND MAY PROVIDE AN RCS MANEUVER IF TARGETING
FOR AN IP IS POSSIBLEe
|
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ITEM

LIFT=OFF TIME UPDATE

COMMENTS

AT LIFT=OFF INDICATIONsy THE CMC RECORDS THE COMPUTER TIMEs ZEROS THE TIME REGISTERSs AND
UPDATES TEPHEMERIS BY ADDING THE RECORDED LIFT=~OFF TIME TO THE PREVIOUSLY STORED VALUEs THE
TEPHEMERIS QUANTITY IS THE TOTAL ELAPSED TIME FROM REFERENCE (BASSELIAN) COORDINATE SYSTEM
DEFINITION TO LAST COMPUTER CLOCK ZEROe THE TEPHEMERIS QUANTITY AND COMPUTER CLOCK TIME ARE
UTILIZED IN THE NAVIGATION SCHEMES FOR DETERMINING EARTH LOCATION RELATIVE TO THE REFERENCE
COORD INATE FRAME., BECAUSE OF- THE GROUND/CMC OR LM INTERFACE FOR MANEUVER PREPARATION AND
TRAJECTORY MONITORINGs IT IS ESSENTIAL FOR BOTH TIME BASES TO BE THE SAMEe FOR THIS REASON»
THE CMC L/0 TIME 1S USEDs AVOIDING A CMC UPDATE. NOMINALLY THE GND AND CMC L/0 SHOULD HAVE
A DIFFERENCE OF LESS THAN Ce5 SECONDs

IF THE CMC GMTLO DIFFERS FROM THE SRO GMTLO (FIRST MOTION)y THE G 6 N PLATFORM IS IN ERROR
(ROLL PROGRAM OF SATURN STARTS AT LIFT-OFF PLUS 10 SECONDS) THUS THE G & N IS IN ERROR AND
NOTHING CAN BE GAINED BY USING THE CMC GMTLOe ALSOs 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 PRELAUNCHe

DATA SOURCE

GDO STATE BUFFER MONITORs MSK267» VOICE LOOP TO SROe

PROCEDURE

RFO OBSERVES EVENT FROM CMC ON MSK267 TO OBTAIN CMC GMTLOe AFTER RECEIPT OF GMTLO FROM SRO»
THE APPROPRIATE VALUE IS INPUT TO THE RTCC VIA THE COMPUTER DYNAMICSe
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ITEM

5=23

SECTION 3 = TRAJECTORY AND GUIDANCE

RETROFIRE MANEUVER PLANNING TO RESULT IN THE TIME BETWEEN GETI AND 400K GREATER THAN 9 MINUTES
COMMENTS

Ay THE TIME BETWEEN RETROFIRE IGNITION AND 400K FEET IS CONSTRAINED FOR TwO
MAIN RE-ASONSe -FIRST» A POSSIBLE RECONTACT PROBLEM BETWEEN THE CM AND SMe
SECONDs A CREW PREPARATION.TIME FOR ENTRY AFTER RETROFIREs.

By THE CREW DESIRES AS MUCH TIME AS POSSIBLE AFTER RETROFIRE TO PREPARE FOR
ENTRY== HOWEVER» THE CREW HAS STATED THATs» AS A MINIMUMs» 10 MINUTES TFF
AFTER RETROFIRE (10 MINUTES TO 300k FEET) IS AN OPERATIONALLY GOOD NUMBER
WHICH INCLUDES ANY CONTINGENCY PROCEDURES WHICH MAY BE REWUIREDe IN GENERAL»
FOR SPS=TYPE RETROFIRESs TIME BETWEEN 400K FEET AND 300K FEET IS 2 MINUTES=-=
THUSs FOR RETROFIRE PLANNING PURPOSES» THE TFF AFTER THE RETRO MANEUVER WILL
BE AT LEAST 11 MINUTES BASED ON 9 MINUTES TO 400K FEET PLUS 2 MINUTES TO
300K FEETe FOR CONTINGENCY TYPE RETRO MANEUVERs THE CREW IS REWQUIRED TO BURN
TO-A LOWER TFF- TO INSURE A SAFE ENTRY. .

Ce IN ATTEMPTING TO GET MORE TIME BETWEEN GETI AND 400K FEET== PITCH ANGLE AT
GETI» DELTA V OF THE MANEUVERs» OR THE TARGET POINT CAN BE CHANGEDe VARYING
THE PITCH ANGLE AT GETI WILL NOT BE DONE BECAUSEs OPERATIONALLYs» 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. o .

PROCEDURE . .
IF THE PLANNING MANEUVER HAS RET 400K LESS THAN "9 MINUTES» RFO WILL VARY DELTA Vv TO
INCREASE THE TIMEe IF UNSUCCESSFULs INFORM FDO THAT A NEW PTP MUST BE SELECTED BECAUSE OF
THE TFF CONSTRAINTS. .

REFERENCES

FM MEMORANDUM 67=FM37=437
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ITEM

-

UPDATING RETROFIRE MANEUVERS FOR POSITION CHANGES

COMMENTS

Ae

Ceo

De

Ee

Fe

PROCEOURE

THE PROCEDURE USED TO DETERMINE POSITION ERRORS ENCOUNTERED FROM THE ORIGINAL NAV VECTOR
UPLINKED TO THE S/C 1S TO COMPARE THE CMC TM VECTOR WITH THE PRESENT ORBIT VECTOR ON THE

VECTOR COMPARE DISPLAYe THIS DISPLAY IS USED AFTER EACH DC TAKEN IN BY THE RTCC AND IS ALSO

USED

REFERENCE

ONCE THE CMC HAS BEEN UPDATED FOR RETROFIRE WITH A NAV VECTORs THE GROUND
AND CMC'S KNOWLEDGE OF THE PRESENT CSM ORBIT IS THE SAMEe HOWEVERy AS THE
GROUND RECEIVES MORE TRACKING DATAs ITS KNOWLEDGE OF THE ACTUAL CSM'S ORBIT
IMPROVESe THUSy» THE PROBLEM ARISES AS TO WHAT CRITERIA TO USE TO UPDATE THE
CMC'S STATE VECTORe

IN THE EVENT THE CMC NAV VECTOR IS NOT UPDATEDs A TARGET MISS EQUAL TO THE
POSITION ERROR OF THE CMC WILL RESULT AT SPLASHDOWNe IF THE CMC IS
CONTINUALLY UPDATED OR UPBATED JUST PRIOR TO RETROFIREs PROCEDURAL PROBLEMS
RESULT FOR THE CREW SUCH AS RECHECKING MANEUVER DATA AS WELL AS CYCLING
THROUGH CMC PROGRAMS AT THE LAST MINUTE.

PROCEDURALLYs THE GROUND WILL SCHEDULE NAV UPDATES APPROXIMATELY 4 HOURS AND
1 HOUR PRIOR TO THE PLANNED RETROFIREe CRITERIA FOR UPDATING AT RETROFIRE
MINUS 1 HOUR 1S BASED ON FDO'S COORDINATED JUDGEMENT (APPROXIMATELY 1e¢5 NeMe
IN POSITION OR 1 FPS IN VELOCITY).

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 CHECKSe FOR THIS REASON UP TO 30 NeMe POSITION CHANGE WAS
CHOSEN AS ACCEPTABLE FROM THE RETROFIRE STAND=POINTe THIS WOULD MEAN THE CMC
COULD MISS THE TARGET POINT BY AS MUCH AS 30 NeMe WHICH IS SLIGHTLY LARGER
THAN AN EMS 1 SIGMA MISS DISTANCEe AS RETROFIRE TIME APPROACHESs THE UPDATE
CRITERIA BECOMES MORE RELAXEDe

IT SHOULD BE POINTED OUT THAT ALTHOUGH 30 NeMe POSITION CHANGE IS ACCEPTABLE
FROM A RETROFIRE STANDPOINTs THIS LARGE A POSITION CHANGE IS HIGHLY
UNLIKELYe A CHANGE OF MORE THAN 5 NeMe WOULD BE RARE.

TO REDUCE THE PROBABILITY OF A RETROFIRE UPDATE WITHIN 30 MINUTES OF GETI»
THE CRITERIA FOR AN UPDATE IS THAT LANDING ERROR WHICH CAUSES A VIOLATION OF
RECOVERY ACCESS TIME (2DEG OF LONGITUDE)e THIS ERROR IS SO LARGE THAT IT IS
ALMOST A PHYSICAL IMPOSSIBILITY.

IN DECIDING TO UPDATE THE T=1 HOUR NAV VECTORe

ENTRY DATA PRIORITY MEETINGS.
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ITEM

SPS FAILURES DURING EPO RETROFIRE OR NO SLA SEP

COMMENTS
Ae

Co

De

Ee

PROCEDURE

Ae

Be

RETROFIRE SPS FAILURES INCLUDE NO SPS BURNS AND PARTIAL SPS BURNSe 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 C/0.

THE SPS FAILURES FALL INTO THREE AREAS AS A FUNCTION OF HP===

le FOR HP'S GREATER THAN 75 NeMe THE VEHICLE IS STILL IN A SAFE ORBIT AND A NEW PTP
CAN BE CHOSENs USING THE RCSe

20 FOR HP'S BELOW 75 NeMes» BUT ABOVE 40 NeMes» 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
ENCOUNTERe ALL ACTION INVOLVING THIS CASE IS TO ASSURE A SAFE ENTRY BELOW HP OF
40 NeMe AND ATTEMPT TO OBTAIN THE TARGET POINT.

3. FOR HP'S LESS THAN 40 NeMey» THE S/C HAS A SAFE ENTRY» BUT IN A LARGE NUMBER OF

CASES» THE TARGET 1S NOT WITHIN THE AVAILABLE FOOTPRINTe ALL ACTION IN THIS CASE

INVOLVES USING ONLY THE SM DELTA V TO BURN RESIDUALS TO ZERO.

IN THE EVENT THE SLA PANELS FAIL TO SEPARATEs THE S/C IS LEFT WITHOUT AN SPS
ENGINE AND INSUFFICIENT DELTA V TO REENTER WITH THE COMBINED SM + CM RCS
DELTA Ve (NOMINALLY 170 FPS 1S NEEDED FOR ENTRY== THE SM DELTA V = 35 FPS==
THE CM DELTA V = 80 FPS)e THE LOX DUMP CAPABILITY PROVIDES SUFFICIENT DELTA
V TO REDUCE THE HP WELL BELOW 75 NeMe== HOWEVERs THE CONTROL OF DELTA Vv
CUTOFF FROM THE GROUNDs THE BURN TIME INVOLVED (APPROXe 20 MIN)» PLUS THE
UNKNOWN RECONTACT PROBLEMS DUE TO S~]vB EXPLOSIONS DURING ENTRY MAKE
REENTERING THE WHOLE STACK WITH LOX OUMP UNDESIRABLEe ORBIT SHAPING TO
REOUCE THE NEEDED DELTA V TO DEORBIT WITH THE CM RCS CAPABILITY 1S A MORE
OPERATIONALLY SOUND METHOD OF UTILIZING THE LOX DUMP CAPABILITY.

MORE M DELTA V CAN BE OBTAINED BY REDUCING THE WEIGHT OF THE S=1VB/CSM
STACKe THERE IS APPROXIMATELY 1009000 POUNDS OF LOX ONBOARD THAT CAN BE
DUMPED THUS CHANGING THE SM DELTA v FROM 35 FPS TO APPROXIMATELY 55 FPSe THE
LOX DUMP IS OF COURSE PROPULSIVE AND IS A TIME CONSUMING PROCESSe (LOX DUMP
RATE 1S APPROXIMATELY 1000 POUNDS/MIN)e THIS MODE OF OPERATION DOES NOT
APPEAR DESIRABLE UNLESS A CONTINGENCY EXISTS WHERE A LARGE DELTA v IS
REQUIRED.

THE HYBRID TYPE RETROFIRE WILL ALWAYS BE TARGETED FOR 40 NeMe PERIGEE TO
CONSERVE AS MUCH CM RCS FUEL AS POSSIBLEe THE USE OF THE SM RCS DELTA V DOES
NOT APPEAR PRACTICAL FOR THE HEAVY S=1vB/CSM STACKS DUE TO THE SMALL DELTA V
GAINED OVER A LONG PERIOD OF TIME (ACCELERATION IS APPROXIMATELY 004 TO
0e05 FPS)e

FOR HP LESS THAN 75 Ne Me BUT GREATER THAN 40 Neo Me» SOME TYPE OF RCS
MANEUVER ACTION IS MANDATORY FOR THE RECOVERY OF THE S/Ce THE MOST EFFICIENT
USE OF THE SM RCS AND CM RCS IS TO APPLY DELTA Vv AT A RETROGRADE PITCH
ATTITUDE DIRECTLY AGAINST THE VELOCITY VECTORe THIS REDUCES HP AS FAST AS
POSSIBLEe THIS PROCEDURE ASSUMES THE TRUE ANOMALY IS GREATER THAN 180 DEGe
IF THE TRUE ANOMALY IS LESS THAN 180 DEGy» THE CREW SHOULD DELAY IGNITION
UNTIL 180 DEG=~ HOWEVERs THIS SITUATION WOULD BE RARE AND VERY NON=NOMINAL.

FOR HP LESS THAN 75 Ne Me BUT GREATER THAN 40 Ne Me» THE RCS MANEUVER CUTOFF
CRITERIA 1S BASED ON FUEL AVAILABLE4 WHICH WILL BE KNOWN PRIOR TO ANY
RETROFIRE MANEUVERe THE C/0 CRITERIA IS AS FOLLOWS==-

le SM FUEL IS NOT SUFFICIENT TO OBTAIN HP LESS THAN 40 NeMe FOR THI1S CASEs» A HYBRID
TYPE MANEUVER WILL BE USED (BURN AVAILABLE SM DELTA V== COMPLETE MANEUVER TO HP =

40 NeMe WITH CM RCS)e THE CREW WILL ALWAYS FLY RL90 ENTRYe.
20 SM FUEL 1S NOT A CONSTRAINING FACTORe THIS SITUATION MAY EXIST EARLY IN

MISSION OR WHEN THE SPS CUTOFF WAS CLOSE TO NOMINALe THE SM RCS CUTOFF CRITERIA
1S BASED ON OBTAINING THE DESIRED HP OR A TFF = 7 MINUTES WHICHEVER COMES FIRSTe
THIS PROCEDURE ALLOWS THE S/C TO GET TO THE TARGET OR AS CLOSE TO THE TARGET AS

POSSIBLE.
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NASA - Manned Spacecraft Center

MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

-

5-28

CMC GO/NO GO CRITERIA

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

le

24
COMMENTS

le

20

A CHECK OF THE NAVIGATION OF THE G AND N THROUGH THE RETROFIRE TO 26 IS
MADE BY COMPARING A GROUND VALUE OF DOWNRANGE ERROR WITH THAT COMPUTED 8Y
THE CMCe DOWNRANGE ERROR 1S COMPUTED BY DIFFERENCING THE ENTRY RANGE BASED
ON A CMC REFERENCE TRAJECTORY WITH THE RANGE TO THE TARGET FROM ¢2Ge THE
COMPARISON ACCURACY DEPENDS ON THE SOURCE USED TO OBTAIN THE PREDICTED
DOWNRANGE ERRORe MPAD REPORTS THAT USING THE RTCC A COMPARISON OF +/= 100 NM
1S ACCEPTABLE.

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

1F THE DOWNRANGE ERROR IS UNACCEPTABLE OR THE ENTRY CORRIDOR IS VIOLATED,
THE CREW WILL FLY A BACKUP ENTRY PROFILEe (EMS OR BRB)

THE G AND N WOULD FAIL A DRE CHECK DUE TO [IMPROPER NAVIGATION AFTER
RETROFIREe 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 G'S OR LARGE TARGET MISS DISTANCESe

MISSION REV | DATE SECTION GROUP PAGE
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MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

CRITERIA FOR PERFORMING LAUNCH VEHICLE NAVIGATION OR TARGET UPDATESe

COMMENT

Ae AN IU STATE VECTOR UPDATE WILL BE EXECUTED FOR IU ACCELEROMETER FAILURE(S) PRIOR TO EARTH
ORBIT INSERTION OR IU NAVIGATION DISPERSIONS EXCEEDING 6 SIGMAe AN UPDATE WiLL NOT BE
PERFORMED FOR IU GUIDANCE REFERENCE FAILURES SINCE TLI WILL BE EXECUTED BY CMC CONTROL. A
SECOND UPDATE WILL BE PERFORMED FOR SLIPS TO SECOND OPPORTUNITY AFTER A FIRST OPPORTUNITY
UPDATE.

UPDATING FOR IU ACCELEROMETER FAIL(S} IS NECESSARY SINCE THE ONBOARD STATE VECTOR IS
EFFECTIVELY INVALIDATED BY BACKUP SCHEME INPUTS WHICH ASSUME THAT CERTAIN PERTURBATIONS ARE
PRESENTy FOR EXAMPLEy THAT BOTH UPPER STAGES ARE 3 SIGMA LOW IN THRUSTe THE BACKUP SCHEME
DOES PROVIDE ENOUGH ACCURACY TO ACHIEVE A SAFE PERIGEE ORBIT.

THE IU NAVIGATION STATE WILL BE UPDATED WHEN ERRORS EXIST THAT MIGHT COMPROMISE THE PRIMARY
MISSIONs leEe UNACCEPTABLE MIDCOURSE CORRECTIONSe THE UNACCEPTABLE MIDCOURSE LIMIT IS
ESTABLISHED AS 100 FPS AT 3HR 30 MIN AFTER TLI CUTOFF FOR EITHER TLI OPPORTUNITYe
DISPERSIONS BASED ON 6 SIGMA PLATFORM AND VENTING UNCERTAINTIES WERE FOUND BY MSFC TO BOUND
THE MIDCOURSE CONSTRAINTe THEREFOREs» ERROR CRITERIA BASED ON THESE LIMITS wliL BE USED TO
EXECUTE AN UPDATE.

1T 1S DESIRABLE TO GENERATE THE STATE VECTOR UPDATE TIME= TAGGED AS CLOSE TO THE START OF
TIMEBASE 6 AS POSSIBLEe IT IS ALSO DESIRABLE» THOUGH NOT MANDATORY» TO OBSERVE
INCORPORATION OF THE UPDATE BY THE IUe THUS» THE STATE VECTOR WILL BE TIME~TAGGED TO OCCUR
AT THE MID=POINT OF THE LAST SITE PRIOR TO INITIATION OF TIMEBASE 6e

Be THERE ARE NO KNOWN MISSION CONTINGENCY SITUATIONS FOR WHICH AN IU ORBIT TARGET UPDATE WILL
BE EXECUTED. '
PARTICIPATION

GUIDANCE OFF ICER

FLIGHT DYNAMICS OFFICER
BOOSTER SYSTEMS ENGINEER
FLIGHT DIRECTOR

DATA SOURCES

LVDC TELMETRY AND MSFN VECTOR
GUIDO INS/INJ DIGITALSs MSK 290
f8<ToR compaRe; e 3236

SLV NAV UPDATEs MSK 235
PROCEDURE

ONCE THE ACCELEROMETER FAILURE OR IU NAVIGATION DISPERSION OCCURS A MSFN BEST ESTIMATE OF
THE ACHIEVED ORBITS 1S DETERMINEDe A TLI SOLUTION FOR THE DESIRED OPPORTUNITY IS VERIFIED
USING THE MSFN DEFINED ORBIT IN IU NAVIGATION DISPERSION SITUATIONSe

DOWNRANGE POSITION» SEMI=MAJOR AXIS» AND CROSSRANGE VELOCITY ARE EVALUATED AGAINST THE MSFN
BEST VECTORe IF ESTABLISHED LIMITS IN TERMS OF THESE THREE PARAMETERS ARE VIOLATED AN IV
STATE VECTOR IS EXECUTEDe ONCE UPDATED DECISION IS MADE GUIDANCE COORDINATES WITH BOOSTER
SYSTEMS ENGINEER ON PREPARATION OF THE UPDATE LOADe THE BOOSTER SYSTEMS ENGINEER PERFORMS
UPLINK AND VERIFIES ONBOARD INCORPORATION.
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MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANGE

R ITEM

CRITERIA FOR TL1 NO GO BASED ON MISALIGNMENT RATES BETWEEN THE IU AND IMUes (PLATFORM DRIFT)

COMMENTS
THE TRANSLUNAR INJECTION BURN WILL NOT BE PERFORMED IF EITHER GUIDANCE SYSTEMs LAUNCH
VEHICLE OR SPACECRAFTs 1S UNACCEPTABLY DEGRADEDe DETERMINATION OF EXCESSIVE FREE=FLIGHT
GYRODRIFT 1S MADE BY CONTINUALLY COMPARING DIFFERENCES BETWEEN IU AND IMU GIMBAL ANGLES TO
VERIFY THAT EACH SYSTEM CAN RELIABLY MAINTAIN KNOWLEDGE OF ITS INERTIAL POSITIONe A DORIFT
OF MORE THAN 0e¢6 DEG/HR ( APPROXIMATELY 15=18 SIGMA) INDICATES AN UNRELIABLE IV REFERENCE®
ALLOWING MORE THAN 140 DEGREE OF ATTITUDE MISALIGNMENT AT TLIe A DRIFT OF 1e5 DEG/HR (100
MERU) IN THE IMU IS CONSIDERED A FAILED SYSTEMe IF THE ABOVE RATES ARE EXCEEDED IN EITHER

SYSTEM TLI WILL BE NO=GOe
PARTICIPATION

GUIDANCE OFFICER

FLIGHT DIRECTOR

FLIGHT CREW
DATA SOURCES

GUIDANCE STRIPCHARTS

GUIDANCE INSERTION/INJECTION DIGITALS» MSK 290
PROCEDURE

(SAME AS 5=35A)

REFERENCE

*'A REVIEW OF THE TLI1 GO/NO=GO CRITERIA FOR THE C=PRIME MISSIONs'! TRW NOTE NOe 68=FMT=714»
DATED 26 NOVEMBER 1968
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MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

R ITEM

-] ———————

5=34

DISPERSED TLI CUTOFF

COMMENTS

FOR LARGE DISPERSIONS AT TLI CUTOFFs THE PRIMARY DECISION TO BE MADE IS WHETHER TO CONTINUE
WITH A LUNAR MISSION OR TO PROCEED WITH AN EARTH ORBIT ALTERNATEe THE DECISION MUST BE MADE
RELATIVELY QUICK BECAUSE IF THE DECISION IS MADE TO GO LUNARs THE FIRST MCC MAY HAVE TO BE
MOVED UP IN TIME SO AS TO AFFORD A SMALLER PROPELLANT PENALTYe THE KEY FACTOR AFFECTING
THIS QUANTITY IS THE PROPELLANT REMAINING FOR CSM UNDOCKED MANEUVERINGe THE CRITERIA CHOSEN
IS BASED ON A DELTA V REWQUIREMENT OF 5500 FPS REMAINING FOR CONTINUING WITH A LUNAR
MISSIONe 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 (1000 FPS)e TO MAXIMIZE THE MISSION CAPABILITIES» THE FIRST MCC WILL BE
MOVED AS CLOSE AS POSSIBLE TO THE END OF TD AND E.

PARTICIPATION

FLIGHT DYNAMICS TEAM/FDe
DATA SOURCES

MCC TRADEOFF DISPLAYe

PROCEDURES

FDO DETERMINES DELTA V REMAINING AFTER COMPUTING BAP MCC AND ADVISE FD OF MISSION
CAPABILITY.
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MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

R ITEM

Py

5=35A| CRITERIA FOR LAUNCH VEHICLE IV 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 SYSTEMs LAUNCH
VEHICLE OR SPACECRAFT» IS UNACCEPTABLY DEGRADEDs IN ORDER TO DETECT DEGRADED PERFORMANCE IN
EITHER SYSTEMs VELOCITY COMPONENT DIFFERENCES BETWEEN THE TWO SYSTEMS ARE MONITORED DURING
LAUNCH PHASEe THE DIFFERENCE LIMITS FOR WHICH TLI IS NO=GO ARE===
DELTA X DOT GREATER THAN OR EQUAL TO +/= 38 FPS (X DOT = VELOCITY ALONG IMU X=AXIS)
DELTA Y DOT GREATER THAN OR EQUAL TO +/= 73 FPS (Y DOT = VELOCITY ALONG IMU Y=AXIS}
QELTA Z DOT GREATER THAN OR EQUAL TO +/= 87 FP5 (Z DOT = VELOCITY ALONG IMU Z=AXIS)
DELTA VT GREATER THAN OR EQUAL TO +/= 34 FPS VT = TOTAL INERTIAL VELOCITY}
THESE LIMITS ARE BASED ON THE RSS OF COMBINED 9-SIGMA IMU HARDWARE ERROR SOURCES AND
3=SIGMA U PLATFORM HARDWARE ERROR SOURCESe 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=GOe THE FAILURE SITUATION WILL ALSO BE SUBSTANTIATED BY CHECKING SELECTING ORBITAL
PARAMETERS BASED ON NAVIGATION IN EACH SYSTEM AND PLATFORM DRIFT ANALYSISe

PARTICIPATION
GUIDANCE OFF ICER
FLIGHT DYNAMICS OFFICER
FLIGHT DIRECTOR
FLIGHT CREW
DATA SOURCES
GUIDANCE STRIPCHARTS
GUIDANCE INSERTION/INJECTION DIGITALSs MSK 290
AGC DYNAMIC STATUS DISPLAY
VECTOR COMPARE DISPLAYs» MSK 1590
PROCEDURE

ACTION

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

REFERENCE

1A REVIEW OF THE TL1 &0/No<do dRiferik FOR THE CZPRIME MISSIONITTRW NOTE NOJ &8=FMTL914;
OATED 26 NOVEMBER 1968
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R

ITEM

5=358

SECTION 3 = TRAJECTORY AND .GUIDANCE

CRITERIA FOR LAUNCH VEHICLE IU TEMPORARY NO=GO BASED ON DIFFERENCE BETWEEN IU AND CMC VELOCITY
COMPONENTS

COMMENTS

THE TRANSLUNAR INJECTION BURN WILL NOT BE PERFORMED IF EITHER GUIDANCE SYSTEMs LAUNCH
VEHICLE OR SPACECRAFT» 1S UNACCEPTABLY DEGRADEDe IN ORDER TO DETECT DEGRADED PERFORMANCE IN
EITHER SYSTEM VELOCITY COMPONENT DIFFERENCES BETWEEN THE TWO SYSTEMS ARE MONITORED DURING
LAUNCHe IF DIFFERENCES FALL IN THE FOLLOWING RANGES TLI 1S TEMPORARILY NO=GOe

DELTA X DOT 1S BETWEEN +/= 744 AND +/= 35 FPS

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

DELTA Z DOT 1S BETWEEN +/=27 AND +/=82 FPS

DELTA VT 1S BETWEEN +/= 13 AND +/= 33 FPS

( X DOTs» Y DOTs Z DOT» VT DEFINED IN RULE 5=35A)
THE ABOVE THRESHOLD VALUES ARE BASED ON THE RSS OF 9=SIGMA . I[U PLATFORM HARDWARE ERROR
SOURCESe IF° THESE THRESHOLD VALUES ARE EXCEEDED IT INDICATES THERE IS AN ANOMALY IN A IMU
ERROR SOURCE OR AN IV ERROR SOURCE HAS DEGRADED ABOVE 9=SIGMAs VIOLATION THEREFORE
JUSTIFIES CALLING TLI TEMPORARILY NO=GO UNTIL INDEPENDENT CONFIRMATION THAT THE SUSPECT
SYSTEM IS THE IUe IF 1T IS THE DEGRADED SYSTEM TLI 1S NO=GOe THIS IS DOONE B8Y COMPARING

SELECTED ORBITAL PARAMETERS BASED ON THE ONBOARD STATE VECTORS WITH THE TRUE NAVIGATION
STATE (SEE RULE 5=35C AND 5=36) AND BY PLATFORM DRIFT ANALYSISe

PARTICIPATION

DATA

GUIDANCE OFF ICER

FLIGHT DYNAMICS OFFICER

FLIGHT CREW

SOURCES

GUIDANCE STRIPCHARTS

GUIDANCE INSERTION/INJECTION DIGITALSs MSK 290 .
AGC DYNAMICS STATUS DISPLAY

VECTOR COMPARE DISPLAY» MSK 1590

PROCEDURE

(SAME AS 5=35A)

REFERENCE

''A REVIEW OF THE TLI GO/NO~GO CRITERIA FOR THE C=PRIME MISSION''s TRW NOTE NOe 68=FMT=714»
DATED 26 NOVEMBER 19684
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MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

5=35C| CRITERIA FOR TLI NO-GO BASED ON ORBITAL DECISION PARAMETER VIOLATION

COMMENTS

THE TRANSLUNAR INJECTION BURN WILL NOT BE PERFORMED IF EITHER GUIDANCE SYSTEMs LAUNCH
VEHICLE OR SPACECRAFT» 1S UNACCEPTABLY DEGRADEDe DEGRADING PERFORMANCE IN EITHER SYSTEM IS
FIRST DETECTED BY VELOCITY COMPONENT DIFFERENCES (RULES 5=35A AND B8) WITH INDEPENDENT
CONFIRMATION MADE BY ANALYZING SELECTED ORBITAL PARAMATERSe COMPARISON IS MADE BETWEEN THE
IU STATE AND BEST GROUND STATE FOR SEMIMAJOR AXIS DIFFERENCE (DELTA A) AND MAXIMUM CROSS
RANGE VELOCITY (DELTA W DOT MAX)e INPLANE AND OUT-OF=PLANE ERROR WIiLL RESULT IN SIGNiFICANT
DEVIATION OF THESE QUANTITIESe IF THE DIFFERENCES EXCEED THE FOLLOWING AT GET OF 1 HR 45
MIN )STATES PASS) TLI IS NO~GO—==~

DELTA A GREATER THAN 328 NM
DELTA w DOT MAX GREATER THAN 32 FPS

LIMITS ARE BASED ON THE RSS OF 9-SIGMA IU HARDWARE ERROR SOURCESe CARE IS TAKEN TO ALSO
INCLUDE 3~=SIGMA MSFN TRACKING ACCURACIES AND LAUNCH VEHICLE VENTING UNCERTAINTY.

PARTICIPATION
GUIDANCE OFF ICER
FLIGHT DYNAMICS OFFICER
FLIGHT DIRECTOR
FLIGHT CREW
DATA SOURCES
GUIDANCE STRIPCHARTS
GUIDANCE INSERTION/INJECTION DIGITALSs MSK 290
AGC DYNAMICS STATUS DISPLAY
VECTOR COMPARE DISPLAYs MSK 1590
PROCEDURE=== (SAME AS 5=35A)

REFERENCE

f'A REVIEW OF THE TLI GO/NO-GO CRITERIA FOR THE C=PRIME MISSION»s''TRW NOTE NOe A% FMT=714s
DATED 26 NOVEMBER 1968
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MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

CRITERIA FOR TLI NO~GO BASED ON ORBITAL DECISION PARAMETER VIOLATION

COMMENTS

THE TRANSLUNAR INJECTION BURN WILL NOT BE - PERFORMED IF EITHER GUIDANCE SYSTEMs LAUNCH
VEHICLE OR SPACECRAFTs» IS UNACCEPTABLY DEGRADEDe DEGRADED PERFORMANCE 1S FIRST DETECTED 8Y
VELOCITY COMPONENT DIFFERENCES (RULES 5=35A AND B} WITH INDEPENDENT CONFIRMATION MADE BY:
ANALYZING SELECTED ORBITAL PARAMETERSe COMPARISON IS MADE BETWEEN THE IU STATE AND BEST
GROUND VECTOR STATE FOR DOWNRANGE POSITION OIFFERENCE (DELTA RV)e THIS WUANTITY WILL
INDICATE A SIZABLE DEVIATION FOR INPLANE NAVIGATION ERRORSe AT GET OF 56 MIN (CRO PASS) TLI
1S NO=GO IF THE DIFFERENCE VIOLATES THE FOLLOWING=-= DELTA RV GREATER THAN 105s 100 FTe

THIS LIMIT IS BASED ON 9=SIGMA IU HARDWARE ERROR SOURCESs INCLUDING A MARGIN FOR 3=SIGMA
MSFN TRACKING UNCERTAINTY AND LAUNCH VEHICLE VENTING ERRORSe

PARTICIPATION

DATA

GUIDANCE OFF ICER

FLIGHT DYNAMICS OFFICER

FLIGHT DIRECTOR

FLIGHT CREW

SOURCES

GUIDANCE STRIPCHARTS

GUIDANCE INSERTION/INJECTION DIGITALS» MSK 290
AGC DYNAMIC STATUS

VECTOR COMPARE DISPLAYs MSK 1590

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

REFERENCE

''A REVIEW OF THE TLI GO/NO=GO CRITERIA FOR THE C=PRIME MISSIONs'' TRW NOTE NOe 68=FMT=T714,
DATED 26 NOVEMBER 1968
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MISSION RULES
SECTION 3 =~ TRAJECTORY AND GUIDANCE

ITEM

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 REFERENCE HAS FAILED AND THE
CMC NAVIGATION STATE VECTOR AT EOI INDICATES A SLOW ORIFT DEGRADATION OF THE CSM INERTIAL
PLATFORM {IMU)e A SATISFACTORY IMU 1S REQUIRED BY THE CREW FOR CONTINUING THE LUNAR MISSION
BEYOND TLI AND IN THE NORMAL CASE (NO IU REFERENCE FAIL) WOULD Bt DLEMED ACCEPTABLE UNDER
THE CRITERIA OF MISSION RULES 5=35A AND 5=32¢ HOWEVERs WITH THE IU REFERENCE GONEsy THE
LAUNCH AND DRIFT COMPARISONS WILL BE INVALID AND ORBITAL PARAMETER CHECKS MUST BE MADE.
COMPARISON 1S MADE BETWEEN THE CMC STATE AND THE BEST GROUND STATE FOR DIFFERENCES IN
SEMI=MAJOR AXIS (DELTA A) AND MAXIMUM CROSSRANGE VELOCITY (DELTA W LOT MAX) COMPARED AT GET
= 1 HOUR AND 45 MINUTES AND DOWNRANGE POSITION (DELTA RV) COMPARED AT GET = 56 MINUTESe TLI
IS NO=-GO IF THE COMPARISON EXCEEDS THE FOLLOWING LIMITS===

1. DELTA RV 5359900 FEET

2. QELTA A 1146 NeMe

3. DELTA W DOT MAX 787 FPS

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

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

24 3 SIGMA MSFN ACCURACY.

3 A 10-POUND S1VB VENTING UNCERTAINTY.

PARTICIPATION

DATA

GUIDANCE OFFICER

FLIGHT DYNAMICS OFFICER

FLIGHT DIRECTOR

FLIGHT CREW

SOURCES

VECTOR COMPARISON DISPLAY MSK 1590
CMC TELEMETRY VECTOR

MSFN BEST ESTIMATE TRAJECTORY VECTOR
GUIDANCE OFFICER STRIPCHARTS

IV REFERENCE FAILURE TELEMETRY DISCRETES

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

REFERENCE

Ae A REVIEW OF THE TLI GO/NO=GO CRITERIA FOR THE C-PRIME MISSIONs TRW NOTE NOe
68=FMT=T714y DATED NOVEMBER 26+ 1968

Be A REVIEw OF THE TLI GO/NO-GO CRITERIA FOR THE APOLLO F AND G MISSIONs TRw
NOTE NOe 552446=48s DATED APRIL 249 1969
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MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

5=46A

CRITERIA FOR CMC OR LGC TEMPORARILY NO=GO FOR MANEUVER CONTROL (SOFTWARE FAILURES)
COMMENTS

THE RELIABILITY OF THE CMC OR LGC AS A DATA SOURCE AND CONTROL DEVICE 1S DEPENDENT ON THE
INTERNAL FUNCTIONING OF THE SOFTWAREe THE CMC AND LGC ARE PROGRAMMED TO RECOGNIZE INTERNAL
FAULTS AND ERRONEOUS CONDITIONSe UPON RECOGNITION OF SUCH A CONDITION» THE COMPUTER ISSUES A
PROGRAM ALARMe THE CMC AND LGC ALARMS WHICH INVALIDATE FUNCTIONAL CAPABILITY UNTIL CAUSE IS
REMEDIED ARE OUTLINED BELOWe 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
155 WARNING
01107 RESTART PHASE TABLE -

ENTRIES DISAGREE

01407 VG INCREASING
03777 1COU FAIL CAUSED 1SS WARNING
04777 ICOU AND P1PA FAILS CAUSED

1SS WARNING
07777 IMU FAIL CAUSED 1SS WARNING
10777 IMU AND PIPA FAILS CAUSED
1S5 WARNING
13777 IMU AND 1CDU FAILS CAUSED
155 WARNING
14777 IMUs ICOUs PIPA FAILS CAUSED

1SS WARNING

CONT INUOUS OCCURRENCE
20430 INTEGRATION CAUSING OVER=~
FLOW THAT RECTIFICATION
WOULD NOT ELIMINATE

20607 NO SOLUTION FROM CONIC
ROUT INE
20610 P37 POSITION VECTOR AT

IGNITION TOO SMALL (CMC ONLY}

21103 FORBIDDEN STEP EXECUTED

21204 ZERO OR NEGATlQE WAITLIST
CALL

21206 DISPLAY SYSTEM ADDRESS

BUFFERS FULL
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MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

-t

21210

21302

21501

21502

21521

31104

31201

31202

31203

31207

31211

PARTICIPATION

JOB ALREADY WAITING IN PARTICULAR
STALL ROUTINE

SQUARE ROOT CALLED WITH NEGATIVE
ARGUMENT '

DISPLAY SYSTEM ALARM FROM INTERNAL
USE

ILLEGAL REQUEST FOR A FLASHING
DISPLAY (CMC ONLY)

NEW PROGRAM REQUEST CANNOT

BE MADE AFTER PII STARTED (CMC ONLY)
TOO MANY JOBS ATTEMPTING TO

USE JOB DELAY ROUTINE

EXECUTIVE OVERFLOW=NO VACANT AREAS
EXECUTIVE OVERFLOW=NO JOB REGISTER SETS
NEW TASK CANNOT BE INSERTED
SUCCESSFULLY IN WAITLIST SYSTEM

NO VACANT AREA AVAILABLE FOR

MARK DATA

OPTICS USE NOT ALLOWED WITH

EXTENDED VERB BEING PERFORMED

GUIDANCE OFFICER

FLIGHT CREW

FLIGHT DIRECTOR

DATA SOURCES

CMC DSKY/PROGRAM ALARM LIGHT

CMC MONITO

R I H/Ss» MSK 966

LGC MONITOR H/S» MSK 1594

CCATS CMC
PROCEDURE

A

Be

OR LGC DOWNLINK READOUT

INDICATION

CREW OBSERVES PROGRAM ALARM LIGHT AND KEYS VO5N09 TO VERIFY ALARMe GDO OBSERVES
PROGRAM ALARM VIA FAILREGS USING MSK 966 (CMC)s MSK 1594 (LGC)» OR CCATS CMC/LGC
DOWNL INK READOUT o

ACTION

ALARM IS IDENTIFIED AS APPLICABLE TO A GO/NO=GO DECISIONe IF IT IS IN
Y 1CONTINUOUS 't CATEGORY DSKY ERROR RESET IS PERFORMED TO VERIFY RE=OCCURRANCEs
AFTER IDENTIFICATION GDO DECLARES'' CMC GO ON PROGRAM ALARM'' OR'' CMC NO=GO ON
PROGRAM ALARM,'!
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MISSION RULES -
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

5=468

CRITERIA FOR CSM G AND N NO=GO BASER ON CMC/IMU ALIGNMENT DISCREPANCY (OPTICS/WINDOW/MARK CHECK)

COMMENTS
FOR THRUSTING MANEUVERSy THE CMC IS REWQUIRED TO ESTABLISH THE DESIRED IMU ALIGNMENT

ORIENT THE SPACECRAFT TO THE DESIRED THRUST PIRECTIONe PRIOR TO EACH MANEUVER THE GROUND
PROVIDES VISUAL CHECK DATA TO VERIFY THE CSM/IMU ORIENTATIONe IF THE VISUAL CHECK EXCEEDS
THE SIGHTING UNCERTAINTY»s (SEXTANT FOVs 242 PEG== HORIZON DEFINITIONs 4 DEG) THE CMC HAS
FAILED TO ORIENT THE CSM TO THE REWQUIRED THRUST DIRECTIONe THIS IMPLIES INHERENT ERRORS
WOULD BE CREATED IF THE G AND N -IS ALLOWED TO CONTROL THE MANEUVERe THE SIGHTING
UNCERTAISTY ACCOUNTS FOR ATTITUDE HOLD DEADBANDs OPTICS POSITIONING» AND ACTUAL HORIZON

DEFINITION
PARTICIPATION

GUIDANCE OFFIGER

CAPCOM

FLIGHT CREW
DATA SOURCES

GUIDANCE OPTICS SUPPORT TABLEs MSK 229
PROCEDURE

A PREPARATION,

THE GOO GENERATES THE OPTICS DATA TO BE PASSED BY THE CAPCOM AS PART OF THE
MANEUVER PAD.

B ACTION

AFTER THE LAST PRE~MANEUVER IMU ALIGNMENTs THE FLIGHT CREW MANEUVERS TO THE
DETERMINED THRUSTING ATTITUDEe THE VISUAL SIGHTING DATA OBTAINED FROM THE
MANEUVER PAD IS VERIFIEDs IF THE SIGHTING DATA EXCEEDS THE UNCERTAINTY THE G
AND N IS ''NO=GO''es IF MANEUVER IS CRITICALs CREW CONTINUES PREPARATION FOR
SCS EXECUTION== IF NOTy PREPARATION IS DELAYED UNTIL G AND N ERROR IS
RESOLVEDe
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ITEM

5=46C

CRITERIA FOR LM G AND N NO=GO BASED ON LGC/IMU ALIGNMENT DISCREPANCY {COAS CHECK)

COMMENTS
FOR THRUSTING MANEUVERSs THE LGC IS REQUIRED TO ESTABLISH THE DESIRED IMU ALIGNMENT AND
ORIENT THE SPACECRAFT TO THE DESIRED THRUST DIRECTIONe PRIOR TO CERTAIN CRITICAL MANEUVERS
THE GROUND PROVIDES VISUAL CHECK DATA TO VERIFY THE LM/IMU ORIENTATIONe IF THE VISUAL CHECK
EXCEEDS THE SIGHTING UNCERTAINTY (COAS COORDINATESs» +/= 2 DEG) THE LGC HAS FAILED TO ORIENT
THE LM TO THE REWUIRED THRUST DIRECTIONe THUS INHERENT ERRORS WOULD BE CREATED IF THE G AND
N IS ALLOWED TO CONTROL THE MANEUVERe THE SIGHTING UNCERTAINTY ACCOUNTS FOR ATTITUDE HOLD
DEADBAND AND ASSUMES A CALIBRATED COASe

PARTICIPATION
GUIDANCE OFFICER
CAPCOM
FLIGHT CREW

DATA SOURCES
LM OPTICS SUPPORT TABLE» MSK 239

PROCEDURE
Ae PREPARATION

THE GDO GENERATES THE OPTICS DATA TO BE PASSED BY THE CAPCOM AS PART OF THE
MANEUVER PADs

Be ACTION

AFTER THE LAST PRE=MANEUVER IMU ALIGNMENT THE FLIGHT CREW MANEUVERS TO THE
DETERMINED THRUSTING ATTITUDEe THE VISUAL SIGHTING DATA FROM THE MANEUVER
PAD IS VERIFIEDe IF THE SIGHTING DATA EXCEEDS THE UNCERTAINTYs THE G AND N
1S ''NO=GO''e IF MANEUVER IS CRITICAL» CREW CONTINUES PREPARATION FOR AGS
EXECUTION== IF NOTs PREPARATION IS DELAYED UNTIL G AND N ERROR IS RESOLVEDe
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ITEM

5=460

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/LGC WITHOUT
SUFFICIENT SUBSEWUENT GROUND STATION COVERAGE TO VERIFY PROPER ONBOARD ACCEPTANCE VIA
TELEMETRYe IN SUCH INSTANCES DATA IN THE FORM OF A GETs» LATITUDEs LONGITUDEs AND ALTITUDE
VALID AT THE GET ARE PROVIDEDe THIS GET IS INPUT INTO CMC/LGC AND THE STATE VECTOR IS
INTEGRATED TO THIS TIMEe THIS A CHECK ON THE ONBOARD COMPUTER PROPER ACCEPTAMCE OF A GROUND
UPLINKED NAV VECTOR AND ITS ABILITY TO INTEGRATE PROPERLYe DATA PRIORITY HAS SET THE
ALLOWABLE DIFFERENCES IN LATITUDE AND LONGITUDE AT +/= 0402 DEG AND +/= 062 NeMe IN
ALTITUDE.

PARTICIPATION
GUIDANCE OFFICER
FLIGHT DYNAMICS OFFICER
CAPCOM
FLIGHT CREW
DATA SOURCES
CHECKOUT MONITOR DISPLAY» MSK 1619 APPLICABLE NAVIGATION UPDATE DISPLAYs MSK 276 OR MSK 279
PROCEDURE
ACTION
GDO GENERATES THE APPLICABLE NAVIGATION UPDATE AND PROVIDES FDO WITH THE UPDATE TIMETAGe
FDO ADJUST THE TIMETAG BY A GIVEN INCREMENT AND GENERATES LATITUDEs LONGITUDEs AND ALTITUDE
ON CHECKOUT MONITOR FOR THE ADJUSTED TIMEe THIS INFORMATION 1S VOICED TO FLIGHT CREW BY

CAPCOMe CREW TAKES APPROPRIATE ACTION TO VERIFY ONBOARD INTEGRATION TO THE SPECIFIED POINT
IN TIME.
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R ITEM

B N

SPACECRAFT TIMING
COMMENTS
A THROUGH F.

TIMING ERRORS LESS THAN 2 SECONDS DURING THESE PHASES DO NOT ADVERSELY
AFFECT THE MANEUVER AND/OR THE MONITORING OF THE MANEUVERe ERRORS IN EXCESS
OF 2 SECONDS ARE READILY ODETECTED AND EASILY CORRECTED WHEN THE CMC AND LGC
ARE OPERATING NORMALLY.

G AND He

IN ORDER TO USE THE DOWNLINK VECTORS (LGC AND AGS) FOR COMPARISON WITH MSFN
TO DETERMINE GUIDANCE SWITCHOVER THE TIMING OF THE COMPUTERS MUST BE WITHIN
+3 SECONDS OF MSFN.

I AND Je

THE ACTIVE VEHICLE COMPUTER TIMING MUST BE ACCURATE TO 5 SECONDS TO
ACCOMPLISH RENDEZVOUS AND SEXTANT TRACKINGe

NOTE

THE ABOVE ARE LIMITS ON TIMING ERRORS
AND UNDER NORMAL CONDITIONS» THE
CLOCKS WILL BE MAINTAINED AS
ACCURATELY AS POSSIBLE.
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1TEM|
5«57 | MCC EXECUTION CRITERIA
COMMENTS

Ae ' THE FLIGHT OPERATIONS - DIRECTOR HAS REQUESTED THATs [IF POSSIBLEs ALL SPS
) MCC'S SHOULD BE GREATER THAN 3 SECSe

Be  MCC2 AND MCC4 ARE SELECTED AS THE PREFERRED MCC EXECUTION POINTS FOR THE
FOLLOWING REASONS===

le EPHEMERIS IS BETTER KNOWN AT MCC2 THAN AT MCCls AND AT MCC4 THAN AT MCC3.
r THE NOMINAL DELTA v GROWTH RATE BETWEEN MCCl AND MCC2 1S SMALLe
3. AT MCC4y THE TRAJECTORY IS LESS SENSITIVE TO SMALL DISPERSIONS THAN AT MCC3.

Co MCC2 1S PREFERRED OVER MCCls IF THE COST 1S NOT PROHIBITIVE FOR THE
FOLLOWING REASONS==-=

le THE KNOWLEDGE OF THE STATE VECTOR IS BETTER AT MCC2e (SAME AS B=1 ABOVEs)

r 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 LtSS SPS BURNS AND TO AvVOID
EXECUTING MCC3s A NON-FREE MCC2 WILL BE EXECUTED PROVIDING A SAFE ABORT
CAPABILITY AT LOI+2 HRS REMAINSe

Ee MCC2 WAS SELECTED AS THE NOMINAL POINT TO GO NON=FREE RETURN ON A HYBRID
MISSION FOR THE FOLLOWING REASONS===

le THE KNOWLEDGE OF THE EPHEMERIS 1S BETTER THAN AT MCCle
ry NOMINALLY THE DELTA V GROWTH RATE IS SMALL BETWEEN MCCl1 AND MCC2.
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ITEM

- —

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 MIDCOURSEe THE BASIC PHILOSOPHY IS THAT IF LOI CAN BE
TARGETED WITHIN THESE CONSTRAINTS THE MIDCOURSE CORRECTION WILL NOT 8E REQUIREDe THE TWO
MAJOR CONSIDERATIONS USED WHEN EVALUATING AN LOI MANEUVER ARE THE COMPATIBILITY OF THE
MANEUVER WITH ESTABLISHED MONITORING TECHNIWUES AND THE TOTAL DELTA VvV 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 +/= 10
NeMe OF THE TARGETED PERICYNTHIANe THIS ALTITUDE IS ESTABLISHED EITHER BY TLI OR
8Y THE FIRST EXECUTED MIDCOURSE CORRECTIONe ALTHOUGH THE LIMITS ARE SUMEWHAT
ARBITRARY (IeEe» VIOLATION DOES NOT NECESSARILY PRESENT A CREW HAZARD)s THEY DO
REPRESENT A REASONABLE TOLERANCE AROUND TARGETe MORE SIGNIFICANT ODEVIATIONS CAN
LEAD TO UNDESIRABLY LOW PERICYNTHIANS OR NECESSITATE LARGE APSIDAL ROTATIONS
DURING LOI TO ESTABLISH ACCEPTABLE ORBITAL CONDITIONS FOR THE DOl MANEUVERe IN
ANY CASE»s» MCC4 SHOULD NOT BE REWUIRED FOR PERICYNTHIAN ALT:TUDE ADJUSTMENT UNLESS
PREVIOUS CONDITIONS REPRESENTED GREATER THAN 3 SIGMA DISPERSIONSe

r THE ALTITUDE OF THE NODE 1S CONSTRAINED TO BE BETWEEN =10 AND +15 NeMe OF THE
TARGETED PERICYNTHIAN ALTITUDEs THE LOWER LIMIT IS DETERMINED BY 1 ABOVE WHILE
THE UPPER BOUNDARY CONSTRAINS THE APSIDAL ROTATION POSSIBLE DURING LOls THUS
MAINTAINING THE ABORT MODES IN A NEAR=NOMINAL TIME FRAME. THIS BECOMES ESPECIALLY
IMPORTANT ON HYBRID TRAJECTORIES WHERE THE GAP BETWEEN MODES I AND Il MUST BE
WELL DEFINED IN ORDER FOR SPECIAL CR<W PROCEDURES TO BE IMPLEMENTED ACCORDINGLYs
LARGE APSIDAL ROTATIONS COULD WIDEN THIS GAPs WITH THE POSSIBILITY OF RENDERING
REHEARSED ABORT TECHNIWQUES INADEQUATE.
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ITEM

LOI COMMITMENT CRITERIA
COMMENTS

IN ORDER FOR LOI TO BE GO»
STANDPOINT)e THESE INCLUDE===

COMMITMENT TO 4 HOURS (AT LEAST) IN LPOe THIS REWUIREMENT
INSURE ADEWUATE POST LOI TRACKING FOR A VALID TEIl SOLUTION.
FULL UNPERTURBED REV OF TRACKING ON WHICH TO COMPUTE TEIl. P
OF TRACK IS THE MINIMUM ACCEPTABLE AMOUNT UPON WHICH T
COMPUTATIONS.

Ao

THERE SHOULD BE ENOUGH SPS FUEL FOR LOI TEI PLUS TEC MCC
ORDER TO COMMIT TO LOI== HOWEVER?»
OPS FOR LOI WHEN TRANSLUNAR MIDCOURSE REQUIREMENTS PRECLUDE
FOR LOI AND TEle THE BASIC PREMISE 1S THAT EVEN WITHOUT
THERE IS STILL ENOUGH TO BE GAINED IN LUNAR ORBIT TO WARRAN
LOI.

Be

PARTICIPATION
FDO
RETRO
FO
G AND C

DATA SOURCES

LOI PLANNING/GPM

RTE DIGITALS

MPT

PROCEDURES

NOMINAL MISSION PROCEDURE

CONSIDERATION WILL BE GIVEN TO USING

MUST BE MET TO

THIS ALLOWS A
RESENTLY»s ONE REV
O BASE MANEUVER

IN
THE
USING THE SPS
A LUNAR LANDING
T CONTINUING wlTH

AND RESERVES

Ae LOI WILL BE TARGETED BY FDO TO INSURE EXECUTION WITHIN CONSTRAINTSe

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

Ce THE DELTA V REQUIRED FOR THESE MANEUVERS {PLUS TEC MCC AND RESERVES} MUST BE
COMPARED AGAINST THE DELTA V REM AS SUPPLIED FROM G AND Ce

De FUR SITUATIONS WHERE THE TIMELINE HAS BECOME CROWDED EOMFR MAY BE GOTTEN
FROM MCC TRADEOFF DISPLAYs THUS ELIMINATING RETRO TEI CALCULATIONSs ETCes
FROM THE WORK SCHEDULE.

REFERENCE

APOLLO TECHNIQUES DOCUMENT»s S=PA 9 TO 41,

MISSION F/G TL MCC AND LOI» FEBRUARY 24y

SEVERAL MAJOR MILESTONES MUST BE MET (FROM A TRAJECTORY/MANEUVER

1969
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R ITEM

| ——————

PREMATURE LOI SHUTDOWN

COMMENTS

As SPS SHUTDOWN BUT WITHIN SPS OPERATING LIMITS.

WHEN POSSIB

LE,y

IT 1S DESIRABLE TO ACHIEVE A STABLE LUNAR ORBITe IF T

SHUTSDOWN PREMATURELY DUE TO A GUIDANCE OR CONTROL PROBLEM BUT IS

OPERABLE» A MANUAL RESTART SHOULD BE ATTEMPTED

ORBITe
PARTICIPATION
CREW

DATA SOURCES

ONBOARD MONI TORING

PROCEDURE

CREW WILL USE STANDARD SPS RESTART PROCEDURESe

REFERENCE

MISSION ABORT PLAN,

COMMENTS

B SPS SHUTDOWN AND OUT OF SPS OPERATING LIMITSe

le WITH THE SPS OUT OF LIMITSs A LOl ABORT MUST

BE

TO OBTAIN A STABLE

PERFORMEDe T

HE SPS
STILL
LUNAR

HE Lol

ABORT CAN BE DIVIDED INTO THREE BASIC REGIONS WITH THREE BASIC PROCEDURES.

(A) THE FIRST REGION CALLED MODE I HAS A POST~ABORT TRAJECTORY

DIRECT RETURN TO EARTHe

THE DELTA V REQUIRED

PROGRESSES THROUGH THE ABORT REGIONe

(B) THE SECOND REGIONs OR MODE Il

IMPULSE RESULTS IN A STABLE LUNAR ORBIT

THAN ABOUT 40 HRS) e

PERICYNTHIANe THE DELTA

THE SECOND

FOR A MODE I 1

» IS A TWO=IMPULSE ABORT IN

IMPULSE IS BASICALLY A TEI

V REQUIRED FOR A MoODE

PROGRESSES THROUGH THE ABORT REGIONe

(C) THE THIRD REGIONy
LUNAR ORBIT AND IS BASICALLY A TEI MANEUVER

11 ABORT D

ABORT INCREASES AS LOI PROGRESSES THROUGH THE ABORT REGIONe

20 IDEALL

FROM THE LM APS.
] i

RESULTING IN A
NCREASES AS LOI

WHICH THE FIRST

(CLEAR PERICYNTHIAN WITH A PERIOD LESS

PERFORMED NEAR
ECREASES As LOI

OR MODE IIls» HAS A PRE=ABORT TRAJECTORY THAT IS A STABLE
THE DELTA V REQUIRED FOR A MOLE 111

Ye THE LM DPS DELTA V CAPABILITY EXCEEDS THAT REQUIRED TO ABORTe
HOWEVER» SOME AREAS OF THE MODE I ABORT REGION REQUIRE MORE DELTA Vv THAN IS
AVAILABLE IN THE DPSy ABORTS FROM THESE AREAS REWUIRE AN ADDITIONAL BURN

(A) FOR MODE I ABORTSs THE MODE
DIFFERENT AREAS WHICH ARE DEFINED AS A FUNCTION OF THE LOI DELTA VM (MAGNITUDE)

EXISTING AT SPS CUT OFFe

OF ABORT MANEUVERS ARE PERFORMED

{

SEC) A DPS BURN WILL BE PERFORMED AT LOI IGN + 2

I ABORT REGION IS SUBDIV

1) IN THE AREA DEFINED BY DELTA vM OF 0 TO 238 FPS (APPRO
HRe THIS MANEUVER WILL BE
2 HRe WAS CHOSEN FROM IGNITION TIME OF THIS DPS

COMPUTED ON THE GROUNDe LOI IGN +

IDED INTO THREE

DEPENDING ON THE VALUE OF DELTA VM THREE DIFFERENT TYPES

XIMATELY 0 TO 33

BURN BECAUSE THE LM CAN BE PREPARED FOR A G+N BURN BY THE CREW IN THAT TIME SPANe
THEREFORE BASED ON THIS IGNITION TIME THE THE DELTA vM OF 238 FPS INTO THE LOI
BURN REPRESENTS THE POINT AT WHICH ALL THE DELTA VvV CAPABILITY IN THE LM OPS IS

UTILIZED IN THE ABORT BURNe TO DELAY THE IGNITION

SIGNIFICANTLY

THE REQUIRED ABORT DELTA V BEYOND THAT AVAILABLE IN THE DPSe

WOULD INCREASE
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ITEM |

p=61
JCONT 'L

(2) IN THE AREA DEFINED BY DELTA VM OF 238 TO 545 FPS (APPROXIMATELY 33 TO
TO 1415 A DPS BURN WILL BE PERFORMED AT LOI IGN + 30 MINe THIS MANEUVER IS BASED
ON A CREW CHART OF ABORT DELTA V VERSUS DELTA V GAINED AND A SET OF PRE=LO!
ESTABLISHED FDAI ATTITUDESe LOI IGN + 30 MINe WAS CHOSEN FOR IGNITION OF THIS DPS
BUT BECAUSE THE LM CAN BE PREPARED BY THE CREW IN THAT TIME SPANe THEREFORE BASED
ON THIS IGNITION TIME THE SPREAD BETWEEN DELTA VM INTO THE LOlI BURN REPRESENTS
THE ENTIRE DELTA V CAPABILITY OF THE DPSe TO DELAY THIS IGNITION SIGNIFICANTLY
WOULD INCREASE THE REQUIRED ABORT DELTA V BEYOND THAT AVAILABLE IN THE DPSe.

(3) IN THE AREA DEFINED BY DELTA VM OF 545 TO 725 FPS (APPROXIMATELY 1+15
TO 1+30) A DPS BURN TO DEPLETION WILL BE PERFORMED AT LOI IGN + 30 MIN FOLLOWED
BY A SUPPLEMENTAL APS BURN AT DPS IGN + 2 HRe THE DPS MANEUVER AT LOI IGN <+ 30
MIN IS BASED ON A CREW CHART OF ABORT DELTA V VERSUS DELTA V GAINED AND A SET OF
PRE=LOI ESTABLISHED FDAI ATTITUDESe THE APS SUPPLEMENTAL BURN IS COMPUTED BY THE
GROUND BASED ON POST=DPS BURN TRACKINGeLOI IGN + 30 MIN WAS CHOSEN FOR IGNITION
OF THE OPS ABORT BURN BECAUSE THE LM CAN BE PREPARED BY THE CREWs AND THE DELTA V
AVAILABLE FROM THE APS CAN SUPPLEMENT THE DPS TO ACHIEVE THE REQUIRED DELTA Ve TO
DELAY THE IGNITION SIGNIFICANTLY WOULD INCREASE THE REWQUIRED ABORT DELTA Vv BEYOND

THAT AVAILABLE.

{B) FOR MODE 11 ABORTSs A DPS BURN IS REQUIRED AT LOI IGN + 2 HRS WITH A SECOND
IMPULSE OCCURING NEAR PERICYNTHIAN (EXACT TIME 1S A FUNCTION OF THE ORBITAL
PERIOD AND ORIENTATION)e IF THE REQUIRED SECOND IMPULSE IS BEYOND THE REMAINING
DPS CAPABILITYs» THE ADDITIONAL DELTA V SHOULD BE APPLIED. AS SOON AS POSSIBLE
AFTER DPS DEPLETION IN ORDER TO REDUCE THE DELTA V COASTe THE MODE Il MANEUVERS

ARE COMPUTED ON THE GROUNDe THE ABORT MODE CHANGEOVER FROM MODE I TO MODE
OCCURS WHEN THE REQUIRED ABORT DELTA V'S FOR BOTH MODES ARE THE SAMEs

(C) FOR MODE IIl ABORTSs THE DPS ALONE CAN PERFORM THE TEle THE MODE III REGION
IS ENTERED WHEN THE PRE=~ABORT TRAJECTORY HAS A CLEAR PERICYNTHIAN AND A PERIOD OF

LESS THAN ABOUT 15 HRSe ALL MODE IIl MANEUVERS ARE COMPUTED ON THE GROUNDe

3e FOR A SHUT DOWN OF THE SPS ENGINE AT ANY POINT DURING THE LOI BURNs THE
OPS OR DPS+APS ENGINE(S) HAVE THE CAPABILITY TO PROVIDE THE NECESSARY DELTA
V FOR THE APPROPRIATE ABORT MANEUVER SEQUENCEe THE SPS CONTROL LIMITS HAVE
BEEN APPLIED TO VARIOUS ABORT MODE REGIONS OF THE LOI BURN TOs AS FAR AS
POSSIBLEs PRECLUDE A SHUTDOWN IN OTHER AREAS OF THE MODE I REGIONe IN THE
FIRST AREA OF THE MOOE I REGION (DELTA VM FROM O TO 238y 0 TO 33 SEC) THE
TIGHT LIMITS APPLY, IF THE ENGINE IS GOING TO DEGRADE THE TIGHT LIMIT WILL
INCREASE THE PROBABILITY OF SHUT DOWN IN THIS AREAe A SHUTDOWN HERE RESULTS
IN A LOI TIG + 2 HRe DPS ABORT BURN TARGETED BY THE GROUND WHICH IS MORE
ACCEPTABLE THAN AN ABORT OFF THE CREW CHART AT LOIl TIG + 30 MINe WHEN DELTA
VM=2389 ABORT 33 SEC INTO THE LOI BURNs THE LOOSE CONTROL LIMITS BECOME
EFFECTIVE AND ARE IN EFFECT UNTIL DELTA VM=1512y ABOUT 3+20 INTO THE BURNe
THIS ENCOMPASSES THE REMAINDER OF THE MODE I REGION» ALL THE MODE 1IIs AND
THAT PORTION OF THE MODE Il WHERE THE ORBITAL PERIOD IS ABOUT 7 HRSe 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 REQUIREDs OR A DPS+APS BURN IS REQUIREDeTHE
IMITS. ARE KEPT. LQOSE.ACROSS TEE.MQEE_H _Ago FIRBT . PART OF  THE  MODE 111}
keﬁioh ?ﬁ oRDER ?o ATTA'tN A REASONABLE LUKAR orRbYTAL*PERiOB' IGKEATER FIIAN OR
EQUAL TO 7 HRS) SINCE VIOLATION OF THE TIGHT SPS CONTROL LIMITS PRECLUDES A
LUNAR LANDING ANYWAYe OPERATION OF THE SPS BELOW THESE LIMITS HAS LITTLE TO
GAIN AND THE DELTA V REQUIRED FOR TEI INCREASES THROUGHOUT MODE 1Ille THE
LIMITS BECOME TIGHT AGAIN THROUGHOUT THE REMAINDER OF THE LOI BURNs IF  THE
ENGINE IS OPERATING UNDER TIGHT LIMITS AT THIS TIME IN ALL PROBABILITY 1IT
WILL CONTINUE TO DO SO SINCE IT HAS BEEN BURNING FOR 3+20eIF FORCED TO SHUT
DOWN IN THIS REGION THERE 1S MORE THAN SUFFICIENT DPS DELTA V TO DO TEI
WITHe THERE IS ALSO THE APS FOR A BACKUP TO THE DPS» ALSO THE TIGHT LIMITS
PERMIT AN SPS RESTART SO THAT IT COULD SERVE AS A FURTHER BACKUP TO THE DPS
AND APS ENGINES.
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ITEM

5=61
CONT!

PARTICIPATION

CREW
RFO FDO

DATA SOURCE

ONBOARD MONITORING
RETURN TO EARTH DISPLAYS

GENERAL PURPOSE MANEUVER TABLE

PROCEDURES ===

Ae MODE I
le DELTA VM 0-238 FPS (0-33 SEC)
Ae TERMINATE LOI ON SPS TIGHT CONTROL LIMITS
Be EXECUTE DPS BURN AT LOl IGN+2 HR USING GROUND COMPUTER
2¢ DELTA VM 238=594 FPS (33 SEC=1=15)
Ae TERMINATE LOI ON SPS LOOSE CONTROL LIMIT

Be EXECUTE DPS BURN AT LOI IGN+30 MIN USING DATA FROM THE CREW CHART

3. DELTA VM 545=725 FPS (1415=1+439)
Ae TERMINATE LOI ON SPS LOOSE CONTROL LIMITS.

Be EXECUTE DPS BURN TO DEPLETION AT LOI IGN + 30 MIN (USING CREW CHART) AND

SUPPLEMENTAL APS BURN AT LOI IGN + 2 1/2 HRS USING GROUND COMPUTERe
Be MODE I1l.
le TERMINATE LOI ONLY FOR VIOLATION OF SPS LOOSE LIMITS (SPS UNSAFE) e
ry EXECUTE DPS BURN AT LOI IGN + 2 HRS (GROUND COMPUTED)

3. EXECUTE DPS TEI (GROUND COMPUTED) NEAR PERICYNTHIANe SUPPLEMENT
APS IF REQUIRED.

Ce MODE 111,

le TERMINATE SPS ON TIGHT OPERATING LIMITS WHEN PERIOD IS LESS THAN 7
(CREW CHART) .

2y EXECUTE DPS TEIl NEAR EERIC!NT?[AN {ﬁROUND COM?UTED)
f 1 DA IR B S S D )

Do THESE PROCEDURES MINIMIZE THE NEED FOR TWO=IMPULSE ABORT BURNS BY TE
{TIGHT LIMITS) IN THE EARLY PART OF MODE I AND WELL INTO MODE IIle ALSO ALLOW

WITH

HRS

RMINATING
THE SPS

BURN (LOOSE LIMITS) IN THE REST OF MODE l» MODE Il AND THE EARLY PART OF MODE IIle.

Lol
TO
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ITEM

SPS FAILURES

COMMENTS
DATA PRIORITY HAS ESTABLISHED THE FOLLOWING GUIDELINES FOR SPS FAILURES AT IGNITION===
Ae IF THE SPS FAILS AT IGNITION FOR A MCCy» THE GROUND WILL PASS A FLYBY
MANEUVER FOR EXECUTION WITH THE DPS OR THE SM=RCSe
Be IF THE SPS FAILS AT IGNITION FOR LOIs THE CREW WILL EXECUTE THE MCC5 ABORT
MANEUVER ALREADY ONBOARD WITH DPS OR SM=RCS AT PC +2 HOURSe
Ce IF THE SPS FAILS AT IGNITION OF DOIs THE GROUND WILL PASS A DPS TEI AS SOON
AS PRACTICAL (EARLIEST WOULD BE 4=1/2 HOURS AFTER LOI)e
PARTICIPATION
FLIGHT CREW
CAPCOM
FO
FDO
RETRO

DATA SOURCES

MCC T

RADEOFF

RTE DIGITALS

PROCEDURES
THE M

A

Be

Ce

REFERENCES

APOLL
1969,

ISSION TECHNIWUES FOR THIS PARTICULAR FAILURE WOULD BE AS FOLLOWS===

FOR SPS FAILURES AT MCC

le FDO WOULD TARGET A FLYBY MCC WHICH WOULD BE CONSISTENT WITH THE DESIRED RETURN
TIME AND LANDING AREA (AS SPECIFIED BY THE RETRO) AS WELL AS SATISFYING THE FLYBY

ALTITUDE CONSTRAINTS (60 LESS THAN HP LESS THAN 1500}

20 RETRO WOULD COMPUTE A TE MCC TO INSURE ALL CONSTRAINTS HAVE BEEN MET (FLIGHT

TIME» LANDING AREA» ETCs)

FOR SPS FAILURES AT LOI

le CREW WILL EXECUTE THE PC +2 MANEUVER ALREADY ONBOARD UNLESS CONDITIONS DICTATE

ANOTHER MANEUVERe

2 RETRO COULD CALCULATE A MANEUVER AT A LATER TIMEs TO A DIFFERENT LANDING AREA OR
FOR A DIFFERENT RETURN TIME DEPENDING ON LM PREPARATION TIMEs DPS DELTA

AVAILABLEs AND TIME CRITICALITY OF THE SITUATIONe

FOR SPS FAILURES AT DOl

le RETRO WILL COMPUTE A DPS TEI FOR EXECUTION AS SOON AS PRACTICALe THE NOMINAL TIME

FOR THIS MANEUVER WQULD B8E DOl + 4=1/2 HOURSe

r IF 1T IS DECIDED TO REMAIN IN LPO LONGER THAN SPECIFIED TIME (ABOVE)» RETRO
COMPUTE THE DPS TEI CONSISTENT WITH THE MISSION PLANe

O TECHNIWUES DOCUMENTs S=PA=9T043y MISSION F/G CONTINGENCY PROCEDURES» FEBRUARY
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ITEM

DOI TARGETING

le DURING TLCs» LOI AND DOI ARE TARGETED TO PRODUCE A GROUNDTRACK THAT IS OPTIMUM FOR

PHOTOGRAPHING SPECIFIC LANDMARKS AND TO PRODUCE THE FOLLOWING CUNDITIONS AT PDl===
Ae 509000 FTe HPe
Be DESIRED AZIMUTH

Ce ZERO OUT=OF=PLANE ERROR (WEDGE ANGLE)

2. IF A DISPERSION OCCURS DURING LOl» DOl WILL BE TARGETED WITH THE FOLLOWING ORDER OF

PRIORITY===

Ao PRODUCE A 504000 FT HP AT PDl KEEP THE WEDGE ANGLE ZERO BUT VARY THE DESIRED
AZIMUTH +/~ 10 DEG IN ORDER TO ACHIEVE A DESIRED PHOTOGRAPHIC GROUNDTRACKs
(DESIRED 1S DEFINED AS WEDGE ANGLE AT THE PHOTO SITE LESS THAN 25 DEG.)

B PRODUCE A 504000 FT HP AT PDI VARY THE AZIMUTH +/= 10 DEG AND THE WEDGE
ANGLE AT PDI UP TO 5 DEG IN ORDER TO ACHIEVE AN ACCEPTABLE PHOTOGRAPHIC
GROUNDTRACK e (ACCEPTABLE IS DEFINED AS WEDGE ANGLE AT THE PHOTO SITE LESS
THAN «5 DEG.!

Ce 1IF AN ACCEPTABLE PHOTOGRAPHIC GROUNDTRACK CAN NOT BE FOUND BY APPLYING 2By
THEN ALL PHOTO CONSTRAINTS ON THE GROUNDTRACK ARE DROPPEDe DOI WILL THEN BE
TRAGETED TO ACHIEVE A 505000 FT HP AT PDls WITH ZERO WEDGE ANGLE AT PDI AND
NO CONSTRAINTS ON THE AZIMUTH [SEE MISSION RULE 5=81 FOR FURTHER
INFORMATION)
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MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM
5=77 DOl COMMITMENT CRITERION

COMMENTS
BY GENERAL AGREEMENTs A GO - FOR DOI WILL NECESSITATE AT LEAST TwO REVOLUTIONS IN THE
POST=MANEUVER ORBITe THE PURPOSE FOR THE RULE IS TO PROVIDE ONE FULL REV OF TRACKING TO
OBTAIN A POSTBURN VECTOR WITH WHICH TO COMPUTE TEle THIS MANEUVER COULD THEN BE PASSED ON
THE NEXT FRONT SIDE PASSe
PARTICIPATION
FOO
RETRO
FO
DATA SOURCES
LM DESCENT PLANNING DISPLAY
RETURN TO EARTH DIGITALS
PROCEDURES
THE NOMINAL MISSION TECHNIQUES WOULD BE===
Ao FDO wiLL COMPUTE DOl IN OBSERVANCE WITH MISSION RULE 5=76e
B FOO WILL TRANSFER THE MANEUVER TO THE MPTe

Co RETRO WILL COMPUTE A TEI MANEUVER TO INSURE RETURN CAPABILITY. THIS MANEUVER
WOULD NOT BE PASSEDe

REFERENCES
APOLLO TECHNIQUES DOCUMENT» S=PA=9 TO 419 MISSION F/G TL MCC AND LOI»s» FEBRUARY 17+ 1969,
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MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

5«78 BAIL OQUT MANEUVER RECOMMENDATION

FOLLOWING DOly FDO WILL EVALUATE THE GNCSs EMSs MSFN DOPPLER RESIDUALSs AND MSFN SHORT ARC AND
RECOMMEND A STAY/NO STAY DECISIONe A STAY RECOMMENDATION REQWUIRES THAT THE POST~DOI TRAJECTORY
HAVE AT LEAST A 1 NeMe CLEARANCE ABOVE THE HIGHEST PEAK ON THE GROUNDTRACKe THE HIGHEST PEAK IS
249 NeMe ABOVE THE RADIUS LLS AND OCCURS AT 746 DEG Ee TO ACHIEVE AT LEAST A 1 NeMe CLEARANCE
ABOVE THIS PEAK» A HP=3e¢8 NeMe MUST BE CONFIRMEDe THE FOLLOWING CHART WILL BE UTILIZED FOR THE
STAY/NO STAY RECOMMENDATON===

1 2 3 4 5l &7 8
GNCS $ S S $ S XX X
EMS S/NS/X |S/NS/X |S/NS/X |S/X| NS| S| S S
MSFN NS
DOPPER + NS S X X[ X]S NS
RESIDUALS|PILOT RPT
OF ATTeDEVY
MSFN SINS/X INS/ NS| S/4 X X | X |S/X|NS|S/NS/X
SHORT
ARC
S -
ACT ION S| NS NS NS| S | s NS| NS| S Ns NS
AiB A B A -]

NOTES===
Sa 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 DOl WHICH DOPPLER CANNOT DIFFERENTIATE FROM HORIZONTAL ERRORS (PITCH ATTITUDE

DEVIATION ONLY)
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MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

-

ITEM

-

5=81

LPO PLANE AND ALTITUDE CONSTRAINTS

COMMENTS

THE PLANAR ORIENTATION OF -THE LPO GOING INTO POWERED DESCENT WILL BE ESTABLISHED B8Y THE
TARGETING ORBIT DETERMINATION AND EXECUTION OF THE TLC MCC'S AND LOle DOI EXPECTED ERRORS
AFTER THE LOI SEWUENCE ARE PREDICTED TO BE WITHIN 0+5 DEG OUT~OF=PLANE AND 2 DEGREES IN
AZIMUTHe CREW TRAINING AND ONBOARD DATA (MAPSs ETCe) WILL BE BASED ON THESE EXPECTED
ERRORSe

THE DOI MANEUVER WILL BE TARGETED TO ACHIEVE A PERICYNTHIAN OF 504000 FT AT PDle THE
PREDICTED HEIGHT OF PERICYNTHIAN AT PDI WILL BE MONITORED TO ASSURE THAT AT PDI IT wILL BE
BETWEEN 309000 AND 709000 FTe IF A CORRECTION IS REWUIREDs IT WILL BE MADE PRIOR TO LM
ACTIVATION IMMEDIATELY AFTER CREW WAKEUPs THE CRITERIA FOR AN ALTITUDE CORRECTION WILL BE
BIASED USING PREMISSION OR REAL=TIME COMPUTED ALTITUDE UNCERTAINTY AND PROPAGATION BIASESe
THE ANTICIPATED LIMITS ARE 334000 AND 6790030 FTe IF A CORRECTION IS REWUIREDs PERICYNTHIAN
WOULD BE RAISED TO 359000 FT FOR LOW VIOLATION OR LOWERED TO 509000 FT FOR HIGH VIOLATIONSs

AN IMMEDIATE CORRECTIVE MANEUVER WILL BE SCHEDULED FOR CASES IN WHICH THE CURRENT
PERICYNTHIAN DROPS BELOW 30+000 FTe THIS NUMBER IS CONSIDERED TO BE THE LOWER BOUNDARY FOR
GUARANTEED CREW SAFETYs THE ADJUSTMENT TO PERICYNTHIAN WOULD BE TARGETED TO INSURE THAT AN
ADDITIONAL ALTITUDE CORRECTION PRIOR TO PDI WOULD NOT BE NECESSARYe THE TARGET PERICYNTHIAN
WOULD BE BIASED USING WORST CASE PROPAGATION AND ALTITUDE UNCERTAINTIESe.

TO MAINTAIN THE APPROACH OVER FAMILIAR TERRAIN» AND ACCEPTABLE PERICYNTHIAN CONDITIONS»
ADDIT IONAL MANEUVERS WILL BE SCHEDULED IF NEEDED TO CORRECT DISPERSIONS PRIOR TO UNDOCKINGe

PARTICIPATION

DATA

F£00

FD

CREW

SOURCES

LM DESCENT PLANNING
FDO ORBIT DIGITALS
CHECKOUT MONITOR

PROCEDURE

FDO WILL USE OPTIONS OF THE LDP DISPLAY TO CORRECT PLANAR DISPERSIONS DETECTED PRIOR TO
UNDOCKINGs

REFERENCE

OPERATIONAL OPINION
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SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

582

NOUN 69 CORRECTION LIMITS
COMMENTS

TO CORRECT FOR ANY DOWNRANGE POSITION ERROR AT PDly THE GROUND COMPUTES THE ERROR IN THE
ONBOARD STATE VECTOR AND UPLINKS THE DOWNRANGE COMPONENT AS A CHANGE TO THE POSTION OF THE
LANDING SITEe THIS CORRECTION IS BOUNDED IN MAGNITUDE AS FOLLOWS===

Ae A MINIMUM CORRECTION OF 1000 FT IS USEDe THIS LIMIT 1S DERIVED FROM THE
ACCURACY OF THE TECHNIQUES USED IN COMPUTING THE DOWNRANGE ERROR, UNDER
SOME CIRCUMSTANCESs EXTREMELY SMOOTH DATA» CONSIDERATION WILL BE GIVEN TO
USING SMALLER CORRECTIONS.

Be AN UPPER LIMIT OF 354000 FT IS USEDe THIS NUMBER IS DERIVED FROM THE RADIAL
ABORT LIMIT OF 35 FPSe 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 PLACEe A 359000 FT ERROR TRANSLATES [INTO A 35 FPS RADIAL
ERRORe ANY GREATER CORRECTION WOULD BE CAUSE FOR ABORTe

PARTICIPATION
FOO
DATA SELECT
CREW

PROCEDURE

THE DATA SELECT COMPUTES THE N69 CORRECTION USING DOPPLER RESIDUALS AND THE LEAR PROCESSOR.
SELECT THEN VOICES THE COMPUTED CORRECTION TO FDOe IF THE N69 IS WITHIN LIMITS AND THE
THRUST IS COMPATIBLE WITH THE CORRECTIONs THE FDO RELAYS THE N69 TO THE CREW THRU THE
CAPCOM AT TWO MINUTES INTO THE DESCENTe THE CREW INPUTS THE N69 VIA THE DSKYs

CIRCULARIZATION MANEUVER TARGETING

COMMENTS

THE CIRCULARIZATION MANEUVER CAN BE TARGETED TO RESULT IN A CIRCULAR ORBIT AT ANY SPECIFIED
TIMEe THE CHOICE OF TIME 1S ARBITRARY BUT SHOULD BE CHOSEN TO SIMPLIFY RENDEZVOUSe THE TWO
CHOICES ARE AT PDI TIME OR NOMINAL RENDEZVOUS TIMEe THE SECOND OPTION WAS SELECTED BY DATA
PRIORITY BECAUSE OF THE RELATIVELY LOW PROBABILITY OF HAVIMG TO ABORT A DESCENT AND THE
DESIRABILITY OF MAKING THE NOMINAL RENDEZVOUS AS CLEAN AS POSSIBLEs

LLS POSITION UPDATING VIA SEXTANT SIGHTINGS

COMMENTS

DURING THE LUNAR ORBITS JUST PRIOR TO THE DESCENT MANEUVERy SEXTANT LANDMARK TRACKING WILL
BE UTILIZED BY THE CSM TO ACCURATELY DETERMINE THE CsM POSITION RELATIVE TO THIS KNOWN
LANDMARKe BY KNOWING THE EXACT INERTIAL POSITION OF THE CSM (MSFN) ANDU THE EXACT LOCATION
OF THE LANDING SITE RELATIVE TO THE OBSERVED LANDMARKs THE INERTIAL POSITION OF THE LLS MAY
BE ACCURATELY DETERMINED AND THUS COMPATIBLE WITH THE INERTIAL TARGETING OF THE POWERED
DESCENT MANEUVERS

HOWEVERy ANY DIFFERENCES BETWEEN THE BEST PREMISSION VALUE OF THE LiS (PHOTOGRAPHS) AND
THOSE OF THE SEXTANT SIGHTINGS MUST BE SCRUTINIZED FOR REASONABLENESSe EACH INTENDED
LANDING SITE HAS INDIVIDUAL AMOUNTS OF DATA AVAILABLE REPRESENTING ITS KNOWN [INERTIAL
RELATIVE ACCURACY. THUS» A REASONABLE DIFFERENCEs IN TERMS OF ABSOLUTE NUMBER VAIRES WITH
EACH SITE.
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SECTION 3 =~ TRAJECTORY AND GUIDANCE

ITEM

ALLOWABLE PLATFORM MISALIGNMENT FOR PDIe

COMMENTS ===~

THE POWERED DESCENT SHOULD NOT BE INITIATED IF THE PGNS WILL ACCUMULATE POWER NAVIGATION ERRORS
SUCH THAT A LM ABORT WITH THE PGNS WOULD NOT ACHIEVE AN ORBIT WITH A PERICYNTHIAN GREATER THAN
309000 FTe THESE NAVIGATION ERRORS CAN RESULT FROM UNCOMPENSATED STATIC DRiIFTS OF THE LM
PLATFORMe IF DRIFT RATES OF A LEVEL SUFFICIENT TO GIVE 0Oe6 DEG MISALIGNMENT ABOUT PITCH (Y AXIS)
AND YAW (X AX1S) EXIST AT PDI THEN THE MANEUVER WILL BE SLIPPED ONE REVOLUTION IN AN EFFORT Tu
COMPENSATE THE DRIFTe THIS MISALIGNMENT MAGNITUDE ALLOWS A DESCENT ABORT FRUM THE H3 TRAJECTORY
AT ANYTIME wITH A RESULTANT SAFE ORBITe THE DRIFT RATES ARE ESTABLISHED BY SUCCESSIVE P52'S
AFTER FINE ALIGNING THE PLATFORM USING GROUND COMPUTED TORWUEING ANGLES.

PARTICIPAT ION==~

GUIDANCE OFFICER
LM CONTROL
CAPCOM

FLIGHT CREW

DATA SOURCES==-~

LM OPTICS SUPPORT TABLEs MSK 239

TORQUEING ANGLES FROM LM PGNS P52

PROCEDURE==~~

THE LM PLATFORM IS COARSE ALIGNED TO THE CSM PLATFORM AT LM ACTIVATIONe COARSE ALIGN
INFORMATION IS THEN PASSED BY THE FLIGHT CREW TO THE GROUND WHO IN TURN COMPUTES FINE ALIGN
TORWUEING ANGLES FOR EXECUTION BY THE CREW VIA V42e¢ THIS RESULTS IN A LM PLATFORM ALIGNED
WITHIN THE ACCURACY OF THE PROCEDUREes THE COMPLETE PROCEDURE 1S THEN REPEATED EXCEPT THAT A
SECOND V42 ISN'T EXECUTEDe THE INTENT BEING THAT ANY SIGNIFICANT DRIFT WILL SHOW UP IN THE
GROUND COMPUTED FINE ALIGN ANGLESe ALSO TWO SUCCESSIVE P52'S ARE PERFORMED TO FURTHER
VERIFY STATIC DRIFTe WHEN UNACCEPTABLE DRIFT EXIST THEN PDI IS DELAYEDs IF NECESSARYs UNTIL
ADEQUATE GYRO COMPENSATION IS PERFORMEDe
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ITEM

5-89

LANDING RADAR CONSTRAINTS
COMMENTS
IN ORDER TO SUCCESSFULLY COMPLETE THE POWERED DESCENT MANEUVERs UNCERTAINTIES IN

LOCAL

TERRAIN/ALTITUDE MUST BE MEASURED VIA LANDING RADAR TO EFFECT TOUCHDOWNe. HOWEVERs THIS DATA
MUST BE WQUALITATIVELY JUDGED PRIOR TO ITS INCORPORATIONe SHOULD LANDING RADAR DATA NOT BE
AVAILABLE BEFORE THE PNGS ESTIMATE OF ALTITUDE REACHES 10s0VU0 FEET» AN ABORT WILL BE

PERFORMEDe THIS ACTION IS SUBSTANTIATED BY DISPERSION ANALYSIS WHICH DEMONSTRATE THAT

THE

PNGS ESTIMATE OF ALTITUDE CAN BE SIGNIFICANTLY IN ERRORe SHOULD THIS ERROR BE SUCH THAT THE
PNGS 1S ACTUALLY LOWER THAN ITS OWN ESTIMATEs THE REMAINING GUIDANCE/TRAJECTORY PROFILE
WILL UNKNOWINGLY PENETRATE THE LUNAR SURFACEs CONVERSELYs IF THE PNGS WERE TRULY HIGHER
THAN ITS OWN ESTIMATEs CONTINUATION OF THE POWERED DESCENT WOUL® RESULT IN FUEL DEPLETION.

A SIXTY SECONDS AFTER LANDING RADAR LOCK ON HAS BEEN ACHIEVEDs THE DIFFERENCE IN

ALTITUDE ESTIMATES BETWEEN THE PNGS AND THE LANDING RADAR MUST BE WITHI

N AN

ACCEPTABLE TOLERANCEe ESTABLISHING A LIMITING DIFFERENCE PREVENTS LARGE ALTITUDE

VTDELTAS'! FROM CAUSING UNACCEPTABLE TRANSIENTS IN THE DESCENT

GU IDANCE/TRAJECTORY LOGICe

Be DISPERSION ANALYSIS HAVE ALSO SHOWN THAT IF ACCEPTABLE LANDING RADAR IS

CONTINUALLY AVAILABLE TO HIGH GATEs A SUBSEWUENT LOSS WILL NOT DEGRADE THE
ABILITY TO REACH A SAFE POINT FROM WHICH THE PILOT MAY TAKEOVER ANO

MANUALLY o

PNGS
LAND

CéD  THE ABOVE IS ALSO TRUE IN THE CASE WHERE THE LANDING RADAR HAS BEEN ACCEFTABLE

BUT INTERMITTENT THROUGHOUT P=63 SO LONG AS THE UNCERTAINTY IN ALTITUDE IS
THAN 1000 FEET AT HIGH GATE OR LESS THAN 1000 FEET WHEN LOCK ON IS REGAINED.

PARTICIPATION
CREW
GDO
FDO
DATA SOURCE
PROCEDURES
SHOULD ANY OF THE ABOVE CONSTRAINTS BE VIOLATED» THE GROUND WILL RECOMMEND AN ABORT.

LESS
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MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

- -

5=90
Aele 2
3v4

CRITERIA FOR TERMINATION OF POWERED DESCENT (PGNS NAVIGATION ERRORS)

COMMENT

THE POWERED DESCENT PHASE WILL NOT BE CONTINUED IF THE PGNS HAS NAVIGATION ERRORS SUCH THAT
A LM ABORT WITH THE PGNS WOULD NOT ACHIEVE AN ORBIT WITH A PERICYNTHIAN ALTITUDE GREATER
THAN 309000 FEETe SINCE PNGS NAVIGATION ERRORS CAN ARISE FROM INITIAL CONDITION ERRORS (IMuU
MISAL IGNMENT OR STATE VECTOR ERROR) OR FROM POWERED FLIGHT FAILURES (PIPA BIASs» IMU DORIFTy
ETCe) 9 THE AGS MAY OR MAY NOT CONFIRM A PGNS ERRORe IN ADDITIONs FOR LOW TRAJECTORIESs THE
PGNS WiLL NOT BE ABLE TO PERFORM A SAFE ABORT WITHOUT LANDING RADAR ALTITUDE INFORMATION
BEING INCORPORATED INTO THE STATE VECTORe

RULE 5-90A = 1 PROVIDES THE LIMITS FOR THE CASES WHERE THE PGNS NAVIGATION ERRORS ARE
CAUSED BY POWERED FLIGHT FAILURESs THE TRAJECTORIES ARE LOWs AND LANDING RADAR ALTITUDE
INFORMAT ION IS MISSINGe.

RULE 5~90A = 2 PROVIDES THE LIMITS FOR THE CASES WHERE THE PGNS NAVIGATION ERRORS ARE
CAUSED BY POWERED FLIGHT FAILURESe THE CROSSRANGE LIMIT IS BASED ON THE G AND N PIPA FAIL

REDLINE.

RULE 5=90A =~ 3 PROVIDES THE LIMITS FOR THE CASES WHERE THE PGNS NAVIGATION ERRORS ARE
CAUSED BY INITIAL CONDITION ERRORSy THE TRAJECTORIES ARE LOWsy AND THE LANDING RADAR
ALTITUDE INFORMATION IS MISSINGe

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

PARTICIPATION
GUIDANCE OFFICER
FLIGHT DYNAMICS OFFICER
CAPCOM

DATA SOURCES
GUIDANCE STRIPCHARTS
GUIDANCE ASCENT/DESCENT DIGITALS
LADs MSK 084

PROCEDURE
ACTION
GDO DETECTS AND CONFIRMS FROM THE GUIDANCE STRIPCHARTS OR MSK 218 THAT A COMPONENT
DIFFERENCE LIMIT HAS BEEN VIOLATEDe THE DEGRADING SYSTEM IS VERIFIED BY COMPARING THE
VELOCITY DIFFERENCE BASED ON ALL SOURCESe IF THE DEGRADATION IS VERIFIED IN THE PGNSs GDO

ANNOUNCES ''PGNS NO=GOs ABORT OVER FLIGHT DIRECTOR LOOP. AFTER DIRECTION FROM FLIGHT
DIRECTORs CAPCOM RELAYS THE SAME OVER THE AIR TO GROUND LOOPs

MISSION REV 1 DATE SECTION GROUP PAGE

APOLLO 141FNL 12/15/70]TRAJECTORY AND DESCENT
GUIDANCE 357




[

NASA - Manned Spacecraft Center
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SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

5-90 POWERED DESCENT TERMINATION
AeSr7

COMMENTS
Se IN THE EVENT THE GUIDANCE COMMANDED THRUST SNHOULO BEGIN TO [INCREASE
DECREASES) PRIOR TO P=63/64 PROGRAM SWITCHs THE GUIDANCE WILL MLTIMATELY COMMAND
SEVERE ATTITUDE GYRATIONSe THESE TRANSIENTS ARE; IN RESPONSE TO SUCH THINGS
THRUSTING ENGINE OR FAILURE OF THE GUIDANCE TO CONVERGE UPON THE REQUIRED HIGAT
IN ANY EVENTs» THE GUIDANCE WILL FAIL 'T® CONVERGE WITH THE IMPLICIT RES
CATOSTROPHIC,

IN THAT PROGRAM SWITCH OCCURS AT A TGO OF 60 SECS» THE ADDITIUNAL 20-SEC TIME O
IT IMPOSSIBLE FOR THE GROUND TO RESPOND AFTER TGO = 80 SECSe

7o AS DESCRIBED ABOVEs ONCE THE POINT WHERE THE TIME DOELAY FOR GROUND R
INCREASING THROTTLE COMMANDS HAS BEEN PASSED» THE CREW MUST ACTIVELY OBSERVE TH
RESPONSEe AS THE CREW HAS NO MEANS OF VISUALIZING A THROTTLE INCREASE» THEY
RESPOND TO A FAILURE TO HAVE THE THRUST ENTER THE THROTTLEABLE REGIONe

8e SHOULD THE THRUST FAIL TO COME UP TO THE FTP FOLLOWING IGNITION» THE GUIDAN
BE ABLE TO MEET THE DESIRED HIGATE CONDITIONS AS WILL BE EVIDENCED BY AN INCREAS

5~90 | CRITERIA FOR TERMINATION OF POWERED DESCENT (FAILURE OF LGC PROGRAM CHANGE )
Ae9

COMMENT
TO REDUCE GUIDANCE SENSITIVES IN THE REGION OF HIGH GATEs THE LGC ORAKING P
TARGETS ARE PROJECTED PAST THE ACTUAL DESIRED CONDITIONSe FOR THE NOMINAL TARGET
PROFILEy THE HIGH GATE CONDITIONS ARE SATISFIED A SPECIFIED DELTA TIME BEFORE
CONDITIONSe THE DEL.TA TIME IS STORED IN ERASABLE MEMORY AS TENDBRAK AND CURRENTL
SECONDSe THE LGC AUTOMATICALLY EXITS P63 AND CALLS P64 ON THE FIRST COMPUTATION

T GO EWUALS 60 SECONDSe IF THIS DOES NOT OCCUR/ THE LGC HAS FAILED INTERNALLY.
THE PGNS REQUIRES SWITCHOVER TO THE AGSs THEREBY TERMINATING POWERED DESCENT.

PARTICIPATION
FLIGHT CREW
GUIDANCE OFFICER
CAPCOM
DATA SOURCES
ONBOARD DSKY
GUIDANCE ASCENT/DESCENT DIGITALS» MSK 218
PROCEDURE
Ae INDICATION
DECREASES TO 60 SECONDSe GUIDANCE OFFICER OBSERVES TELEMETRY INDICATION O
P63 AFTER T GO DECREASES TO 60 SECONDS ON MSK 218
Be ACTION
IF CREW TAKES ACTIONs SWITCHED TO AGS AND ANNOUNCES ''ABORT» LGC NO=GOs» F6

‘P64 FAIL SWITCHOVER TO AGS AND ABORT'', OVER FLIGHT DIRECTOR LOOPs CAPCO
RELAYS SAME OVER AIR TO GROUND LOOPe

{NORMALLY
RAPID AND
AS A LOW

E TARGETSe
VLTS BEING

ELAY MAKES

ESPONSE TO
E THROTTLE
NEED ONLY

CE WILL NOT
ING GTCe

HASE (pP63)
ED DESCENT
THE TARGET
Y EWUALS 62
CYCLE AFTER
FAILURE OF

CREW OBSERVES DSKY DISPLAYS FAIL TO CHANGE TO P64 WHEN THE P63 T GO

F

4

FAIL'' OVER AIR TO GROUND LOOP« IF GDO TAKES ACTIONs ANNOUNCES ''LGC NGC=GOs

M
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|

R

ITEM

-

5=90
AelO

CRITERIA FOR TERMINATION OF POWER DESCENT (PGNS PROGRAM ALARMS

COMMENT

THE RELIABILITY OF THE LGC AS A CONTROL DEVICE IS DEPENCENT ON THE COMPUTATIONAL INTEGRITY
OF THE SOFTWAREe THE LGC IS PROGRAMED TO RECOGNIZE INTERNAL FAULTS OR ERRONEOUS CONDITIONS»
AND CONSEWUENTLY ISSUES A PROGRAM ALARMe THE ALARMS WHICH ARE CONSIDERED 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 SOLUTION FROM TIME=THETA Ok TIME=RADIUS ROUTINE
21103 UNUSED CCS BRANCH EXECUTED
01107 PHASE TABLE FAILURE» ASSUME ERASABLE MEMORY DESTROYED
21204 WAITLIST ON JOB FUNCTION CALLED WITH ZERO OR
NEGATIVE DELTA TIMEe
21302 SQUARE ROOT CALLED NEGATIVE ARGUMENT
21501 KEYBOARD AND DISPLAY ALARM DURING INTERNAL USE
00402 FINDCDUW NOT CONTROLLING ATTITUDE
(CONTINUING)
PARTICIPATION

GUIDANCE OFFICER
FLIGHT CREW
CAPCOM
DATA SOURCES
PROGRAM ALARM LIGHT LGC MONITOR H/S» ASCENT/DESCENT DIGITALS MSK 218
PROCEDURE
GROUND OR FLIGHT CREW OBSERVES THE PROGRAM ALARM LIGHTs AND IDENTIFIES THE ALARM VIA VO5NO9

OR LGC DOWNLIST OF FAILREG'Se IF THE ALARM IS ONE LISTED ABOVEs» GUIDO ANNOUNCES» ''LGC
NO-GO» SWITCHOVER TO AGS AND ABORT''.
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ITEM

5=908

5-91

POWERED DESCENT TERMINATION

COMMENTS ===

SHOULD AN ABORT BE REQUIRED DURING THE LATTER PORTIONS OF THE POWERED DESCENT TRAJECTORY»
IT CANNOT BE PERFORMED IF THE ALTITUDE RATE (AT THE TIME OF THE ABORT) CANNOT BE NULLED BY
THE ABORT MANEUVERs PRIOR TO PENETRATING THE LUNAR SURFACE.

CONVERSLY SHOULD THE ALTITUDE RATE EXCEED THE ABILITY OF THE L4 TO NULL IT PRIOR TO
PENETRATION A SUCCESSFUL LANDING OBVIOUSLY CANNOT BE COMPLETED AND AN ABORT IS REWUESTED.

PARTICIPATION

DATA

FDO

FD

CAPCOM

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 ASSESS THE CURRENT VEHICLE STATE IN
RELATIONSHIP TO THE ABORT LIMIT LINEes DEVIATIONS AWAY FROM THE NOMINAL THAT WILL CLEARLY
VIOLATE THIS LIMIT LINE MUST BE RECOGNIZED AS REPRESENTING AN ABORT SITUATION AND
APPROPRIATE REACTION'S REWUISITE.

NO TRAJECTORY CONSTRAINTS AFTER CREW TAKEOVER

COMMENTS

THROUGHOUT POWERED DESCENT» THE GROUND HAS THE CAPABILITY TO MONITOR PROPER OPERATIUN 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 AVOID UNSAFE
CONDITIONSe ONCE THE CREW HAS ASSUMED MANUAL CONTROL» NO INITIALIZATION OR PKEDICTIUNS OF
THE RESULTANT TRAJECTORY CHARACTERISTICS CAN BE MADE== AND THUS NO VALID MEANS OF LIMITING
THE CREW'S ACTIONS CAN BE ESTABLISHEDe THE PROBLEM IS FURTHER COMPLICATED BY THE TIME
DELAYS ASSOCIATED WITH THE ACTION/REACTION/ACTION CYCLE NECESSARY TO AVERT AN UNDESIRABLE
SITUATION. :

PARTICIPATION

N/A

DATA SOURCE

N/A

PROCEDURE

N/A
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1TEM

5-101

LM LIFT=OFF DELAY
COMMENT ===

THE ENTIRE RENDEZVOUS SEQUENCE IS DETERMINED BY THE CONDITIONS AT INSERTIONeTHESE
CONDITIONSs THOUGH SOMEWHAT CORRECTABLE VIA A TWEAK MANEUVERs ARE TIGHTLY BOUNDED BY THE
TIME OF LIFT=OFFe IN ORDER TO AVOID GREATLY DISPERSED OR EVEN ENTIRELY DIFFERENT RENDEZVOUS
SEQUENCESy EXCESSIVELY LATE LAUNCHES MUST BE PREVENTEDe "IN MOST INSTANCES AN EARLIER
DOCKING TIME 1S OBTAINED BY DELAYING LIFT~OFF ONE REV AND LAUNCHING ON TIMEe.

FOR THE COELLIPTIC SEQUENCE RENDEZVOUS» LAUNCH MAY BE DELAYED 90 SECONDS WITH NO SLIP IN
DOCKING TIME AND NO CHANGE IN THE RENDEZVOUS PROFILEe

FOR THt SHORT RENDEZVOUSs THE ACCEPTABLE DELAY IS 10 SECONDSs BUT THE CRITERION HERE IS ONE
OF REASONABLENESS RATHER THAN PRECISE NUMBERSe DELAYS GREATER THAN 10 SECONDS BEGIN TO
PRODUCE LARGE TWEAKS AS WELL AS LARGE TPl DELTA V'Se FUTHERMOREs IT IS FELT THAT 10 SECONDS
IS ADEWUATE TIME FOR THE NECESSARY CREW TROUBLE=SHOOTING AND ANY PROBLEM NOT SOLVABLE IN
THIS TIME FRAME IS THE TYPE PROBLEM THAT COULD MAKE THE SHORT RENDEZVOUS HAZARDOUSs THUS A
ONE=REV DELAY IN LAUNCH IS WELL ADVISED.

PARTICIPATJON=e=

CREW

PROCEDURES ===

IF LAUNCH IS NOT AUTOMATICALLY INITIATED CREW WILL PROCEED THROUGH NO AUTO IGNITION
CHECKLISTe IFf NO IGNITION AFTER THATs LAUNCH IS DELAYED ONE REV WHILE THE PROBLEM IS
ATTACKED BY GROUND AND CREWe
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ITEM

-

5=102,

. CRITERIA FOR GUIDANCE SWITCHOVER TO AGS {PGNS FAILURE)
COMMENTS

THE RELIABILITY OF THE LGC AS A CONTROL DEVICE IS DEPENDENT ON THE COMPUTATIONAL INTEGRITY
OF THE SOFTWAREe THE LGC IS PROGRAMED TO RECOGNIZE INTERNAL FAULTS OR ERRONEOUS CONDITIONS»
AND CONSEQUENTLY [SSUES A PROGRAM ALARMe 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 Ok TIME=-RADIUS ROUTINE
21103 UNUSED CCS BRANCH EXECUTED
01107 PHASE TABLE FAILUREs ASSUME ERASABLE MEMORY DESTROYED
21204 WAITLIST ON JOB FUNCTION CALLED WITH ZERO OR NEGATIVE
DELTA TIME
21302 SQUARE ROOT CALLED wITH NEGATIVE ARGUMENT
21501 KEYBOARD AND DISPLAY ALARM DURING USE
PARTICIPATION

GUIDANCE OFFICER
FLIGHT CREW
CAPCOM
DATA SOURCES
LGC MONITOR=H/Ss» ASCENT/DESCENT DIGITALS» MSK 1594» MSK 218
PROGRAM ALARM LIGHT
PROCEDURE
Ao INDICATION

GROUND OR FLIGHT CREW OBSERVES PROGRAM ALARM LIGHT» AND IDENTIFIES THE ALARM
VIA VOS5NO9 (DISPLAY ALARM CODE} OR LGC DOWNLINKED FAILREG'Se
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R 1TEM

e Ve won e

5=102€

CRITERIA FOR GUIDANCE SWITCHOVER TO AGS (PGNS NAVIGATION ERRORS)

COMMENT

DURING ASCENT THE INSERTION CONDITIONS ARE PREDICTED BY APPLYING THE EXPECTED ACCELERATION
PROFILE TO THE ONBOARD AND GROUND NAVIGATION SOURCESe THE ACCELERATION THE AGS EPHEMERISe
THE INSERTION CONDITIONS MONITORED PROFILE 1S GENERATED FROM THE STATE OF THE CURRENT
GUIDANCE SYSTEM AND THE NOMINAL INSERTION TARGETSe THE PREDICTION CAPABILITY CAN BE USED TO
DETERMINE THE REWUIREMENT FOR GUIDANCE SWITCH OVER TO THE AGSe IN DOING SO» THE EXPECTED
PGNS PROFILE IS APPLIED TO ARE PERICYNTHION AND APOCYNTHIAN ALTITUDES AND WEDGE ANGLEe

THE MINIMUM ACCEPTABLE HP IS 309000 FEET TO INSURE CREW SAFETYe THE ACCEPTABLE LIMITS FOR
HA AND WEDGE ANGLE ARE TARGET VALUE PLUS 40 NeMe AND 140 DEGREEs» RESPECTIVELYe THESE VALUES
ARE ARBITRARILY SELECTED AS A REASONABLENESS LIMITe SINCE SWITCHOVER WILL NOT BE REQUESTED
AFTER T GO DECREASES BELOW 30 SECONDS» A SLIGHTLY DIFFERENT VALUE WILL BE USED FOR CALLING
SWITCHOVER ON HPe PRELIMINARY ERROR ANLYSIS INDICATES THAT IF HP DECREASES TO 409000 FEET
AT T GO = 30 SECONDS» A 70 PERCENT PROBABILITY EXISTS THAT HP WILL DECREASE BELOW 304000
FEET AT INSERTIONs ALLOWING LESS THAN A 70 PERCENT CHANCE OF OBTAINING ACCEPTABLE
CONDITIONS SEEMS UNREASONABLEe THEREFOREs SWITCHOVER WILL BE REWUESTED IF AGS PREDICTED HP
DECREASES TO 409000 FEETe SINCE THE HA AND WEDGE ANGLE LIMITS ARE STRICTLY ARBITRARYs NO
PROTECTION WILL BE APPLIED FOR THE 30 SECOND EARLY DECISIONe

PARTICIPATION
GUIDANCE OFFICER
CAPCOM
DATA SOURCES
DELTA VS HPy MSK 217
GUIDANCE ASCENT/DESCENT DIGITALS» MSK 218
PROCEDURE
A INDICATION
GDO OBSERVES HAs» HP» OR SIGMA APPROACH LIMIT VALUEe GDO DETERMINES WHICH
SYSTEM 1S DEGRADING BY COMPARING VELOCITY COMPONENTSs ATTITUDESs AND
SELECTED TRAJECTORY PARAMETERS BASED ON ALL NAVIGATION SOURCESe

Be ACTION

IF ERRORS ARE DETERMINED TO BE IN THE PGNS AND T GO IS GREATER THAN 30
SECONDSy GDO DECLARES ''GUIDANCE SWITCHOVER» PGNS NAVIGATION'' OVER FLIGHT
DIRECTOR LOOPs CAPCOM RELAYS SAME TO CREW OVER THE AIR TO GROUND LOOP,
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R , ITEM
5-1034 CRITERIA FOR GUIDANCE SWITCHOVER TO AGS (PGNS FAILURE)
COMMENTS

SAME AS MISSION KRULE 5=102A
PARTICIPATION

SAME AS MISSION RULE 5=-102A
DATA SOURCES

SAME AS MISSION RULE 5=102A
PROCEOURE

SAME AS MISSION RULE 5=102A
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R ITEM

—

T-loaj CRITERIA FOR GUIDANCE SWITCHOVER TO AGS (PGNS FAILURE)
COMMENTS

DURING THE POWERED ASCENT PHASEs» CONTROL WILL BE SWITCHED TO THE AGS WHEN THE PGNS
NAVIGATION DEGRADES TO THE EXTENT WHERE A SAFE [NSERTION ORBIT CAN NO LONGER BE OBTAINED.
THE DEGRADATION IN THE NAVIGATION IS MONITORED 8Y COMPARING TRAJECTORY PARAMETERS BASED ON
PGNS» AGS» AND MSFN SOURCESe THE PRIMARY PARAMETERS MONITORED ARE VELOCITY COMPONENT
DIFFERENCESe THE LIMITING VALUES OF THE DIFFERENCES HAVE BEEN RECOMMENDED BY GUIDANCE AND
PERFORMANCE BRANCH/MPAD AS DELTA VX = 24 FPSy DELTA VY = 90 FPSy AND DELTA VZ = 37 FPSe THE
VALUES WERE DETERMINED BY DISPERSION ANALYSIS USING THE MONTE CARLO TECHNIQUEe THE VALUES
REPRESENT ERRORS WHICH PRECLUDE MAKING A SAFE ORBIT INSERTIONe THUS» IF THE PGNS NAVIGATION
1S CONFIRMED AS THE DEGRADED SYSTEM AND ANY PGNS=MSFN VELOCITY DIFFERENCE EXCEED THE
LIMITING VALUEy SWITCHOVER TO AGS GUIDANCE WILL BE EXECUTEDe IN SITUATIONS WHERE A VALID
MSFN VECTOR ISN'T AVAILABLE DOPPLER/PGNS RESIDUALS WILL BE USED TO CONFIRM ANY AGS/PGNS
DIFFERENCESe THE LIMITING DOPPLER/PGNS RESIDUALS ARE DEPENDENT ON THE LANDING SITE GEOMETRY
RELATIVE TO THE EARTH/MOON LINEe FOR H3» THE LIMIT VALUES HAVE BEEN DETERMINED 8Y MPAD TO
BE 10 FPS FOR DOWN RANGE ERRORS AND 33 FPS FOR RADIAL ERRORSe A LIMITING VALUE OF DELTA
VY=45 FPS WILL BE MAINTAINED FOR DIRECT RENDEZVOUS AND DELTA VY=90 FPS WILL APPLY FOR A
COELLIPTIC SEWUENCEe THIS IS TO PRECLUDE UNDESIREABLE OUT-OF=PLANE CONDITIONS AT TPl FOR
THE DIRECT RENDEZVOUSe IT SHOULD BE NOTED THAT ONLY Oe5 DEG ( 45 FPS) OF WEDGE ANGLE IS
STEERED OUT BY THE AGS DURING ASCENT.

PARTICIPAT ION
GUIDANCE OFFICER
FLIGHT DYNAMICS OFFICER .
CAPCOM
FLIGHT CREW
FLIGHT DIRECTOR

DATA SOURCES
GUIDANCE ASCENT STRIPCHARTS
GUIDANCE ASCENT/DESCENT DIGITALS» MSK 218
TRAJECTORY PLOTBOARDS
TLM SOURCE COMPARISONs MSK 0085

PROCEDURE
THE GDO MONITORS THE MSFN» PGNS» AGS VELOCITY DIFFERENCESs THE GDO IN COOPERATION WITH FDO
DETERMINES THE ERRONEOUS SYSTEM BY SWITCHING SOURCES ON TRAJECTORY PLOTBOARDSs IF THE PGNS
1S DETERMINED AS THE DEGRADED SYSTEM AND ANY DIFFERENCE VALUE EXCEEDS THE LIMITING VALUE»
GDO DECLARES OVER THE FLIGHT DIRECTOR LOOP»s ''PGNS NAVIGATION NO=GOs AGS SWITCHOVER''e

CAPCOM RELAYS RECOMMENDATION TO CREW OVER AIR TO GROUND LOOPe FLIGHT CREW PLACES THE GUID
CONTROL SWITCH TO AGSe
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R ITEM

-

«103¢| CRITERIA FOR SWITCHOVER TO AGS GUIDANCE (AGS PREDICTED INSERTION CONDITIONS)
T COMMENT
SEE RATIONALE FOR MISSION RULE 5=1028
PARTICIPATION
N/A
DATA SOURCES
N/A
PROCEDURE
N/A

=103 CRITERIA FOR GUIDANCE SWITCHOVER TO AGS (PGNS FAILURE WITHOUT MSFN CONFIRMATION)
COMMENT
SEE RATIONALE FOR MISSION RULE 5-=1038
PARTICIPAT ION
N/A
DATA SOURCES
N/A
PROCEDURE
N/A
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ITEM

5=104

DECLARATION OF AGS NO=GO FOR NAVIGATIéS ERRORS
COMMENT

SINCE CONSIDERATION MAY BE GIVEN TO UTILIZE THE AGS FOR GUIDANCE CONTROL FOR INSERTIONs ITS
NAVIGATION MUST BE MONITORED TO INSURE THE CAPABILITY FOR REACHING A SAFE ORBITe THE
NAVIGATION IS INITIALLY MONITORED IN THE SAME MANNER AS THE PGNS B8Y COMPARING VELOCITY
COMPONENT DIFFERENCESe ONCE ANY VELOCITY DIFFERENCE IS VIOLATEDs» THE PREDICTED AGS
INSERTION CONDITIONS ARE EVALUATEDe THE AGS IS DECLARED NO=GO WHEN ERRORS RESULT IN
INSERTION CONDITIONS THAT VIOLATE THE FOLLOWING==~

HP LESS THAN 30000 FEET» HA GREATER THAN THE TARGETED VALUE PLUS 40 NAUTICAL MILES» OR A
WEDGE ANGLE GREATER THAN 1 DEGREE.

PARTICIPATION
GUIDANCE OFF ICER
FLIGHT DYNAM]CS OFFlCéR
CAPCOM
FLIGHT CREW
DATA SOURCES
GUIDANCE ASCENT STRIPCHARTS
GUIDANCE ASCENT DESCENT DIGITALS» MSK 218
TRAJECTORY PLOTBOARDS
PROCEDURE
THE GDO MONITORS MSFNs» PGNS» AGS VELOCITY DIFFERENCES AND PREDICTOR INSERTION CONDITIONSe
THE GDO AND FDO COOPERATE TO DETERMINE THE ERRONEOUS SYSTEM BY SWITCHING PREDICTOR SOURCES.
IF THE AGS IS DETERMINED TO BE THE DEGRADED SYSTEM AND EXCEEDS THE LIMITS» GDO DECLARES

' YAGS NAVIGATION NO=GO'' OVER THE FLIGHT DIRECTOR LOOPes CAPCOM RELAYS THE SAME TO CREW OVER
THE AIR TO GROUND LOOPe ’
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g e 0

5=105

NO GUIDANCE SWITCHOVER AFTER T GO = 30 SECONDS

COMMENT
GUIDANCE SWITCHOVER 1S REQUESTED WHEN THE PRIMARY SYSTEM HAS DEGRADED AWAY FROM NOMINAL TO
AN UNACCEPTABLE EXTENTe AFTER SWITCHOVERs LARGE STEERING TRANSIENTS ARE INCURRED AS THE
BACKUP SYSTEM ATTEMPTS TO CORRECT THE DEVIATIONs IF SWITCHOVER IS TO BE EXERCISED» ADEQUATE
TIME SHOULD BE ALLOWED PRIOR TO INSERTION FOR THE TRANSIENTS TO BE DAMPED OUTe AS A RESULT»
THE GROUND WILL NOT REQUEST GUIDANCE SWITCHOVER AFTER T GO EQUALS 30 SECONDSe THE TIME
INTERVAL WAS SELECTED BASED ON PREVIOUS MISSION EXPERIENCE AND ACCOUNTS FOR DATA DELAYS AND
REACTION TIMESe

PARTICIPATION
N/A

DATA SOURCES
N/A

PROCEDURE

N/A
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ITEM

5=111

RENDEZVOUS MANEUVER SELECTION LOGIC

COMMENTS=~=

DATA

THERE ARE SEVEN ACCEPTABLE: TECHNIQUES WHICH PROVIDE ONBOARD RENDZVOUS NAVIGATIONe EACH OF
THESE SCHEMES WILL PROVIDE CORRECTED STATE VECTORS WITH WHICH ONBOARD COMPUTERS CALCULATE
RENDEZVOUS MANEUVERSe 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 (PGNCSs» AGSs CMC IN ORDER OF PRIORITY) THE CREW
WILL ESSENTIALLY VOTE TWO=OF-THREE AND EXECUTE THE HIGHER PRIORITY OF THE MORE CLOSELY
AGREEING SOLUTIONSs AGREEMENT HAS BEEN DEFINED BASED ON THE PREDICTED ACCURACIES OF THE
VARIOUS NAVIGATION SCHEMES ANDs WHILE SOME CASES MAY REALIZE BETTER AGREEMENT THAN THIS»
THE NUMBERS PROVIDED ARE ADEQUATE FOR ALL RENDEVOUS PROFILESs INCLUDING DESCENT ABORTSe

IT 1S RECOGNIZED THAT CERTAIN JUDGEMENTS WILL BE MADE BY THE CREW WHEN NAVIGATION SYSTEMS
PERFORMANCE BECOMES DEGRADED DUE TO ONBOARD MALFUNCTIONSe IN SUCH CASES» WHEN GROUND
ASSISTANCE 1S UNAVAILABLE» CREW JUDGEMENT 1S DEPENDED UPON TO EXECUTE THE MOST CORRECT OF
THE AVAILABLE SOLUTIONS.

SOURCES

CSM

LM

PARTICIPATION

CREW

PROCEDURE

ONBOARD
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ITEM

5=112

RENDEZVOUS TARGETING CONSTRAINTS

COMMENTS

LIFT~OFF WILL BE COMPUTED FOR BOTH THE COELLIPTIC SEQUENCE AND THE SHORT RENDEZVOUS
OBSERVING SEVERAL CONSTRAINTSe THESE GUIDELINES ARE DESIGNED TO AFFORD AN ENTIRELY NOMINAL
RENDEZVOUS IN TERMS OF CREW TRAININGs» RELATIVE VEHICLE TRAJECTORIES, ETCes SO AS TO
MAXIMIZE THE APPLICABILITY OF THIS TRAINING.

THE FIRST CONSTRAINT IS A 15 NM DELTA He FOR THE COELLIPTIC SEWQUENCE THIS OELTA He IS
ESTABLISHED AT CDHs WHILE IN THE SHORT RENDEZVOUS IT IS ONE OF THE TPI OFFSET CONDITIONS TO
BE ACHIEVEDe THIS NOMINAL DELTA H STANDARDIZES THE ENTIRE TERMINAL PHASE TRAJECTORY.

OTHER TPI POSITION CONSTRAINTS (FOR THE SHORT RENDEZVOUS) ARE THAT TPI WILL OCCUR 38
MINUTES AFTER INSERTION AT A PHASE ANGLE OF 1469 DOEGe FOR THE COELLIPTIC SEQUENCE
RENDEZVOUSy TPI WILL OCCUR 16 MINUTES PRIOR TO SUNRISE AT AN ELEVATION ANGLE OF 26e6 DEGe

DATA PRIORITY HAS ESTABLISHED THAT THE SHORT RENDEZVOUS WILL BE ATTEMPTED (FROM A
TRAJECTORY STANDPOINT)9 ONLY WHEN THE INSERTION WEDGE ANGLE IS PREDICTED TO BE ZEROe 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=ADVISEDe THUS» ONLY AS LONG AS ASCENT YAW STEERING CAN REDUCE THE INSERTION WEDGE TO
ZEROe WILL THE SHORT RENDEZVOUS BE CONSIDERED AN ACCEPTABLE TECHNIQUE.

THE FINAL CONSTRAINT APPLIES ONLY TO THE COELLIPTIC SEQUENCEe SPECIFICALLYs LIFT=OFF WILL
BE ESTABLISHED SUCH THAT CDH SHOULD BE APPROXIMATELY ZERO DELTA Ve THIS CRITERION WAS
ESTABLISHED IN DATA PRIORITY AS A DESIRABLE CONSTRAINT SINCE IT MAXIMIZES THE PROBABILITY
OF BEING ABLE TO FOREGO COH THUS AFFORDING A LONGes UNDISTURBED TRACKING ARC FOR THE TPI
SOLUTIONSs IN ADDITION TO ELIMINATING ONE MANEUVERe

DATA SOURCES
RPT (RENDEZVOUS PLAN TABLE)
LTT (LAUNCH TARGETING TABLE)
MPT

PARTICIPATION
FDO

PROCEDURES

COELLIPTIC RENDEZVOUS SEQUENCE===

BY UTILIZING THE VARIOUS CONTROLS AVAILABLE IN THE LAUNCH WINDOW PROGRAMs FDO CAN ESTABLISH
THE NOMINAL DELYA H AND TPl TIMESe THE GENERAL TECHNIQUE USED IS TO VARY BOTH HORIZONTAL
AND RADIAL INSERTION VELOCITY UNTIL THE OESIRED CONDITIONS ARE METe THIS IS NORMALLY ODONE
UTILIZING CURVES SUPPLIED BY MPADe THE FINAL MANEUVER WILL BE TRANSFERRED FROM THE LAUNCH
WINDOW (RPT) TO THE MPTe

SHORT RENDEZVOUS=== ALL SHORT RENDEZVOUS CONSTRAINTS CAN BE MET WITH ONE ITERATION OF THE
LAUNCH TARGETING TABLEl ALL CONSTRAINTS ARE MET AUTOMATICALLYs THUS ELIMINATING THE NEED

4MANUAL lTERATIONo E MANE LL BE, COMPUTED IN THE LTI- TRANSFERRED TO THE LAUNCH
EYND W ON THE RBTs AND ETkANggZRE E* % THET BT e
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ITEM

5-113

COELLIPTIC SEWUENCE RENDEZVOUS EXECUTION CONSTRAINTS

COMMENTS

DATA

THE NOMINAL DELTA H IS DEFINED AS THE TARGETED DELTA H DURING RENDEZVOUS PLANNING. THIS
DELTA H WILL BE MAINTAINED WITHIN +/= 5 MINUTESs AS LONG AS CONDITIONS WILL ALLOWe [T WILL
HOWEVERy BE THE FIRST CONSTRAINT TO BE SLIPPED IN THE PRESENCE OF REAL TIME OISPERSIONS»
ETCe

TPI WILL NOT BE MOVED ANY EARLIER THAN 31 MINUTES PRIOR TO SUNRISE DUE TO CSM TRACKING
CONSTRAINTSe NAMELY»s 31 MINUTES ALLOWS THE CMP 4 MINUTES AFTER SUNSET IN WHICH TO OBTAIN
SEXTANT TRACKING FOR HIS TPI SOLUTIONs SINCE THE CMC SOLUTION IS [INVOLVED 1IN THE VOTING
LOGIC CONCERNING WHICH TPl TO EXECUTE AND SINCE SEXTANT TRACKING IS REQUIRED (ALONG WITH
VHF RANGING) TO OBTAIN A CMC SOLUTIONs THIS CONSTRAINT MUST BE OBSERVEDe THOUGH TPI IS
SCHEDULED 16 MINUTES PRIOR TO SUNRISEs THIS CONSTRAINT ALLOWS IT TO BE MOVED UP TO 15
MINUTES EARLY IF REAL TIME CONDITIONS DICTATEe THERE IS NO CONSTRAINT ON MOVING TPI LATER
THAN NOMINALe

THE DELTA T BETWEEN COH AND TPI IS NOMINALLY 38 MINUTESe THIS PRESENTS A COMFORTABLE
TIMELINE FOR RENDEZVOUS NAVIGATIONs MANEUVER COMPUTATION AND BURN PREPARATIONe IN THE
PRESENCE OF REAL-TIME DISPERSIONSs THIS DELTA MAY BE SHORTENED TO AS LITTLE AS 30 MINUTES»
BUT THIS 1S UNDESIREABLEe IT WILL BE MAINTAINED ABOVE 32 AS LONG AS IS FEASIBLEe THIS
CONSTRAINT WILL BE THE LAST GUIDELINE TO BE VIOLATEDe

SOURCES

RET (RENDEZUOUS EVALUATION TABLE)

RPT (RENDEZVOUS PLAN TABLE)

MPT (MISSION PLAN TABLE)

PARTICIPATION

FDO
FLIGHT

CREW

PROCEDURES

DURING THE COURSE OF RENDEZVOUS PLANNINGs» FDO WILL EXAMINE PARAMETERS SUCH AS DELTA Hs TPl
TIME RELATIVE TO SUNRISEs ELEVATION ANGLEs ETCe THE NOMINAL LIFT=OFF WILL MAINTAIN ALL OF
THESE PARAMETERS AT THEIR PREMISSION VALUESe AFTER INSERTION» HOWEVERs IF DISPERSIONS
BEGIN TO DEVIATE THE TRAJECTORY FROM THE NOMINALs CERTAIN OF THESE PARAMETERS WILL BE
ALLOWED TO VARYe THE THREE PARAMETERS THAT ALLOW THE MOST FLEXIBILITY IN MANEUVER
COMPUTATION/EXECUTION ARE TPI TIMEs DELTA Hs AND FINALLY THE DELTA T FROM CDH TO TPl

THESE QUANTITIES WILL BE VARIED» AS REWUIREDs IN THE ORDER THEY ARE LISTEDe REPRESENTATIVE
VARIATIONS ARE=== +/= 5 MINUTESs 4/~ 3 NeMes» AND + 3 TO 5 MINUTES. ONLY UNDER THE MOST
EXTREME CIRCUMSTANCES WOULD THE DELTA T FROM CDH TO TPl BE DECRESASED SIGNIFICANTLYs AS THE
DELTA T IS CRITICAL IN OBTAINING GOOD ONBOARD TPl SOLUTIONSe DELTA T IS CRITICAL IN
OBTAINING GOOD ONBOARD TPI SOLUTIONSe IN FACTs DELETING COH HAS BEEN SHOWN TO BEs» IN
CASES» AN ACCEPTABLE ALTERNATE TO SHORTENING THE DELTA T BETWEEN THE TWO MANEUVERSe

ENGINEERING JUDGEMENTs COUPLED WITH SIMULATION EXPERIENCEs» MUST TEMPER THE VARIOUS
TRADEOFFS THAT HAVE TO BE MADE OURING RENDEZVOUS PLANNINGe
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ITEM

5=114

TWEAK/BAIL=0OUT DECISION CRITERIA

COMMENTS

DATA

DATA PRIORITY HAS ESTABLISHED CERTAIN CRITERIA IN THE PRESENCE OF WHICH THE BAIL=OUT
MANEUVER (TO TRANSFER FROM THE SHORT RENDEZUOUS SEWQUENCE TO THE STANDARD COELLIPTIC
SEQUENCE) WILL BE EXECUTEDe THE PRIMARY CONSIDERATION IS THE DELTA V LIMIT WHICH WAS
ESTABLISHED USING TWO RATIONALE, THE FIRST 1S THAT RETROGRADE TWEAKS ARE NECESSARILY
LIMITED TO 60 FPS DUE TO LM =X RCS BURN CONSTRAINTS CONSIDERATIONSe SINCE THIS LIMIT
EXISTS AND ANY VALUE FOR EITHER POSIGRADE OR OUT=OF PLANE TWEAKS GREATER THAN 60 FPS WOULD
BORDER ON UNREASONABLENESSs THE SECOND RATIONALE IS SIMPLY A REASONABLENESS TESTe THUS» THE
RULE STATES THAT ANY TWEAK LARGER THAN 60 FPS WILL RESULT IN EXECUTION OF THE BAIL=-OUT
MANEUVERe

THE SECONDARY {IN TERMS OF PROBABILITY) CONSIDERATION 1S A PURE TRAJECTORY CONCERN» NAMELY
THAT THE BAIL=OUT WILL BE EXECUTED IF THE POST=TWEAK PERICYNTHIAN IS LESS THAN 5 MINUTESe
ALTHOUGH THIS PERILUNE IS ALWAYS BEHIND THE SPACECRAFTs» AND PROPER EXECUTION OF THE ENSUING
RENDEZVOUS WOULD RESULT IN CONTINUAL INCREASES IN PERILUNEy IT SEEMS WELL ADVISED TO
MAINTAIN A CLEAR ORBIT AT ALL TIMESs IF ONLY TO PROTECT AGAINST THOSE REMOTE FAILURES THAT
COULD LEAVE THE LM IN A LOW/IMPACTING ORBIT WITHOUT PROPULSION

SOURCES ==~
ARM

SHORT ARM

PARTICIPANTS

FDO
FLIGHT

CREW

PROCEDURES

AFTER INSERTIONs FDO WILL EXAMINE THE TWEAK MANEUVERS ON THE SHORT ARM DISPLAYe. AFTER
DECIDING WHICH OF THE THREEs AVAILABLE SOLUTIONS (PNGSs AGSs» MSFN) IS MOST CORRECTy» THE
RULES WILL BE INVOKEDe IF EITHER CRITERIA IS VIOLATEDs HE WILL RECOMMEND EXECUTION OF THE
BAIL~OUT MANEUVER TO THE FLIGHT DIRECTORe 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 MINUTES ALONG
WITH THE IGNITION TIME AND DELTA V COMPONENTSe THE CREW WILL EXECUTE THE TWEAK AT
INSERTION PLUS 3 MINUTES OR THE BAIL=OUT AT INSERTION PLUS 5 MINUTESe
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5=115

REQUIRED RENDEZVOUS NAVIGATION TECHNIQUES
COMMENTS ===

DATA PRIORITY HAS ESTABLISHED THAT IN ORDER TO COMMIT TO THE SHORT RENDEZVOUSy TwO
INDEPENDENT ONBOARD NAVIGATION METHODS MUST BE AVAILABLEe THE LISTED TECHNIQUES REPRESENT
THOSE METHODS THAT ARE ADEWUATE TO SUPPORT THIS RENDEZVOUS PROFILEe BASED ON THIS
GROUNDRULEs» A MATRIX WAS CONSTRUCTED TO IDENTIFY THOSE COMBINATIONS OF FAILURES WHICH

VIOLATE THIS CRITERION (SEE RULE 3=81).
THE RATIONALE BEHIND THIS DECISION WAS==-

le DUE TO THE SENSITIVITY OF THE SHORT RENDEZUOUS TRAJVECTORY TO 3G DISPERSIONS» THE
GROUND (UTILIZING MSFN DATA) IS NOT NOMINALLY CONSIDERED AN ACCEPTABLE SOURCE FOR TPl

20 THE GROUND CAN COMPUTE AN ACCEPTABLE CSIs COHs AND TPl SEQUENCE USING MSFN DATA.
SINCE THIS SEWUENCE IS ONLY SLIGHTLY LESS DESIREABLE THAN THE NOMINAL TECHNIQUEs IT IS THE
PRIMARY BACKUP AND WILL BE EXECUTED IN ALL CASES (EXCEPT TIME CRITICAL). DURING THE
COELLIPTIC SEWUENCE HOWEVERs THE GROUND IS ONLY A BACKUP FOR MANEUVER COMPUTATION AND WILL
PASS SOLUTIONS FOR EXECUTION ONLY WHEN VEHICLE SYSTEM FAILURES MAKE ONBOARD NAVIGATION
IMPOSSIBLES

3. A GROUND COMPUTED TPI (FOR THE SHORT RENDEZVOUS) IS THE LEAST DESIREABLE OF THE
OPTIONS FOR RENDEZOUSe IN CRITICAL SITUATIONS HOWEVER» BROUGHT ABOUT BY SINGLE OR MULTIPLE
FAILURES POST=TWEAKs THE GROUND WILL PASS TPl FOR ONBOARD EXECUTION HOWEVERs ONBOARD
NAVIGATION IS RECOGNIZED AS MANDATORY FOR MCC 2 COMPUTATION THESE CASESs

COMMI TMENT TO THE SHORT RENDEZVOUS MAY INVOLVE TWO DIFFERENT TIME=FRAMESs MAJOR SYSTEMS
VERIFICATION WILL BE CONDUCTED PRIOR TO LIFT=OFFe IF AT THAT TIME ALL CRITICAL SYSTEMS ARE
VERIFIED-WHETHER BY ACTUAL TEST OR ASSUMPTIONS BASED ON PREVIOUS PERFORMANCE=L/O WILL BE

TARGETED ASSUMING THE SHORT PROFILEe IF SYSTEM FAILURES CAUSE VIOLATION OF THE MATRIX IN
RULE 3=81» L/0 WILL BE TARGETED FOR THE COELLIPTIC SEQUENCE.

ANOTHER GO/NO GO OPPORTUNITY IS PRESENTED IN THE TIME FRAME BETWEEN INSERTION AND THE
TWEAK/BAIL OUT DECISIONe SINCE THIS TIME FRAME (2=3 MINUTES) IS TOO BRIEF FOR MAJOR SYSTEM
CHECKS» ONLY THE MANDATORY LM COMPUTERS WILL BE VERIFIED» BASED UPON THEIR ASCENT
PERFORMANCEes ALL OTHER SYSTEMS WHICH WERE VERIFIED ON THE SURFACE ARE ASSUMED TO BE
FUNCT IONING PROPERLYe FAILURE OF A MANDATORY COMPUTER WOULD NORMALLY RESULT IN EXECUTION
OF THE BAIL OUT MANEUVERe

PARTICIPANTS===
FLIGHT DIRECTOR
FDO
GUIDANCE
CONTROL
TELMU
G6C
CREW
PROCEOURES===
le  PRIOR TO L/Oe ALL INVOLVED MOCR POSITIONS MUST IDENTIFY TO FLIGHT ANY FAILED SYSTEMS.
THIS MAY REQUIRE CREW CHECKSs FLIGHT WILL DETERMINE WHICH RENDEZVOUS PROFILE 1S TO BE
EXECUTED
2¢  FDO WILL TARGET L/O AS A FUNCTION OF THE PROFILE TO BE FLOWN.

e AT INSERTIONs» STATUS OF ANY MANDATORY LM COMPUTER WELL CHECKEDe BARRING FAILURE OF A
COMPUTER» THE NOMINAL RENDEZVOUS TIMELINE WILL PROCEED.

4o FDO WILL PASS THE TWEAK OR THE BAIL OUT MANEUVER IN ACCORDANCE WITH THE POST=INSERTION
DECISION.
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ITEM

-

5~121

5+~122

TEC MCC ENTRY TARGETING

COMMENTS

A

Bs

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

THE G AND N OPERATES VERY WELL FROM THE STEEP TARGET LINE EXCEPT THAT IT
LIMITS THE MAXIMUM RANGE CAPABILITY TO LESS THAN 2000 NeMes BUT THE NOMINAL
ENTRY RANGE 1S APPROXIMATELY 1250 NeMes SO THIS DOES NOT CAUSE ANY PROBLEMe
THE EMS ENTRY MODE USES THE CONSTANT G MODE UNTIL THE ENTRY VELOCITY FALLS
BELOW 259500 FPSy AND THEN THE EMS IS USED FOR RANGING SO ITS OPERATION IS
COMPATIBLE WITH THE STEEP TARGET LINE.

THE SHALLOW TARGET LINE ALLOWS THE G AND N TO FLY ITS MAXIMUM RANGING
CAPABILITY OF 2500 NeMe FOR LUNAR RETURN VELOCITIESe THIS IS A SKIP=TYPE
ENTRY WHICH IS A VERY SENSITIVE TYPE OF ENTRYe FOR VELOCITIES EWUAL TO OR
LESS THAN 315000 FPSy THE STEEP TARGET LINE LIMITS THE G AND N GUIDED RANGE
TO AROUND 13D0 NeMe FOR VELOCITIES EQUAL TO OR LESS THAN 319000 FPSy THE
SHALLOW TARGET LINE IS REQUIRED IN ORDER FOR THE G AND N TO FLY GREATER
RANGES,

TEC MCC PHILOSOPHY

COMMENTS
A AND Be
THE G AND N IS THE BEST MODE FOR CONTROLLING A BURNy AND 1S DESIREDe WHEN
THE GAMMA IS OUTSIDE THE ENTRY CORRIDORs AN MCC WILL BE SCHEDULEDs AS SOON
AS IT CAN BE WORKED INTO THE TIMELINE BECAUSE IT IS DESIRABLE TO STAY WITHIN
THE CORRIDOR AT ALL TIMES.
Ce AN SPS MINIMUM IMPULSE BURN RESULTS IN A DELTA V THAT IS A FUNCTION OF THE
MASS OF THE VEHICLE CONFIGURATIONe PREMISSION TRANSEARTH PLANNING RESULTS
IN A DELTA V EQUIVALENT TO A MINIMUM IMPULSE VALUE WHICH REFLECTS NOMINAL
MANEUVERSs BUT MANEUVERS ARE NEVER COMPLETELY NOMINALs HENCEs A PERMISSION
DELTA V BASED ON THE NOMINAL MAY NOT BE RELEVANT TO THE REAL TIME MINIMUM
IMPULSE DELTA Ve IN FACTy IT IS POSSIBLE TO DEFINE A DELTA V SMALLER THAN
THE REAL TIME MINIMUM IMPULSE DELTA V WHICH MEANS THAT TO USE THE SPS FOR AN
MCCs ONE WOULD HAVE TO VIOLATE THE RULEe THEREFOREs IT IS BEST TO DEFINE
THE DELTA V AS THAT INHERENT IN A MINIMUM IMPULSE SPS BURNe
REFERENCE
DATA PRIORITY

OPERATIONAL OPINIONSe
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ITEM

5=123

TEC MCC FOR LANDING AREA CONTROL

COMMENTS
AE&Be

AN MCC CAN BE USED TO.CONTROL THE LANDING AREA PRIOR TO EI=24 HRS FOR
AVOIDING BAD WEATHERs OR FOR RECOVERY ACCESSe

El DELTA V REQUIRED TO CHANGE LANDING LONGITUDE 1 DEG
60~70 HRS APPROXe 5 FPS

24 HRS APPROXe 25 FPS

15 HRS APPROXe 55 FPS

THE DATA ABOVE SHOW THAT AFTER El=24 HRSs IT TAKES QUITE A BIT OF DELTA vV TO
CHANGE THE LANDING AREA VERY MUCHe IF A LARGE MCC IS DONEs IT WOULD REQUIRE
SEVERAL HOURS. OF TRACKING AND THEN ANOTHER MCC PRIOR TO ENTRYe BUT PRIOR TO
EI=24 HRSy»y 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 MASSESe
BECAUSE OF THE RELATIVELY LARGE NUMBER OF SMALL ISLANDS IN THE MID=PACIFIC
AREAy» IT IS NOT ALWAYS POSSIBLE TO MEET THE ABOVE REWQUIREMENT. IN THESE
CASESs» SMALL LAND MASSES ARE ACCEPTABLE WITHIN THE FOOTPRINT» PROVIDED THAT
THEY ARE AWAY FROM THE PRIME AND BACKUP TARGETS WITHIN THE FOOTPRINT» THAT
1S» 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- AVOIDANCE» GUIDANCEs» OR TRAJECTORY
ANOMALIES» IT MAY BECOME NECESSARY TO SHIFT THE FOOTPRINT TO ACCOMMODATE A
RELOCATION OF THE TARGET POINTe IN SUCH CASESs» THE SHIFT OF THE FOOTPRINT
MAY RESULT IN CONTAINING LAND MASSESe IF THIS OCCURS» A REAL TIME AGREEMENT
MUST RESULT BETWEEN FDB AND LRD TO BUY OFF ON THE ACCEPTABILITY OF THESE
LAND MASSES WITHIN THE FOOTPRINTe .

NOTE===~

THE AREA THAT 1S OPERATIONALLY ACCESSIBLE IS BASED UPON ENTRY FLIGHT PATH
ANGLES BETWEEN = 6¢3 DEGREE TO = 646 DEGREE (MCC=7 EXECUTION CRITERIA} AND
THE DISPERSIONS ASSOCIATED WITH EACH OF THE ENTRY MODESe THE EI POINT AND
THE CONSTANT 4G RANGE POTENTIAL VARY AS THE ENTRY FLIGHT PATH ANGLE VARIES
ABOUT THE NOMINAL OF =6+,5 DEGREEe THE EI POINT CHANGES 10 NeMe PER o1 DEGREE
AND THE CONSTANT 4G RANGE POTENTIAL CHANGES 25 NeMe UPRANGE PER =s1 DEGREE
AND 45 NeMe DOWNRANGE PER +e2¢

THE G AND N LANDING AREA = THE 70 NeMeTO EITHER SIDE OF THE GROUND TRACK IS
THE CROSSRANGE CAPABILITY OF THE G AND N AT 1250 NeMse THE 915NeMeUPRANGE 1S
THE SHORTEST POSSIBLE RANGE FOR A CONSTANT 4G ENTRYe THE 2000NeMe DOWNRANGE

IS BASED ON FLYING THE G AND N TO THE MAXIMUM OPERATIONAL RANGE OF 1800 NeMs
AND_ALLOWING. AN ADDITIONAL zoo NeMe.BADe . L

PV T S TYRE I

THE EMS LANDING AREA = THE +/- 52 NeMe IN CROSSRANGE IS THE EMS CROSSRANGE
DISPERSIONse THE 61 NeMs UPRANGE BOUNDARY IS THE SUM OF ===

A 26 NeMe FROM EMS DISPERSIONe
Be 10 NeMe FROM =41 DEGREE FLIGHT PATH ANGLE CHANGE.
Ce 25 NeMe FROM 4G RANGE POTENTIAL CHANGEe
THE 91 NeMse DOWNRANGE BOUNDARY IS THE SUM OF ===
Ae 26 NeMe FROM EMS DISPERSION.
Be 20 NeMe FROM &42 DEGREE FLIGHT PATH ANGLE CHANGE.
Ce 45 NeMe FROM 4G RANGE POTENTIAL CHANGE.
FOR AN EARLY G AND N FAILUREs THE EMS ENTRY IS TARGETED TO THE CONSTANT 4G

TRAGET POINTs THEREFOREs» THE OPERATIONAL FOOTPRINT ASSUMES THAT THE EMS
TARGET POINTS ARE COINCIDENT WITH THE CONSTANT 4G TARGET POINTSe
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ann Thea s L

5-123
conT

ITEM

THE CONSTANT 4G LANDING AREA = THE +/= 27 NeMeys

FOR A CONSTANT 4G ENTRYe THE 110 NeMe

A
Be
Co .

73 NeMe FROM
10 NeMe FROM
25 NeMe FROM

THE 140 NeMe DOWNRANGE

4G DISPERSIONs

~sl DEGREE FLIGHT PATH ANGLE CHANGE.

4G RANGE POTENTIAL CHANGE

BOUNDARY IS THE SUM OF ===

1S THE CROSSRANGE DISPERSION
UPRANGE BOUNDARY 1S THE SUM OF ===

Ae 73 NeMe FROM 4G DISPERSIONs
Be 20 NeMe FROM +e2 DEGREE FLIGHT PATH ANGLE CHANGEe
Ce 45 NeMe FROM 4G RANGE POTENTIAL CHANGE
250 nm
J-152 nm—] Roll right constant 4g IP
54 NM e T ‘
il 104NM __ Nominal GEN target
f
70
915 NM e M
1250 N
Roll left Constant 4g entry dispersion area
constant EMS dispersion area
ag P

2000 \NM
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ITEM

-

5=125

BACKUP ENTRY CONSTRAINTS
COMMENTS

A, THE CONSTANT G ENTRY IS A BACKUP TO THE G AND N ENTRY MODEe AFTER PEAK G THE
LIFT VECTOR IS MANUALLY BANKED TO THE RIGHT (NORTH} AND CONTROLLED TO
MAINTAIN A PREDETERMINED G=LEVELe A CONSTANT G MODE OF EQUAL TO OR LESS THAN
3 G IS VERY SENSITIVE AND MAY SKIP OUTe A CONSTANT G MODE OF EWQUAL TO OR
GREATER THAN 5 G 1S DIFFICULT TO CONTROL BECAUSE IT REWUIRES SEVERAL LARGE
CORRECTIONS (30 DEG = 50 DEG) OF THE LIFT VECTOR ORIENTATIONS TO MAINTAIN
THE CONSTANT Ge THERE 1S ALSO A CREW HAZARD ASSOCIATED WITH SUSTAINED G'S OF
5 Ge ’

Be THE EMS IS USED FOR RANGING ONLY WHEN THE G AND N HAS FAILEDe IN THIS CASEs
THERE IS NOT ANY POSITIVE CHECK ENTRY»s IT COULD CAUSE A TRAJECTORY THAT
WOULD SKIP OUT AND BE CATASTROPHIC== BUTs» ONCE THE VELOCITY IS EWQUAL TO OR
LESS THAN 259500 FPS AN EMS FAILURE WOULD ONLY CAUSE A MISS OF THE TARGETe
DURING THE EARLY PART OF THE ENTRYs THE CONSTANT G MODE CAN BE FLOWN USING
THE EMS G DISPLAY AND CHECKED BY THE G=METER OR VICE VERSAe [IF THEY
DISAGREEs A SEAT~OF=THE=PANTS MEASUREMENT MUST BE USED TO DETERMINE WHICH IS
CURRECT o

REFERENCE

MEMORANDUMs SUBJECT=== LOAD FACTOR DURATION ENCOUNTERED DURING LUNAR RETURNS ENTRY WITH THE
CONSTANT G BACKUP MODE» DATED AUGUST 7y 1968
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1TEM

5=126

WEATHER AVOIDANCE DURING ENTRY

COMMENTS

THE G AND N HAS THE CAPABILITY OF FLYING AN ENTRY FROM 1100 NeMe TO 2500 NeMe RANGEs BUT IT
HAS BEEN AGREED WITH THE CREW IN DATA PRIORITY MEETINGS THAT THE RANGE WILL BE LIMITED TO
1800 NeMe A RANGE OF LESS THAN 1800 NeMe AVOIDS THE USE OF P66¢ P66 TARGETS FOR A
TRAJECTORY. THAT SKIPS TO A REGION WHERE THE DRAG LEVEL IS LESS THAN 0e¢4Ge

THEREFORE» THE G AND N ENTRY RANGE CAN BE VARIED FROM 1100 NeMe TO 1800 NeMe FOR AVOIDING
WEATHER AND THE EMS ENTRY RANGE CAN VARY FROM 1100 NeMe TO 1600 NeMse FOR WEATHER AV)IDANCE.

REFERENCE

OPERATIONAL OPINIONSe DATA PRIORITY 5=PA=9T=040 (TEI» MCC AND ENTRY)e
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PREDICTED ENTRY CORRIDOR VIOLATION AFTER THE LAST MCC OPPORTUNITY
COMMENTS

THE LAST MCC IS SCHEDULED AT EI=3 HRS» AND IT TAKES ABOUT AN HOUR OF TRACKING TO DETERMINE
AN ACCURATE STATE VECTOR AFTER THE BURNe AT El=3 HRSy IT TAKES APPROXe 8 FPS TO CORRECT 1

DEG OF GAMMA AT EIls» BUT AFTER ABOUT EI~2 HRSe THE DELTA V REQUIRED TO CORRECT GAMMA AT EIl
GROWS RAPIDLY.

IF THE UNDERSHOOT LINE IS EXCEEDEDs FULL LIFT SHOULD BE FLOW UNTIL AFTERPEAK G TO AVOID

HIGH GSe THEN THE CONTROL MAY BE GIVEN TO THE G AND N TO GET AS CLOSE TO THE TARGET AS
POSSIBLE.

IF THE OVERSHOOT LINE 1S EXCEEDEDs NEGATIVE LIFT SHOULD BE FLOWN UNTIL AFTER 2G'S ARE
REACHED TO ASSURE CAPTUREe IN THIS CASE THE G AND N WOULD FLY UP AGAINST THE 110G LIMITER»
TRYING TO HIT THE TARGETs BUT WOULD STILL LAND LONG== THEREFORE» AFTER CAPTURE A CONSTANT

4G ENTRY SHOULD BE FLOWNe THE 4G ENTRY HAS A SHORT RANGE ASSOCIATED WITH IT AND WOULD AVOID
THE HIGH G'S,

REFERENCE

OPERATIONAL OPINIONe DATA PRIORITY S=PA=9T=040 {(TEIls MCCs» AND ENTRY)e
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ITEM

5=130

5=131

G AND N NO=GO CRITERIA DURING ENTRY

COMMENTS

Ae AND Be
WHEN THE ENTRY RANGE IS GREATER THAN 1350 NeMes THE CMC WILL ENTER P65 WHICH
DISPLAYS A TARGET VELOCITY AS VL AND DL AND CAN BE USED TO WUALIFY THE CMC
NAVIGATION PRIOR TO P65 IN ORDER TO COMMIT THE G AND N FOR THE REMAINDER OF
THE ENTRYe THE CREW IS VOICED THE G AND N GO/NO=GOe THE LIMITS ARE BASED ON
VARTOUS ERRORS SOURCES (ATMOSPHEREs L/Ds G AND N 3 SIGMA ERRORSs ETCe) WHICH
ARE FIXED PREMISSIONs HOWEVERs THE LIMITS MUST ALSO INCLUDE A BIAS FOR THE
SPECIFIC ENTRY RANGE AND ENTRY CONDITIONS WHICH CANNOT BE FIXED PREMISSION.
THEREFOREs THE LIMITS ON VL. AND DL WILL BE DETERMINED FROM CURVES DURING
REAL TIME,

Ce AND Do
THE G AND N IS DESIGNED SUCH THAT IT SHOULD ALWAYS FLY THE ENTRY WITHIN THE
EMS ON=SET AND OFF=SET LIMIT LINESe IF THE G=METER AGRtES WITH THE G
INDICATED BY THE EMSs» THERE ARE TWO INDEPENDENT SOURCES THAT INDICATE THE G
AND N IS NOT PERFORMING PROPERLYe

Ee AND Fo

AT EI=17 MINe A HORIZON MONITOR ATTITUDE CHECK IS MADE ON THE G AND Ne THc
CREW ORIENTS THE S/C TO A HEADS DOWNs BLUNT=END FORWARD ATTITUCE WITH THE
31e7 DEG WINDOW MARK ON THE HORIZON AND COMPARE THE PITCH GIMBAL ANGLE WwITH
THE PAD VALUEe IF THE DIFFERENCE IS GREATER THAN +/~ 54 THE G AND N IS
NO=GO.

Ge NO RATIONALE REWQUIREDs

TEI ABORTS AND RESIDUAL TRIMMING PHILOSOPHY

COMMENTS

ONCE THE SPS BURN HAS BEGUN FOR THE TEI MANEUVER THERE SHOULD BE NO MANUAL SHUTLOWNS CURING
THE BURNe THERE SHOULD BE AS MANY MANUAL RESTARTS AN NECESSARY TO COMPLETE THE BUxI,

WHERE THERE IS A PREMATURE SHUTDOWN FOR CAUSES OTHER THAN A MANUAL SHUTDOWNs ACTILN I
PREDICATED ON THE RCS DELTA V CAPABILITY BECAUSE ThE RCS 1S THE OWNLY VIABLE THRUSTER
CAPABILITY REMAININGe EXPERIENCE HAS SHOWN THAT THE COMPUTED TEI MANEUVER PERFORMED UNDER
G+N CONTROL HAS NEVER RESULTED IN TEC MIDCOURSES TOTALING GREATER THAN & FPSe IT CANV  ALSO
BE SHOWN THAT THE DELTA V NEEDED TO CORRECT TEI DISPERSIONS AT CUTOFf GROWS TU 2.5 TIMES
THAT VALUE AT TEI +17 HOURSs» MCC 5 NOMINAL EXECUTION TIMEe IT IS DESIRED TO MAINTARIN 20 FPS
FOR RCS DELTA vV MCC CAPABILITYe THEREFORE IF THE ENGINE SHUTS DOWN WwITH TEI UCELTA Vv
REMAINING GREATER THAN RCS DELTA V CAPABILITY LESS 20 FPS THE $PS SHUULD BE KESTAKTEL ASAF
AND THE TARGETED BURN COMPLETEDe THIS WILL MAINTAIN ALL RCS DELTA V CAPABILITY TO PEKFORM
MIDCOURSES WITHe THE BURN NEED NOT BE TRIMMED SINCE THt CORRECTIVE DELTA V GROaTH RATE 1g
SMALL AND CAN BE TAKEN CARE OF WITH THE MIDCOURSE MANEUVERS.

IF THE ENGINE SHUTS DOWN WITH TEI DELTA V REMAINING LESS THAN RCS DELTA V CAPABILITY LESs
20 FPS THE CREW AT THEIR DISCRETION CAN EITHER RESTART THE SPS OR WUSE THE RCS AsArF TO
COMPLETE THE TARGETED BURNe THE BURN NEED NOT BE TRIMMED FOR THE ABOVE REASONe IF THE GPS
IS USEDs» ALL RCS DELTA V CAPABILITY REMAINS FOR MIDCOURSE CORRECTIONe IF TriE RCS 1S Usbel TO
COMPLETE THE BURN AT LEAST 20 FPS REMAINS FOR MIDCOURSE CORRECTIuUNS wHICH HAS BEEN SHOWN TO
BE SUFFICIENT.

IF THE CUTOFF RESIDUALS ARE LESS THAN 5 FPS THE RCS CAN BE uStL TO TRIM TiHE BURN PROPERLY.
ANY ERRORS CAN BE TAKEN OUT IN THE MIDCOURSEe IT'S BEST TO TRIM THEZ buRN ACCUKATELY IN X
AND Z BECAUSE THEY AFFECT LONGITUDE AND CORRIDOK CONTROL FUK &NTIKYe
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ITEM

5=131
CONT ! ||

DATA

ALL THE ABOVE IS APPLICABLE TO A DPS TEl ALSOe WHERE A DPS TEI 1S DONE WITH AN OPERATIONAL
SPS AS A BACKUP AND THE OPS SHUTDOWN IN THE MODE 11l REGIONs THE OPS SHOULD BE ABANDONED
AND THE SPS RETARGETED FOR THE NEXT TEl WHICH WILL OCCUR NEAR THE NEXT PERICYNTHIONe THIS
1S THE OPTIMUM TIME IN TERMS OF OELTA Ve IF THE SHUTDOWN OCCURS IN THE MODE I REGION THE
DPS SHOULD BE ABANDONED AND THE SPS TARGETED AT TEI + 2 HOURS TO ACHIEVE ENTRY CONDITIONSe
AT LEAST TWO HOURS 1S NECESSARY TO CONFIRM THE ORIGINAL MANEUVERs BUILD A USABLE VECTOR TO
COMPUTE THE CORRECTIVE MANEUVERs DO THE COMPUTATIONSes 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 RESULTS FROM A SHUTDOWN IN THE MODE 1 REGION IS A NON=EARTH ENTERING TRAJECTORY AND
THE SOONER THE CREW GETS BACK ONTO THE CORRECT TRAJECTORY THE BETTER SINCE THE CORRECTIVE
DELTA vV REQUIRED GROWS RAPIDLY.

IN THE CASE WHERE THERE NO SPS OR DPS IGNITION ON THE ORIGINAL TE! MANEUVER IT 1S BETTER TO
SLIP 1 REVes DO MALFUNCTION PROCEDURES AND TRY AGAIN AT THE NEXT OPPORTUNITYe NO CAPABILITY
IS LOST SLIPPING 1 REVs BECAUSE THE LANDING TIME REMAINS THE SAME FOR ONLY ABOUT A 50 FPS
INCREASE IN TEIl DELTA Ve

SOURCES

ONBOARD MONITORING

RETURN TO EARTH DISPLAYS

FOO ORBIT DIGITALS

CHECKOUT MONITOR

PARTICIPATION

CREW
FOO
RFQ

FO

PROCEDURE

Ae NO SPS OR OPS IGNITION
le RETARGET TEI FOR 1 REVe LATER
2¢  CREW EXECUTE STANDARD MALFUNCTION PROCEDURES
Be PREMATURE SPS SHUTDOWN
le  CREW RESTART ASAP AND COMPLETE THE TARGETED
BURN WITH NO TRIM
B TRUX MNP IF SUTOONN RESIBUALS LESS TuaN 2 Frss
Co  PREMATURE DPS SHUTDOWN WITH OPERATIONAL SPS AS BACKUPe
1« MODE III REGION
(A) RETARGET SPS FOR NEXT TEl
2 MODE I REGION
(A) RETARGET SPS FOR TEI + 2 HRe
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ITEM

S=1C STAGE LOSS OF THRUST

THE S=IC STAGE ENGINE START SEQUENCE USUALLY BEGINS AT TBl = 8¢9 SECONDS AND SHOULD ATTAIN
90 PERCENT THRUST PRIOR TO LIFTOFFs NOMINAL TIME FOR INBOARD ENGINE CUTOFF IS TBl1 + 13446
SECONDS=~ OUTBOARD ENGINES AT TB2 + 28¢8 SECONDSe TWO ENGINE OUT AUTO ABORT IS DEACTIVATED
AT TBl + 120 SECONDSe FOR EARLY ENGINE OUT (APPROXe 20 SECONDS) HIGH=@ wILL OCCUR 25 TO 30
SECONDS LATER THAN NOMINAL CONDITIONSe

FAILURE POINTS

le LOX OR FUEL PREVALVE CLOSES PREMATURELY

ry PREMATURE ENERGIZATION OF ENGINE CONTROL SOLENOID

3e GAS GENERATOR CONTROL VALVE CLOSES PREMATURELY

be FUEL CUTOFF SENSOR SENSES PREMATURELY AFTER ARMING
Se BATTERY NOs 1 LOSS OF POWER

6e NO POWER TRANSFER SIGNAL FROM MAIN POWER DISTRIBUTOR
Te SWITCH SELECTOR FAILURE

Be PREMATURE THRUST=NOT=OK SIGNAL

e PREMATURE ENGINE CUTOFF SIGNAL FROM TIMER DISTRIBUTOR
10e GIMBAL DUCT FAILS

lle SLIDING JOINT FAILS

12« PREMATURE ''TWO ADJACENT OUTBOARD ENGINES OUT'' . CUTOFF SIGNAL FROM
PROPULSION DISTRIBUTOR '

CONSEQUENCES

MALFUNCTIONS OCCURRING AT LIFTOFF OR WHEN THE VEHICLE IS IN THE PAD VICINITY CAN CAUSE PAD
FALLBACKe COLLISION WITH HOLDDOWN ARMS OR OTHER PERIPHERAL GROUND EWUIPMENTs OR COLLISION
WITH THE LAUNCH TOWERe DUAL ENGINE FAILURES RESULT IN FALLBACK FOR ALL CASES EXAMINED AND
FOR ALL FAILURES FROM O TO 30 SECONDSe SINGLE ENGINE FAILURES = (ENGINE 1 OR 4 BETWEEN TBl
+ O SECOND AND TB1 + 345 SECONDS =~ ENGINE 2 OR 3 BETWEEN TBl + O SECOND AND TB1 + 2.0
SECONDS) WILL RESULT IN LOSS OF CONTROL DURING THE INTERVAL TBl + 133 SECONDS AND TB1l + 151
SECONDS» ALL OTHER SINGLE ENGINE FAILURES ARE CONTROLLABLEs FOR TWO ADJACENT SIDE CONTROL
ENGINES FAILEDs LOSS OF ROLL CONTROLLABILITY RESULTSe ADJACENT CONTROL ENGINE FAILURES FROM
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 LOSS BETWEEN O TO 45
SECONDSe 1T 1S AN INFORMATION RULE ONLY AND 1S USED TO INFURM THE RANGE SAFETY OFFLCER THAT
ENGINE 3 OR 4 IS OUT.

FAILURE POINTS (ENGINE 3 OR 4)

le LOX PREVALVE CLOSES PREMATURELY

2 GAS GENERATOR CONTROL VALVE CLOSES PREMATURELY

3e SWITCH SELECTOR PREMATURE SIGNAL

4o PREMATURE THRUST=NOT=OK SIGNAL

Se PREMATURE ENGINE CUTOFF SIGNAL FROM TIME DISTRIBUTORS

CONSEQUENCES

LOSS OF THRUST ON ENGINE 3 OR 4» UNDER CERTAIN WIND CONDITIONSs MIGHT CAUSE THE VEHICLE TO
VIOLATE A RANGE SAFETY DESTRUCT LINEe IN THE EVENT OF ENGINE 3 OR 4 LOSS OF THRUST» THE
RANGE SAFETY GFFICER WILL USE AN ALTERNATE DESTRUCT LINE ESPECIALLY FOR THIS UNIWUE CASEs
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ITEM

LOSS OF ATTITUDE CONTROL DURING BOOST PHASE

LOSS OF ATTITUDE CONTROL CAUSES LOSS OF GUIDANCE AND POSSIBLE LOSS OF VEHICLE.

FAILURE POINTS

le ST=124 PLATFORM FAILURE LOSS OF ATTITUDE REFERENCE
2 LVDC/LVDA FAILURE LOSS OF ATTITUDE COMMAND OR ATTITUuLE
ERROR SIGNAL
3. FLIGHT CONTROL COMPUTER FAILURE ANGULAR RATE SIGNAL LOST OR SATURATED
ATTITUDE ERROR SIGNAL LOST OR SATURATED
4 SWITCH SELECTOR FAILURE INADVERTENT SEWUENCING OR INHIBITING OF
STAGE COMMAND
5e CONTROL EDS RATE GYRO FAILURE LOSS OF ANGULAR RATE SIGNALS
6s  CONTROL SIGNAL PROCESSOR LOSS OF ANGULAR RATE SIGNALS
CONSEQUENCES
Ae S$=1C BURN
TOWER COLLISION CAN OCCUR AT LIFTOFFe DURING HIGH=W REGION»s» RAPID DIVERGENCE
WILL OCCUR WITH POSSIBLE LOSS OF THE CREWe IN THE POST HIGH=1} REGIONs THESE
FAILURES WILL CAUSE EITHER HIGH RATES OR OIVERGENCE FROM THE NOMINAL FLIGHT
PATH WITH NO STRUCTURAL BREAKUP OR LOSS OF CREW.
Be S=11 BURN
THESE FAILURES WILL RESULT IN EITHER HIGH RATES OR DIVERGENCE FROM THE
NOMINAL FLIGHT PATH WITH NO STRUCTURAL BREAKUP OR LOSS OF CREWe
Ce S=IVB BURN

EFFECTS ARE THE SAME AS FOR S=II BURNe

Vehicle Rates (R4-602, _
R5-602, R6-602) o

Vehicle Rates (R8-602. -
R12-602, R13-602)

L DC/1. DA Computational Failure
Abnoernal Attitude Error L—**»F% Fi\\\\\
Signals ] Loss of Attitude

Failure to Initiate Proper or £
Guidance Sequence

Control Alert and

Abnortal S-IVB Engine o
Actuator (Actuator Hardover) .
Frior to 5-IVE Ignltion
Failure of $-IVE Engine and —
Hydraulics . -

¥

Abnormal S-IC Engine Actuator
(Actcator Hardover)

LOGIC_SCHEME
Implies that all inputs must be
- Ean present before there is an output
—=)
. m Implies that any single input
1s sufficient for an output

{

Los
Att
Cor|

5 of
itude
trol
e
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Loss of Attitude Control Alert

TLC - MR D26

MEM A - EMR D24, an
NEM B - EMR D25 by | } LVDC/LVDA Computational Failure

—————p >/
TLC MC26D9 %——l_‘;

P Act. (>45°) - G1-101 thru G1-104

w
U

\ Abnormal S-IC Engine Actuator (Actuator Hardover)
Y Act. (>+5°) -~ G2-101 thru G2-104 T

s-WB P Act, (>+5°) - G1-403

Y Act. (>+5°) - G2-403

,\Abnormal S-IVB Engine Actuator (Actuator Hardover)
oT

Prior to S~IVB Burn

Hydraulic System Pressure (<1700 PSIA) - D41-403 A 2

He > 0O> B> —-)n>aq_.pb<r'_>

w
t
[-=]

l

Hvdraulic Reservoir Pressurc (Ampprox, 0) - D42-403 out of |Failure of.S-IVB Engine Hydraulics
Hydraulic Level (Approx. O Percent) ~ 17-403 3 '

DT =< T

IGM Initiate

Fail to Pitch >
Fail to Roll o
Fail to Stop Pitch g Failure to Initiate Proper Guidance Sequence
Fail to Stop Roll or /

Fail to Reconfigure ¥CC -

Fall to Change Time Base‘;

]

SINZE SO E By

xx-6x (>A) H60-603 - | vote
Roll Ladder (>A) H56-603 - Zf
[o)
Roll Error (>A) H69-603 ol 3
Xy-0y (>B) H60-603 ) )
—| Vote
Pitch Ladder (-B) H54-603 . > &j\Abnormakl Attitude Error Signal
Pitch Error (>B) H71-603 } gf ‘K
xz~0z (>B) H60-603 Vote
Yaw Ladder (>B) H55-603 :‘
Yaw Error (>B) H70-603 3
1 A = 5° (S-IC, S~II Burn)
A = 3,5° (S-IVB Burn)
B « 5° (S-IC, S-II & S-IVB Burn)
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Leve PLATFORM FAILURE = ACCELEROMETER

THREE PENDULOUS INTEGRATING GYRO ACCELEROMETERS ARE MOUNTED ON THE INNER GIMBAL OF THE
§T=124 AND ORIENTED SUCH THAT EACH INPUT AXIS IS ALIGNED WITH THE RESPECTIVE X» Yy AND 2Z
AXES (THRUST» CROSSRANGE AND DOWNRANGE AXES AT LIFTOFF) OF THE VEHICLEe EACH ACCELEROMETER
IS USED TO CONVERT DYNAMIC ACCELERATION ALONG ITS INPUT AXIS TO A PRECESSION ABOUT 1ITS
RESPECTIVE OUTPUT AXISe THIS PRECESSION» MONITORED BY AN OPTICAL ENCODERs IS PROPORTIONAL
TO THE INTEGRAL OF ACCELERATION AND PROVIDES VELOCITY INFORMATION TO Ti4E LVDAe SIGNAL
GENERATOR PICKOFFS FOR EACH AXIS MEASURES THE PRECESSION ANGLE AND PROVIDES A NULL SIGNAL
TO THE ACCELEROMETER TORWUE MOTORSe

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.
le ENCODER FAILURE
2¢ ACCELEROMETER FAILURE
3e PLATFORM AC POWER SUPPLY FAILURE
4o ACCELEROMETER SERVO LOOP FAILURE
5¢ GN2 BEARING SUPPLY FAILURE
CONSEQUENCES
ACCELEROMETER FAILURE IN ONE OR MORE AXES WIlLL RESULT IN THE VEHICLE ACHIEVING A DEGRADED
ORBITe FAILURE WILL HAVE NO EFFECT ON VEHICLE TRAJECTORY DURING S=IC BURNe FAILURE IN ANY
AXIS WILL RESULT IN UTLILIZING PRESTORED F/M PROFILE DATA FOR THE FAILED AXIS IN THE

GUIDANCE COMPUTATIONe AN LVDC NAVIGATION UPDATE MAY BE REQUIRED TO PROPERLY INITIATE TBé6
AND FOR ACCEPTABLE TLI BURN NAVIGATIONe
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LeVe INERTIAL PLATFORM ATTITUDE REFERENCE FAILURE

THe ATTITUDE OF THE VvEHICLE IS MEASURED IN THE PLATFORM INERTIAL COORDIANTE SYSTEM USING
DUAL SPEED RESOLVERS (FINE AND BACKUP GIMBAL ANGLES) FOR EACH OF THE THREE AXESe 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

FAILURtE IN ANY OF THE FOLLOWING AREAS RESULTS IN A ZERO OR ERRONEOUS GIMBAL ANGLE READINGS
AND WILL REQUIRE BACKUP MODE OF OPERATION

le GYRO FAILURE

r RESOLVER FAILURE

3. POWER SUPPLY FAILURE

4e GN2 BEARING SUPPLY FAILURE

S5e GIMBAL SERVO LOOP FAILURE
CONSEWUENCES

FAILURE OF THE ST=124 INERTIAL PLATFORM ATTITUDE REFERENCE SYSTEM IN ONE OR MORE AXES WILL
CAUSE A FAILURE OF THE GIMBAL ANGLE REASONABLENESS TESTs THE ATTITUDE ERROR COMMANDS 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 TESTe THE GIMBAL ANGLE REASONABLENESS TEST
FAILURE WILL INDICATE A GUIDANCE REFERENCE FAILURE BY SETTING D4 AND D6 (MODE CODE 26 w©IT
D8 SET TO ''ONE'') AND ENABLE CIRCUITRY FOR SPACECRAFT GUIDANCE CONTROL OF THE LAUNCH
VEHICLEse THE CREW SHOULD INITIATE SPACECRAFT GUIDANCE CONTROL WHEN ONBOARD DISPLAYS
INDICATE A LAUNCH VEHICLE GUIDANCE REFERENCE FAILURES

A FAILURE DURING LAUNCH PHASE WILL RESULT IN THE FOLLOWING CONDITIONS IF SPACECRAFT
GUIDANCE CONTROL IS NOT INITIATED=w~=

S=1C BURN = ATTITUDE RATES WILL INCREASE AND EXCEED THE EDS AUTO ABORT LIMITS IN HIGH~Y
REGION.

S~I11 BURN AND S=IVB BURN PRIOR TO LAST 50 SECONDS OF FLIGHT = ATTITUDE ERROR wILL INCREASE
AND THE VEHICLE wILL FAIL TO ACHIEVE A SATISFACTORY ORBITe

S=IvB BURN DURING LAST 50 SECONDS OF FLIGHT ~ VEHICLE MAY BE INSERTED INTO PARKING ORBIT
BUT WILL ULTIMATELY ABORT DUE TO TUMBLEe 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 +/~ Oes2 DEGREE/SECOND IN PITCH AND YAW AND +/~
0¢5 DEGREE/SECOND IN ROLL MAY BE EXPERIENCEDs 'ASSUMING AN OPERATIONAL S~IVB APSe

SECOND s=IvB BURN PRIOR TO- ENTRANCE OF THE HIGH SPEED LUOP = THE ERRONEOUS GIMBAL ANGLE
VALUES MAY CAUSE THE NAVIGATION CALCULATIONS TO DIVERGE FROM THE END CONDITIONSs PREVENTING
THE (F/M) C ACCELERATION PROFILE FROM BEING RESOLVEDs 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=1VB BURN AFTER ENTRANCE OF THE HIGH SPEED LOOP = THIS FAILURE HAS NO MAJOR EFFECT
ON NOMINAL TLI PARAMETERSe

SPACECRAFT GUIDANCE CONTROL SHOULD BE IMPLEMENTED BY THE CREW ANY TIME THE ATTITUDE
REFERENCE FAILURE OCCURS BETWEEN LIFTOFF AND NOMINAL SPACECRAFT SEPARATIONe IF A GUIDANCE
REFERENCE FAILURE AND AN S=IC ENGINE FAILURE OCCUR BETWEEN LIFTOFF ANV LIFTUFF PLUS 50
SECONLSs THE CREW SHOULD ABORT IF THE CREW ABORT LIMITS ARE EXCEELED DURING MAX=4 TO
PRECLUDE LAUNCH VEHICLE STRUCTURAL BREAKUPe STRUCTURAL BREAKUP WIilL OCCUR BECAUSE THE
SPACECRAFT GUIDANCE SCHEME DOES NOT INCLUDE AN ENGINE OUT CAPABILITYe
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EXCESSIVE ATTITUDE ERROR IN PITCH OR YAW DURING S=I1 BURN

EXCESSIVE ATTITUDE ERROR IN PITCH OR YAW DURING THE S=II BURN CAN CAUSE FIDO LIMIT LINES TO
BE CROSSED IN S=II1 OR S=IvB FLIGHTs OR POSSIBLE LOSS OF PLATFORM IF FAILURE IS IN THE YAwW
PLANE «

FAILURE POINTS
le IU FLIGHT CONTROL COMPUTERs S=II1 PITCH ERROR AMPLIFIER OR FILTER
24 1U FLIGHT CONTROL COMPUTERy S$S-=II YAW ATTITUDE ERROK AMPLIFIEK Ok FILTER

CONSEQUENCES

A FEW FAILURES OF THE PITCH OR YAW ATTITUDE ERROR AMPLIFIERS OR FILTERS wILL RESULT In A
ZERO SIGNAL TO [HE PITCH OR YAl SERVO AMPLIFIERSe THE PITCH Oix YAW ACTUATORS WILL NOT
RESPOND 70 THE COMMANDe THE ATTITUDE ERROR WILL BUILD UP UNTIL AN ABORT LIMIT IS REACHED OR
UNTIL S=IVB STAGINGe AFTER STAGING TO S=1vBy THE RcSULTS OF THE FAILURE WILL BE ELIMINATED
DUt TO THE CHANGE IN FILTER AND THE AODITION OF A TRIPLE REDUNDANT CIRCUIT.

S=11 STAGE LOSS OF THRUST
THE S=I1 STAGE ENGINE START SEQUENCE USUALLY BEGINS AT TB3s + le4& SECONDS AND SHOULD ATTAIN
90 PERCENT THRUST BY TB3 + 5 SECONDSe THE S=11 DEPLETION CUTOFF CIRCUITY IS THE PRIMARY
SIGNAL FOR S=I11 ENGINES CUTOFFs THE CIRCUITRY 1S ENABLED AT T83 + 5 MINUTES 550 SECONDS
vWITH NOMINAL CUTOFF OCCURRING AT TB3 + 6 MINUTES 34¢1 SECONDSs

FAILURE POINTS
le SWITCH SELECTOR FAILURE
2 LOX PREVALVES FAIL CLOSED
£ LH2 PREVALVES FAIL TO OPEN PRIOR TO ESC
4e LOX OR LH2 VENT VALVES FAIL OPEN
5e LOSS OF ENGINE READY OR START SIGNAL
6o LOSS OF MAIN BATTERY POWER
T LOX OR LH2 TANK PRESSURE REGULATOR REGULATES LOW
8 LOX OR LH2 FILL AND DRAIN VALVES FAIL TO REMAIN CLOSED
9e PREMATURE ENGINE CUTOFF SIGNAL FROM ECA

CONSEWUENCES
LOSS OF THRUST ON A SINGLE ENGINE DOES NOT CAUSE LOSS OF CONTROLe PARKING ORBIT INSERTION
IS POSSIBLE FUR ANY SINGLE ENGINE OUT ANY TIME IN S=I1 FLIGHT. #ITH ONE ENGINE OUT AT OR
LATER THAN TB3 PLUS 2 MINe 1 SECes THE SPACE VEHICLE HAS A 50 PERCENT PROBABILITY OF
ACCOMPLISHING TLI.
TLI CAPABILITY IS LOST FOR ==~ (A) LOSS OF THRUST OCCUIRS ON THE CENTER ENGINE PRIOR TO TB3
PLUS 1 MINe 56 SECes (B) LOSS OF THRUST ON AN UPPER ENGINE PRIOR TO TB3 PLUS 2 MIN 31 SECes
{C) LOSS CF THRUST ON A LOWER ENGINE PRIOR TO T83 PLUS 2 MIN 36 SECs
LOSS OF THRUST OF S=11 ADJACENT ENGINES INDICATES A DECREASE OF CONTROL AUTHORITY FROM
PREVIOUS VEHICLESe THE DECREASE IS CAUSED BY THE Cu BEING CLOSER TO THE ENGINE GIMBAL
PLANEs SMALLER MOMENTS THUS RESULT WHEN THE CONTROL ENGINES ARE DEFLECTED TO COMPENSATE FOR
THE MOMENT CAUSED BY LOSS OF THRUSTe S=I11 DUAL ADJACENT ENGINE FAILURES RESULT IN LOSS OF
CONTROL FOR EARLY FAILURESs TLI CAPABILITY FOR THESE CASES 15 LOST PRIOR TO TB3 PLUS & MIN
40 SECe EARLY STAGINuL CAN BE SUCCESSFULLY ACCOMPLISHED AS EARLY AS 3 MIN 1 SEC FOR THE TwO

ENGINE OUT CASESs IF SAFE EDS LV SEPARATION RATES ARE NOT EXCELDEDe NO LOSS OF CONTROL
OCCURS FOR A SINGLE S=IC ENGINE OUT FOLLOWED BY A SINGLE S~Il1 ENGINE OUT.
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S=11 GIMBAL SYSTEM FAILURE (SINGLE ACTUATOR HARDOVER = INBOARD)

THE S=I11 HYDRAULIC SYSTEM PROVIDES ATTITUDE CONTROL BY GIMBALLING ONE OR MORE OF THE FOUR
OUTBOARD ENGINES DURING POWERED FLIGHTe THE SYSTEM CONSISTS OF FOUR INDEPENDENT»
CLOSED=LOOPy HYDRAULIC CONTROL SUBSYSTEMSy WHICH PROVIDE POWER FOR GIMBALLING.
ELECTRO=HYDRAULIC ACTUATORSs» MOUNTED IN PERPENDICULAR PLANESs FURNISH GIMBAL FORCES BY
EXTENDING OR RETRACTING SIMULTANEOUSLY OR INDIVIDUALLY IN ACCORDANCE WITH ELECTRICAL INPUT
SIGNALSs THE PRIMARY COMPONENTS ARE THE MAIN HYDRAULIC pPuMPy AUXILIARY PUMPy AUXILIARY PUMP
ELECTRIC MOTORs ACCUMULATOR RESERVOIR MANIFOLD ASSEMBLY» AND TWC SERVUACTUATORSe

FAILURE POINTS
le FAILURE OF SERVOACTUATOR
20 FAILURE OF ELECTRICAL CABLE ASSEMBLY
3. ERRONEOUS INPUT SIGNAL

CONSEQUENCES

IF A HARDOVER INBOARD ACTUATOR FAILURE OCCURSs THE FIRST EXPECTED STAGE DAMAGE WOULD BE
BURN=THROUGH OF THE FLEXIBLE CURTAIN PORTION OF THE BASE HEAT SHIELDe PRIOR TO S=I1 INBOARD
ENGINE CUTOFFs S=I11 STAGE DAMAGE WOULD OCCUR WITHIN 15 TO 20 SECONDS AFTER ACTUATOR
FAILUREe AFTER S=11 INBOARD ENGINE CUTOFFs S=11 STAGE DAMAGE WOULD OCCUR WITHIN 25 TO 30
SECONDS AFTER ACTUATOR FAILUREs POTENTIAL CONSEWUENCES ARE FAIJLURE OF AN ENGINE ELECTRICAL
CONTROL PACKAGE WITH SUBSEWUENT LOSS OF THRUST AND OTHER UNDETERMINABLE EFFECTSs COLLAPSE
OF THE THRUST STRUCTURE DUE TO INDUCED THERMAL STRESSES AND LOSS OF ENGINE THRUSTs AND/OR
LOSS OF S-=11/SI1vB SEPARATION COMMAND CAPABILITY DUE TO WIRING HARNESS DAMAGE.
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S=11 SECOND PLANE SEPARATION FAILS TO OCCUR
THE S=I1 AFT INTERSTAGE NORMALLY SEPARATES AT TB3 + 30e7 SECONDSs
FAILURE POINTS
1; FAILURE OF ELECTRICAL CABLE ASSEMBLY 200Wl
2. FAILURE OF ELECTRICAL CABLE ASSEMBLY 206A7W4
3. FAILURE OF ELECTRICAL CABLE ASSEMBLY 206Wl4
be LSC SEPARATION ASSEMBLY FAILURE
5e INADEQUATE OUTPUT OF S=IC/S=11 SECOND PLANE SEPARATION TRIGGER
6o INADEQUATE OUTPUT OF S=I1C/S=11 ORDNANCE ARM
Te SWITCH SELECTOR FAILURE
CONSEQUENCES
SUBSEWUENT LOSS OF VEHICLE DUE TO EXCESSIVE TEMPERATURESe FAILURE TO JETTISON THE S=IC/S~-Il1
INTERSTAGE WILL LEAD TO EXCEEDING THE THERMAL ENVIRONMENT LIMITS IN THE S=1I BCATTAIL AREA
WITH CROSS BEAM AND/OR OTHER STRUCTURAL FAILURE DUE TU HEAT FLOW AROUND THRUST CURTAIN FROM

IMPINGEMENT ON INTERSTAGEe EXCESSIVE TEMPERATURES ARE EXPECTED APPROXIMATELY 66 SECONDLS
AFTER S=IC OBECO (APPROXIMATELY 3543 SECONDS AFTER NORMAL INTERSTAGE JETTISON)e
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S=1vB LOSS OF ENGINE HYDRAULIC FLUID

THE INDEPENDENTs CLOSED~LOOP S~IVB HYDRAULIC SYSTEM GIMBALS THE J=2 ENGINE DURING BOOST»
COASTs» AND ENGINE BURN OPERATIONSe A MAIN HYDRAULIC PUMPy AN AUXILIARY MOTOR=DRIVEN
HYDRAULIC PUMPs» AN ACCUMULATOR=RESERVOIRs TWO SERVOACTUATORSs AND INTERCONNECTING TUBE AND
HOSE ASSEMBLIES COMPRISE THE S=IVB HYDRAULIC SYSTEMe EACH OF TwO IDENTICAL SERVOACTUATOR
ASSEMBLIES PROVIDES MECHANICAL FORCE TO GIMBAL THE J=2 ENGINEe 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 TORWQUE MOTOR FROM THE FLIGHT CONTROL COMPUTER IN THE

Ve

FAILURE POINTS
le PITCH OR YAW ACTUATOR MALFUNCTION
2e MAIN HYDRAULIC PUMP FAILURE
3e HYDRAULIC HOSE OR TUBING FAILURE
b AUXILIARY MOTOR=DRIVEN HYDRAULIC PUMP FAILURE

CONSEWUENCES
IGNITION OF THE S=~IvB STAGE WITHOUT AN OPERATIVE HYDRAULIC SYSTEM WILL JEOPARDIZE CREW
SAFETYe THERE WILL BE A LOSS OF ENGINE GIMBAL CONTROL DURING MAINSTAGE OPERATIONs WHICH
PROBABLY WILL RESULT IN EXCESSIVE VEHICLE ATTITUDE RATES AND GUIDANCE ERRORe IN THE CASE
WHERE THE AUXILIARY HYDRAULIC PUMP ALONE FAILS (DETECTED BY A LOSS OF SYSTEM PRESSURE AND A
RISE IN RESERVOIR LEVEL TO A VALUE GREATER THAN 50 PERCENT)s IT IS FELT THAT THIS wOULD NOT
SERIOUSLY AFFECT SYSTEM OPERATIONe THE MAIN ENGINE=DRIVEN PUMP WILL DEVELOP SOON ENOUGH

DURING MAINSTAGE IGNITION TO MAINTAIN HYDRAULIC PRESSURE RtWUIRED FOK FLIGHT CONTROL DURING
S=1vB BURN.
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S=1VvB STAGE LOSS OF THRUST
THE S=IVB SHOULD ATTAIN 90 PERCENT THRUST BY TB4 + 65 SECONDSe. APPROXIMATELY 148e¢4 SECONDS
OF S=IvB BURN 1S REQUIRED TO REACH A 75 NAUTICAL MILE PERIGEE WITH NOMINAL S=IC AND s=I1
PERFORMANCEs S=IVB ENGINE CUTOFF 1S SCHEDULED TO OCCUR AT TB4 + 2 MINUTES 277 SECONDS FROM
A VELOCITY CUTOFF FOR A FIRST BURN DURATION OF 14647 SECONDSe FOR SECOND BURN» THE S=IVB
SHOULD ATTAIN 90 PERCENT BY TB6 + 9 MINUTES 40e4 SECONDSs LENGTH OF THE S=IvB SECOND BURN
1S 363+2 SECONDS.

FAILURE POINTS
le FUEL TANK PRESSURIZATION CONTROL MODULE LEAKS EXTERNALLY
2o LHZ TANK VENT AND RELIEF VALVE LEAKS CR FAILS TO REMAIN CLOUSED
3 PREVALVE FAILS CLOSED
be CONTINUOUS VENT CONTROL MODULE FAILURE
Se AMBIENT CONTROL HELIUM FILL MODULE FAILURE
6e INADEQUATE THERMAL CONDITIONING
Te MAIN OXIDIZER OR FUEL VALVE FAILS CLOSED
8e OXIDIZER TURBINE BYPASS VALVE FAILURE
e ASI OR ASI VALVE FAILURE
10¢ START TANK DISCHARGE VALVE FAILURE
1le 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 wWIiL PRODUCE THE SAME
EFFECT AS TOTAL LOSS OF THRUST BUT WILL CAUSE NO STRUCTURAL BREAKUP DUE TO THE LACK OF
AERODYNAMIC FORCESe SUBSEWUENT ATTITUDE CONTROL CAN BE MAINTAINED BY THE APSe A PERTURBED
ORBIT CAN BE ACHIEVED FOR LOSS OF THRUST DURING THE LAST 2 SECONDS OF S=1vB FIRST BURNe
ORBITAL INSERTION MAY BE ACCOMPLISHED WITH SPS BURN FOLLOWING GET OF & MINUTES 37 SECONDS.
FOR SECOND BURNs IF THE S=IVB STAGE FAILS TO ATTAIN THRUSTs THERE WILL BE NO RESTART AND

LOSS OF A MISSION OBJECTIVEe IF THE S~IVB LOSES THRUST AFTER MAINSTAGE OKs TLI OBJECTIVES
WILL BE LOST.

MISSION REV  DATE SECTION GROUP PAGE

APOLLOC 14{FNL J12/15/70]5LV SYSTEMS

4=10




NASA - Manned Spacecraft Center

MISSION RULES
SECTION 4 = SLV SYSTEMS

ITEM

S=1vB CULD HELIUM SHUTOFF VALVE(S) FAIL OPEN

THE .OX TANK IS PREPRESSURIZED PRIOR TO LIFTOFF TO 38 TO 41 PSIA BY A COLD rSLIUM FLOW FROM
GSEe HELIUM FLOW IS CONTROLLED BY THE NORMALLY CLOSED COLD HELIUM SHUTOFF VALVESe THE
FLIGHT CONTROL PKRESSURE SWITCH (SENSING TANK ULLAGE PRESSURE)} CONTROLS PREPRESSURIZATIUN BY
OPENING AND CLOSING THE COLD HELIUM SHUTOFF VALVESe THE COLD HELIUM SHUTOFF VALVES CAN BE
CLOSED BY FOUR SIGNALS===~SWITCH SELECTOR COMMAND=LOX TANK FLIGHT CONTROL PRESSURE SWITCH»
ACTIVATION OF LOX TANK REGULATOR BACKUP PRESSURE SWITCHs AND ESE COMMANDe THESE SIGNALS
APPLY POWER TO A SET OF MOMENTARY CONTACTS THAT OPEN AND REMCVE: POWER FROM THE SOLENOID
OPERATED SHUTOFF VALVES AND ALLOW THEM TO CLOSEe. THE ABSENCE OF ALL OF THE SIGNALS WILL
ALLOW THE MOMENTARY CONTACTS TO RETURN TO THEIR NORMALLY CLOSED POSITIUNs APPLYING POWER TO
OPEN THE SHUTOFF VALVESe DURING BOOST THE LOX TANK PRESSURIZATION SHUTOFF VALVES CLOSED
COMMAND 1S SENT 6 SECONDS AFTER LIFTOFF TO DISABLE SWITCH CONTROL OVER THE SHUTOFF. VALVES.
THE COMMAND WILL BE REMOVED PRIOR TO ESC TO ALLOW SUFFICIENT TIME FOR ANY REWUIRED BOUST
MAKEUP PRESSURIZATION WITHOUT DANGER OF VENT FREEZINGe

FAILURE POINTS
le COLD HELIUM SHUTOFF VALVES FAIL OPEN
20 MOMENTARY CONTACT FAILS IN THE NORMALLY CLOSE POSITION

CONSEQUENCES

IF THE SHUTOFF VALVES FAIL OPEN DURING BOOSTs» THE LOX TANK ULLAGE PRESSURE WILL RISE TO THE
VENT RELIEF SETTING AND THE HELIUM FLOW WILL BE VENTED OVERBOARDe THIS MAY RESULT IN
INSUFFICIENT HELIUM REMAINING FOR ADEWUATE PRESSURIZATION OF THE LOX TANK DURING BURNSe IN
ADDITIONs THERE IS A POSSIBILITY THAT AFTER A TRANSIENT PtRIOD OF PRESSURIZATION SYSTEM
CHILLDOWNy 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 VALVESe THE LOX TANK ULLAGE PRESSURE
COULD THEN RISE PAST THE RELIEF SETTING TO A POTENTIALLY HAZARDOUS LEVELe

PRIOR Tu RESTARTs INSUFFICIENT PROPELLANT REMAINS FOR ACHIEVEMENT OF ‘ACCEPTABLE ALTERNATE
MISSIONS

S=1vB ENGINE FIRST BURN VELOCITY CUTOFF IS SCHEDULED TO OCCUR AT TB4 + 2 MINUTES 2747
SECONDS GIVING A FIRST 8URN DURATION OF 14647 SECONDSs S~IVB ENGINE SECOND BURN WILL INJECT
THE LAUNCH VEHICLE AND SPACECRAFT INTO AN ACCEPTABLE LUNAR TRAJECTORY BY A GUIDANCE
VELOCITY CUTOFFe

THE RESIDUAL PROPELLENT REMAINING AT TLI CUTOFF OR THE 105,000 NM APOGEE IS DEFINED BY
REALTIME ANAYSIS CONSIDERING THE FIRST S=-IvB BURN CHARACTERISTICS (THRUSTs»FLOW RATE»
BURNT IME» ETCe)e SUFFICIANT PROPELLENT IS DEFINED SUCH THAT THE PROPELLENT EVALUATION 1IN
REAL TIME WILL INDICATE A ONE PERCENT (=24330) PROBABILITY OF ACHEIVING A 1054000 NM APOGEE
AT CUTOFFe THIS PROBABILITY IS BASED ON PERFORMANCE CAPABILITY ONLYe AND IF THERE ARE
HARDWAKE FAILURES DURING THE MISSIONs COUNSIDERATION WILL BE GIVEN AS TO THE EFFECT OF THE
FAILURE ON P&£RFORMANCE

FAILURE POINTS
ANY FAILURE WHICH RESULTS IN REDUCED PROPELLENTS FOR SIVB SECOND BURN
CONSEWUENCES

IF ADDITIONAL PROPELLANT IS USED DURING AN EXTENDED S=IvB FIRST BURN OR IS LOST ODURING
EARTH URBITAL COAST BECAUSE OF A MALFUNCTION PRIOR TO SECOND BURNs IT IS POSSIBLE THERE
WILL NOUT BE ENOUGH PROPELLANT TO PERFORM A GUIDANCE VELOCITY CUTOFF AT TLle IF SUFFICIENT
PROPELLANT DOES NOT REMAINy THE STAGE WILL BE CUT OFF BY A DEPLETION CUTOFF CAUSING THE
LAUNCH VEHICLE AND SPACECRAFT TO BE INJECTED INTu AN EXTREMELY OFF=NOMINAL LUNAR
TRAJECTORY.
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LOSS OF ONE APS MUDULE DURING TB5s TB6 PRIOR TO RESTART» OR TB7

THE APS PROVIDES ATTITUDE CONTROL OF THE S=IVB IN THE ROLL AXIS DURING J=2 ENGINE BURN AND
IN ALL THREE AXES DURING COAST FLIGHTe THE APS ENGINES ARE LOCATED .IN TwO MODULES 180
DEGREES APART ON THE AFT SKIRT OF THE S=IvBe EACH MODULE CONTAINS FOUR ENGINES=== THREE 15V
POUND THRUST ENGINES AND ONE 70 POUND THRUST ENGINE==AND CUNTAINS_ ITS UWN OXIDIZEks FUEL»
AND PRESSURIZATION SYSTEM THAT UTILIZES NITROGEN TETROXI®E AS THL OXILDIZER AND MONOMETHYL
HYDRAZINE AS TIHE FUELe THE 150=POUND THRUST ENGINES UTILIZE EIGHT CONTROL VALVES (FOUR FOR
FUtLs FOUR FOR OXIDIZER) IN A FAIL=SAFE» SERIES=PARALLEL ARRANGEMENTe THE ENGINE FIRING
COMMANDS» WHICH COME FROM THE IUs ACTUATE THE WUAD=REDUNDANT LENGINE VALVES» ALLOWING THE
PROPELLANT TO FLOW INTO THE THRUST CHAMBERe NO IGNITION SYSTEM IS REWUIREDs SINCE THE FUEL
AND OXIDIZER ARE HYPERGOLICs AN ABLATIVE MATERIAL IN THE THROAT OF THE NOZZLE ABSORBS HEAT
AND SLUWLY -BURINS AWAY DURING MOTOR OPERATIONsy THEREBY COOLING THE MOTOUKe

FAILURE POINTS
le PROPELLANT SYSTEM LEAK
24 HIGH AND LOW HELIUM SYSTEM LEAK
3. EXCESSIVE USAGE OF PROPELLANT OR HELIUM DUE TO COMMANDS

CONSEQUENCES

LOSS OF ONE APS MODULE DURING S=IvB COAST PERIODS wlLL RESULT IN THE LOSS OF ATTITUDE
CONTROL OF THE VEHICLE UNLESS ACTION IS TAKEN TO REMOVE PITCH ANU YAw CONTROL FROM THE APS
MODULESe BY GROUND COMMANDING 't'S~=IvB BURN MODE A AND B ON''y, APS PITCH AND YAw CONTROL
COMMANDS WILL.- BE SENT TO THE S=IVB J=2 ENGINE GIMBAL SYSTEMs BY COMMANDING 1FCC POWLR UFF
A AND Be' POWER TO THE IU FLIGHT COMPUTOER IS TURNED OFFs WHICH ASSUIRES REMUVAL OF ALl
CONTROL SIGNALS TO THE APS MODULESe DURING COAST PERIVDSs THE CREW WOULD COCNTROL THE
VEHICLE IN PITCH AND YAW WITH THE CSM RCSe DURING S=IvB SECOND BURNs THE S=IVB GIMBAL
SYSTEM CAN MAINTAIN PITCH AND YAW CONTROLe ONE OPERATIVE =~ APS ODULE CAN MAINTAIN ROLL
CONTROL DURING S~IVB BURNe LOSS OF EITHER APS MODUL.E PRIOR TO OK DURING PROPELLANT DuMP MMAY
RESULT IN LOSS OF ATTITUDE CONTROL AND FAILURE TO MAINTAIN PROPER LUNAR IMPACT ATTITUDE.
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MISSION RULES
SECTION 4 = SLV SYSTEMS

ITEM

J=2 ENGINE MAIN FUEL VALVE FAILS TO CLOSE

THE MAIN FUEL VALVE IS A BUTTERFLY=TYPE VALVEs SPRING LOADED TO THE CLOSED POSITION»
PNEUMATICALLY OPERATED TO THE OPEN POSITIONsy AND PNEUMATICALLY ASSISTED TO THE CLOSED
POSITIUNe THE PURPOSE OF THIS VALVE IS TO CONTROL THE FLOW OF FUtL TO THE THRUST CHAMBER.
THE MFV 1S CLOSEL DURING THE ENGINE CUTOFF SEQUENCE BY DLENERGIZING THE IGNITION PHASE
CONTROL VALVE WHICH ROUTES HELIUM CONTROL SYSTEM PRESSURE THROUGH. THE NORMALLY OPEN PORT TO
THE CLOSING ACTUATOR OF THE MFVe OPENING CONTROL PRESSURE FROM THE MFV IS VENTED THROUGH
THE NORMALLY CLOSED PORT OF THE IGNITION PHASE CONTROL VALVEe THE VALVE IS SPRING LOACED Tu
THE CLOSED POSITION AND STARTS TO CLOSE AS SOON AS OPENING PRESSURE IS VENTEDs

FAILURE POINTS

le LOSS OF ENGINE CONTROL PNEUMATICS

ra 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 CLOSED»
LH2 WILL BE DUMPED OVERBOARD AND WILL RESULT IN PROPULSIVE VENTING DURING ORBITAL COAST.
LOSS OF FUEL COULD JEOPARDIZE THE MISSION BECAUSE OF INADEWUATE PROPELLANT REMAINING FOR A
NOMINAL TLI CUTOFFe THE COMMAND ACTION AFTER FIRST BURN SHOULD BE TO CLOSE THE Ne O
(NORMALLY OPEN) FUEL PREVALVE AND RECIRCULATION SHUTOFF VALVES TO CONTAIN THE FUELe 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 OPENEDe NO LOX HARDWARE CHILLDOWN
WILL Bt ACCOMPLISHED AND 1S CONSIDERED SATISFACTORY FOR A SAFE ENGINE STARTs AN LH2 LEAD
EXCEEDING 18¢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 SEQUENCEe FOR A MAIN LH2 VALVE FAILURE TO CLOSEs THERE WILL BE A SIMULATANEOUS LH2
AND LOX DUMP AT THE TIME OF LOX DUMP INITIATIONe
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MISSION RULES
SECTION & = SLV SYSTEMS

R ITEM

J=2 ENGINE MAIN OXIDIZER VALVE FAILS TO CLOSE

BUTTERFLY=TYPE VALVEs SPRING LOADEL TO THE CLUSED PUSITION»
PNEUMATICALLY OPERATED TO THE OPEN POSITIONs AND PNEUMATICALLY ASSISTED TO THE C(CLOStD
POSITIONe THE PURPOSE OF THIS VALVE IS TO CONTROL THE FLOW OF OXIDIZER TO THE THRUST
CHAMBERe THE MOV IS CLOSED DURING THE ENGINE CUTOFF SEWUENCE BY UEENERGIZING THE MAINSTAGE
CONTROL VALVE WHICH ROUTES HELIUM CONTROL SYSTEM PRESSURE THROUGH THE WNORMALLY OFEN POKT TO
THE CLOSING ACTUATOR OF THE MOVe OPENING CONTROL PRESSURE FROM THE MOV IS VENTED THROUGH
THE NORMALLY CLOSED PORT OF THE MAINSTAGE CONTROL VALVEe THE VALVE [S SPRING LOADED TO THE
CLOSED POSITION AND STARTS TO CLOSE AS SOON AS CPENING PRESSURE 1S VENTED.

THE MAIN LOX VLAVE IS A

FAILURE POINTS
le LOSS OF ENGINE CONTROL PNEUMATICS

R MAIN LOX VALVE FAILS OPEN
3. MAINSTAGE CONTROL SOLENOID AND THE HELIUM CONTROL SOLENOID FAILS UPEN

CONSEWUENCES

IF THE MAIN LOX VALVE FAILS TO CLOSE AFTER A BURN PERIOD» THEKRE WILL BE SEVERE ENGINE
DAMAGE BECAUSE OF A HIGH MIXTURE RATIO AT CUTOFFe THERE WILL BE A LOSS OF LOX OVERBOARDe
DURING ORBITAL COAST» LOX WILL BE DUMPED THROUGH THE J=2 ENGINE AND wiLL RESULT IN
PROPULSIVE VENTING IF THE PREVALVE AND RECIRCULATION VALVE ARE NOUT CLOSEDe A SECOND BURN
SHOULD NOT BE ATTEMPTED WITH THIS FAILURE BECAUSE ENGINE DAMAGE RESULTING FROM THE FIRST
BURN LOX=RICH CUTOFF CANNOT BE ASSESSED IN REAL TIME.
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SECTION 4 = SLV SYSTEMS

ITEM

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 FLIGHTe THE SYSTEM IS SAFED UPON ORBIT
INSERTION BY GROUND COMMAND FROM THE RANGE SAFETY OFFICER (RSO)e THE SAFE COMMAND DISARMS
THE SYSTEM BY REMOVING POWER FROM THE DECODER AND EBW FIRING UNITe.

FAILURE POINTS

le CONTROLLER ASSEMBLY FAILURE
2. DECODER FAILURE

3. RELAY FAILURE

CONSEQUENCES

FAILURE TO SAFE THE RANGE SAFETY RECEIVERS AFTER INSERTION wITH THE PROPELLANT DISPERSION
SYSTEM NOT ARMED DOES NOT POSE A PROBLEMe IT IS ODOESIRABLE TO HAVE THE RANGE SAFETY
RECEIVERS DISABLEDe INADVERTENT ARMING OF THE PROPELLANT DISPERSION SYSTEM (EBW FIRING
UNITS) IS A POTENTIALLY EXPLOSIVE SITUATIONe SHOULD THIS CONDITION EXISTs IMMEDIATE ACTION
SHOULD BE TAKEN TO SEPARATE THE SPACECRAFT TO A SAFE OISTANCEs IF THE PROPELLANT DISPERSION
SYSTEM IS INADVERTENTLY ARMEDs ATTEMPTS TO SAFE SYSTEM SHOULD NOT BE MADE UNTIL THE
SPACECRAFT IS AT A SAFE DISTANCE.
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MISSION RULES
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ITEM

S=IvB COLD HELIUM SHUTOFF VALVES FAIL TO CLOSE

AT S=IVB ENGINE SHUTDOWN (TB5 AND TB7)s THE COLD HELIUM SHUTOFF VALVES ARE CLOSED TO
TERMINATE PRESSURIZATION HELIUM FLOW TO THE LOX TANK BY THE SWITCH SELECTOR COMMANDS ''LOX
TANK FLIGHT PRESSURE SYSTEM OFF'!' AND ''LOX TANK PRESSURIZATION SHUTOFF VALVES CLOSE ON''
AND STAY CLOSED UNTIL ENGINE RESTART PREPARATIONS (TB6} FLUS 9 MINUTES 38e4 SECONDSe THIS
PROVIDES SUFFICIENT NPSH FOR SAFE ENGINE RESTART AND IS USED TO PRESSURIZE THE LOX TANK
DURING MAINSTAGE OPERATIONe

FAILURE POINTS
le SWITCH SELECTOR FAILURE
20 MAGLATCH RELAY FAILS TO SET
3. DIODE FAILS OPEN
Ge RELAY FAILS TO ACTUATE
Se COLD HELIUM SHUTOFF VALVES FAIL OPEN

CONSEQUENCES

FAILURE OF THE CGLD HELIUM VALVES TO CLOSE COULD RESULT IN UNCONTROLLED COLD HELIUM FLOW
INTO THE LOX TANKe FAILURE TO DISABLE THE LOX TANK PRESSURIZATION SYSTEM OR OF A LOX VENT
TO OPEN COULD LEAD TO AN EXCESSIVE DELTA P LOAD ON THE S=~IVvB COMMON BULKHEADe 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 SUFFICIENT TO PROVIDE THE REQUIRED J=2 ENGINE LOX NPSH DURING SECOND BURNe THE
PARTIAL LOSS OF COLD HELIUM COULD MEAN INSUFFICIENT GAS AVAJLABLE FOR LOX AND/OR LHZ TANK
BURNER REPRESSUR1ZATIUN PRIOR TO S=IVB RESTART AND THE USE OF THE AMBILANT REPRESSURIZATION

SYSTEM WOULD BE REQUIRED.
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MISSION RULES
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ITEM

S=IVB AUXILIARY HYDRAULIC PUMP FAILS

THE ELECTRICALLY ORIVENs» VARIABLE DELIVERYs FIXED ANGLEs» CONSTANT DISPLACEMENT

SUPPLIES OPERATING PRESSURE HYDRAULIC FLUID FOR PREFLIGHT ENGINE GIMBALLING CHECKOUTS»

PUMP
NULL

POSITIONING DURING BOOST PHASEs AND FLUID CIRCULATION TO MAINTAIN DESIRED TEMPERATURE
DURING BOOST AND COAST PHASEe.

FAILURE POINTS

Ae FAILURE TO TURN ON
le SWITCH SELECTOR FAILURE
rx FAILURE OF MAGLATCH RELAY TO SET
3e LOSS OF SEQUENCER POWER
4o FAILURE OF RELAY TO ACTUATE
Se AFT BATTERY NOes 2 DEPLETED
6o FAILURE OF HPU MOTOR=DRIVEN SWITCH TO TURN ON
Te FAILED PUMP OR MOTOR
8e FROZEN PUMP SUCTION LINES

Be FAILURE TO TURN OFF
le SWITCH SELECTOR FAILURE
2o MAGLATCH RELAY FAILS TO RESET
3e FAILURE OF GROUND CONTROL RELAY TO REMAIN DEACTUATED
G FAILURE OF RELAY TC DEACTUATE
Se LOSS OF AFT BUS NO. 1
6o FAILURE OF HPU MOTOR=DRIVEN SWITCH TO TURN OFF

CONSEWUENCES

Ae FAILURE TO TURN OFF
FAILURE TO TURN OFF THE HYDRAULIC PUMP WILL DEPLETE AFT NOe 2 BATTERY IN
APPROXIMATELY 90 MINUTES AND OVERHEAT THE SYSTEM IN 70 MINUTES»s WHICH MEANS
A PARTIAL LOSS OF HMYDRAULIC FLUIDe AN [INCREASE IN HYDRAULIC TEMPERATURE
CAUSES AN INCREASE IN FLUID VOLUMEs AND IF THE PUMP IS SUCCESSFULLY TURNED
OFF» ANY FLUID VOLUME GREATER THAN THE RESERVOIR CAPACITY WILL BE VENTED
OVERBOARDs

Be 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 KRESTARTs FOR A LOSS PRIOR TO ENGINE RESTART THERE WILL BE
NO SYSTEM PRESSURE TO FILL THE ACCUMULATOR AND CENTER THE ENGINEe THIS COULD
DeLAY TIME FOR EFFECTIVE GUIDANCE CONTROL DURING RESTARTs HOWEVERs ATTITUDE
CUNTROL WCULD NOT SERIOUSLY 8t AFFECTED OURING THE STARTING TRANSIENT SINCE
FULL HYDRAUL(C SYSTEM PRESSURE wOouLD g8E DEVELOPED BY THE MAIN
(LNGINE=DRIVEN) PUMP BY THE TIME THE ENGINE IS UP TO 90 PERCENT THRUST. FOR
THE CASE DURING Té&s THE PUMP OFF COMMAND SHOULD BE SENT (ASAP) TO PRECLUDE
THE POSSILILITY UF PUNMP START WHILE THE CHILLDOWN PUMPS ARE OPERATING»
BECAUSE THE INRUSH SURGE CURRENT MIGHT POSSIBLY DAMAGE THE INVERTER CURCUIT.
FOR LOSS OF THE PumMP PRIOR TO PASSIVATIONe THERE WILL BE NO SYSTEM PRESSURE
TC CENTER THE ENGINEs THIS WILL RESULT IN LOSS OF THRUST VECTOR CONTROLe

WHEN FLUID IS NOT CIRCULATEDs C50~403 AND C51=403 WILL REVERT TO A LOCALIZED
TEMPERATURE s WITh C50-403 AT A HIGHER TEMPERATURE DUE TO ITS LOCATION NEAR
THE LOX TURBINEe LURING CIRCULATION THE SYSTEM TEMPERATURES WILL CONVERGEe

MISSION REV | DATE SECTION GROUP . PAGE
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MISSION RULES
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ITEM
=7
CONT
Co AUXILIARY HYDRAULIC PUMP [S===
ON WHEN OFF WHEN
D41=403 GREATER THAN 1700 PSIA D41=403 LESS THAN 1700 PSIA
L7=403 LESS THAN 50 PERCENT L7=403 GREATER THAN 50 PERCENT
M22=404 GREATER THAN 20 AMPS M22=404 APPROXIMATELY ZERO AMPS
D42=403 GREATER THAN 137 PSIA 042=403 LESS THAN 89 PSIA
¥
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MISSION RULES
SECTION 4 = SLV SYSTEMS

ITEM

1=t LOSS OF ATTITUDE CONTROL

Vehicle Rates
(R4-G(12, R5-FN2, RE-602)

Vehicle Rates and
(R8-£02, R12-602, R13-602)

oss_of Attitude Control During Orbit

Loss of Attitude Control Alert

ATTITUDE CONTROL OF THE ENTIRE SATURN VEHICLE IS CUNTROLLED THROUGH THE INSTRUMENT UNITs
THIS CUNTROL IS NECESSARY TO KEEP THE VEHICLE IN THE CORRECT LAUNCH TRAJECTOKY FOR PROPER
ORBIT INSERTION AND FOR MAINTAINING THE CORRECT vEHICLE ATTITUDE WHILE IN ORBITs
FAILURE POINTS
le  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 ANO AN INABILITY TO PERFORM REQUIRED MANEUVERSe THE LV/CSM ATTITUDE WILL BE
UNCONTRULLABLE AND WILL DIVERGE.

MISSION IREV | OATE SECTION GROVP PAGE
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er

ITEM

7-8
CONTs

TLC - EMR D26
, 1 and
L MEM A - EMR D24 .
r .
Y MEM B - EMR D25 °
C
* TLC MC26DY _ land

S-IVB Burn Mode On (X20Q-602

Pitch APS Firing lnactive 2
(K133-404, K135-404) of
Sw Sel Functions "FCC S-1VB Burn | 3 Failure to

Vot
Mode Off A&B" not issued Bl Ote Reconfigure TFCC Jﬁ{“\\\

Failuyre to Initlate Proper Guidance Sequence

Sw Sel Sequencing in New Time
Base not_issued

v

Tiwme in Previous Time Base 2
Continues to Count -| of
B 3

Time Base Mode Code Bit
Remains Zero*

* MC25D2 Zero Indicates Not in TBS
MC25D1 Zero Indicates Not in TB6

Loss of Attitude Control Alert During Orbit

Faillure to Change jor
..TL"le._B.éis_____..{/

wx=Cx (>&) H60-603
Vote
Roll Ladder (>A) H56-603 2
Roll Erver (>A) 169-603 gf
xy=9y_(»B) H60-603
g V.
Pitch Lacder (>B) HS4-603 ) gte . sy Abnormal Attitude Error Signal
Pitch Frror (»B) H71-603 gf
-0 - A = 3,5° (TBS, TB6 to TB6 + 583 sec,
xz-0z (>B) H60-603 TB7 + O to TB7 + 900 sec)
Yaw Ladder (>B) H55-603 Vote A = 4.5° (After TB7 + 900 sec)
e 2 B = 2,5° (TBS, TB7 + O to TB7 + 90 sec)
Yaw Error (>B) H70-603 of B = 3.5° (TB6 to TB6 + 583 sec)
3 | B = 4.5° (after TB7 + 900 sec)
MISSION |REV | DATE SECTION GROUP PAGE
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MISSION RULES
SECTION 4 = SLV SYSTEMS

ITEM

=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 BULK TEMPERATURE FROM
INCREASINGs THIS HELPS TO ENSURE PROPER CONDITIONS FOR ENGINE RESTART.
FAILURE POINTS
le SWITCH SELECTOR FAILURE
2. SEQUENCE FAILS TO INITIATE LH2 CONTINUOUS VENT SHUTOFF VALVE OPEN
3 10 AMP- MAGLATCH RELAY FAILS
ba 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 (CONTINUOUS
VENT ORIFICE SHUTOFF VALVE) DOES OPENs» PROPELLANT CONTROL WILL BE MAINTAINED BUT THE LIQUID
SATURATION TEMPERATURE WILL RISE ABOVE ENGINE RESTART LIMITSe THE HIGH BULK TEMPERATURE
WILL CAUSE INADEQUATE NPSH AND THE J=2 ENGINE NPSH REQUIREMENT WILL NOT 8E MET THROUGHOUT

SECOND BURNe A DEGRADED OFF=NOMINAL BURN WILL RESULT IN A PROBABLE CUTOFF THAT IS CREW
SAFE.

24

23 ptr :

22 g

21

20 HiE ! i

T

18k =

Pressure (psia)

17 e

16k =HT e o

i Note: Blowdown to the pressure

indicated by the curve

15 guarantees tank pressure

between 15 and 23 psia

14 B

at TB6 :

[ESERET PRRTE &Y
s HrpH

lq i - gt} . ,- ""f :' o S ,: - 7

Hit

12 S

-01:30:00 -01:00:00 -00:30:00 . TB6
Time from end of blowdown to TB6 (hr:min:sec)
Maximum allowable LH2 tank ullage pressure following blowdown.
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MISSION RULES
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ITEM

-

FAILURE TO TERMINATE APS ULLAGE ENGINE(S) THRUST

THE ULLAGE ENGINES ARE USED TO PROVIDE A POSITIVE G FORCE TO THE STAGE PRIOR AT SECOND

BURNs AND TO PROVIDE PROPELLANT SETTLING DURING TANK VENTINGe
FAILURE POINTS
le SWITCH SELECTOR FAILURE
2e SEQUENCER FAILURE
Ae ULLAGE ENGINE NOe 1 PROPELLANT VALVE(S) FAIL OPEN
Be QLLAGE ENGINE NOe 2 PROPELLANT VALVE{S) FAIL OPEN
3. MAGLATCH RELAY FAILS TO RESET
CONSEQUENCES

FAILURE TO TERMINATE THE APS ULLAGE ENGINE(S} THRUST WwILL RESULT IN DgPLETION OF

PROPELLANTS IN A MATTER OF MINUTESe THE OEPLETION OF APS PROPELLANTS WILL CAUSE LOSS OF
ATTITUDE CONTROLe APS PROPELLANT IS DEPLETED SOONER FOR THE SINGLE APS ULLAGE ENGINE
*1ON'' DUE TO THE REWUIREMENT TO BURN THE PITCH ENGINE IN THE SAME MODULE TO MAINTAIN

ATTITUDE CONTROLe

MISSION REV | DATE SECTION GROUP PAGE
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Iu STATE VECTOR DIFFERS FROM THE MSFN STATE VECTOR BY 6 SIGMA Ju ERRORS AND CVS
UNCERTAINTIES AND IS CONFIRMED BY A COMPARISON OF IMU TO MSFNe

THE ALLOWABLE MIDCOURSE SHOULD BE THE NORMALLY ALLOTTED LAUNCH VEHICLE 3 SIGMA 11U ERRORS

PLUS SOME PERCENTAGE OF THE SPS END OF MISSION RESERVES.
FAILURE POINTS
le LVDC/LVDA FAILURE

24 ACCELEROMETER FAILURE

CONSEQUENCES

THESE FAILURES COULD AFFECT THE SUCCESSFUL ACHIEVEMENT OF THE PRIMARY MISSION OBJECTIVESe
IF THE IU STATE VECTORs AS COMPARED TO A CORRESPONDING RADAR (MSFN) VECTORs EXCEEDS THE
VALUES OF 6 SIGMA IU PLATFORM ERRORSs AND IS CONFIRMED AS TO TREND BY A SPACECRAFT (IMU)
VECTOR COMPARISON WITH MSFNs THEN THE IU SHOULD BE CORRECTED TO MAKE THE PRIMARY MISSION.

MISSION REV | DATE SECTION GROUP
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MISSION RULES
SECTION 4 = SLV SYSTEMS

R ITEM

o | -

1u ECS WATER VALVE FAILS TO CYCLE OPEN AND CLOSED

THE ENVIRONMENT CONTROL SUBSYSTEM (ECS) MAINTAINS ACCEPTABLE THERMAL OPERATING CONDITIONS
FOR IU AND S=-IvB ELECTRICAL COMPONENTS DURING PREFLIGHT AND FLIGHT OPERATIONSe THE ECS
CIRCULATES COOLANT TO THE ELECTRICAL EQUIPMENT RACKS AND ABSORHBS HEAT GENERATED BY THE
EQUIPMENTe THE COOLANT 1S COOLED BY CIRCULATION THROUGH A SUBLIMATOR THAT USES WATER TO
COOL THE COOLANT SOLUTIONe THE ECS WATER VALVE CONTROLS WATER FLOW TO THE SUBLIMATORe
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 COMPONENTSe

FAILURE POINTS

le ELECTRICAL FAILURE TO SOLENOID
2 VALVE FAILURE

3e THERMISTOR FAILURE

CONSEQUENCES

IF THE ENVIRONMENTAL CONTROL SYSTEM LOGIC FAILS TO CYCLE THE WATER VALVE OPEN AND CLOSED
PROPERLYs» OVERHEATING OR OVERCOOLING OF IU COMPONENTS WILL RESULT. HOWEVERY SENDING THE
ECS LOGIC INHIBIT COMMAND AND WATER VALVE OPEN OR CLOSED COMMANDs AS THE CASE MAY BEs MAY
REMEDY THE FAILUREe IF THIS IS UNSUCCESSFULs THE FOLLOWING WILL RESULT===

OVERHEATING = THE ST=127 INERTIAL PLATFORM AND THE LVDA'S TWO POWER SUPPLY TEMPERATURES
witt INCREASE BUT WILL NOT REACH THEIR UNACCEPTABLE TEMPERATURES BY THE END OF THE 7=HOUR
MISSION FOR THE LAUNCH VEHICLEs THE LVDC MEMORY TEMPERATURE WILL REACH 1TS UNACCEPTABLE
TEMPERATURE OF 1438 DEGREE F AT APPROXIMATELY 4e3 HOURS AFTER FAILUREeFOR THE T7=HOUR
LAUNCH VEHICLE MISSIONs THERE WILL BE NEGLIGIBLE ODEGRADATION OF THE LAUNCH VEHICLE
NAVIGATICON AND GUIDANCE SYSTEM DUE TO THE TEMPERATURE INCREASE OF THE §ST=124 INERTIAL
PLATFOKMe HOWEVERs ASSUMING A CRITICAL PORTION OF MEMORY IS LOST OLUE TO LVDC MEMORY
OVERHEATINGs THE LVDC MAY NOT BE ABLE TO SATISFACTORILY PERFORM ITS NAVIGATIONs GUIDANCE

AND SEWUENCING FUNCTIONSe

OVERCOOLING = THE ST=~124 INERTIAL PLATFORMs LVDC MEMORYs AND THE LVDA'S TWO POWER SUPPLY
TEMPERATURES WILL DECREASE BUT WILL NOT REACH THEIR UNACCEPTABLt TEMPERATURES BY THE END OF
THE 7-HOUR MISSION FOR THE LAUNCH VEHICLEs THERE WILL BE NEGLIGIBLE OEGRADATION OF THE
LAUNCH VEHICLE NAVIGATION AND GUIDANCE SYSTEM DUE TO OVERCOOLING FOR. THE 7=HOUR PRIMARY

MISSIONe
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ITEM

S=1vB STAGE COMMON BULKHEAD DELTA PRESSURE REACHES OR EXCEEDS==-

Ae MINUS 20 PSID Be PLUS 30 PSID Co MINUS 26 PSID==PLUS 36 PSID

THE COMMON BULKHEAD WILL STRUCTURALLY FAIL AT THE ULTIMATE LIMITS OF m™MINUS 325 PSIU OR
PLUS 42.C PSID IF CORRECTIVE ACTION IS NOT TAKENs PLUS DELTA PRESSURE 1$ DEFINED AS LOX
TANK ULLAGE PRESSURE GREATER THAN THE FUEL TANX UwLAGk PRESSURE. MINUS DELTA PRESSUKE IS
DEFINED AS A FUEL TANK ULLAGE PRESSURE OREATER THAN THE Lux TANK ULLAGE PRESSURE.

FAILURE POINTS

le LH2 PRESSURIZATICON VALVE(S) FAILING OPEN = (RIGH LH2 ULLAGE PRESSURE!}
20 L2 PRESSURIZATION VALVE(S) FAILING CLOSED ~ (LOW LHZ ULLAGE PRESSURE}
3 COLD HELIUM SHUTOFF VALVE{(S) FAILS CLOSED = (LOW LOX ULLAGE PRESSURE)
Ge COLD HELIUM SHUTOFF VALVE(S) FAILS OPEN = (HIGH LOX ULLAGE PRESSURE)
Ye LH2 VENT VALVE FAILS CLOSED = (HIGH LH2 ULLAGE!}

e LH2 VENT VALVE FAILS OPEN = (LOW LH2 ULLAGE)

Te LOX VENT VALVE FAILS OPEN = (LOW LOX ULLAGE)

8o LOX VENT VALVE FAILS CLOSED = (HIGH LOX ULLAGE)

CONSEQUENCES

THEORETICALLYs THESE LIMITS SHOULD NOT BE REACHED VDURING S-~]VB BURNe IF A VENT VALVE FAILS
OPENs PRESSURE WILL DROP TO SATURATION LEVELS AND REMAIN UNTIL ENGINE STARTe UNDER NORMAL
CONDITIONS THE LOX TANK ULLAGE PRESSURE WILL BE APPRCXIMATELY 7 PSI HIGHER THAN THE LHZ
TANK ULLAGE PRESSUREs SHOULD A FAILURE OCCUR IN THE LH¢ OKR LOX PRESSURIZATION SYSTEM OR
SHOULD A LOX VENT VALVE FAILs THE NORMAL CONDITIONS COULD 8E CHANGEL== J.Ees LH2 TANK
PRESSURE HIGHER THAN LOX TANK PRESSURE OR HIGH LOX TANK PRESSURE ANL LOW LH2 TANK PRESSURE.
DURING THE BOOST PHASE THE S=IVB BURNs NPSH LIMITATIONS WuuLD BE EXCEEDED BEFURE BULKHEAD
RESTRAINTS ARE JEOPARDIZED.
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SECTION 4 = SLV SYSTEMS

LOSS OF $=1vB8 STAGE PNEUMATICS

THE STAGE PNEUMATIC SYSTEM MUST BE MAINTAINED AT A PRESSUKE OF 4%0 PSIA TO PROPERLY ACTUATE
PNEUMATIC VALVES AND SUPPLY PURGESe

ENGINE PUMP PURGE FAILS ON
THE ENGINE PUMP PURGE CONTROL== WHICH IS CONTROLLED BY A PKESSUKRE SWITCH== 1S OPENED FOR 10
MINUTES FULLOWING S=Ive ENGIME SHUTDOWNs ALLOWING THE TURBOPUMP SEAL CAVITY AND THE GAS
GENERATOR T B[ PURGED OF HAZ ARDOUS MIXTURE OF LHZ AND LOXe AN AMBIENT HELIUM SUPPLY
SHUTCFF VALVE 1S LCCATED AFTER T:iE REGULATOR AND CAN BE CLUSED BY GROUND COMMAND IF THE
PURGE CANNOT Bt TERMINATED OR A LEAK DEVELOPS DOWNSTREAM OF THE VALVEe

FAILURE POINTS
LOSS OF S=IvB STAGE PNEUMATICS
e PNEUMATIC REGULATOR FAILS CLOSED
2 AMBIENT HELIUM SHUTOFF VALVE FAILS CLOSED
3. PNEUMATIC REGULATOR BACKUP PRESSURE SWITCH FAILS IN ENERGIZED POSITION
4 LOSS OF PNEUMATIC BOTTLE PRESSURE
ENGINE PURGE CUNTROL SGLENOID VALVE FAILS OPEN
le PRESSURE SwITCH FAILURE
Ze 5w1TCh SELECTOR FAILURE
2 SEUUENCER FAILURE
b AFT PRESSURE SWITCH POWER FAILURE

CONSEQUENCES
IF THE STAGE PNEUMATICS IS LOSTy THE VALVE ACTUATION SEWUENCES AND PURGE SEQUENCES CANNOT
BE COMPLETED AS PROGRAMMED OR BY GROUND COMMANDe PRIMARY VALVE ACTUATION SEWUENCES THAT
WOULD HBE LOST ARE CONTINUOUS VENT SYSTEM AND PROPELLANT TANK VENTS OPERATION ARD
CONF IGURATION FUK CHILLDOWNS

A IKEQULATOR LISCHARGE PRESSURE CF AT LEAST 320 PSIA 1S REWUIRED TO HOLD THE LOX ANL WHZ
PREVALVES JLOSED OURING CHILLUOWNS

[F THE EAGINE PUMP PURGE CANNOT 8E TERMINATEDs THE STAGE PNEUMATIC HELIUM wilLL BE ODEPLETED
Aivo PNEUMATIC VALVE ACTUATION CAPABILITY wILL BE LOST IN TB7 WwHICH WILL RESULT IN AN
INABILITY TC Metl THR STAGE SAFING REWQUIREMENTSe
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By

ITEM

T=11 LOW LH2 TANK ULLAGE PRESSURE

DURING ORBITAL COASTy LH2 ULLAGE PRESSURE IS MAINTAINED BETWEEN 1945 AND 2140 PSIA 38Y
HAVING THE CONTINUOUS VENT SYSTEM OPEN. THE CONTINUOUS VENT SYSTEM ALLOWS CONTROLLED
VENTING OF THE BOILOFF GH2 FROM THE LH2 TANKe THE VENTING PROVIDES A PROPULSIVE FORCE TO
ASSIST IN PROPELLANT SETTLING AND THERMAL CONDITIONING BY PREVENTING THE BULK TLMPERATURE
FROM INCREASINGe A PRESSURE DROP BELOW 1945 PSIA IS5 [INCICATIVE OF A CONTINUOUS VENT
REGULATOR MALFUNCTION OR A VENT SYSTEM LEAK.

THE LHZ TANK IS PREPRESSURIZED 8Y THE CRYOGENIC REPRESSURIZATION SYSTEM (02/H2 BURNER)
DURING RESTART PREPARATIONS TO A PRESSURE BETWEEN 28 AND 31 PSIA. THE AMBIENT HELIUM
REPRESSURIZATION SYSTEM SERVES AS A BACKUP TO CRYOGENIC REPRESSURIZATION IF CRYUGENIC
REPRESSURIZATION 1S IMPARED BECAUSE OF TANK LEAKAGE OR A REPRESSURIZATIUGN SYSTEM FAILURE.
DURING MAINSTAGE OPERATIONSs THE LH2 TANK IS PRESSURIZED BY GASEOUS HYDROGEN BLEED FROUM THE
J=2 ENGINEs THE FLIGHT CONTROL PRESSURE SWITCH MAINTAINS THE ULLAGE PRESSURE BETWEEN 28
AND 31 PSIA 8Y CYCLING VALVES IN THE LH2 TANK PRESSURIZATION CONTROL MODULE.

FAILURE POINTS
le LH2 VENT AND RELIEF VALVE FAILS OPEN OR PARTIALLY OPEN
ra LH2 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 REPRESSURIZATION FAIL TO INITIATE
Se LH2 TANK CVS REGULATOR FAILS TO CLOSE FOR REPRESSURIZATION

CONSEQUENCES

THE LH2 TANK ULLAGE PRESSURE DURING ORBITAL COAST MUST BE WMAINTAINED ABOVE THE REQUIRED
LIMIT SO THAT THE REPRESSURIZATION SYSTEMS CAN SUFFICIENTLY INCREASE THE PRESSURE TO ENSURE
THE J=2 ENGINE LH2 PUMP WILL NOT CAVITATE DUE TO LOW NPSHe IF THE TANK ULLAGE PRESSURE IS
BELOW NPSH REQUIREMENTS AT ENGINE STARTs THE FUEL PUMP WILL CAVITATE wITH A SUBSEUUENT
CREW=SAFE SHUTDOWMe A LOW ULLAGE PRESSURE DURING COAST WOULD ALSO RESULT IN ADDITIUNAL
PROPELLANT 1.0SSES DUE TU THE LOWER THAN EXPECTED SATURAT IUlv PRESSURE OF  THE PROPELLAGT.
THE 02/H2 BURNER MAY MNOT START OR MAY BURN THROUGH IF THE LH2 ULLAGE PRESSURE IS BELOW 47
PSIAs THEREBY MAKING IT NECESSARY TO USE THE BACKUP AMBIENT REPRESSURIZATION SYSTEM Tu
PROVIDE THE REWUIRED NPSH FOR ENGINE START. IFf THE BURNER DUES OPERATE AND THE ULLAGE
PRESSURE IS LOW BECAUSE OF LEAKAGEs THE EFFECTIVENESS OF CKYOGENIC KEPRESSURIZATION wlLL &E
IMPAIRED AND AMBIENT REPRESSURIZATION WILL ALSO BE REWQUIRED. IFf THE CVERBOARD LEAKAGE IS
GREAT ENOUGH» THE ULLAGE PRESSURE INCREASE FROM AMBIENT REPRESSURIZATION WILL NOT ué
SUFFICIENT.
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ITEM

LOW COLD HELIUM SUPPLY PRESSURE

DURING RESTART PREPARATIONSs COLD HELIUM HEATED BY THE 02/H2 BURNER IS USED TO PRESSURIZE
THE LH2 AND LOX TANKS TO THE PROPER RESTART PRESSURESe FOLLOWING BURNER OPERATIONs AMBIENT

HELIUM IS USED TO PRESSURIZE THE TANKS IF THE BURNER SYSTEM WAS NOT SUFFICIENT.
HELIUM IS ALSO USED DURING S=IvB ENGINE BURN TO PRESSURIZE THE LOX TANK.

FAILURE POINTS
le COLD HELIUM DUMP MODULE (VENT ANL/OR RELIEF) FAILS OPEN
20 LOX TANK PRESSURIZATION SHUTOFF VALVES FAIL OPEN
3 REPRESSURIZATION PLENUM AND VALVE ASSEMBLY {(LUX AND/OR LHZ2) SOLENOID FAILS OPEN

CONSEQUENCES

coLD

IF THE COLD HELIUM SPHERE PRESSURE DECREASES BELOW 10080 PSIA PRIOR TO 02/H2 BURNER
IGNITIONs THERE wILL NOT BE ENOUGH COLD HELIUM REMAINING AFTER LOUX ANL LH2 TANK CRYOGENIC
REPRESSURIZATION TO PRESSURIZE THE LOX TANK DURING BURN TU MEET THE J=2 SPEC NPSH.

VIOLATION OF LOX J=2 ENGINE SPEC NPSH WILL CAUSE CAVITATION OF THE LOX TURBOPUMP

FAILURE TO START OR ENGINE PERFORMANCE DEGRADATION WITH A CREW=SAFE SHUTDOWNe IF THE

HELIUM PRESSURE 1S BELOw 300 PSIAy THERE MAY NOT BE SUFFICIENT COLD HELIUM FOR LOX

PRESSUKRIZATION DURING THE BURNe IF THE BURNER 1S ALLOWED TO CONTINUE TO OPERATE AFTER
COLD HELIUM PRESSURE DECREASES BELOW 450 PSIAs THERE MAY NOT BE SUFFICIENT COLD HELIUM
LOX TANK PRESSURIZATION DUKING THE BURNs

WITH
CoLD
TANK
THE
FOR
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ITEM

LOW LOX TANK ULLAGE PRESSURE

THE LOX TANK 1S PREPRESSURIZED BETWEEN 38 PSIA AND 41 PSIA DURING THE RESTART SEQWUENCE TO
PROVIDE THE LOX HEAD (NPSH) CONDITIONS REWUIRED FOR J=2 ENGINE STARTe THE 02/H2 BURNER IS
USED FOR HEATING COLD HELIUM FOR PREPRESSURIZING THE LOX TANKe AN AMBIENT HELIUM
REPRESSURIZATION SYSTEM WILL AUTOMATICALLY PREPRESSURIZE THE LOX TANK SHOULD THE 02/HZ
BURNER FAIL QR BE INHIBITEDs DURING MAINSTAGE THE LOX TANK PRESSURIZATION IS MAINTAINED
BETWEEN 38 AND 41 PSIA BY THE FLIGHT CONTROL PRESSURE SWITCHs PRESSURIZATION GASES DURING
MAINSTAGE OPERATION CONSIST OF COLD HELIUM FLOWING THROUGH THE J=2 ENGINE HEAT EXCHANGERS

FAILURE POINTS
le COLD HELIUM SUPPLY SHUTOFF VALVE FAILS CLOSED
20 LOX TANK VENT AND RELIEF VALVE FAILS OPEN
3 LOX AMBIENT HELIUM REPRESSURIZATION SYSTEM FAILS
Go FLIGHT CONTROL PRESSURE SWITCH FAILS
S5e 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 LOSSESe
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 BURNe UNDER THESE CONDITIONSs THE LOX TANK
PRESSURIZATION SYSTEM IS UNABLE TO MAINTAIN A POSITIVE PRESSURE RISE RATE ANDs THEREFORE»
AN INITIAL TANK PRESSURE IS REWUIRED TO ASSURE COMPLIANCE WITH J=2 ENGINE LOX NPSH
REWUIREMENTS THROUGHOUT BURNe IF THE CRYOGENIC REPRESSURIZATION SYSTEM IS INHIBITEDs THE
AMBIENT REPRESSURIZATION HELIUM WILL BE USED TO BRING THE TANK PRESSURES TO AN ACCEPTABLE
LEVELe LOW ULLAGE PRESSURES AT ESC WILL RESULT IN VIOLATION OF NPSH REWUIREMENT PRIOR TO
CUTOFFe THE COMMAND ACTION WILL INHIBIT BURNER OPERATION TO SAVE <COLD HELIUM FOR BURN
INSTEAD OF CONSUMING IT FOR REPRESSURIZATION

' REQUIRED LOX TANK ULLAGE PRESSURE PRIOR TO BURNER START
.. FOR VARIOUS ULLAGE PRESSURE DECAY RATES
~1D0179-406, DO180-406 e -0 70 50 PSIA 1 i
oA 1 : 42T eRessure
i BURNER_.JMHQBL’Z:_»L.... e §W LIMIT
B - o ’ i -/ : B R -

T S PRESSURE | |
000 DECAY RATE (PS1/,

P REQD - REQUIRED ULLAGE PRESSURE (PSIA)

" TIME PROM BURNER START (MIN)

MISSION REV | DATE SECTION GROUP PAGE

APOLLO 14]FNL J12/15/70)SLV SYSTEMS




NASA - Manned Spacecraft Center

MISSION RULES
SECTION 4 = SLV SYSTEMS

ITEM

)

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 1250 PSIA.
THE GH2 1S USED TO GIVE THE INITIA& SPIN TO THE TURBINE DURING THE START SEQUENCE

FAILURE POINTS
le START VENT AND RELIEF VALVE FAILS TO RELIEVE
24 START TANK RELIEF PRESSURE SHIFTED HIGH

CONSEQUENCES
EXCESSIVE éRESSURE IN THE START TANK COULD RESULT IN ELEVATED OXIDIZER SYSTEM POWER BUILDUP
CAUSING HIGH LOX PUMP DISCHARGE PRESSURES DURING THE START TRANSIENTe 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 ODUE TC ENGINE
DAMAGE SUSTAINED DURING ENGINE STARTe
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ITEM

——

S=IvB LOSS OF ENGINE HYDRAULIC FLUID

THE INDEPENDENTs CLOSED LOOP S=IvB HYDRAULIC SYSTEM GIMBALS THE J=2 ENGINE DURING BOOST»
COASTs AND ENGINE BURN OPERATIONS. A MAIN HYDRAULIC PUMPy AN AUXILIARY MOTOR=DRIVEN
HYDRAULIC PUMPy AN ACCUMULATOR=RESERVOIRs TWO SERVUACTUATORSs AND INTERCONNECTING TUBE AND
HOSE ASSEMBLIES COMPRISE THE S=IVB HYDRAULIC SYSTEMe EACH OF TWO IDENTICAL SERVOACTUATOR
"ASSEMBLIES PROVIDES MECHANICAL FORCE TO GIMBAL THE u-2 ENGINEe 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 TORWUE MOTOR FROM THE FLIGHT CONTRUL COMPUTER IN THE
Ve

FAILURE POINTS
le PITCH 6R YAW ACTUATOR MALFUNCTION
2e MAIN HYDRAULIC PUMP FAILURE
3. HYDRAULIC HOSE OR TUBING FAILURE
4o AUXILIARY MOTOR=DRIVEN HYDRAULIC PUMP FAILURE
CONSEQUENCES
IGNITION OF THE S=I1vB STAGE WITHOUT AN OPERATIVE HYDRAULIC SYSTEM WILL JEOPARDIZE CREW
SAFETYe THERE WILL BE A LOSS OF ENGINE GIMBAL CONTROL DURING MAINSTAGE OPERATIONs WHICH

PROBABLY WILL RESULT IN EXCESSIVE VEHICLE ATTITUDE RATES AND GUIDANCE ERRORe IN ADDITION
THE VEHICLE WILL BE UNABLE TO EXECUTE REQUIRED TRAJECTORY CORRECTIONS.
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ITEM

7=25

LOX NON=PROFPULSIVE VENT FAILS TO OPEN

DURING ORBITAL VENTING OF THE LOX TANKs THE VENT GAS IS DIRECTED OVERBOARD BY MEANS OF A
NON=PROPULSIVE VENT SYSTEM DESIGNED TO MINIMIZE THE VEHICLE ORIENTATION PERTURBATIONS
CAUSED BY VENTINGe THE TANK IS VENTED AFTER THE SECOND BURN TO PREVENT NON=PROPULSIVE
RELIEF VENTING DOURING TD&Es» AND TO PREVENT UNACCEPTABLE COMMON BULKHEAD POSITIVE
DEFFERENTIAL PRESSURE DURING LH2 TANK NON=PROPULSIVE VENTINGe AFTER LOX LUMP IN TB8 THE
VENT IS LATCHED OPEN TO SAFE THE TANK AND TO PREVENT BULKHEAD DIFFERENTIAL PRESSURE DURING
LH2 TANK SAFINGe

FAILURE POINTS
le ACTUATION CONTROL MODULE = LOX TANK NPV VALVE = FAILS TO ACTUATE
2e SEQUENCER = NPV OPEN COMMAND = FAILS TO ACTUATE ACTUATION CONTROL MODULE
3 10 AMP MAGLATCH RELAY FAILS
Ge LOX NPV FAILS CLOSED
CONSEQUENCES

IF THE LOX TANK NPV IS NOT OPENED AT TB7s 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 SEPARATIONs DOCKINGs AND SC/LM EJECTIONs IN ADDITION» DUE TO THE
BLOWDOWN OF THE LH2 TANKs THE COMMON BULKHEAD POSITIVE DIFFERENTIAL PRESSURE MAY INCREASE
TO A VALUE IN EXCESS OF 36 PSID.

IF THE LOX NPV IS NOT LATCHED OPEN AT TB8 AFTER LOX DUMPs THE RISE IN LOX TANK ULLAGE
PRESSURE DUE TO ULLAGE AND LIWUID HEAT INPUTS WILL RESULT IN EVENTUAL NON=PROPULSIVE RELIEF
VENTINGe 1IN ADDITION» DUE TO THE BLOWDOWN OF THE LH2 TANKs THE COMMON BULKHEAD POSITIVE
DIFFERENTIAL PRESSURE MAY INCREASE TO A VALUE IN EXCESS OF 36 PSIDe SINCE THIS MAY OCCUR
AT A TIME BEYOND THE LIFETIME OF THE STAGEy THE COMMON BULKHEAD DIFFERENTIAL PRESSURE
MISSION RULE MAY NOT BE APPLICABLE FOR FURTHER CORRECTIVE ACTIONe
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7=26

LH2 LATCHING VENT VALVE FAILS TO OPEN

THE LH2 LATCHING VENT VALVE IS LATCHED OPENED FOR 15 MINUTES AT TB? + Oe8 SECONDS AND AGAIN

AT TB7 + 60 MIN Oe4 SEC TO VENT THE LH2 TANK PRIOR TO AND AFTER SPACECRAFT
VALVE IS PERMANENTLY LATCHED OPEN AT TB8 + 23 MINUTES 27 SECONDSe

FAILURE POINTS

le LH2 LATCHING RELIEF VALVE LATCH

r LH2 LATCHING RELIEF VALVE FAILS CLOSED
CONSEQUENCES

FAILURE TO VENT THE LH2 TANK PRIOR TO AND AFTER SPACECRAFT OPERATIONS
UNDESIRABLE LH2 TANK VENTING THAT MAY RESULT IN PERTURBATIONS DURING TD&Ee

SEPARATIONe THE

MAY RESULT IN
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ENGINE START BOTTLE DUMP FAILS TO INITIATE
AT THE COMPLETION OF THE PRIMARY S=1vB MISSIONs THE ENTIRE STAGE WILL BE PASSIVATED OR
SAFED BY BLEEDING DOWN PNEUMATIC BOTTLES AND SYSTEMS AND DUMPING REMAINING PROPELLANTSe BY
THE END OF SECOND BURN THE START BOTTLE WILL HAVE BEEN RECHARGED TO A PRESSURE LEVEL OF
APPROXIMATELY 19150 PSIAe THE PRESSURE SHOULD NOT INCREASE SIGNIFICANTLY ABOVE THIS VALUE»
SINCE START BOTTLE OUMP 1S INITIATED IMMEDIATELY AFTER SECOND BURN CUTOFF AT START OF TIME
BASE 7¢ ANY INCREASE IN PRESSURE ABOVE THE RELIEF SETTING OF 19300 +/= 25 PSIA WILL CAUSE
VENTING OF EXCESS PRESSURE THROUGH THE START BOTTLE VENT AND RELIEF VALVE.
THE GHZ START BOTTLE WILL BE OUMPED BY OPENING THE VENT AND RELIEF VALVE.

FAILURE POINTS
le START BOTTLE VENT VALVE FAILS CLOSED
ra STAGE PNEUMATIC POWER CONTROL MODULE FAILS CLOSED
3e ELECTRICAL COMMAND FAILURE

CONSEQUENCES

THE S=IVB STAGE WILL NOT BE IN A SAFE CONDITION IF THE START BOTTLE DUMP 1S NOT INITIATED
OR IF THE PRESSURE IS NOT BELOW 19200 PSIA AT 70 DEGREES Fe

MISSION REV ] DATE SECTION GROUP PAGE

APOLLO 14 |FNL R2/15/70]SLV SYSTEMS

4u3h




NASA - Manned Spacecraft Center

MISSION RULES
SECTION 4 = SLV SYSTEMS

R |

ITEW

FAILURE TO INITIATE COLD HELIUM DUMP

AT THE END OF THE S=IvB SECOND BURN» SAFING OF THE STAGE WILL BE INITIATED» INCLUDING COLD
HELIUM DUMPe COLD HELIUM IS DUMPED THROUGH THE LH2 TANK VENT WHEN THE REPRESSURILZATION
SYSTEM MODE SELECT. OFF (CRYOGENIC MODE) AND REPRESSURIZATION CONTROL VALVES OPEN COMMAND IS
 GIVEN BY THE ONBOARD SEQUENCE.

FAILURE POINTS
LH2 CRYOGENIC REPRESSURIZATION VALVES FAIL TO OPEN

le
20 ELECTRICAL OR COMMAND FAILURE
3 LOX PéESSURlZATION MODULE REGULATOR FAILS CLOSED
CONSEWUENCES
IF THE COLD HELIUM SPHERES FAIL TO DUMP THROUGH THE LH2 CRYOGENIC REPRESSURIZATION SYSTEM»
REPRESSURIZATION

IT CAN BE DUMPED THROUGH THE LOX TANK BY OPENING EITHER THE LOX CRYOGENIC

VALVES OR LOX PRESSURIZATION VALVESe IF THESE ALTERNATIVES FAILy THE COLD HELIUM CANNOT BE
DUMPED AND THE S=1vB CANNOT BE SAFEDe THE SPHERE PRESSURE COULD INCREASE TO 3500 PSIA AS
THE TEMPERATURE INCREASES FROM 50 TO 400 DEGREES Re THIS IS UNACCEPTABLY CLOSE TO THE

AMBIENT TEMPERATURE SPHERE BURST PRESSURE AT 3950 PSIA.
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8=~2

S=1vB STAGE 02/H2 BURNER FUEL PROPELLANT VALVE FAILS CLOSED

THE 02/H2 BURNER USES LOX AND LH2 FROM THE MAIN PROPELLANT TANKS TO HEAT COLD HELIUM FOR
REPRESSURIZATION OF THE OXIDIZER AND FUEL TANKSe A THERMAL VOTING CURCUIT THAT SENSES THE
TEMPERATURE IN THE GH2 LINE UPSTREAM OF INJECTOR NOe 2 PROVIDES AN INDICATION OF A BURNER
NO=LIGHT OR FLAMEOUTe THE CIRCUIT WILL AUTOMATICALLY SHUT DOWN THE BURNER WHEN THE
TEMPERATURE IS BELOW =409 TO =411 DEGREES Fe 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 (2) DURING BURNER OPERATION
BECAUSE THE LOX=RICH MIXTURE WILL CAUSE HIGH BURNER TEMPERATURESe

FAILURE POINTS
le LH2 PROPELLANT VALVE FAILS CLOSED
2e ACTUATION CONTROL MODULE {LHZ PROP VALVE) FAILS CLOSED

3 SWITCH SELECTOR FAILURE
be 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 RESULTe ALSO LOX
WILL BE DUMPED OUT OF THE BURNER DUE TO THE LOX MANIFOLD SHUTOFF VALVE REMAINING OPENe THE
COLD HELIUM REPRESSURIZATION SHUTOFF VALVES WOULD REMAIN OPEN UNTIL THE AMBIENT
REPRESSURIZATION SYSTEM IS INITIATED DURING TB6 OR UNTIL THE BURNER SHUTDOWN COMMAND IS
GIVENe IF THE COLD HELIUM SHUTOFF VALVES REMAIN OPEN FOR THE ENTIRE BURNER
REPRESSURIZATIONs 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 BURNe
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LH2 CHILLDOWN SYSTEM FAILS

THE J=2 ENGINE LH2 PUMP IS PRECONDITIONED PRIOR TO RESTART TO ENSURE THE INLET CONDITIONS
ARE ACCEPTABLE FOR STARTe LH2 IS CIRCULATED FROM THE TANK THROUGH A LOW PRESSURE FEED DUCT»
THE J=2 ENGINE LH2 TURBOPUMPy AND BACK TO THE TANK THROUGH A RETURN LINEe THE LH2 CHILLDOWN
_PUMP IS TURNED ON AND THE Ne Oe¢ LH2 PREVALVE IS CLOSED AFTER INITIATION OF TIME BASE 6¢ LH2
FLOWS TO THE INLET OF THE TURBOPUMP THROUGH THE Ne Oe¢ CHILLDOWN VALVE THAT REMAINS IN THE
OPENED CONDITION AND BACK TO THE TANK THROUGH THE Ne Oe¢ BLEED VALVEe JUST PRIOR TO ENGINE
START THE PREVALVE IS OPENEDe AFTER ENGINE START THE BLEED VALVE IS CLOSED AND THE
CHILLDOWN PUMP TURNED OFFe

FAILURE POINTS
le LH2 CHILLDOWN PUMP FAILS OFF
20 LH2 CHILLDOWN VALVE FAILS CLOSED
3 LH2 BLEED VAL.VE FAILS CLOSED
4o LH2 PREVALVE FAILS OPEN
CONSEQUENCES
IF THERE IS A FAILURE AT ONE OF THE FAILURE POINTSs LH2 RECIRCULATION WILL NOT BE
ACCOMPLISHEDe THE ONBOARD SEQUENCED LH2 FUEL LEAD DURING THE ENGINE START SEWUENCE WILL
PROVIDE LH2 FEED SYSTEM AND J=~2 ENGINE CHILL FOR RESTARTe 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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LOX CHILLDOWN SYSTEM FAILS DURING RESTART PREPARATIONS

THE J=2 ENGINE LOX PUMP AND FEED HARDWARE PUMP 1S PRECONDITIONED PRIOR TO RESTART TO ENSURE
THE INLET CONDITIONS ARE ACCEPTABLE FOR STARTe LOX IS CIRCULATED FROM THE TANK THROUGH A
LOW PRESSURE FEED DUCT» THE J=2 ENGINE LOX TURBOPUMP» AND BACK TO THE TANK THROUGH A RETURN
LINEe THE LOX CHILLDOWN PUMP IS TURNED ON AND THE Ne ©Os LOX PREVALVE IS CLOSED AFTER
INITIATION OF TIME BASE 6e¢ LOX FLOWS TO THE INLET OF THE TURBOPUMP THROUGH THE Ne O
CHILLDOWN VALVE THAT REMAINS IN THE OPENED CONDITION AND BACK TO THE TANK THROUGH THE Ne Oe
BLEED VALVEe JUST PRIOR TO ENGINE START THE PREVALVE IS OPENEDe AFTER ENGINE START (ENGINE
HELIUM CONTROL SOLENOID ENERGIZED) THE BLEED VALVE 1S CLOSED AND THE CHILLDOWN PUMP  TURNED

OFFe

FAILURE POINTS
le LOX CHILLDOWN PUMP FAILS OFF

2 LOX CHILLDOWN VALVE FAILS CLOSED
3e LOX BLEED VALVE FAILS CLOSED
4 LOX PREVALVE FAILS OPEN

CONSEQUENCES

IF THERE IS A FAILURE AT ONE OF THE FAILURE POINTSs LOX CHILLDOWN WILL BE ACCOMPLISHED BY A
GROUND COMMANDED SEQUENCED LOX LEAD OF APPROXIMATELY 8 SECONDS{ALTERNATE SEQUENCE 6 D)+« THE
LOX LEAD WILL IMPROVE CHANCES OF A SUCCESSFUL ENGINE STARTe HOWEVER» A LOX LEAD EXCEEDING 8
SECONDS 1S UNDESIRABLE BECAUSE THE ENGINE INJECTOR WILL BE OVERCHILLED WHEN COMBINED WITH
THE NORMAL 8 SECOND LH2 LEADe DUE TO COMBUSTION INSTABILITY NOTED ON AS 5049 A TLI INHIBIT
WILL BE CALLED FOR A LOX LEAD LARGER THAN 20 SECONDSs
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S-1vB CONFIRMED HARDOVER ACTUATOR

DURING ORBITAL COASTs NO HYDRAULIC POWER IS SUPPLIED TO THE ACTUATORS EXCEPT WHEN THE
AUXILIARY HYDRAULIC PUMP IS TURNED ON FOR THERMAL CYCLEe IN THE POWER OFF CONDITION» ENGINE
POSITION WILL VARY +/= 3 DEGREES DEPENDING ON DUCT LEADS» GIMBAL BEARING FRICTIUNs ETCe
DURING THE ENGINE IGNITION STARTING TRANSIENTs MOMENTARY PITCH OR YAW ACTUATOR EXCURSIONS
AS HIGH AS +/=~ 3 DEGREES ARE NORMALLY EXPERIENCEDe LARGE ACTUATOK DEFLECTIONS MAY OCCUR AT
THIS TIME DEPENDING ON VEHICLE ATTITUDE. THE ACTUATORS MAY BE OFFSET FROM NULL DURING
ENGINE BURN AS MUCH AS +/= 145 DEGREES DUE TO THRUST MISALIGNMENTs» ENGINE INSTALLATION=
TOLERANCESs UNCOMPENSATED GIMBAL CLEARANCES AND THRUST STRUCTURE COMPRESSION EFFECTSe AFTER
THE INITIAL ENGINE BURN STARTING TRANSIENTS» THERE SHOULD BE VERY LITTLE MOVEMENT OF THE
ACTUATORS DURING POWERED FLIGHT

FAILURE POINTS
le SERVOACTUATOR VALVE
CONSEQUENCES

DURING SECOND S=IvB BURNy AN ACTUATOR HARDOVER FAILURE PRODUCES RAPID DIVERGENCE OF
ATTITUDE ERROR AND BODY RATEs TUMBLINGs AND IMMEDIATE LOSS OF CONTROLe THIS IS THE MOST
LIMITING CASE FOR MANUAL ABORT TIMING AND ANY DELAY MUST BE MINIMIZED TO PREVENT EXCEEDING
THE SPACECRAFT PLATFORM TUMBLE LIMITSe EDS STUDIES SHOW THAT FOR EVEN A 2~SECOND BURN OF
THE J=<& THE VEHICLE WOULD COMPLETE ABOUT 3 1/2 REVOLUTIONS BEFORE A RECOVERY COULD BE MADE
WITH THE APSe
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CONTINUOUS VENT SYSTEM REGULATOR FAILS TO CLOSE DURING RESTART SEQUENCE

THE CVS 1S CLOSED DURING RESTART PREPARATIONS SO THAT THE LH2 TANK CAN BE REPRESSURIZED TO
AN ACCLPTABLE LEVEL FOR RESTARTe DURING ENGINE BURNs THE VENTS MUST BE CLOSED IN ORDER THAT
THE LHZ TANK PRESSURIZATION SYSTEM CAN PROVIDE ADEWUATE NPSP.

DURING J=2 ENGINE OPERATION» ULLAGE PRESSURE IS PROVIDED BY GH2 BLEED FROM THE J=2 ENGINEe
THE GASES FLOW TO THE TANK THROUGH THREE ORIFICED FLOW PATHSe ONE PATH IS ALWAYS OPEN» AND
NORMALLY OPEN SOLENOID VALVES CONTROL THE OTHER TWOe AFTER J=2 ENGINE STARTy A SWITCH
SELECTUR COMMAND CLOSES ONE SOLENOID VALVE AND ENABLES THE FLIGHT CONTROL PRESSURE SWITCH
TO CONTROL THE OTHER VALVE.

FAILURE POINTS
le 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 PREPSs THE REGULATOR WILL VENT GAS
AT A RATE EQUAL TO THE CRYOGENIC REPRESSURIZATION RATE. HOWEVERs THE AMBIENT
REPRESSURIZATION SYSTEM WILL PROVIDE ADEWUATE NPSP FOR RESTARTe DURING BURN THE CORRECTIVE

ACTION WILL OPEN ALL THREE PATHS OF THE LH2 PRESSURIZATION CONTROL MODULE TO PROVIDE THE
ADDITIONAL PRESSURANT REWUIREDs
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LOSS OF ATTITUDE CONTROL DURING S=1vB SECOND BURN

~ Vehicle Rates

(R4-602, R5-602,

R6~602)

Vehicle Rates

and

{R8-602, R12-602, R13-602) L,
)

T.oss of Attitude{Control Alery

Ror»

——- |

Loss of Attitude Control Durimg Orbit

ATTITUDE CONTROL OF THE ENTIRE SATURN VEHICLE IS CONTROLLED THROUGH THE INSTRUMENT
THIS CONTROL IS NECESSARY TO KEEP THE VEHICLE IN THE CORRECT LAUNCH TRAJECTORY FOR PROPER
ORBIT INSERTION AND FOR MAINTAINING THE CORRECT VEHICLE ATTITUOE WHILE IN ORBITe

FAILURE POINTS

le

24 LVDC FAILURE

3

4o APS FAILURE
CONSEQUENCES

SWITCH SELECTOR FAILURE

ST~124 PLATFORM FAILURE

LOSS OF ATTITUDE CONTROL DURING ORBIT WILL EVENTUALLY RESULT IN EXCESSIVE RATES
AFFECTED AXIS AND AN INABILITY TO PERFORM REQUIRED MANEUVERSe THE LV/CSM ATTITUDE wilL BE

UNCONTROLLABLE AND WILL DIVERGEs

UNITe

THE
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CONTe

oy

Loss of Attitude Contrsl Alert During Orbit ,

TLC - EMR D26

MEM A - EMR D24 o
_— b

MEM B - BMR D25 ___[*"

D LVDC/LVDA Computational Failure

o< —w

l TLC MC26D9 : @‘l—\

- Hydraulic Syshen Pressure (<1700 PSIAY - D41-403 2
S I;J{B Hydraulic Syst ressu Di2-403 out of | pafiure of S~-IVB Engine
Y _Hydraulie Reservoir Pressure (Approx, 0) - Foiractice Doring 5 Ive o
g Hydraulic Level (Approx. 0 Percent) - L7-403
F Failur.e to Reconfigure FCC ) (dance Sequence
c Failure to Initiate Proper Guidan q

. r
C  rail to Change Time Base T

Loss of Attitude Control S-IVB Second Burn

YRT - MC24D15 & 16
XRT - M(C24D17 & 18

ZRT - MC24D19 & 20 or
oD TIR - WD I3eTe ] an

Guid. Ref. ¥ail - M(C26D8

— D Attitude Reference Failure

Platform GN2 (<5 PSID)-D11-603 an /
6D11 Volts(<26v)-M12-601 -

6D10 Ampg(<10A)-M16-601 o

Gyro Pickups(=0)-H40, 41, 42-603 |5

Xx~0x (>A) H60-603 &
Vote
Roll Ladder (>A) H56-603. - 2
Roll Error (>A) H69-603 - ‘;f
xy~0y (>B) H60-603 vor .
| Vote S 1
Pitch Ladder (>B) H54-603 | Abnormal Attitude Error Signa
of
Pitch Error (>B) H71-603 = 3
xz-0z (>B) H60-603
. Vote A=3,5
* Yaw Ladder (>B) H55-603 - 2 B = 5.0°
£
Yaw Error (>B) H70-603 - g
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S=1VB AMBIENT HELIUM DUMP FAILS TO INITIATE

AS A PART OF THE AS=507 MISSIONs THE S=IVB STAGE WILL GO THROUGH A PASSIVATION SAFING
PROCEDUREs INCLUDING DUMPING THE AMBIENT HELIUM BOTTLEs THIS IS ACCOMPLISHED BY OPENING THE
ENGINE PUMP PURGE VALVE AND DUMPING THROUGH THE ENGINE TURBOPUMP PURGES AND GAS GENERATOR
PURGE e .

FAILURE POINTS

1. ENGINE PUMP PURGE CONTROL VALVE FAILS CLOSED

2. ELECTRICAL COMMAND FAILURE

CONSEWUENCES

THE S=IVB STAGE WILL NOT BE IN A ''SAFE'' CONDITION IF THE PRESSURE 1S BELOW 2+000 PSIA AT

210 DEGREES F (1/4 BURST PRESSURE)e THE AMBIENT HELIUM SPHERE PRESSURE WILL NOT INCREASE

SIGNIFICANTLY FROM THE PRESSURE AT THE TIME OF THE FAILUREe IN THE EVENT OF FAILURE TO DUMP

THIS BOTTLEs» THE CONTINUOUS BLEED PROVIDEDL BY THE LOX CHILLDOWN PUMP PURGE AND NORMAL

FgeggGEE?ILL RESULT IN MEETING THE 49000 PSIA AT 210 LDEGREES F CONTINGENCY CASE (1/2 BURST
V] .
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92

LOX DUMP FAILS TO INITIATE
AT THE TERMINATION OF S=]vB SECOND BURNs THE S=IVvB STAGE WILL BE PASSIVATED== le Ee¢s LOX
DUMPEDs LH2 VENTED» AND PRESSURE BOTTLES BLOWN DOwWNe THE LUX DUMP IS ACCOMPLISHED 8Y
OPENING THE J=2 ENGINE MAINSTAGE CONTROL SOLENOID AND THE ENGINE HELIUM CCNTROL SULENQIULS
RESPECTIVELY. THIS AiLUWS LOX TO BE DUMPED THROUGH THE ENGINE THRUST CHAMBERs
FAILURE POINTS
le DEPLETED ENGINE CONTROL HELIUM SUPPLY
2 LOX PREVALVE FAILS CLOSED
3. SEQWUENCING FAILURE
be MAIN LOX VALVE FAILS CLOSED (ENGINE)
Se MAINSTAGE CONTROL SOLENOIL FAILS CLOSED
6o ENGINE HELIUM COMTROL SOLENOID FAILS CLOSED
CONSEQUENCES
LOSS OF LOX DUMP AND ITS RESULTING THRUST OF APPROXIMATELY 700 POUNDS COULD PREVENT TKE

$=1vB FROM ENTERING THE LUNAR IMPACT TRAJECTORY AND WILL CAUSE LOX TANK SAFING TO BE
ACCOMPLISHED BY VENTING THROUGH THE LOX NPVe
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ENGINE CONTROL BOTTLE HELIUM DUMP FAILS TO INITIATE

AT THE TERMINATION OF SECOND BURNe THE S=IVB WILL BE PASSIVATED=- I« Ee» THE PROPELLANTS
DUMPED AND PRESSURE BOTTLES BLOWN DOWNe THE STAGE AMBIENT REPRESSURIZATION SPHERES ARE
CONNECTED TO THE ENGINE CONTROL BOTTLE AND THUS SUPPLY HELIUM TO CONTINUOUSLY REPLENISH THE
ENGINE CONTROL BOTTLEs THE AMBIENT REPRESSURIZATION SPHERE ARE DUMPED TO APPROXIMATELY 1500
PSIA AT THE INITIATION OF DUMPe THE ENGINE CONTROL SPHERE PRESSUREs DURING LOX AND LH2
DUMPy WILL THEN ALSO BLOW POWN TO APPROXIMATELY 1500 PSIAe FROM THIS POINT» THE FLOW IS A
COMBINED AMBIENT AND CONTROL BOTTLE HELIUMe

FAILURE POINTS
le ENGINE HELIUM CONTROL SOLENOID VALVE FAILS CLOSED
20 ELECTRICAL COMMAND FAIWLURE

CONSEQUENCES

IF THE ENGINE CONTROL BOTTLE DUMP FAILS TO INITIATE» THE STAGE WILL NOT BE COMPLETELY
SAFEDe IF THE PRESSURE IS NOT BELOW THE 3,700 PSI {AMBIENT) MAXIMUM SAFE OPERATING PRESSURE
THE BOTTLE IS NOT CONSIDERED SAFEe
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1

Ie

CMS EECOM MISSION RULE RATIONALE
(BASED ON MISSION RULES EFFECTIVE THIS DATE)

INTRODUZTION = 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===-

Ae

B

Ce

MAXIMUM UTILIZATION OF LM SYSTEMS AS BACKUP TO CsM SYSTEMSe THE LM SYSTEMS witlL NUT  8E
USED UNTIL A FAILURE OR A PROGRESSION OF FAILURES HAS DEPRIVEL THE CSM OF AN ESSENTIAL
CAPABILITYe AT THAT TIME» THE LM SYSTEMS WILL NORMALLY BE USED FOR THE MOST PRACTICAL
RETURN TO EARTH.

ONCE LUNAR ORBIT HAS BEEN ACHIEVEDs FAILURE OF A COMPONENT OR SYSTEM WHICH LEAVES THE CSM
WI1TH ONE REMAINING CAPABILITY TO PERFORM AN ESSENTIAL FUNCTIONs WHERE THIS FUNCTION IS NOT
REQUIRED TO MAINTAIN CAPABILITY TO PERFORM TEI WITH THE CSMsy AND WHERE THE LIKELIHOOD OF
FAILURE OF THE REMAINING COMPONENT OR SYSTEM IS ASSOCIATED WwITH THE MEAN TIME BEFORE
FAILURE PROBABILITYs THE MISSION WILL NORMALLY BE CONTINUED. THE RATIONALE [S=== FROM
LUNAR ORBIT THE RETURN TO EARTH TIME IS AT LEAST 2 DAYS AND FROM SOME POINTS EVEN LONGERe
THUS SITUATED» THE SPACECRAFT AND CREW ARE ALREADY COMMITTED TO ENDURING THIS SUBSTANTIAL
PERIOD OF SOME DEGREE OF RISK OF THE REMAINING COMPONENT OR SYSTEM FAILING. TO CONTINUE
WITH THE NOMINAL MISSION WILL INCREASE THE MISSION TIME BY AN AMOUNT EWQUAL TO THE REMAINING
SCHEDUL.ED TIME IN LUNAR ORBIT» AND THE INCREASE IN TIMEs THOUGH SIGNIFICANT» DOES NOT
EXCESSIVELY INCREASE THE TOTAL MISSION TIME» RELATIVELY SPEAKINGe BECAUSE OF THISy THE
OBJECTIVES VHICH CAN BE ACHIEVED BY CONTINUING THE MISSION WITH SUCH A CONDITION ARE
CONSIDERED WORTH THE SLIGHT INCREASE IN RISKe

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 UNLIKELYes ADDITION OF THE CSM AUX BATTERY
WILL ALLOW LIFTING OFF AT T3 WHICH WILL PERMIT ADDITIONAL SYSTEM ANALYSIS TIME.

M1SSION RULES RATIONALE

Ae

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 CREWe THIS OCCURS
ONLY AFTER LOSS OF CABIN INTEGRITY AND FAILURES WHICH RESULT IN LOSS OF THE
SUITED CAPABILITY (leEes» LOSS OF SUIT INTEGRITY» BOTH MAIN REGULATORS OR DEMAND
REGULATORS FAILED CLOSED» LOSS OF BOTH SUIT COMPRESSORSs OR LOSS OF THE 02
MANIFOLDe) SINCE THE CREW CANNOT SURVIVE UNDER THESE ENVIRONMENTAL CONDITIONSs
IT 1S 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=1 ENTRY CANNOT BE ACHIEVEDe (THIS OCCURS ONLY WITH LOSS OF ALL SM POWER
SOURCES AND ONE ENTRY BATTERYs) SINCE CUNTINUATION CAN ONLY HAVE DISASTEROUS
RESULTSy» AN IMMEDIATE ABORT IS NECESSARYe

24 POWERED DESCENT- THERE ARE NO CSM EECOM SYSTEM FAILURES FOR WHICH POWERED
DESCENT WILL BE TERMINATEDs LIFTOFF FROM THE LUNAR SURFACE WILL BE PERFORMED
NO SOOMER THAN T3 FOR ANY CSM EECOM SYSTEM FAILURESe THE AUX BATTERY IS
CAPABLE OF PROVIDING SUFFICIENT ELECTRICAL ENERGY TO SUPPQORT TEL ANO A Low
POWER RETURN TO EARTHe

3e ALL OTHER POWERED FLIGHT = THERE ARE NO FAILURES FOR WHICH THESE WILL BE
TERMINATEDs NOMINAL COMPLETION QF THESE POWERED PHAStS» IN EACH CASE» WILL
PLACE THE SPACECRAFT ON AN EXPECTED AND REASUNABLY WELL KNOWN TRAJECTORY
FROM WHICH A PREPLANNED RETURN MANEUVER CAN BE MADE. EARLY TERMINATION OF A
MANEUVER L.EAVES THE SPACECRAFT ON AN UNKNOWN TRAJECTORY WHICH WILL REQUIRE
TIME TO DETERMINEe IN THE MOST PROBABLE FAILURE CASES» IT IS SAFER TO
CCMPL.ETE THE MANEUVERe IN THOSE OTHER CASES WHERE THE CREW IS IMMEDIATELY
ENDANGEREDs TERMINATION OF THE MANEUVER WILL NOT [IMPROVE THE SITUATION
SIGNIFICANTLY

be TRANSPOSITIONs DOCKINGs AND EXTRACTION = THE ONLY FAILURE FOR WHICH TDE&E
wIiLL BE INHIBITED IS FAILURE OF THE DOCKING LATCHES TU THE EXTENT THAT LESS
THAN THREE LATCHES LOCATED 120 DEGREES APART OR THE STRUCTURAL EQUIVALENT
EXISTs WITH THIS CONDITIONs THE DOCKED CONFIGURATION IS ' STRUCTURALLY ’
UNSOUND AND DAMAGE TO THE SPACECRAFT MAY RESULTe ALTHOUGH TD&E AS OUTLINED
HERE CAN BE PERFORNMED WITH A MULTITUDE OF FAILURESs THIS DOES NOT [MPLY THAT
THE MISSION WILL BE CONTINUEDs NOR DOES IT MEAN THAT TD&E WILL Bt PERFORMED
~ JUST THMAT IT COULD BE PERFORMED IF DESIREDe IT SHOULD BE NOTED THAT SUIT
INTEGRITY 1S NOT REQUIRED FOR TD&Ee FOR MISSION RULE PURPOSES AND FOR
PRACTICAL PURPOSESs» CABIN INTEGRITY IS NOT CONSIDERED A SINGLE POINT

FAILURES
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Ba

5e POST DOCKING/LM JETTISON = THE LMy WITH OR WITHOUT THE DESCENT STAGE WILL BE
RETAINED THROUGH T&l (WITHIN DELTA V CONSTRAINTS) FOR THOSE CSM SYSTEMS
FAILURES WHICH LEAVE THE CSM WITH ONE REMAINING CAPABILITY TO PERFORM AN
ESSENTIAL FUNCTION AND WHERE SUBSEWUENT LOSS WOF THE REMAINING CAPABILITY
WILL BE SUPPLEMENTED AND/OR REPLACED BY THE LM SYSTEMS,

BY SPACECRAFT SYSTEM OR COMPONENT = MISSION PHASES DISCUSSED IN THE PREVIOUS SECTION
(SECTION A) ARE NOT COVERED IN THIS SECTIONe

1, ENVIRONMENTAL CONTROL SYSTEM

(A)

(B)

(C)

({*2]

CABIN INTEGRITY = CABIN INTEGRITY IS REWUIRED TO INITIATE AND CONTINUE ALL
MISSION PHASESe THE LOSS OF CABIN INTEGRITY NECeSSITATES THE RELIANCE ON THE
SUITS TO PROVIDE THE CREW WITH A VIABLE ENVIRONMENT. THE SUITS ARE
UNCOMFORTABLEs ARE EXTREMELY FATIGUING WHEN CREW ACTIVITY IS REQUIREDs CAN LIMIT
CAPABILITY TO PERFORM ROUTINE CREW FUNCTIONSsy AND CAN PLACE ONE OR ALL CREWMEN IN
A HAZARDOUS ENVIRONMENT AS A RESULT OF ONLY A SINGLE FAILUREe FOR THESE REASONS9
IT 15 CONSIDERED UNSAFE AND IMPRACTICAL TO CONTINUE THE MISSION WITH LOSS OF
CABIN INTEGRITYe

FIRE OR SMOKE IN CABIN = TO INITIATE AND CONTINUE ALL MISSION PHASESs THE CABIN
MUST BE FREE OF FIRE UR SMOKEe ASIDE FRUM THE 0BVIOUS [IMMEDIATE HAZARD TO THE
CREws FIRE WILL DAMAGE EWUIPMENT IN THE SPACECRAFT, THE EXTENT OF WHICH IN ALL
LIKELIHOOD wILL ©NOT Bk KNOWNe CONSEUWUENTLYs EVEN IF THE FIRE HAS BEEN
CONTROLLEDs ALL MISSION PHASES WILL BE TERMINATED IF A FIRE HAS OCCURRED.

02 MANIFOLD LEAKS = THE 02 MANIFOLD IS DEFINED AS THAT PORTION OF THE 900 PSIA
SYSTEM OOWNSTREAM OF THE SM SUPPLY VALVEs AND THE 100 PSIA SYSTEM. 02 MANIFULD
LEAKS RESULT IN EXCESSIVE 02 USAGE AND OVERPRESSURIZATION OF THE CABIN AND/OR
LOSS OF CAPABILITY TO PRESSURIZE WATER TANKS (RESULTING IN POSSIBLE LOSS OF WATER
DUMP CAPABILITY WITH ITS POTENTIAL EFFECT ON FUEL CELLS)s LOSS OF WATER REMOVAL
FROM THE CABIN (WITH RESULTING HIGH HUMIDITY AND EXCESSIVE FREE WATER IN THE
CABIN) s AND LOSS OF AUTOMATIC CABIN PRESSURE CUNTRULe IF THE LEAK RESULTS IN
EXCESSIVE DEPLETION OF THE OXYGEN SUPPLYs IT WILL BE NECESSARY TO [ISOLATE THE
MANIFOLDs CASIN PRESSURE CAN BE MAINTAINED BY MANUALLY INTRODUCING OXYGEN INTO
THE CABIN THROUGH THE RUPTURED MANIFOLD UR THROUGH THE REPRESS 02 VALVE. WITH
THZ EXISTENCE OF COLD CABIN WALLS AND COLL GLYCUL LIWESs IT IS UNLIKELY THAT
EXCESSIVE HUMIDITY WILL RESULT FROM LOSS OF SUIT LOOP WATER REMOVAL CAPABILITYs
ALTHOUGH CONSIDERABLE FREE WATER WILL UNDOUBTEDLY EXIST IN THE CABINe THIS CAN BE
COLLECTED FROM ITS CONDENSATION POINTS USING THE VACUUM CONNECTION TO THE
OVERBOARD DUMFS, IF NECESSARYs FORCED EVAPORATION CAN BE WUSED TO DISPOSE OF
EXCESS FUEL CtlLL WATER ONCE THE WATER TANKS ARE FULLe IT WILL BE NECESSARY TO
CHECK, THE CO2 CANN[STERS PERIUGUICALLY TO INSURE THAT SWELLING DOES NLOT OCCUR AS A
RESULY OF THE ADDITIONAL WATER IN THE CABIN ATMOSPHERE. BECAUSE THESE
CAPABILITIES DO EXISTy THE MISSION WILL BE CONTINUED ONCE WUNDOCKING HAS BEEN
PERFORMEDs (UNDUCKING WILL NOT BE PERFURMED WITH THIS CUNDITION BECAUSE THE
BACKUP MEANS OF CREW TRANSFER FROM THE LM TO THE CSMs leEaes EVTy IS LOSTe) THE
INCREASE IN MISSION TIME RESULTING FROM CONTIRUING THE NOMINAL. MISSION PRODUCES A
SLIGHT INCREASE IN RISK wHICH IS CONSIDERED ACCEFTAGLE IN LIGHT OF THE OBJECTIVES
WHICH CAN BE ACHIEVEDs HOWEVER» BECAUSE THIS PRUBLEM WILL REQUIRE CONSIDERABLE
CREW ATTENTION AND BECAUSE IT DOES REPRESENT SOME INCREASE IN RISK TO CREw
SAFETYs» ALL MISSION PHASES PRIOR TO UNDOCKING WILL BE TERMINATED.

MAlN U REGULATORS = TLI wILL BE INHIBITED IF ONE MAIN 02 REGULATUR HAS FAILED
CLOSED BECAUSE FAILURE OF THE REMAINING REGULATOR IN THE CLOSED POSITIUN wILL
RESULT IN LOSS OF THE CAPABILITIES DISCUSSED IN *!C'' ABOVE (FOR 02 MANIFOLL
LEAKS WHICH REWUIRE ISOLATION OF THE MANIFOLD)e B&CAUSE OF THE CREW TASKS
INVOLVED AND THE INCREASE I[N RISK TO TnE CREWs TLI WILL NOT BE PERFORMED. IF ONE
MAIN )2 REGULATOR HAS FAILED UPEN AND THE OTHER IS FUNCTIONING NORMALLYs TLI WILL
BE PERFORMEDe FULL CAPABILITY REMAINS BY MANUAL REGULATION UF THE FAILED UPEN
REGULATOR IN THE EVENT THE OTHER REGULATCR FAILS CLOSEDe ONCE TLI HAS BEEN
PERFORMED» THE MISSION WILL BE COMTINUED AS LONG AS ONE MAIN REGULATOR PERFORMS
NORMALLY BECAUSE FULL CAPABILITY REMAINSe IF THE REGULATOR FAILS PRIOR TO
UNDUCKINGy THE LOSS CF CAPABRILITY ASSOCIATED WITH THIS FAILURE REWUIKES MISSIUN
TERMINATICN== HOWEVER» THE REMAINING CAPABILITY AS DESCRIBED IN ''C'' ABOVE WILL
ALLOW SATISFACTORY TLRMINATION OF THE MISSIUNe UNDUGCKING WILL NOT BE PERFORMEO
IF B8CTH MAIN KREGULATORS HAVE FAILED BECAUSE THE BACKUP CAPABILITY TO TRANSFER THE
CREw FROM THE LM TO THE CSM IS LOSTs AFTER UNDUCKING HAS BEEN PERFORMELs THE
MISSTUN wILL BE CONTINUED BeCAUSE ADDITIUNAL RISK ASSUCIATED WITH CUNTINUING FOR
THE ADDITIONAL TIME INVOLVEDL WITH BOTH MAIN REGULATORS FAILED IS CONSIDERED
ACCEPTABLE IN LIGHT OF THE OBJECTIVES WHICH CAN BE ACHIEVEDe
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(F)

(G)

(H)

ECS COOLANT LOOPSy ECS RADIATORS» AND ECS EVAPORATOURS = NEITHER ECS EVAPORATOR 1S
REWUIRED 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 PRACTICALe THIS CAN Bt DONE BECAUSE BY POWERING
THE SPACECRAFT DOWN AFTER FAILURE OF THE REMAINING COOLANT LOOP, AT LEAST 4 HOURS
OF POWERED DOWN ORBIT LIFETIME FOLLOWED BY 1le5 HOURS POWERED UP CAN BE ACHIEVED
AFTER LOSS OF ALL COOLINGs WHICH WILL ALLOW A SATISFACTORY ENTRYe TO COMMIT TO
TLI OR LOI OR TO CONTINUE TLC REWUIRES BOTH COOLANT LOOPS AND BOTH RADIATORS. IF
EITHER LOOP 1S LOSTs AN ADDITIONAL FAILURE WILL RESULY IN LOSS OF ALl COOLING.
IN PARTICULARy LOSS OF THE PRIMARY LOOP WILL RESULT IN LOSS OF THE G&N SYSTEM
WHICH WILL MAKE MISSION CONTINUATION IMPRACTICALe SINCE LOSS OF EITHER KADIATOR
MAKES THE RESPECTIVE LOOP DEPENDENT UPON ITS EVAPORATOR WHICH IS LIMITED IN
CAPABILITY 8Y THE WATER AVAILABLEs THE LOOP IS LOST ALTHOUGH ULTIMATE LOSS WILL
BE EXTENDED UNTIL THE WATER SUPPLY IS EXPENDEC CONSEQUENTLY» LOSS OF THE
RADIATOR IS TREATED AS LOSS OF THE RESPECTIVE LOOP AFTER TLIe AFTER LUIy THE
MISSION WILL BE CONTINUED IF THE SECONDARY LOOP IS LOST AS LUNG AS THE PRIMARY
LOOP IS AVAILABLEe THE SUBSEWUENT LOSS OF THE PRIMARY COOLANT LOOP IS ASSOCIATED
WITH MEAN TIME BEFORE FAILURE CRITERIA ESTABLISHED IN THE INTRODUCTIONe 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 AVAILABLEe IN THIS CONFIGURATION FULL CAPABILITY REMAINS»
AND THE OBJECTIVES MAKE IT WORTHWHILE TO CONTINUE.

AFTER PDI HAS BEEN INITIATED» THE MISSION WILL B8& CONTINVED TO T3 EVEN [IF ALL
COOLING IS LOSTe EVEN THOUGH THE TIME REWUIRED FOR RENDEZVOUS WILL BE IN EXCESS
OF THE NO COOLING CAPABILITY OF CSM SYSTEMS» ANALYSIS INDICATES THAT THE CSM CAN
CONTINUE FOR AN EXTENDED PERIOD POWERED DOWN WITH NO COOLINGe SINCE A POWER DOWN
WILL BE REWUIRED PRIOR TO COMPLETION OF RENDEZVOUS IN ANY CASEs THE LUNAR LANDING
MAKES IT WORTHWHILE TO CONTINUE.

AFTER TOUCHDOWNs THE NOMINAL MISSION WILL BE CONTINUED IF THE PRIMARY LOOP IS
LOST AS LONG AS THE SECONDARY LOOP REMAINSe SINCE THE G&EN WOULD HAVE TO BE
POWERED DOWN PRIOR TO COMPLETING A RENDEZVOUS» NOTHING IS LOST BY CONTINUVING 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.

SUIT INTEGRITY = SUIT INTEGRITY IS REWUIRED TO BE GO FOR UNDOCKING TO PROVIDE A
BACKUP MEANS OF CREW TRANSFER (EVT) IN THE EVENT THE TWO SPACECRAFT CANNOT BE
REDOCKEDs ALL OTHER MISSION PHASES WILL BE CONTINUED WITH LOSS OF SUIT INTEGRITY
BECAUSE CABIN CAN PROVIDE ALL NECESSARY LIFE SUPPORT FUNCTIONSe FOR MISSION RULE
PURPOSESy CABIN INTEGRITY IS NOT CONSIDERED A SINGLE POINT FAILURE ITEMe

GLYCOL LEAK IN COMMAND MODULE = TO INITIATE AND CONTINUE ALL MISSION PHASES» THE
COMMAND MODULE MUST BE FREE OF GLYCOL LEAKSs GLYCOL IS TOXIC AND ITS PRESENCE IN
THE CM ATMOSPHERE IS HAZARDOUS TO THE CREWe IT IS NECESSARY TO MINIMIZE EXPOSURE
TO THIS ENVIRONMENT== CONSEWUENTLY» ALL MISSION PHASES WILL BE TERMINATED IF A
GLYCOL LEAK HAS OCCURREDe THE LM WILL BE RETAINED FOR TEI TO PROVIDE THE CREW
WITH A NON~TOXIC ENVIRONMENT FOR TRANSEARTH COAST FOR AS MUCH TIME AS POSSIBLE.

EXCESSIVE CABIN HUMIDITY = TO INITIATE AND CONTINUE ALL MISSION PHASESy THE
COMMAND MODULE MUST BE FREE OF EXCESSIvE CABIN HUMIDITY. EXCESSIVE HUMIDITY
RETARDS THE CREW'S CAPABILITY TO REJECT BODY HEATe THE CAPACITY OF THE HUMAN
BODY TO RETAIiN HEAT WITHOUT A REDUCTION IN PHYSICAL CAPABILITY IS UIMITED
(APPROXIMATELY 400 BTU)e IT IS NECESSARY TO MINIMIZE EXPOSURE TO THIS
ENVIRONMENT== CONSEWQUENTLY» ALL MISSION PHASES wlILL BE TERMINATED IF EXCESSIVE
CABIN HUMIDITY OCCURSs THE LM WILL BE RETAINED FUR TEI TO PROVIDE THE CREW WITH A
SATISFACTORY ENVIRONMENT FOR TRANSEARTH COASTe
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(1) POTABLE H20 TANK AND WASTE H20 TANK = NEITHER THE POTABLE TANK NOR THE WASTE TANK
15 REWUIRED TO INITIATE OR TO CONTINUE ANY MISSION PHASE EXCEPT EARTH ORBIT»
WHERE THE POTABLE TANK IS NECESSARY FOR DRINKING WATERe NEITHER EVAPORATUR IS
REWUIRED FOR ANY MISSION PHASE== THEREFOREs THE WASTE TANK IN NOT NECESSARY. IF
THE POTABLE TANK IS LOST» THE LM WATER SUPPLY CAN BE USED FOR CREW CONSUMPTIONY
ALTHOUGH IT MAY BE NECESSARY TO AMEND THE LM TIMELINE BECAUSE OF DEPLETION OF M
WATER BY THIS MEANS. THE AMOUNT OF WATER AVAILABLE IN THE ASCENT STAGE AFTER A
NOMINAL LUNAR STAY AND RENDEZVOUS WILL BE APPROXIMATELY 25 POUNDSe WHILE THIS IS
LESS THAN NOCMINAL CREW CONSUMPTION» IT IS ADEWUATE TO ALLOW A SAFE RETURN TO
EARTHe

(J)  SUIT COMPRESSORS = ONE SUIT COMPRESSOR OR THE VACUUM CLEANEKR IS REQUIRED 70
CONTINUE EARTH ORBIT SINCE ENTKY CAN BE PERFORMED IN A TIME FRAME COMPATIBLE WITH
C02 BUILDUP IN THE CM AND USE OF THE 02 FACE MASKSe BOTH SUIT COMPRESSORS MUST
BE AVAILABLE TO PERFORM 1LIe [IF ONE SUIT COMPRESSOR HAS BEEN LOST BETWEEN LAUNCH
AND TuLls THE OTHER COMPRESSOR WILL NATURALLY BE SOMEWHAT SUSPECT. IN ADDITIONy
IT IS CONSIBERED UNDESIRABLE TO COMMIT Tu A LUNAR MISSION wITH ONLY ONE SUIT
COMPRESSORe AFTER TLI» ONLY ONE SUIT COMPRESSCR IS REWQUIRED TO INITIATE AND
CONTINUE ALL MISSION PHASESe IF THE REMAINING COMPRESSOR AND THE VACUUM CLEANER
ARE LOSTs AN ARRANGEMENT CAN BE MADE USING THE SUIT HUSES AND THEIR INTERCONNECTS
TO ALLOW THE LM SUIT FANS TO PUMP 02 THROUGH THE CM SUIT LOOP FOR CO2 AND WATER
REMOVAL. CSM POWER OR LM POWER MAY BE USED TO PUWER THE LM SUIT FANS UNDER THIS
ARRANGEMENT [IF THE LM DESCENT STAGE IS STILL ATTACHEDe. THIS CONFIGURATION SHOULD
PROVIDE APEQUATE CO2 REMOVAL TO ALLOW SAFE TERMINATION OF THE MISSIONe FOR LOSS
OF BOTH SUIT COMPRESSORS ANLD THE VACUUM CLEANER» THE LM OESCENT STAGE WILL BE
RETAINED FOR TEI IF POSSIBLEe. IFf THE ODuSCENT STAGE CANNOT BE RETAINEDs THE
ASCENT STAGE wlILL BE RETAINEDe

(K)  SUIT CIRCUIT = THE SUIT CIRCUIT IS REWUIRED TO INITIATE AND CONTINUE ALL MISSION
PHASESe IF THE SUIT CIRCUIT IS LOSTy» THE CAPABILITY TO PROVIDE C02 REMOVAL AND
WATER REMOVAL IS LOSTe LOSS OF CO2 REMOVAL PLACES THE CREW IN A HAZARDOUS
ENVIRONMENTs AND CONSEWUENTLY THE MISSION MUST BE TERMINATED. (IT ™May BE
DESIRABLE TO UTILIZE LM SYSTEMS IN A MANNER SIMILIAR TO THAT DESCRIBED IN 'yt
ABOVEe) IF POSSIBLEs THE LM WILL BE RETAINED FOR TEIl TO WJTILIZE THE LM SUIT
CIRCUIT DURING TRANSEARTH COASTe AN EVALUATIUN OF THE CAPAGILITY REMAINING IN
THE LM ASCENT STAGE AND THE FAILURE WHICH CAUSED LOSS OF THE sulT CIRCUIT wilL BE
MADE TO OETERMINE WHETHER OR NOT 1IT 1S ADVANTAGEQUS TO RETAIN THE LM ASCENT STAGE
ONLY FCGR TEIL.

24 'OVERBOAKD OLUMPS= AT LEAST ONE OVERBOARD DUMP IS REQUIRED TU CONTINUE EARTH
ORBITy TG INITIATE TLI» TO CONTINUE TLC AND TO INITIATE LOle THESE PHASES
WiLL BE TERVMINATED BECAUSE ONE DUMP IS NECESSARY TO ALLOW DUMPING OF WASTE
WATER {INCLUDING FUEL CELL WATER PRODUCTION) AND TO ALLOW DISPOSAL OF URINE.

AFTER LOI HAS BEEN PERFORMEDs THE NOMINAL MISSION WILL BE CONTINUED WITH
LOSS OF ALL OVERBOARD DUMPSs THE FLUID STORAGE CAPACITY OF THE CSM (WHICH
INCLUDES FIVE-OMNE GALLON BAGSs 3 UTS'S AND 3 UCTA'S) COUPLED WwITH FORCED
WATER BOILING TO MANAGE FUEL CELL WATER PRODUCTION SHOULD ALLOW
ACCOMPLISHMENT OF A NOMINAL LUNAR STAY.
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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 TANKs SO LONG AS
SUFFICIENT WQUANTITY REMAINS IN THE TANK TO ALLOW MISSION CONTINUATIONe THIS
CAN BE DONE BECAUSE ENTRY AREAS ARE ALWAYS READILY AVAILABLE IF THE
REMAINING TANK IS LOST (WITHIN 1 OR 2 HOURS) .

ALL OTHER MISSION PHASES = HYDROGEN = BOTH H2 TANKS ARE REWUIRED TO
INITIATE AND CONTINUE ALL MISSION PHASES [(EXCEPT PDI)e THIS REQUIREMENT
EXISTS BECAUSE = (1) LOSS OF THE REMAINING TANK RESULTS IN LOSS OF THE FUEL
CELLS PLACING ALL POWER REQUIREMENTS ON THE SM AWX BATTERY AND ENTRY
BATTERIES (THESE POWER SOURCES ARE SUFFICIENT FOR LOW POWER LEVEL RETURNS»
ONLY)s (2) ALTHOUGH SUFFICIENT H2 IS MAINTAINED IN EACH TANK TO ALLOW AT
LEAST A POWERED DOWNy SAFE RETURN TO EARTHs SUFFICIENT WQUANTITY IS NOT
AVAILABLE TO PERMIT MISSION CONTINUATIONe ONCE POWERED DESCENT HAS BEEN
INITIATEDs THAT PHASE WILL BE CONTINUED TO ALLOW A LUNAR LANDING WITH A
LUNAR STAY FOR A DURATION OF ONE CsM REVOLUTION (T3)s THE POWERED DESCENT
PHASE 1S TOO SHORT TO PERMIT ADEWUATE SYSTEMS ANALYSIS AND THE ADDITIONAL
TIME INVOLVED IN LANDING WITH A T3 LIFTOFF DOES NOT SIGNIFICANTLY INCREASE
THE TOTAL MISSION TIME.

ESSENTIALLYs THE SAME RATIONALE APPLIES TO OXYGEN EXCEPT THAT THE OXYGEN
SUBSYSTEM HAS THREE TANKSe THE AMOUNT OF OXYGEN AVAILABLE IS ALMOST DOUBLE
THE NOMINAL MISSION REWUIREMENTSe SINCE TWO TANKS (TANKS 1+42) CAN MEET
MISSION OXYGEN REQUIREMENTS WITH AMPLE MARGINS» IT IS APPARENT THAT LOSS OF
ONE TANK (PARTICULARLYs TANK 3) COULD BE SUSTAINED WITHOUT SIGNIFICANTLY
AFFECTING THE CAPABILITY TO PERFORM THE NOMINAL MISSIONe FOR THESE REASONS
CONSIDERATION WILL BE GIVEN TO CONTINUING THE MISSION AFTER TLI WITH THIS
FAILURE IF SYSTEM INTEGRITY REMAINSe

IN BOTH H2 AND 02 SYSTEMSs REDLINES ARE BASED ON LOSS OF A SINGLE TANK =
THUS» THE OXYGEN REDLINES ARE BASED ON THE TWO LOWEST TANKS HOWEVER»
NCMINALLY EITHER TANK 1 OR TANK 2 WILL HAVE SUFFICIENT QUANTITY TO ALLOW A
SINGLE TANK RETURNe

ELECTRICAL POWER SYSTEM

(A)  FUEL CELLS - TWO FUEL CELLS ARE REQUIRED TO CONTINUE EARTH ORBITe TWO FUEL C
ARE ADEQUATE TO PROVIDE ALL NOMINAL FUEL CELL FUNCTIONS== HOWEVERs ONE FUEL
CAN ONLY SUPPLY A SEVERELY POWERED DOWN OPERATION» ELSt BATTERY SUPPLEMENT
BE REWUIREDe ADDITIONALLYs» FAILURE OF TWO FUEL CELLS SEVERELY UNDERMINES
CONFIDENCE IN THe REMAINING FUEL CELLs AND FAILURE OF THE REMAINING FUEL
WOULD REQUIRE AN ASAP ENTRY USING THE AUX BATTERY AND ENTRY BATTERIESe

ALL THREE FUEL CELLS ARE REWUIRED TO INITIATE TLIe EVEN THOUGH TWO FUEL C
CAN SUSTAIN ALL NOMINAL FUEL CELL REWUIREMENTSs IT IS CONSIDERED UNDESIRABLE
COMMIT TO A LUNAR MISSION WITHOUT FULL ELECTRICAL POWER CAPABILITY.

FROM TLI THROUGH PDI INITIATION CONSIDERATION WILL BE GIVEN TO CONTINUING
MISSION IF ONE FUEL CELL HAS BEEN LOSTe IF THE FAILURE IS A RANDOM FAILURE»
MISSION WILL BE CONTINUED SINCE TWO FUEL CELLS CAN SUSTAIN NOMINAL REWUIREME

ELLS
CELL
WwiLL

THE
CELL

ELLS
T0

THE
THE
NTSe

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 TERMINATEO.

ONCE POWERED DESCENT HAS BEEN INITIATEDs IT WILL BE CONTINUED AND SO LONG As
FUEL CELL REMAINS LUNAR STAY NEED NOT BE TERMINATED UNTIL T3

(B} ENTRY BATTERIES = TWO ENTRY BATTERIES ARE REWUIRED TO CONTINUE EARTH ORBITe
1S NECESSARY BECAUSEs ALTHOUGH EARTH ORBIT COULD BE COUNTINUED ON ONE BATTERY
A SAFL ENTRY PERFORMEDs» FAILURE OF THE REMAINING BATTERY WILL LEAVE
SPACECRAFT INCAPABLE OF PERFORMING AN ENTRY.

THREE ENTRY BATTERIES ARE REQUIRED TO INITIATE TLIe ALTHOUGH TWO BATTERIES
THE BATTERY CHARGER CAN PROVIDE ALL BATTERY KEWUIREMENTSe IT IS CONSID
UNDESIRABLE TO COMMIT TO A LUNAR MISSION WITHOUT FULL ELECTRICAL P
CAPABILITY,

ONCE TLI HAS BEEN PERFORMEDs CONSIDERATION wILL BE GIVEN TO CONTINUING
MISSION PHASES WITH TWO ENTRY BATTERIESe IF THE FAILURE IS JUDGED TO BE A RA
FAILUREs THE MISSION WILL BE CONTINUED SINCE ALL MISSION REQUIREMENTS CAN
SUPPLIED BY TWO BATTERIES AND THE BATTERY CHARGERe IF THE FAILURE IS SUCH
THE INTEGRITY OF THE OTHER TWO BATTERIES IS SUSPECTs THEN THE MISSION WILL

ONE

THIS
AND
THE

WITH
ERED
OWER

ALL
NOOM
BE
THAT
BE

TERMINATED TO MINIMIZE THE REMAINING MISSION TIME AND REDUCE THE RISK OF LOSING

THE TWO REMAINING BATTERIES PRIOR TO ENTRYs
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(c)

MAIN BUSES~= BATTERY BUSES== AC BUSES== ANL PHASE A OF AC BUSES = -ALTHOUGH ALL
ESSENTIAL FUNCTIONS DERIVE POWER FROM REDUNDANT SOURCESs LOSS OF ANY ONE OF THESE
BUSES WILL RESULT IN LOSS OF SOME VERY USEFUL FUNCTIONS ANDs MORE IMPORTANT» WILL
RESULT IN A SPACECRAFT CONDITION SUCH THAT ONt ADDITIONAL FAILURE WILL RENDER THE
SPACECRAFT INCAPABLE OF RETURNING THE CREW TO EARTHe IT SHOULD BE NCTED THAT THE
ADDITIONAL FAILURE NECESSARY FOR THIS CONDITION IS NOT LIMITED TO LOSS OF THE
REMAINING BUS SINCE SOME OF THE SPACECRAFT CONTROL PROPULSION SYSTEMS ARE
REDUNDANT BUT EACH OF THE REDUNDANT SYSTEMS HAS A SINGLE ELECTRICAL POWER SOURCE
CONSEWUENTLYs ALL MISSION PHASES WILL BE TERMINATED IF ANY ONE OF THE LISTED
BUSES IS LOSTe IF POSSIBLEs THE LM DESCENT STAGE wlLL BE RETAINED FOR TEI AND THE
DESCENT PROPULSION SYSTEM WILL BE USED TO PERFORM THE TEl BURNe THIS IS DONE TO
PROTECT AGAINST THE EFFECT OF A SINGLE FAILURE DURING THE TEI BURN WHICH WOULD
EITHER LEAVE THE SPACECRAFT INCAPABLE OF COMPLETING THE BURN OR LEAVE THE
SPACECRAFT IN AN UNCONTROLLABLE CONDITIONe THE LM ASCENT STAGE WILL BE RETAINED
FOR TEl FOR LOSS OF A MAIN BUS OR AC BUS AS A BACKUP ELECTRICAL POWER SOURCE AND
FOR TRACKINGy COMMUNICATIONSy ATTITUDE CONTROL FOR ENTRY AND MCC CAPABILITIES
WHICH WOULD BE LOST IN THE CSM IN THE EVENT OF ANOTHER 8US FAILURE.

BATTERY RELAY BUS = THE BATTERY RELAY BUS IS REWUIRED TO CONTINUE EARTH ORBIT» TO
INITIATE AND CONT(NUE TRANSLUNAR COASTs TO INITIATE ANU CONTINUE LUNAR ORBITs» TO
INITIATE PDIs AND TO CONTINUE LUNAR STAYe IF THE BATTERY RELAY BUS IS LOSTs THE
CAPABILITY TO SWITCH FUEL CELLS» INVERTERS ANO THE AUX BATTERY ON AND OFF BUSES
AND THE OVERCURRENT/OVERVOLTAGE PROTECTION IS LOSTe TO CONTINUE THE MISSION WITH
THIS CONDITION IS CONSIDERED UNSATISFACTORYs PARTICULARLY IN LIGHT OF PROBABLE
FUEL CELL SWITCHING REQUIREMENTS AS DEMONSTRATED BY THE FUEL CELL ANOMALIES
DURING APOLLO 79 99 AND 10 MISSIONSe ALSOy» THE LOSS OF SWITCHING CAPABILITY
LEAVES THE SPACECRAFT IN A CONDITION WHERE A SINGLE FAILURE (THE POSSIBLE SINGLE
FAILURES ARE GREATLY INCREASED IN THIS CONDITION} CAN RESULT IN LOSS OF THE BUS
OR» AS IN THE CASE OF SHORTED B8USESs CAN RESULT IN LOSS OF AN AC BUSs» A MAIN 0OC
BUSs AND TWO FUEL CELLSs

INVERTERS = ALL MISSION PHASES WILL BE CONTINUED SO LUNG AS TWO INVERTERS REMAIN
OPERABLEs TWO INVERTERS CAN SUPPLY ALL SPACECRAFT AC LOADS WITH REDUNDANT AND
SEPARATE SOURCES FOR THE TWO AC BUSESe (F ONE ADDITIONAL INVERTER IS LOSTs THE
REMAINING INVERTER CAN SUPPLY ALL AC LOALS ON BOTH AC BUSES NECESSARY FOR A SAFE
RETURN TO EARTHe CONTINUING THE MISSION ON A SINGLE INVERTER IS NOT CONSIDERED
DESIRABLE BECAUSE AFTER LOSS OF TWO INVERTERS THE REMAINING INVERTER BECOMES
SUSPECT» AND LOSS OF THE THIRD INVERTER WILL RENDER THE SPACECRAFT INCAPABLE OF
PERFORMING A SAFE RETURN TO EARTHe IF TWO INVERTERS ARE LOST THE LM DESCENT
STAGE wILL BE RETAINED FOR TEl IF POSSIBLEs AND THE DESCENT PROPULSION SYSTEM
WILL BE USED TO PERFORM THE TEl BURNe THIS IS DONE TO PROTECT AGAINST THE
POSSIHBILITY OF LOSS OF THE REMAINING INVERTER DUKING THE TEI BURNe THE LM ASCENT
STAGE WILL BE RETAINED FOR TElI FOR THE SAME REASONS IN (C) AHBOVE.

Se DOCKING SYSTEM

(A)

1-1]

DOCKING LATCHES = TO REMAIN DOCKED FOR INACTIVE MISSION PHASES REQUIRES AT LEAST
THREE GOOD DOCKING LATCHES LOCATED 120 DEGe APART OR THE STRUCTURAL EQUIVALENT.
INDICATIONS AKE THAT THREE LATCHES SO LOCATED CAN MAINTAIN TUNNEL PRESSURE AWD
SUSTAIN THE LOADS ASSOCIATED WITH RCS MANEUVERS AND ATTITUDE CONTROLe

TO PERFORM ANY DOCKED SPS BURN OR DPS BURN KEWUIRES AT LEAST NINE GOOD DCUCKING
LATCHESs THIS NUMBER OF LATCHES CAN SUSTAIN ALL NOMINAL LOADS ON THE INTERFACE
ASSOCIATED WITH MAJOR BURNS WHEREAS ANY FEWER LATCHES SIGNIFICANTLY INCREASES THE
POSSIBILITY OF STRUCTURAL FAILUREs

GN2 BOTTLES = TO UNDOCK REWQUIRES THAT AT LEAST TwWO GN2 BOTTLES IN THE DOCKING
SYSTEM BE AVAILABLE FOR REDOCKINGe TO PERMIT UNDOCKINGs REASONABLE ASSURANCE
MUST BE AVAILABLE THAT REDOCKING CAN BE ACCOMPLISHEDe BASED ON THE FAILURE MODE»
CONSIODERATION WILL BE GIVEN TO UNDOCKING WITH ONE GN2 BOTTLEe THAT 1S» IF THE
FAILURE WHICH HAS RESULTED IN A ONE=BOTTLE REDOCKING CAPABILITY IS THE RESULT OF
AN ELECTRICAL FAILURE IN ONE SYSTEM (DISCOVERED AT TD&Es THUS REWUIRING THE USE
OF A THIRD BOTTLE)»s THEN UNDOCKING wOULD B8E PERFORMED WITH ONLY ONE BOTTLE
REMAININGs CONVERSELY» JF THE FAILURES WHICH RESULT IN ONE=~BOTTLE CAPABILITY ARE
THE RESULT OF SEPARATE FAILURES OF TwO GN2 BOTTLESs UNDUCKING WILL NOT BE
PLRFORMED BECAUSE THE REMAINING BOTTLE IS SUSPECT.
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SEQUENTIAL SYSTEM

(A)

(B)

SMJC NOT ACTIVATED = IF THE SERVICE MODULE JETTISON CONTROLLER (SMJC) ACTIVATES
PREMATURELYy IT WILL SHUT DOWN AUTOMATICALLY IN 25 SECs THE MISSION WILL BE
CONTINUED IF THE SOURCE OF ACTIVATION CAN Bt DETERMINED AND 1SOLATEDe IF THE
SOURCE OF ACTIVATION CANNOT BE ISOLATEDs THEN THE RATIONALE OF (8) APPLIESe

SEQUENTIAL SYSTEMS = TO CONTINUE EARTH ORBITs TO INITIATE TLI» TO CONTINUE TLC»
AND TO INITIATE LOI REQUIRES THAT BOTH SEWUENTIAL SYSTEMS BE OPERABLE. T0
CONTINUE THE MISSION INTRODUCES THE RISK OF A SINGLE FAILURE LEAVING THE
SPACECRAFT INCAPABLE OF PERFORMING ENTRYe ONCE LUNAR ORBIT HAS BEEN ACHIEVED»
THE MISSION WILL BE CONTINUED WITH FAILURE OF ONE SEWUENTIAL SYSTEM. THIS WILL
BE DONE BECAUSE THE LIKELIHOOD OF A FAILURE IN THE REMAINING SYSTEM IS ASSOCIATED
WITH THE MEAN TIME BEFORE FAILURE PRUBABILITY DEVELOPEL IN THE INTRODUCTIONs AND
THE SEQUENTIAL SYSTEM IS INACTIVE IN LUNAR ORBIT EXCEPT FOR DOCKING AND LM FINAL
SEPARATIONe SINCE THE RETURN TO EARTH TIMES 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.

INSTRUMENTATION SYSTEM

(A)

(B)

CRITICAL INSTRUMENTATION = CRITICAL INSTRUMENTATION IS DEF INED AS THAT
INSTRUMENTATIONs EITHER TELEMETERED OR ONBOARDs REWQUIRED TO DETERMINE THE
GO/NO=GO STATUS OF THE SPACECRAFTe 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 1S THE INDIRECT
MEANS OF DETERMINING THE STATUS OF A FUNCTIONe TO LOSE CRITICAL [INSTRUMENTATION
REWUIRES THE LOSS OF MORE THAT ONE PARAMETERs ALTHUUGH GROUPING OF PARAMETERS TO
SPECIFICALLY DEFINE CRITICAL INSTRUMENTATION HAS NOT BEEN ATTEMPTED BECAUSE OF
THE ALMOST LIMITLESS POSSIBLE COMBINATIONSs IT 1S+ NEVERTHELESSs» RECOGNIZED THAT»
AT SOME POINT AFTER A CONTINUOUS PROGRESSION OF INSTRUMENTATION FAILURESY
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 SCEe

TO CONTINUE EARTH ORBIT INITIATE TLI» LOls CIRC OR CONTINUE LUNAR ORBIT AND LUNAR
STAY KEQUIRES THAT CRITICAL INSTRUMENTATION BE AVAILABLEs THIS IS DONE BECAUSE
IT 1S CONSIDERED UNSAFE TO CONTINUE THE MISSION WITHOUT THE ABILITY TO DETERMINE
SYSTEMS STATUS.

ONCE TLI HAS BEEN PERFORMEDs TLC WILL BE CONTINUED TO PERFORM A FLYBY AND RETURN
TO EARTHe CONTINUING THE MISSION IN THIS CONFIGURATION IS CONSIDERED MORE
DESIRABLE THAN A DIRECT ABORTe ALSOs CONTINUING TLC REPRESENTS A STEADY STATE
OPERATION WHICH IS THE CONDITION WHERE ANOMALIES ARE LEAST LIKELY TO OCCURs AS
OPPOSED BY THE PERTURBATION ON SPACECRAFT SYSTEMS IMPOSED ON SPACECRAFT SYSTEMS
BY THE DIRECT ABORT SPS BURNe

"ONCE DOl HAS BEEN PERFORMED THE MISSION WILL BE CONTINUED TO ALLOW A LUNAR

LANDING WITH A LUNAR STAY OF THE DURATION OF ONE CSM LUNAR ORBITe THIS IS DONE
BECAUSE THE LOSS OF INSTRUMENTATION ITSELF DOES NOT PRESENT A HAZARD TO THE CREW
EXCEPT WHEN COMPOUNDED BY ACTUAL SYSTEMS FAILURESe THE LIKELIHOOD UF A
COMPOUNDING SYSTEM FAILURE IS ASSOCIATED WITH THE MEAN TIME BEFORE FAILURE
PROBABILITY DEVELOPED IN THE INTRODUCTION.

CSM TELEMETRY = CSM TELEMETRYs EITHER HIGH BIT RATE OR LOW BIT RATEs IS REQUIRED
FOR ALL MISSION PHASESy EXCEPT THAT ONCE CIRC HAS BEEiN PERFORMED THE MISSION WILL
BE CONTINUED TO INCLUDE A LUNAR LANDING AND A LUNAR STAY OF THE DURATION OF ONE
CSM LUNAR ORBITs TELEMETRY IS NECESSARY TO CONTINUE THE MISSION (EVEN THOUGH
MOST CRITICAL PARAMETERS ARE DISPLAYED ONBOARD) HECAUSE IT IS NECESSARY TO
RELIEVE THE CREW OF THE CONTINUOUS DUTY OF MONITURING SPACECRAFT SYSTEMSe DURING
HIGH ACTIVITY PERIODS AND SLEEP PERIODS THE CREW CANNOT REASONABLY PERFORM THESE
TASKSe HOWEVER~~ ONCE CIRC HAS BEEN PERFORMEDs A RENDEZVOUS IS NECESSARY. TO
ALLOW A LUNAR LANDING WITH A LUNAR STAY WITH DURATION OF ONE CSM LUNAR ORBIT ADODS
LITTeE TO TOTAL MISSION TIME AND THE OBJECTIVES wHICH CAN bBE ACHIEVED BY A LUNAR
LANDING MAKES 1T WORTHWHILE TO CONTINUE.
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CsSM G&C AND PROPULSION RATIONALE

TIHE FOLLOWING 1S THE RATIONALE FOR THE CSM G&C AND PROPULSION MISSION RULESe THIS INCLUDES
SECTIONS 15» 16» 17» AND 18 OF THE APOLLO 14 MISSION RULESe

LAUNCH

THE MOST IMPORTANT FUNCTION OF THE GUIDANCE AND CONTROL SYSTEM 1S TO PROVIDE FOR SAFE RETURN OF
THE CREWe THIS INVOLVES THE CAPABILITY TO EFFECT A DEORBITe THERE IS NO SINGLE FAILURE NOR
REASONABLE COMBINATION OF FAILURES IN THE GUIDANCE AND CONTROL SYSTEM WHICH PRECLUDE A DEORBIT,
THERE ARE FAILURES WHICH wILL CAUSE A DEGRADED METHOD OF CONTROL FOR THE DEORBIT MANEUVER AND
SUBSEWUENT ENTRY== HOWEVERs THIS SUBJECTS THE CREW TO LESS OVERALL POTENTIAL HAZARD THAN A
LAUNCH ABORTe [N ACDITION» THE MAJORITY OF THE GUIDANCE AND CONTROL SYSTEM IS IN A PASSIVE OR
MONITORING oTATE OURING THE LAUNCH PHASEs THUS MAKING IT DIFFICULT» AND IN SOME CASES
IMPOSSIBLE» TO DETECT AND ISOLATE FAILURESe

EARTH ORBIT

TO REMAIN IN ORBITs THE GUIDANCE AND CONTROL SYSTEM MUST ALWAYS PROVIDE A MINIMUM OF THREE BASIC
THINGS==- ADEWUATE ATTITUDE CONTROL OF THE SPACECRAFT» SPS DEORBITs» AND ONE BACK=UP DEORBIT
METHOD (SM OR HYBRID)e 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 SWITCHES IN EITHER RHCe IT CONTROLS AN INDEPENDENT SET OF RCS VALVE CONTROL
COILS, THUS PROVIDING A CONTROL PATH TO THE THRUSTERS THAT IS INDEPENDENT OF ANY AUTO CONTROLe
IT 1S THE PRIMARY (AND FOR CERTAIN FAILURES THE ONLY) METHOD OF RECOVERY FROM AUTOMATIC CONTKOL
SYSTEM MALFUNCTIONS. RATE DAMPING IS CONSIVDERED THE MINIMUM ACCEPTABLE CAPABILITY FOR EXTENDED
OPERATION OF THE CONTROL SYSTEMe OPERATION OF THE CONTROL SYSTEM WITH NO RATE INPUTS DUES NOT
PROVIUE A WtLL BEHAVED VEHICLEs GENERALLY REWUIRES CONSIDERABLE CREW ATTENTIONs AND IN THE
PRESENCE OF DISTURBING FORCES CAN CAUSE EXCESSIVE PROPELLANT CONSUMPTIONe RATE DAMPING IS NOT
MANDATORY FOR VEHICLE ATTITUDE CONTROL (EeGe SCS MINIMUM IMPULSE IS ADEWUATE AND USES LITTLE
PROPELLAMT)» BUT IS A PREREWUISITE FOR #OST MISSION ACTiVITIES REWUJIRING ATTITUDE CONTROL. RATE
DAMPING CAN BE PROVIDED BY EITHER THE SCS USING REDUNDANT BMAGS AS THE RATE DATA SOURCE OR THE
CMC RCS DAP USING THE 1SS AS THE RATE DATA SOURCE.

THERE ARE THkeE BASIC TECHNIQUES AVAILABLE FOR DEORBIT~= SPSs SM RCS AND HYBRIO. THERE ARE
REASONS OTHEK THAN GUIDANCE AND CONTROL PROBLEMS FOR NOT BEING ABLE Tu ACCOMPLISH A PARTICULAR
DLURBIT METHCDe HOWEVERe AT LEAST SPS DEORBIT AND ONE CF THE OTHER TWO DEORBIT METHODS MUST BE
AVAILABLE TU STAY IN OR8IT== AKND WHICHEVER ARE APPLICABLEs THE WUIDANCE AND CONTROL SYSTEM MuUST
SUPPORT.

THE PRIMARY METHOOL OF DEORBIT IS THE SPSe TC BURN THE SPSs THE CONTROL SYSTEM MUST PROVIDE A
SERVO LUOP I[N PITCH AND YAW TO GIMBAL THE ENGINE AND A CONTROL MODE TO PROVIDE INPUTS TO THE
SERVC LOOP. THERE AxE Tw() COMPLETELY REDUNDANT (INCLUDING POWER SUPPLIES) SERVO LOOPS IN EACH
Ax1Ss THERE ARE FOUK METHODS OF PROVIDING INPUTS TO THE SERVO LOOPS=== CMC (TVC DAP}» SCS AUTO»
MTVC RATE COMMAND AND sMTVC ACCEL COMMANDe MTVC ACCEL CUMMAND IS NOT AN ACCEPTABLE MODE OF TvC
DUE TO THE LACK OF RATE DAMPING CIRCUITRYs THE UNACCEPTABILITY OF THIS MODE HAS BEEN
DEMONSTRATED IN CSM SIMULATORS AND MISSION EVALUATORSe
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THE PRIMARY METHOD OF BACKUP DEORBIT IS THE SM RCSe THE SECONDARY METHOD IS A HYBRID USING SM
RCS FIRSTs AND THEN CM RCSe BO.TH METHODS REQUIRE THE ABILITY TO DO RATE DAMPED TRANSLATIONS
WITH THE SM RCSe THE THC IS NECESSARY FOR THE TRANSLATION COMMANDS» AND THE RATE DAMPING MAY BE
PROVIDED BY EITHER THE SCS OR THE CMC (RCS DAPJe DIRECT ULLAGE AND ATTITUDE HOLD WITH ODIRECT
RCS IS NOT CONSIDERED AN ADEWQUATE METHOD OF ACCOMPLISHING TRANSLATIONS DUE TO HIGHER PROPELLANT
CONSUMPTION AND PILOT VARIABILITY AFFECTING THAT CONSUMPTIONe BOTH METHODS ALSO REWUIRE AN
ONSOARD ATTITUDE REFERENCEe FOR MOST RCS DEORBITSs A LIGHTED HORIZON I$ NOT AVAILABLE FOR
SEVERAL REASONSs THE BURN ARC IS EXTREMELY LONG» THE ENTRY FLIGHT PATH ANGLE IS SHALLOWs» AND IF
DAYLIGHT REWUIREMENTS 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 PROVIDEL BY IMU OR THE GuC
AND ON EITHER FDAle RATES AND ATTITUDE ERRORS ARE DESIRABLEY BUT NOT MANDATORYe THE HYBRID
METHOD REQUIRES SEVERAL ADDITIONAL EWUIPMENTSs ALL CONNECTED WITH THE CM PCRTION OF THe
MANEUVERe. THE RATE DAMPING MUST BE SCS BECAUSE THERE IS NO RCS DAP FOR THE CM (NOTE THE SM RCS
DAP COULD BE USED== HOWEVERs ITS KNOWLEDGE OF THE MASS AND INERTIA Is RESTRICTED TO THE CSMy AND
HENCEy ITS ABILITY TO PROVIDE RATE DAMPEL ATTITUDE HOLD IS SLOPPY AT BEST)e THE TECHNIQUE DUES
NOT CONTINUALLY APPLY THRUST IN A CONSTANT DIRECTION.

TO DETERMINE THE DELTA VvV TO APPLY» A CMC DISPLAY OF PERIGEE ALTITUDE IS MUNITOREDs AND THE BURN
1S TERMINATED WHEN PERIGEE IS NeMe THIS» IN TURNs REWUIRES THE IMU TO SENSE THE DELTA Vi
THE CMC TO NAVIGATEs AND EITHER DSKY (BOTH ENCODER AND ODECODER) TU PROVIDE CONTROL OF AN
DISPLAYS FROM THE CMCe IT IS POSSIBLEs PROVIDED THE PRESCRIBED ATTITUDtS ARE MAINTAINEDs TO LOQ
THE CM PORTION ON TIME ONLYe THE PREFERRED METHOD USES THE CMC» HOWEVERe BOTH RHC'S ARE
REQUIRED TO MAINTAIN PITCH ATTITUDE WHILE FIRING THE OPPOSING PITCH JET TO OBTAIN THE DELTA v,
AGAINs AN ALTERNATE TECHNIQUE EXISTS USING ONLY 1 RHC AND ''WOBBLING'' THE S/C ACRUSS THE
DESIRED PITCH ATTITUDE BY FIRING FIRST PLUS THEN MINUS PITCHs THE 2 RHC METHOD IS PREFEKABLE.

THERE ARE TWO INDEPENDENT WAYS TO OBTAIN ULLAGE== ONE USING THE SCS OR CMC (RCS DAPJ)s» AND THE
OTHER USING THE DIRECT ULLAGE PUSHBUTTCNe THE FORMER USES THE THC (+X) FOR THE ULLAGE CUMMANDS
AND THE AUTO RCS COILS» WHILE THE LATTER USES THE DIRECT ULLAGE PUSHBUTTON AND THE DIRECT RCS
COILSs ALL NON=CRITICAL SPS BURNS AFTER THE STORAGE TANKS ARE EMPTY REWUIRE THE GUIDANCE AND
CONTROL SYSTEM PROVIDE AN ULLAGE TO SETTLE PROPELLANTS IN THE SUMP TANKSs 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 SUBJECTEL TO
A HIGH SPEED ENTRYs AND TO SUSTAINED SYSTEMS OPERATIONe. SPS CONTROL REDUNDANCY IS REWUIRED TO
ASSURE THAT ABORT AND MCC CAPABILITY IS AVAILABLE FOR THE TRANSLUNAR AND TRANSEARTH COAST
PHASESs LM CAPABILITY IS NOT CONSIDERED IN THE TLI COMMITMENT BECAUSE IT COULD POSSIBLY NOT BE
AVAILABLE IF TD&E IS NOT ACCOMPLISHEDs AND BECAUSE THE LM IS NOT CHtCKED OUT PRE=TLI. THE
GUIDANCE AND CONTROL SYSTEMS MUST THEREFORE PROVIDE TWO GOUD SEkVU LOOPSs AND TvC CONTROL VIA
BOTH THE CMC (DAP) AND THE SCSe BOTH CMC AND SCS TVC ARE REQUIKED» BECAUSE THE SCS TvC MODES
ARE NOT ENTIRELY INDEPENDENT OF SINGLE POINT FAILURES (EeGe LOSS OF AC2 PHI A CAUSES LOSS OF
RATE CMDy» ACCEL CMDs» AND SEVERELY DEGRADES SCS AUTO TvC)e

DIRECT RCS AND RATE DAMPING ARE NEEDED FOR THE SAME REASONS AS LISTED IN THE EARTH ORBIT PHASESe
THE ABILITY TO MAINTAIN AUTOMATIC PASSIVE THERMAL CONTROL SHOULL ALSO BE AVAILABLE (ATTITULE
HOLD IN PITCH AND YAW)e EITHER CMC (DAP) OR SCS PTC IS ACCEPTABLEe

THE G&N IS THE PRIME NAVIGATION AND CONTROL SYSTEMs AND» AS SUCH MUST BE FULLY OPERATIONAL PRIOR
TO COMMITTING TO A HIGH SPEED ENTRYe TO PROVIDE HIGH SPEED ENTRY CAPABILITY, THE CMC MUST BE
OPERABLE TO PROCESS THE INERTIAL INFORMATION OBTAINED BY THE 1SSe OPTICS» COAS OR OTHER BACK UP
METHODS MUST BE AVAILABLE TO PROVIDE ESSENTIAL ALIGNMENT INFORMATION TO ESTABLISH THE ENTRY
CORRIDOR AND NECESSARY HIGH SPEED ENTRY ATTITUDE CONTROLe THE MDC DSKY IS REQUIRED TO PROCESS
CREW INSTRUCTIONS TO THE CMCe AN OPERATIONAL FLIGHT DIRECTOR ATTITUDE INDICATOR IS REWUIRED TO
PROVIDE TLI MONITORING CAPABILITY TO THE CREW.

TWO SOURCES OF ATTITUDE INFORMATION MUST BE AVAILABLE FOR THE HIGH SPEEL ENTRY IN ORDER TO
COMMIT TO TKRANSLUNAR COASTs FOUKK DISPLAYS (NOT CUMPLETELY INDEPENDENT) ARE AVAILABLE 1IN THE
SPACECRAFT=== THE RSI» TWO FDAI'S AND THE DSKYe THE FOUR DISPLAYS ARt DRIVEN BY THREE SOURCES
OF ATTITUDE INFORMATION==~ EITHER BMAG PACKAGE OR THE IMU. FAILURES OR COMBINATIONS OF FAILURES
THAT CAUSE LOSS OF REDUNDANT MEANS TO DERIVE AND DISPLAY ATTITUDE INFORMATICN ARE CAUSE TQ
INHIBIT TLI. APOLLO & CREW REPORTS ARE THAT AN QUT=THE=~WINDUW KEFERENCE IS NOT AVAILABLE FOUR
ENTRY.
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TRANSLUNAR COAST

ONCE TL! HAS BEEN PERFORMEDs THE MINIMUM REQUIREMENT OF THE G&¢N IS TO PROVIDE REDUNDANT
CAPABILITY TO MAINTAIN A FREE RETURN TRAJECTORY AND PASSIVE THERMAL CONTROLe 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 TRANSLATIOMe THE ATTITUDE CONTROL REWQUIREMENTS ASSURE REDUNDANT
CAPABILITY TO POSITION THE SPACECRAFT FOR MIDCOURSE CORRECTIONS. DIRECT RCS IS REWUIRED TO
PROVIDE BACKUP CONTROUL IN THE EVENT OF AUTO COIL MALFUNCTIONSe

LOIs LUNAR ORBIT

THIS RULE IS WRITTEN TO BE APPLIED WHENEVER CRITICAL SYSTEMS REDUNDANCY IS REQUIRED TO ASSURE
SAFE SPACECRAFT RETUKNe THE REDUNDANCY REQUIRED BY THIS RULE (EeGe REDUNDANT SPS CONTROL)»
REDUNDANT ATTITUDE CONTROLs AND NON=CRITICAL BURN CAPABILITY) ASSURES THAT AN ADDITIONAL SINGLE
POINT FAILURE WILL NOT COMPROMISE TEle THE ATTITUDE CONTROL REQWUIREMENTS ARE THE MINIMUM ToO
ASSURE PROPER G&N THRUST VECTOR POSITIONINGe TWO SERVO LQUPS AND TwO CONTROL MODES FOR TvC
ASSURE REDUNDANCYes OF COURSE» ULLAGE CAPABILITY WILL BE REQUIRED FOR THE TEl BURN SINCE THE
STORAGE TANKS WILL BE EMPTY AFTER LOIe ULLAGE VIA THE THC OR DIRECT ULLAGE IS ACCEPTABLE. THE
CMC AND 1SS ARE REWUIREC FOR PROPER LOI AND TEI CONTROLe THE CAPABILITY TO ALIGN THE PLATFORM
MUST BE AVAILABLE IN ORDER TO COMMIT TG LOISALIGNING SPECIFICALLY WITH CSM OPTICS IS NOT
REWUIREDs AS COAS ALIGNMENTS AND TRANSFERRED ALIGNMENTS FROM LM ARE ACCEPTABLEe ONE FDAI AND ONE
DSKY ARE REWUIRED FOx CREW MONITORING OF LOI AND TEI BURNS TO VERIFY SYSTEMS PERFORMANCE,

1.0ss OF THE ABOVE REDUNDANCY REWQUIREMENTS (leEe SPS CONTROL AND REDUNDANT ATTITUDE CONTROL} [iN
THE LUNAR ORBIT PHASE WwILt REWQUIRE PLANNING FOR A DPS TEl MANEUVERs UNDOCKING SHOULD 8E
INHIBITED AND LM RETAINEDe IF L. DPS IS AVAILABLE AND CHECKED OUTs AN EARLY TEI NEED NOT BE
ACCOMPLISHED .

UNDOCKED

TO UNDOCK THE CSM MUST PROVIDE A STABLE PLATFORM FOR REDOCKING PURPOSESe THIS IMPLIES THE
GUIDANCE AND CONTROL SYSTEM MUST PROVIDE RATE DAMPED ATTITUDE HOLDe IN CASE THE CSM HAS TO
PARTICIPATE IN THE DOCKINGs THE CONTROL SYSTEM MUST ALSO BE ABLE TO TRANSLATE IN ALL THREE AXESe
DIRECT RCS [S 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 PHASESe LM RESCUE INVOLVES THE CSM
TRACKING THE LM COMPUTING ITS CUWN MANEUVERS AND EXECUTING THEMe THE CSI AND CDH MANEUVERS WILL
Bt TARGETED FROM THE GROUNDe HUWEVERs THE SMALL TIME INTERVAL BETWEEN TPl EACH MIDCOURSEs AND
THE BRAKING MANEUVERS REQUIRE THE CSM TO ©O ITS OWN TRACKINGs STATE VECTOR UPDATES AND MANEUVER
SOLUTIONSe TO TRACK THE LM THE CSM SCT OR SXT MUST BE OPERABLEes THE CSM MUST BE ABLE TO TRACK
LM WITH EITHER AUTC OPTICS» MANUAL OPTICSs VHF RANGING»s OR MINIMUM ItMPULSE ATTITUDE CONTROL (OUR
SOME CUMBINATION OF THESE)s THE OPTICS DATA (SHAFTs TRUNNION AND MAKK REWUEST) MUST BE INPUT TO
THE CMC EITHER AUTOMATICALLY OR MANUALLYe ALTHOUGH CUMBERSOMEs THE DATA MAY BE INPUT THROUGH
THE DSKY IF NECESSARYs» USING AN ALTERNATE LINE OF SIGHT MARK ROUTINEe TO 8E OPERATIONAL FOR LM
RESCUEs THE &M MUST BE VISIBLE IN EITHER THE SCT OR THE SCT== THEY MUST BE ABLE TO TRACK THE LM»
AND THERE MUST BE A wAY TO GET THE OPTICS DATA INTO THE CHMCe

A DSKkY IS REQUIRED TO OPERATE THE CMCe EITHER DSKY 1S ACCEPTABLE SINCE THE CREW HAS SAID THEY
CAN OPERATE ANY ACTIVITY FROM EITHER DSKYs EVEN IN THE ONE MAN RESCUE SITUATION.

TRANSLATION CAPABILITYs» RATE DAMPING AND ASSOCIATED HAND CONTROLLERS ARE NECESSARY FOR 0uHvIOUuS
REASONSe EITHER RHC IS SATISFACTORYs THE FDAI IS REWUIRED SINCE RESCUE MANEUVERS MAY NOT HAVE
AN EXTERNAL ATTITUDE REFERENCE AVAILABLEe THE CMC AND PLATFORM ARE REWUIRED FOR NAVIGATIUN»
PRE THRUST TAKGETINGs TPI AND MIDCOURSE RENDEZVOUS SOLUTIONS»s AND MANEUVERS. THE GUIDANCE AiND
CONTROL. SYSTEM MUST ALSO PROVIDE THE PREVIOUSLY DEFINED MINIMUM SPS NON=CRITICAL BURN
CAPABILITY.

ASCENT» DESCENT

THE CSM 1S A PASSIVE VERICLE DURING THE DESCENT AND ASCcNT PHASES RENDEZVOUS AND LM RESCUE
RATIUNALE 1S COVEKED I RULL 15«5,
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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 AXISe MANUAL CONTROL OF ONE VICE 3 AXIS AUTO
CONTROL DOES NOT SEVERELY HAMPER CREW ACTIVITIES AND DOES NOT AFFECT THE ABILITY TO POSITIUN THE
SPS FOR THE TEI BURNe THIS LOSS DOES CONSTITUTE A REDUCTION IN LM RESCUE CAPABILITY» HOWEVER)Y
TERMINATION OF THE LUNAR STAY PHASE WILL NOT RELIEVE THE REQUIREMENT FOR ONt AXIS MANUAL CONTROL

FOR TET POSITIONINGs

REDUNDANT SPS CONTROL IS THE ONLY CSM CONSTRAINT WHICH REQUIRES TERMINATION OF THE LURAR STAY
PHASEe LOSS OF OPTICS AND THE NAV DSKY ARE NOT CONSIDERED CRITICAL IN THAT VHF RANGING AND
BACKUP ALIGNMENT TECHNIQUES ARE AVAILABLE FOR PLATFORM ALIGNMENTS AND LM RESCUE.
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ATTITUDE CONTROL

IF AT ALL AVOIDABLEs» THE LM AND CSM SHOULD NEVER BOTH BE IN ACTIVE ATTITUDE CONTROL AT THE SAME
TIMEe IF ONE IS IN CONTROLsy THE OTHER SHOULD BE IN FREE DRIFTe . THE NON=CONTROLLING VEHICLE MAY
OR MAY NOT &E POWERED UPe IF IT IS POWERED UP» NO ATTEMPT WILL BE MADE TO ELECTRICALLY [ISOLATE
ITS CONTROL SYSTEM== RATHERs IT WILL BE KEPT FROM ANY AUTOMATIC CONTROL BY PROCEDURE (EeGe
CMC/FREEs WHEN LM IS CONTROLLING}e THE ONLY TIME SIMULTANEOUS ATTITUDE CONTROL BY BOTH VEHICLES
1S COMTEMPLATED IS JUST PRIOR TO LM JETTISONe IN THIS CASEsy THE CSM SHOULD ALWAYS BE IN A
TIGHTER DEADBAND THAN THE LMy THUS INSURING THE MANNED VEHICLE MAINTAINS CONTROL OVER THE
COMBINATIONe THE LENGTH OF TIME IN THIS CONFIGURATION SHOULD BE MINIMIZED TO AVOID THE CONTROL
SYSTEMS FIGHTING EACH OTHER DUE TO INERTIAL REFERENCE DRIFTSs ETCe

UPDATING PIPA/IRIG BIAS

THE REWUIREMENT 'FOR UPDATING PIPA BIAS WHENEVER THE ACTUAL VALUE DIFFERED FROM THE PRELAUNCH
VALUE BY MORE THAN +/= 0003 FT/SEC 2 WAS STATED IN THE G&C DIVISION MEMO DATED 27 JUNE 1969,
THIS REQUIREMENT IS STILL VALID WITH THE FOLLOWING WUALIFICATIONS (BASED ON APOLLO 11 DATA).
PIPA BIAS UPDATE SHOULD BE ATTEMPTED ONLY AFTER THE CSM/LM SEPARATES FROM THE S=IvB AND IS ON
COASTING FLIGHTe SHOULD ANY PIPA EXHIBIT NULL COINCIDENCEs NO UPDATE SHOULD BE ATTEMPTED SINCE
THE INDICATED BIAS IS ZERO AND THE ACTUAL BIAS VALUE IS NOT KNOWNe THE PRELAUNCH VALUE WILL BE
USED UNTIL A VALID PIPA BIAS DRIFT NUMBER IS EMPIRICALLY DETERMINED DURING THE MISSION. THiS
ACTION 1S BASED ON THE FACT THAT THE PIPAS WILL DRIFT AT A CERTAIN RATE UNDER ''G'' LOADSe

THE RATIONALE FOR COMPENSATING THE ISS TO ALLOW FOR IN FLIGHT IRIG DRIFTS 1S BASED ON THE G&C
DIVISION MEMO DATED 27 JUNE 1969 WHICH REWUIRED AN UPDATE FOR ALL IRIG'S AT THE SECOND P52
DATA COMPILED FOR THE APOLLO 11 MISSION INDICATE THAT UPDATES IN ACCORDANCE WITH THIS MEMO
PRODUCED A PLATFORM IRIG COMPENSATION ACCURATE TO le5 MERU AND WITHIN THE +/= 340 MERU REQUIRED.
THE PRESENT UPDATE CKITERIA WERE ARBITRATED VIA THE DATA PRIORITY PANEL OF 15 SEPTEMBER 1969

DELTA VvV COUNTER DRIFT

THE DELTA V COUNTER IS A BACKUP METHOD FOR SHUTTING DOUWN G&N CONTROLLED BURNSe BOTH METHODS HAVE
A THIRD TOOL FOR SHUTOFFs THAT BEING BURN TIME (PROVIDING NOMINAL THRUSTs BURN IS NOT TOO SHORT?»
ETCe)e THE COUNTER RELIES ON A SINGLE ACCELEROMETERs MOUNTED ALONG THE X=AXISe THE ACCELEROMETER
DRIFT wILL BE MEASURED AND USED IN THE COMPUTATION OF THE DELTA VC ENTRY TO THE MANEUVER PADe
FOR SPS BURNSy THE ACCELEROMETER DRIFT IS ONLY APPLICABLE LURING THE PERIOD AFTER THE EMS MODE
SWITCH IS PLACED IN THE NORMAL POSITION AND BEFORE SPS THRUST ONs NOMINAL.LY THIRTY SECONDSe FOR
RCS BURNS» THE ACCELEROMETER DRIFT 1S APPLICABLE FOR THIRTY SECONDS PLUS THE BURN TIMEe 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 (IeEe DIFFERENT PORTIONS OF
THE BEARING SURFACES ARE IN CONTACT AT HIGHER ACCELERATION LEVELSs IN ADDITIONs» THE VIBRATION
RESULTING FROM SPS THRUSTING TEND TO REDUCE THE DRIFT) e

PERFORMANCE CHARACTERISTICS OF THE ACCELEROMETER WILL ALSO BE USED TO DEFINE A BROKEN SYSTEIMe A
MEASUREDy KREPEATABLEs ZERO=G BIAS OF 0e.1 FT/SEC2 IS REPRESENTATIVE OF AN INOPERATIVE
ACCELERUMETER (REFERENCE NR INTERNAL LETTER FT/EP=68=127y» DATED 12 DECe 1969)e A STANDARD
PROCEDURE EX15TS FOR DETERMINING THE ZERO=G BIASe SINCE THE ACCELEROMETER IS ALSO USED AS THE
BASIC INPUT DEVICE FOR THE ENTRY MONITORING SCHEME# THE SAME BIAS TESTS ARE USED TO OETERMINE
THE SYSTEMS PERFORMANCE FOR ENTRYe

DAP INITIALIZATION

THE COLOSSUS TVC DAP KEEPS MUCH BETTER TRACK OF GIMBAL TRIMS AND WEIGHTS THAN ITS PREDECESSORs
SUNDISKe ONCE PROPERLY INITIALIZEDs PACTOFF AND YACTOFF ARE UPDATED EVERY PITCH=DAP/YAW~DAP
CYCLE (40 OR 80 MS)e HENCEs AT CUTOFFs THEY WILL BE CURRENT TO WITHIN 40 OR 80 MS OF THE EXACT
CeGe LOCATIUNe WEIGHTS ARE ALSO UPDATED EVERY 10 SECONDS DURING A BURNy AND AT CUTOFF.
CONSEQUENTLYs AS LONG AS THE CMC IS CONTROLLING BURNSs THE ONLY NEED TO UPDATE TRIMS SHOULD BE
WHEN THE LM IS UNDOCKEDe HOWEVERs SHOULD AN SCS BURN TAKE PLACEs THE DAP WILL HAVE NO KNOWLEDGE
OF THE TRIM CHANGEs AND THE TRIMS SHOULD BE OBTAINED FROM TELEMETRY 4uST PRIOR TO CUTOFF. THE
DATA PRIORITY PANELS HAVE SPECIFIED THAT NO ADVERSE EFFECTS ON GUIDANCEs CONTROL OR MANEUVER
ACCURACY WILL BE EXPERIENCED FOR TRIM ERRORS UP TO 0Oe5 DEGe/AXIS AND WEIGHT ERRORS UP TO 10
PERCENT OF ACTUAL WEIGHTe WEIGI{TS AND TRIMS WILL BE PROCEDURALLY PASSED TO THE CREW wITH EACH
MANEUVERe SMALL DELTAS BETWEEN GROUND AND ONBOARD (CMC STORED) VALUES NEED NOT BE UPDATEU== ANY
TRIM OR WEIGHT ERROR LARGER THAN 0e¢5 DEGe OR 10 PERCENT RESPECTIVELY MUST BE UPDATED IF THE Gé&N
IS TO PERFOIKM THE MANEUVER.
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LOSS OF EITHER BMAG 1 OR 2 IN EITHER PITCH OR YAW CHANNEL

BMAG 1 IS REWUIRED FOR SCS AUTO. TVC AND SCS AUTO RCS CONTROLe BMAG 1 IS USED AS A BACKUP FOR
ALL THE RATE FUNCTIONS PERFORMED BY BMAG 2.

SINCE OTHER MODES OF TvC AND ATTITUDE CONTROL ARE AVAILABLEs THIS MALFUNCTION DOES NOT PRECLUDE
CONTINUING THE MISSIONe IF THE LOSS IS IN YAW BMAG 29 THE RSI 1S USABLE IF RATE I Is SELECTED.
If THE FAILURE OCCURRED AFTER 05 Gy THE RSl 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 RECUGNIZE THE
FAILURE.

IF THE YAW BMAG 1 IS LOST, THEN THE SCS FDAl ROLL ATTITUDE WILL BE ERRONEOUS AFTER 405 G SINCE
BOTH RULL AND YAW BMAG 1 OUTPUTS ARE CROSS=COUPLED TO DRIVE THE FDAI AFTER +0% Gs

LOSS OF BOTH BMAG 1 AND 2 IN EITHER PITCH OR YAW CHANNEL

WITH THIS COMBINATION OF FAILURESs THE ENTIRE G&C CAPABILITY IS CONTINGENT UPON SINGLE FAILURES
IN THE G&N SYSTEMe SCS ATTITUDE HOLD AND RATE DAMPINGs SCS TvCs AND THE SCS AS AN ATTITUDE
SOURCE FOR ENTRY ARE ALL LOST. ALL PHASES REWUIRING REDUNDANT SPS CONTROL ARE THEREFORE
INHIBITED.

MTVC=ACCEL CMD IS THE ONLY CONTROL MODE AVAILABLE FOR MODE IIIl OR Iv SPS CONTROLs BECAUSE THE
G&N CAN NOT BE TARGETED FOR THE LAUNCH CONTINGENCY MANEUVERSe IT IS OBVIOUSLY SAFER TO CONTINUE
INTO ORBIT AND DEORBIT USING THE G&N THAN IT WOULD BE TO ABORT THE LAUNCH PHASE FOR THESE
FAILURESe (EVEN THOUGH ACCEL CMD 1S CONSIDERED A POOR CAPABILITY.)

IN LUNAR ORBIT» AND LUNAR STAY PHASES EARLY TEI IS ACCOMPLISHED TO PRECLUDE POSSIBLE G&N
FAILURES FROM NEGATING THE ABILITY TO CONTROL AND MONITOR TEI.

EVEN THOUGH REDUNDANT ATTITUDE REFERENCES FOR ENTRY ARE LOSTy THE TRANSLUNAR COAST PHASE IS
CONTINUEDs THE ALTERNATIVE IS TO ABORT USING THE G&N WITH NO ACCEPTABLE BACKUP CONTROL MODESe

LOSS OF ROLL BMAG

LOSS OF ROLL BMAG 1 OR 2 WOULD REQUIRE MANUAL ROLL ATTITUDE CONTRUL‘IN ALL SCS MODES SINCE ROLL
AUTO CONTROL IS LOSTe SCS TVC IS RETAINED WITH ROLL ATTITUDE HELD MANUALLYe THESE FAILURES HAVE
NO EFFECT ON REDUNDANT SPS CONTROL.

AFTER «05 G FOR A LOSS OF ROLL BMAG l» THE SCS FDAl ROLL ATTITUDE WILL BE ERRONEOUS SINCE BOTH
ROLL AND YAW BMAG 1 ARE REWUIREDe THE RSI WILL BE VALID SINCE IT IS DRIVEN BY BMAG 2.

LOSS OF ROLL BMAG 2 MEANS LOSS OF REDUNDANT SCS ROLL RATEe IF THE FAILURES IS A ''HARDOVER!''s
THE USE OF ATT «/RATE 2 AND LIMIT CYCLE CONFIGURATION 1S POSSIBLE IF BMAG ¢ IS POWERED DOWNe
THIS WOULD REWUIRE ALL THREE AXES TO BE IN A RATE DAMPED (LIMIT CYCLE) ATTITUDE HOLDe IF  ANY
RCS MANEUVERS ARE REQUIREDs THE LIMIT CYCLE MUST BE REMOVEDe IF RATE 1 IS SELECTED FOR THE ROLL
BMAGy BOTH RSI AND SCS FDA] ROLL ARE USABLE FOR ENTRYs IF THE FAILURE OCCURRED AFTER «05Gsy 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.

LOSS OF BOTH ROLL BMAGS

LOSS OF THE EMS FOR $CS THRUST VECTOR CONTROL DOES NOT PRECLUDE USE OF THE SCS TO CONTROL BURNSe
THRUST DURATION CAN BE TIMED AND C/0 EFFECTED BY MANUALLY PLACING THE DELTA V A AND B THRUST
SWITCHES TO OFFe THE CMC IS PRIME FOR ALL TVC ANYWAY. FOR ENTRY CONSIDERATIONSs THERE IS NC wAY
TO IMPROVE THE SITUATIONe THE CMC 1S PRIME FOR ENTRYs AND THERE ARE THIRD ORDER BACKUP
TECHNIQUES (E+Ge BANK REVERSE BANK» ZERO LIFT» CONSTANT G ETCe) NOT DELPENDENT ON EITHER THE CMC
OR THE EMS.

THE EMS IS NOT INSTRUMENTED VIA T/M BUT DELTA VvV TESTS ARE NORMALLY PERFORMED BEFORE TLI AND SPS
MANEUVERS TO VERIFY ITS OPERATIONe A COMPLETE SET OF EMS TESTS 1S MADE PRE=ENTRY.
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LOSS OF EITHER SERVO LOOP IN PITCH OR YAW

WITH LOSS OF A SERVO LOOPs TVC CAPABILITY IS AVAILABLE USING THE REMAINING SERVO LOOP IN THE
FAILED AXIS~= HOWEVER» REDUNDANCY FOR THAT AXIS IS LOSTe

RCS PROPELLANTS MUST BE MAINTAINED FOR RECOVERY FROM A HARDOVER ENGINE SITUATION IN THE AXIS
WiTHOUT THE REDUNDANCYe THE PROPELLANT REWUIRED WILL VARY IN THE DOCKED AND UNDOCKED CASESe IF
THE LM HAS BEEN CHECKED OUT AND DETERMINED CAPABLE OF SUPPORTING TEIs» ONE SERVO LOOP FAILURE IN
LUNAR ORBIT WOULD NOT REWQUIRE TERMINATION OF THIS PHASEe THE LUNAR STAY PHASE MUST UE
TERMINATED FOR LOSS OF REDUNDANT SPS CONTROLe DESCENT MUST BE INHIBITED FOR CONFIRMED LOSS OF
REDUNDANT SPS CONTROL.

LOSS OF BOTH TvC SERVO LOOPS

FOR EARTH ORBITs THE MISSION WOULD BE TERMINATED BECAUSE THE PRIME DEORBIT CAPABILITY IS LOST
(SPS).

IN THE LAUNCH PHASEs» THERE IS NO MODE 11l OR lv CAPABILITY BECAUSE OF NO SPS CONTROL CAPABILITY,.
LIMITED LANDING POINT CONTROL IS AVAILABLE USING SM=RCSe ALL OTHER MISSION PHASES REWUIRE
DEPENDENCY ON SM 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.

LOSS OF RHC'S

WITH A LOSS OF EITHER RHC PROPORTIONAL CONTROLs THERE ARE NO MINIMUM REWUIREMENTS THAT HAVE BEEN
VIOLATEDs AND THE REMAINING RHC CAN BE USED WHEN PROPORTIONAL CONTROL IS REWUIRED FOR MTVC OR
RCS CONTROLe

WITH A LOSS OF PROPORTIONAL CONTROL FROM BOTH RHC'S» THE MINIMUM REWUIREMENTS FOR SPS ARE NOT
VIULATEDs THERE IS NO MTVC RATE OR MTVC ACCEL CMD CAPABILITYs BUT SCS AUTO TVvC 1S AVAILABLE AND
IS AN ACCEPTABLE BACKUP TO G&6N TVCe RATE DAMPING IS A MINIMUM REWUIREMENT AND IS AVAILABLE.

THERE wiLL BE NO MTVC RATE OR MTVC ACCEL CMD CAPABILITY USING THE FAILED RHC BECAUSE' THE
PROPORTIONAL CONTROL TRANSDUCER IN THE RHC IS USED TO FURNISH THE NECESSARY COMMAND SIGNALS FOR
BOTH RATE AND ACCEL CMD MODES OF MTVCe

MANUAL MANEUVERS USING RCS WCULD HAVE TO BE MADE USING ACCEL CMD OR DIRECT SWITCHES IF ALL
PROPORTIONAL CONTROL IS LCSTe

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.

LOSS OF DIRECT RCS

WITH A LOSS OF DIRECT RCS CONTROL FROM ONE RHC» THE REMAINING RHC CAN BE INTERCHANGED WITH THE
LOST RHC IF DESIREDs THERLE ARE TWO SETS OF DIRECT SWITCHES IN THE RHCe IF ONE SET SHOULD FAIL»
THE REMAINING SET wILL PERMIT MANUAL DIRECT RCS CONTROLs BUT WITH HALF THE AUTHORITYs BECAUSE
EACH SET OF SWITCHES ORIVES DIFFERENT JETSe

WITH THE LOSS OF DIReCT RCS CONTROL FROM BOTH RHC'S THE MINIMUM REWUIREMENT FOR ATTITUDE CUNTROL
HAS BEEN VIOLATED EXCEPT FOR LUNAR STAYe THE DIRECT RCS CONTROL IS THE ONLY MEANS OF CONTROL
OVER THE RCS COMPLETELY INDEPENDENT FROM THE AUTO RCS SYSTEMe ALL $CS LOGIC IS BYPASSED IN
DIRECT» INCLUDING THE SOLENOID DRIVERSe THERE 1S NO CORRECTIVE ACTION TO IMPROVE THE SITUATIONe
FURTHER DEGRADATION OF THE DIRECT RCS SYSTEM SHOULD NOT OCCURs THUS THE STAY PHASE NEED NOT BE
TERMINATEDe STRICT ATTITUDE CONTROL VIA DIRECT RCS IS NOT REWUIRED FOR TEl SPS CONTROL AND IS
NOT APPLICABLE TO THE LUNAR STAY PHASEe THIS FAILURE DOES NOT PRECLUDE THE USE OF AUTO'ATTITUDE
CONTROL VIA SCS AND G&N SYSTEMSe
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15-28

15-29

15=30|

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 LOSTe PROCEDURALLYes FOR THESE FAILURESs CONTROL MIGHT BE REGAINED BY SWITCHING
TO CMC CONTROL OR OPENING THE EMS CIRCUIT BREAKERS THUS REMOVING POWER FROM THE AUTO ATTITUDE
CONTROL DISABLE CIRCUITRYe IF CONTROL IS NOT REGAINED BY OPENING THE EMC CB'S OR BY SWITCHING
TO CMCs» AN UNCORRECTABLE FAILURE(S) IN THE RJEC EXISTS.

IF CONTROL IS REGAINED BY SWITCHING TO CMC CONTROL»s ALL G&N BURN CAPABILITY AND AUTO CONTROL IN
PITCH AND YAW WILL BE AVAILABLEe IF CONTROL IS NOT REGAINEDs AN UNCORRECTABLE FAILURE EXISTS IN
BOTH CMC AND SCS AND WILL REWUIRE TERMINATION OF ALL MISSION PHASES EXCEPT LUNAR STAYe OIRECT
RCS AND DIRECT ULLAGE wILL RE REQUIRED FOR PITCH AND YAW ATTITUDE CONTROL PRIOR TO SUBSEWUENT
BURNS.

IF OPENING THE EMS CB'S REGAINS CONTROL» G&N BURNS WILL REWUIRE MANUAL BACKUP ENGINE OFF VICE

EMS CUTOFFe SCS BURN CONTROL CAN ALSO BE ACCOMPLISHED FOR THIS FAILURE BY RESETTING THE EMS
BREAKERS AT IGNITION AND OPENING THE BREAKERS AT ENGINE OFF.

LOSS OF FDAI

WITH LOSS OF ONE FDAls THE REMAINING FDAI CAN BE USED AND RECONFIGURED FOR DISPLAY AS NECESSARY
AND THE MISSION CAN BE CONTINUEDe WITH THE LOSS OF BOTH FDAI'Ss AN ONBOARD ATTITUDE REFERENCE
SYSTEM IS NOT AVAILABLE TO MONITOR BURNSe THE REMAINING ATTITUDE REFERENCE SOURCE (DSKY) IS
SUBJECT TO SINGLE FAILURES IN THE G&N AND IS NOT CONSIDERED ADEWUATE AS AN ATTITUDE REFERENCE
FOR MONITORING MANEUVERS BECAUSE IT IS USED TO DISPLAY OTHER PARAMETERS CRITICAL TO MANEUVERS
(VMs TGO ETCe )

AT LEAST ONE FDAI Is REQUIRED TO MONITCOR LOI BECAUSE LOI IS ESPECLALLY CRITICAL IN TERMS OF
PITCH ATTITUDE AND OUT=THE=WINDOW REFERENCE 1S NOT ACCEPTABLE AS A PRIME ATTITUDE SOURCE. THE

LUNAR HORIZON IS NOT AVAILABLE UNTIL LATE IN THE MANEUVER AND BORESIGHT STAR AVAILABILITY 1Is A
FUNCTION OF LIGHTING AND LAUNCH WINDOWe THE SAME CONSIDERATIONS APPLY TO THE TEI MANEUVERe

FOR LOSS OF BOTH FDAI'Ss THE LM DPS SHOULD BE USED FOR TEIly IF POSSIBLEs AND TEIl SHOULD BE
ACCOMPLISHED AS SOON AS POssIBLE TO PRECLUDE G&N FAILURES FRUM ODESTROYING THE ONLY REMAINING
CAPABILITY TO MONITOR TEI AND ENTRY ATTITUDESe

FAILURE OF BOTH FDAl'S DURING THE LUNAR STAY PHASE WILL REWUIRE USE OF THE DSKY FOR ATTITUDE
READOUTe IN ANY EVENTs TERMINATION OF THE LUNAR STAY WOULD NOT IMPROVE THE ONBOARD READOUT
CAPABILITYs THESE FAILURES WOULD REWUIRE RETENTION OF THE LM ASCENT STAGE TO PROVIDE AN ONBOARUD

ATTITUDE REFERENCE TO INSURE AN ATTITUDE REFERENCE FOR TEI (REWUIRES A SINGLE G&N FAIL OK TwO
DSKY FAILS)e

LOSS OF ACl PHASE A

LOSS OF ACl PHI A CONSTITUTES A LOSS OF SCS RATE DAMPINGs ANDs THEREFOREs ELIMINATES THE HYBRID
DEORBIT CAPABILITYes SPS CONTROL WOULD BE LOST BY A FURTHER SINGLE POINT FAILURE OF ACZ2 PHI A

THE FOLLOWING SUMMARIZES AVAILABLE CAPABILITY==~
Ae AUTO ATTITUDE CONTROL USING DAP
Be RATE DAMPING USING DAP
Ce TVC USING DAP
De ATTITUDE REFERENCE WITH FDAI NOe 2 AND CMC SOURCE
Es ONLY ONE TVC SERVO LOOP POWER SOURCE
Fe MTVC FROM RHC NOe 2 IN RATE AND ACCEL COMMAND
Ge MANUAL CONTROL OF RCS USING DAPs OR DIRECT RCS FROM BOTH RHC'Se

He GPI PITCH=YAW DRIVE NOs 2

I« RsI
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15-31

15-32

15=32

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 ALSOs OF COURSEs
SUBJECT TO THE AC2 PHI A FAILURE. TRANSLUNAR COAST IS CONTINUED EVEN THOUGH REDUNDANCY
REWQUIREMENTS FOR AN ENTRY ATTITUDE REFERENCE ARE VIOLATED BECAUSE IT IS <CONSIDERED MORE

CONSERVATIVE TO ACHIEVE/MAINTAIN FREE RETURN THAN TO ABORT WITHOUT REDUNDANT SPS CONTROLe LOSS
OF ENTRY ATTITUDE REFERENCE REDUNDANCY IS A FURTHER REASON TO NO GO TLI.

LOSS OF ACZ 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 1 PHI A FAILUREe REFe MR RATIONALE 15=30¢

COMMENTS

THE FOLLOWING SUMMARIZES THE AVAILABLE CAPABILITY===

Ae AUTO ATTITUDE CONTROL USING DAP

Be RATE DAMPING USING DAP

Ce TvC USING DAP

De ATTITUDE REFERENCE WITH FDAI NOe 1 AND CMC SOURCE

Ee ONLY ONE TvC SERVO LOOP POWER SOURCE

Fe MANUAL CONTROL OF RCS USING DAP OR DIRECT RCS FROM BOTH RKHC'S

Ge GH1 PITCH=YAW DRIVE NOe 1

He TVC USING GPI THUMBWHEELS (NCT 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 APPROXe 3 MINUTES).

LOSS OF ORDEAL

THE ORDEAL IS A CONVENIENCE TOOL NOT MANDATORY TO THE ACCOMPLISHMENT OF ANY MISSION ACTIVITY.
THEREFOREY ITS LOSS WARRANTS NO SIGNIFICANT MISSION ALTERATIONS.

LOSS OF ENTRY MONITOR SYSTEM

LOSS OF THE EMS FOR $CS THRUST VECTOR CONTROL DOES NOT PKECLUDE USE OF THE SCS TO CONTROL BURNSe
THRUST DURATION CAN BE TIMED AND C/0 EFFECTED BY MANUALLY PLACING THE DELTA V A AND B THRUST
SWITCHES TO OFFe THE CMC IS PRIME FOR ALL TVC ANYWAYe FOR ENTRY CONSIDERATIONS» THERE IS NO
WAY TO IMPROVE THE SITUATION. THE CMC 1S PRIME FOR ENTRYs AND THERE ARE THIRD ORDER BACKUP
TECHNIWUES {E+Gs BANK REVERSE BANK»s ZERO LIFTs CONSTANT G ETCe) NOT DEPENDENT CN EITHER THE CMC
OR THE EMSe

ELIMINATING THE 24~HOUR LUNAR ORBIT ACTIVITIES POST RENDEZVOUS PROVIDES THE POSSIBILITY OF
REACHING Esle 24 TO 48 HOURS EARLIER IN THE TIME LINE» THUS DECREASING THE TIME IN WHICH THE
MISSION IS EXPOSED TW AN ENTRY ENTIRELY WITHOUT GUIDANCE (SHOULD THE CMC FAIL)e

THE EMS IS NOT INSTRUMENTED VIA T/M BUT DELTA VvV TESTS ARE NORMALLY PERFORMED BEFORE TLI AND S$PS
MANEUVERS TO VERIFY ITS OPERATIONe A COMPLETE SET OF EMS TESTS IS MAUDE PRE=ENTRY.
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15=35

GROUND AT EITHER SPS SOLENOID DRIVER

THE MAJOR CONCERN IS TO PROTECT AGAINST INADVERTENT FIRING OF THE $PSe THERE ARE THREE FAILURE
MODES WHICH COULD CAUSE INDICATION OF A GROUNDED SOLENOID DRIVERe THkESE ARE=== AN ACTUAL SHORT
OR ON COMMAND AT THE SOLENOID DRIVERe A GROUND OR SHORT UPSTREAM OF THE PROPELLANT CONTROL PILOT
VALVE SULENOIDSs AND SHORTS IN THE EMS OR G&N LOGICe

GROUNDED SOLENOID DRIVERS CAN BE IDENTIFIED BY MALFUNCTION PROCEDURES AND CAN BE HANDLEL BY
MANUALLY OPERATING THE DELTA V THRUST SWITCHES PRECISELY AT IGNITION TIME. FOR THIS CASE,
INADVERTANT OPERATION OF THE SPS IS GUARDED AGAINST BY OPENING THE SPS PILOT VALVE C(IRCUIT
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
CAPABILITYe MISSION RULE 16=22 WOULD BE APPLICABLE ONCE SINGLE BANK OPERATION IS CONFIRMEDe

SHORTS TO GROUND IN THE EMS OR G&N LOGIC ONCE CONFIRMED BY PRUPER ENGINE OPERATION AND NOT
AFFECTING REDUNDANT SPS CAPABILITY ARE NOT SUFFICIENT REASON TO CURTAIL OTHER MISSION PHASES.
FOR THESE CONDITIONS MANUAL ENGINE CUTOFF IS ACCEPTABLE.

SINCE PROPER ANALYSIS OF THIS MALFUNCTION REWUIRES ENGINE OPERATIONs THE FAILURE MODE MAY NOT BE
DETERMINED PRE TLI OR PRE LOle SINCE THE PRIME CONCERN IS TO PREVENT PREMATURE IGNITION» BOTH
TLI AND LOI ARE NOT INHIBITEDe THE WORST CASE SINGLE FAILURE WOULD [INHIBIT ONE SET OF BALL
VALVES AND SUBJECT CONFIRMATION OF THE FAILURE TO LOI=1 IN WHICH CASE MISSION RULE 16=22 WOULD
APPLYe ’

LOSS OF TRANSLATION HAND CONTROLLER

THE ONLY WAY TO CONTROL THE +X {OR =X) TRANSLATION MANEUVERS USING AUTO COILS (le.Ee WITH RATE
DAMPED ATTITUOE HOLD) IS WITH THE THCe THE CAPABILITY TO PERFORM A TRANSLATION MANEUVER IS
REWUIRED FOR BOTH BACKUP DEORBIT TECHNIWUESs» TD&Es LM RESCUE TERMINAL PHASEs UNDOCKING AND
DOCKINGe

COMMENTS

THE THC CONTAINS COMPLETELY REDUNDANT RELAYS (INCLUDING SEPARATE leEﬁ SUPPLIES) FOR EACH
TRANSLATION DIRECTION IN ALL THREE AXESe
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LOSS OF COMMAND MODULE COMPUTER
THERE ARE NUMEROUS SPECIFIC FAILURES THAT CONSTITUTE LOSS OF THE CMCe SOME GUF THEM (EeGe POWER
LOSS) WILL COMPROMISE THE CMC FOR ALL FUNCTIONS== OTHERS (EsGe LOSS OF CHANNEL 5 ) WILL KRESULT
IN LOSS OF A SINGLE FUNCTIONe IN EACH CASEs THE PARTICULAR FAILURE MUST BE EVALUATED IN LIGHT
OF MISSION DEMANDS AND REMAINING CAPABILITY TO MEET THOSE DEMANDSe RATHER THAN WRITE NUMEROUS
MISSION RULES COVERING A MULTITUDE OF DEGRADED AND FAILED CMC SITUATIONSs ONE RULE WAS WRITTEN
TO COVER THE PRIMARY CMC FUNCTION=== PROVIDE GUIDANCE AND CONTROLs

THE CMC IS REWUIRED TO MONITOR PERIGEE ALTITUDE FOR THE CM PORTION OF THE HYBIKID DEOKRBIT==
CONSEWUENTLYs ITS LOSS EQUALS LOSS OF HYBRIDe THE TWO REMAINING DEORBIT METHODS CAN BOTH BE
ADEQUATELY HANDLED BY THE SCS» AND NO SINGLE SCS FAILURE WILL PRECLUDE BOTH OF THEMe

THE CMC IS USED TO PERFORM RETURN=TO=EARTH NAVIGATION FOR THE COASTING PHASESe A COMMUNICATIONS
LOSS WOULD SEVERLY DEGRADE RETURN=TO-EARTH CAPABILITY WITHOUT THE CMCe THE CMC IS ALSO REWUIRED
TO EFFECT THE LM RESCUEe ITS LOSS PRECLUDES CSM ACTIVE RENDEZVOUSe

THE EMS PROVIDES A BACKUP TO THE CMC FOR ENTRYe THE EMS IS FURTHER BACKED UP BY MANUAL REENTRY
TECHNIWUES.

LOSS OF THE CMC IS ALSO CONSIDERED LOSS OF REDUNDANT SPS CONTROLs BECAUSE ALL REMAINING
ACCEPTABLE SCS TVC MODES ARE SUBJECT TO A SINGLE POINT FAILURE (AC 2 PHI A)e LOSS OF THE CMC
AFFECTS REDUNUANT SPS CONTROL AND AS SUCH WOULD REQUIRE TERMINATION OF LUNAR STAY PHASES. IF
FAILURE OCCURIRED PRIOR TO DESCENT IN LUNAR ORBITs AN EARLY TEI USING THE DPS WOULD BE PLANNED.
IF NO DPS AVAILABLEy EARLY TEI WOULD BE ACCOMPLISHED USING THE SCS TO CONTRUL THE SPSs CMC LOSS
PRIOR TO LM JETTISON NECESSITATES RETAINING THE ASCENT STAGE FOR COMMUNICATIONS BACKUP SINCE
GUIDANCE s NAVIGATION» AND CONTROL DATA MUST BE VOICED UP FROM MCC=He

COMMENTS

THE FOLLOWING FAILURES WILL CONSTITUTE LOSS OF THE CMC TO PROVIDE ITS PRIMARY FUNCTION OF
GUIDANCE AND CONTROL FOR MANEUVERS===

(1) CMC WARNING FOR===-
(A) SCALAR FAIL
(B) COUNTER FAIL
(C)  SCALAR FREWUENCY
(D) PARITY FAIL
(E} RUPT LOCK
(F)» TC TRAP
(G) NIGHT WATCHMAN ALARM |
{H) VOLTAGE FAIL
({I) OSCILLATOR FAIL
{2) FAIJLURE TO CONTROL TVC ENABLE SIGNAL
(3) FAILURE TO CONTROL OPTICS ERROR COUNTER ENABLE SIGNAL
t4) FAILURE TO RESPOND TO S/C CONTROL SWITCH
(5) FAILURE TO CONTROL SPC GIMBAL VIA OCDU DACS IN EITHER AXISe

#COULD REPRESENT A FAILURE OUTSIDE OF THE CMC (EeGe PIPA FAIL) BUT NONETHELESSs STILL
REPRESENTS A NO/GO FOR THE CMCe.

LOSS OF DSKY

LOSS OF A SINGLE DSKY IS NOT CAUSE FOR ANY SIGNIFICANT MISSION ALTERATIONe TO COMMUNICATE w#ITH
THE CMCs» THERE MUST BE 1 ENCODER AWD 1 DECODERs EITHER DSKY CAN FURNISH EITHER Ox BOTH
FUNCTIONSe THE 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 wITHOUT THE NAV DSKYs OR SPS MANEUVERS wWITHOUT THE MDC DSKYe

LOSS OF 80Tr LSKY'S (ENCODER AND DECODER FUNCTIONS) 1S EQUIVALENT TO LOSS OF THE CMC SINCE THE
CMPUTER 1S ESSENTIALLY USELESS IF THE CREW CANNOT CONTROL ITe THE RATIONALE FOR LOSS OF CMC
(15=50) APPLIES IN TOTAL HERLe
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15=52

16=53

15=54

LOSS OF INERTIAL SUBSYSTEM

THERE ARE NUMEROUS -SPECIFIC FAILURES THAT CONSTITUTE LOSS OF THE PLATFORM. IN EACH CASE» THE
PARTICULAR FAILURE MUST BE EVALUATED IN LIGHT OF MISSION DEMANDS AND REMAINING CAPABILITY TO
MEET THUSE DEMANDSe AS WAS THE CASE WITH THE CMCy RATHER THAN WRITE NUMEROUS MISSIUN RULES
COVERING A MULTITUDE OF DEGRADED AND FAILEL 1SS SITUATIUONS» ONE RULE WAS WRITTEN TO COVER THE
PRIMARY [SS FUNCTION=== PROVIDE THE CMC WITH VELOCITY MAGNITUDE AND DIRECTION IN ORDER THAT IT
(THE CMC} CAN PROVIDE GUIDANCE AND CONTROLe FOR MISSION RULE PURPOSES» LOSS OF THE PLATFORM'S
ABILITY TO PROVIDE THE CMC WITH THE NEEDED DATA IS EQUIVALENT TC LOSS OF THt CMCe THE RATIONALE
FOR LOSS OF CMC (15=50) APPLIESe

LOSS OF OPTIC SUBSYSTEM

THE BASIC CAPABILITY REQUIRED TO USE THE OPTICS FOR NAVIGATIUN AND RENDEZVOUS IS DESCRIBED IN
THE RATIONALE FOR RULE 15=5¢ THE OTHER PRIMARY FUNCTION OF THE OPTICS IS PLATFORM ALIGNMENT.
THE SAME RATIONALE APPLIES FOR ALIGNMENT» BUT A BACKUP IS AVAILABLE. THE COAS PROVIDES AN
ADEQUATE MEANS FOR OBTAINING INERTIAL REFERENCES TO ALIGN THE IMU AND 1S COMPLETELY INDEPENDENT
OF THE OPTICSe LOSS OF OPTICS IS DEFINED AS THE INABILITY TO SEE A STAR THROUGH THE OPTICSe
ALTHOUGH AUTO DRIVE CAPABILITY IS ADMITTEDLY CONVENIENT» OPTICS POSITIONING CAN BE DONE MANUALLY
VIA THE DRIVE. ASSEMBLYs THE UNIVERSAL TOOL OF OR SPACECRAFT ATTITUDE CONTROLe

LOSS OF OPTICS COUPLING DATA UNITS
THE OPTICS CDU'S (SPECIFICALLYs» THE DIGITAL TO ANALOG CONVERTER PORTION) LINK THE CMC TO THE
SERVO LOOPS FOR DAP TVC PURPUSESe LOSS OF THIS.CAPABILITY IN THE OCDU PRECLUDES ALL CMC CONTROL
OF THE SPSe THIS FAILURE 'VIOLATES THE TVC REDUNDANCY REQUIREMENTS FOR LUI AND TEI» BECAUSE SCS
TVC MODES ARE NOT INDEPENDENT OF SINGLE FAILURESe (REF MR 15=31}.

COMMENTS

THE CMC MAY STILL BE USED TO MONITOR BURNS EITHER IN P40 OR P47,
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SPS PROBLEMS HAVE BEEN DIVIDED INTO THREE CATEGORIES=== THOSE WHICH CAUSE THE SPS TO BE
UNSAFEs THOSE WHICH PROHIBIT THE USE OF THE SPSe AND THOSE WHICH DEGRADE THE CAPABILITY OF
THE SPS» ’

(1} THERE ARE ONLY TWO PKOBLEMS IN THE FIRST CATEGORY=== PROPELLANT LEAKS AND
OVER=PRESSURE PRUBLEMSe A PROPELLANT LEAK INSIDE THE SM (LIWUID OR VAPOR»
OX OR FUEL) SETS UP A HAZARDOUS SITUATION DUE TO THE OBVIOUS EXPLOSIVE
POTENTIAL PLUS THE CORROSIVE EFFECTS OF THE PROPELLANTS ON OTHER SM
COMPONENTSe AN OVERPRESSURIZATION SITUATION 1S EXTREMELY REMOTE SINCE IT
INVOLVES MULTIPLE FAILURES INCLUDING TWO REGS IN SERIEtSs A RELIEF VALVEe AND
PIROBABLY THE HE VALVE IN SERIES WITH THE REGULATORSs WITH THE EXCEPTION OF
TRANSLUNAR COASTs THE ACTION FOR EITHER CASE IS TO TERMINATE THE PHASE ASAP
AND ENTER NEXT BEST PTPs A LUNAR FLY=BY IS CONSIDERED SAFER THAN ABORTING
THE TRANSLUNAR COAST PHASE,

(2) THE MAJOKITY OF SPS PROBLEMS FALL INTO THE SECOND CATEGORY. THESE INCLUDE
SUCH CONDITIONS AS FLANGE TEMPERATURE GREATER THAN 480 DEG F DURING THE
PREVIOUS BURNe A FUEL/OX DELTA P GREATER THAN 20 PSIDs ET CETERAs AND ALL
RESULT IN THE SPS BEING INOPERAHLEs OR AT BESTe UNSAFE TO OPERATE. FOR
THESE FAILURESs ALL PHASES EXCEPT TRANSLUNAR COAST AND LM DESCENT PHASES
WILL BE TERMINATED. THIS WILL BE FOLLOWED BY ENTRY INTO THE NEXT BEST PTP»
OBVIOUSLYs TLC WILL NOT BE ABORTED USING AN [INOPERABLE SPS. SINCE THE
PROPELLANT TANK LEAK IS THE ONLY CASE WHERE SPS CAPABILITY IS DECREASING
WITH TIMEs THE DESCENT PHASE WILL NOT BE ABORTED FOR THE SECOND CLASS OF
FAILURESe A NORMAL LIFTOFF FROM THE LUNAR SURFACE 1S PREFERABLE TO ABORTING
POWERED DESCENT.

(3) IN THE THIRD CATEGORY ARE THOSE SPS PROBLEMS WHICH CAUSE THE SPS TO BE
CAPABLE OF ONLY ONE MORE START (EeGes NO ULLAGE AFTER THE STORAGE TANKS ARE
EMPTY) OR CAPABLE OF DEGRADED PERFORMANCE (EsGes LOW GN2 PRESSUREs IN A
BLOW=DOWN MODEs ET CETERA)s 1IN THIS SITUATIONs THE ENGINE wiLL BE USED FOR
CRITICAL BURNS ONLYs NO COMMITMENT WILL BE MADE TO A PHASE REWUIRING SP$
BURNSs FOR THE SPS HELIUM SOURCE LOSS CASEs THE LUNAR STAY PHASE WILL NOT
Bk TERMINATED SINCE THE SPS HAS SUFFICIENT BLOWDOWN CAPABILITY FOR TEI AND
TeC MIDCOURSE CORRECTIONSe FOR ALL OTHER FAILURES IN THIS CATEGORYs ALL
PHASES EXCEPT TLC AND LM DESCENT WILL BE TERMINATEDe THIS WILL BE FOLLOWED
BY ENTRY IATO NEXT BEST PTPe THE RATIONALE FOR CONTINUING TLC AND DESCENT
PHASE HAS BEEN STATED ABOVE.

ULLAGE MANEUVERS ARE REQUIRED PRIOR TO SPS BURNS WHEN THE STORAGE TANKS ARE EMPTY, THE
ULLAGE SETTLES THE SPS PROPELLANTS AND- REDUCES HELIUM INGESTION INTO THE ENGINE WHICH CAN
KESULT IN ROUGH COMBUSTION AND/OR LOW THRUSTe LACK OF ULLAGE CAPABILITY IS NOT CAUSE FOR
INHIBITING CRITICAL BURNSy BUT NO COMMITMENT WILL BE MADE TO A PHASE REWUIRING SPS BURNS IF
ULLAGE CAPABILITY DOES NOT EXISTe AS SHOWN ON APOLLO 7=13» TWO=JET OR FOUR=JET ULLAGE IS
ACEQUATE== TwQ=JET IS PREFERRED FOR PURPOSES OF RCS MANAGEMENT .

THERE ARE NO SPS ANOMALIESs CONDITIONS» OR MALFUNCTIONS THAT ARE CAUSE FOR SHUTTING DOWN A
CRITICAL BURNe

LAUNCH PHASE

THE REWUIREMENT FOR AN SPS BURN DURING LAUNCH IS PREDICTED ON A FAILURE OF THE LAUNCH VEHICLEs
IF AN $PS FAILURE OCCURS RESULTING IN THE SYSTEM BEING NO=GO FOR A BURNy» THE SM RCS WILL BE USED
FOR DEC<YIT== THIS IS CONSIDERED LESS HAZARDOUS THAN A LAUNCH ABORT,

COMMENTS

THE ONLY SPS FAILURE wHICH COULD BE CONSIDERED A LAUNCH ABORT SITUATIUN IS A SIMULTANEOUS
LEAK OF FUEL AND OXIDIZER IN AN AREA WHERE MIXING OF PROPELLANT COULD OCCURe IF PRUPELLANT
IGNITIUN DOES NGT OCCUR BY THE TIME A LEAK IS VERIFIEDe IGNITION IS IMPROBABLES

1
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16-7

NO RATIONALE REQUIRED
NO RATIONALE REQUIRED’
NO RATIONALE REWQUIRED
DESCENT PHASE

FOR THE CASt UF CONFIRMED SPS FAILURESs 1T 1S DESIREABLE 7O RENDEZVOUS WiTH AS  MUCH LM
PROPELLANT AS POSSIBLEs THUS» PDI SHOULD BE ABORTED ANYTIME FOR SPS LEAKSe

COMMENTS

ASSUMING A NOMINAL MISSION TO THIS POINT» THE SPS HAS BLOWDOWN CAPABILITY TO COMPLETE THE ENTIRE
MISSIONe

NO RATIONALE REQUiRED
NO RATIONALE REGUIRED
NO RATIONALE REQUIRED
NO RATIONALE REQUIREQ
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16-12

PROPELLANT GAGING

FOR ALL SPS BURNSs THE 'IMU DELTA V OBTAINED' METHOD WILL BE THE PRIMt METHUD OF DETERMINING SPS
PROPELLANT WUANTITIESe THIS METHOD USES THE INITIAL WEIGHT OF THE SPACECRAFT PRIOR TO A BURN»
THE DELTA VvV OBTAINEL FROM THE IMUs AND THE NOMINAL ISPe THE VALUE OF THE DELTA VvV OBTAINED IS
ACCURATE TO +/= 0e2 FPS WHICH CONVERTS TO 2 LBS OF PROPELLANT IN THE WORST CASEs 8Y VARYING THE
ISP BY ITS 3=SIGMA DISPERSIONs THE VALUE OF THE PROPELLANT USED VARIES BY 150 LBS IN THE WORST
CASE, THE TOTAL INACCURACY IS +/= 152 LBS OR O«4 PERCENT.

FOR SPS BURNS LESS Ti4AN 25 SECONDSs THE !'FLOW RATE TIMES BURN TIME' METHOD (ACCURACY +/=- 3
PLRCENT) IS SECONDARYse ON BURNS LESS THAN 5 SECONDS» THE PUGS IS NOT POWERED=~= PROPELLANT SLOSH
PRECLUDLS THE USE OF THE PUGS UP TO 25 SECONDS AFTER IGNITIONe ACTUATION OF THE PU VALVE AND
OFF=NOMINAL INLET PRESSURES INTRODUCE ERROR INTO THE CALCULATION OF FLOW RATE TIMES BURN TIMEs
THE 3 PERCENT ACCURACY FIGURE WAS DERIVED USING 3=-SIGMA DISPERSION FIGURES FOR FLOW RATEs AND
ASSUMING BUKRN TIME CAN BE DETERMINED WITHIN 0+5 SECONDSe THE ACCURACY INCREASES AS THE BURN TIME

DECREASE.Se

FOR BURNS OVER 25 SECONDS IN DURATIONs» THE ONBOARD GAGING SYSTEM WILL BE CONSIDERED THE
SECONDARY METHOD OF DETERMINING SPS PROPELLANY QUANTITIESe THE 25 SECOND PERIOD IS TIME REWUIRED
FOR THE PRCPELLANTS TO SETTLE AFTER IGNITIONe THE ACCURACY OF THE TOTAL SYSTEM INCLUDING SENSOR9
PCM CONVERSIONs AND TRANSMISSION IS 1 PERCENT (REFe NR TDR G8=003 REV As DATED 6=15=68).
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16=13

16=14

PU VALVE UTILIZATION

TWO CONTRIBUTING FACTORS RESULT IN AN OXIDIZER UNBALANCE BEFORE SPS CROSSOVER== THESE ARE HELIUM
ABSORPTION IN THE OXIDIZER TANK AND A BIAS IN THE OXIDIZER GAUGING PROBE.

THE PHENOMENON OF HELIUM ABSORPTION OCCURS IN THE OXIDIZER TANKS DUE TO THE CHEMICAL STRUCTURE
OF THE OXIDIZERe THE INTERSTICES (SPACE BETWEEN MOLECULES) OF NITROGEN TETROXIDE ARE SUCH THAT
HELIUM MOLECULES CANs IN EFFECTy GO INTO SOLUTIONe THIS IS NOT A CHEMICAL REACTION» BUT
INVOLVES HELIUM MOLECULES MOVING INTO THE SPACES BETWEEN OXIDIZER MOLECULESe UDMH (FUEL) HAS A
STRUCTURE SUCH THAT HELIUM ABSORPTION IS PRACTICALLY NILe SINCE THE SUMP TANK CONTAINS MURE
OXIDIZER THAN THE STORAGE TANKsy MORE HELIUM CAN BE ABSORBED IN THE SUMP TANKe THE NET EFFECT IS
A GREATER DtCREASE IN PRESSURE IN THE SUMP TANK=~ ABOUT 150 POUNDS OF OXIDIZER TRANSFERS FKOM
THE STORAGE TANK TO THE SUMP TANK DUE TO A DELTA PRESSURE BETWELN THE SUMP AND STORAGE TANKSe
THIS QUANTITY OF OXIDIZER IS ABOVE THE GAUGING STILLWELL AND IS NOT GAUGED BY THE SYSTEMe

AFTER CROSSOVER» THE CAPACITANCE PROBE IN THE OXIDIZER STORAGE TANK INDICATES A WUANTITY OF
OXIDIZER REMAINING (APPROX Oe¢3 PERCENT)e AFTER PAD LOADINGs» A ODIELECTRIC COMPENSATOR IS SET TU
BIAS OUT THE ERRONEOUS READINGe THE NET EFFECT OF THIS PROCEDURE IS A SMALL NEGATIVE PERCENT
(«0e¢l PERCENT) SUMMED INTO THE STORAGE PROBE OUTPUT.

SUMMATION OF THE TRANSFERRED OXIDIZER AND THE GUAGING COMPENSATION RESULTS IN A NET BIAS PRIOR
TO CROSSOVER (APPROX 200 LBS DECREASE)e THE PU VALVE SHOULD BE OPERATED TO MAINTAIN THE
UNBALANCE THAT IS INDICATED AFTER THE SYSTEM SETTLES OUTe AT CROSSOVERs THE BIAS COMPENSATION
GOES TO ZERV (NO NEGATIVE OUTPUT)== AFTER THE OXIDIZER LEVEL REACHES THE TOP OF THE GAUGING
PROBEs THE UNBLANCE METER WILL HAVE MOVED IN A CLOCKWISE OIRECTION (ENGINE PERFORMANCE WILL
DETERMINE WHETHER THE NEEDLE MOVES TO ZERO== [F THE FUEL FLOW RATE IS HIGHs» THE UNBALANCE MAY BE
SUCH THAT AN INCREASE IN PU VALVE POSITION IS ALWAYS REQUIRED) SINCE THE BIASES WILL BE
REMOVED AFTER CROSSOVERs» THE PU VALVE SHOULD BE OPERATED TO DRIVE THE UNBALANCE TO ZERO.

COMMENTS

THE 25 SECOND PERIOD IS A FUNCTION OF PROPELLANT SETTLING== AFTER THIS PERIODs» THE SLUSH
SHOULD BE SETTLED OUT AND THE PUGS READINGS CAN BE USED.

DUAL BANK VS SINGLE BANK OPERATION

PRIOR TO THE FIRST SPS IGNITIONs THE FEEDLINES DOWNSTREAM OF THE BALL VALVES ARE UNWETTED. THE
ARRANGEMENT OF INJECTOR FEEDLINES 1S SUCH THAT A DUAL BANK IGNITION CAN RESULT IN A FUEL LEAD IN
THE INJECTOR HUBe FUEL VAPOR ENTERS THE OXIDIZER ORIFICES AND CAUSES AN EXPLOSION WITHIN THE
INJECTORe 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 PRECLUOE
THE POSSIBILITY AND TO STANDARDIZE IGNITION PROCEDURESs ALL IGNITIONS WILL BE SINGLE BANKe
BANK A Is USED FOR THE FIRST START== THAT BANK IS CLOSER TO THE INJECTORsy RESULTING 1IN A
SMOOQTHER STARTe
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PROPELLANT MANAGEMENT

A THE PROPELLANT REDLINE TO COMMIT TO LUNAR ORBIT IS BASED ON A NOMINAL MISSION PROFILE FOR
LOI» DOl» TEI (NORMAL RETURN) AND AN ALLOWANCE FOR TEC MIDCOURSE CORRECTIONS {160 FPS»
3=5]GMA SCS CUTOFF ON TEI)e LM RESCUE IS NOT INCLUDED IN THE GO/NO=GO FOR LUNAR ORBIT SINCE
AN ALTERNATE LUNAR MISSION MAY BE SUBSTITUTED.

B4 THE PROPELLANT REDLINE TO COMMIT TO UNDOCKING IS BASED ON NOMINAL CIRC» LOPC LM RESCUE» TEI
(SLOW RETURN) AND TEC MCC'Se

COMMENTS

NOMINAL DELTA VELOCITY VALUES WERE USED FOR THE SPS MANEUVERSe ALTERATIONS MAY BE MADE TO
THE FLIGHT PLAN BASED ON SPS DELTA VELOCITY CAPABILITY PRIOR TO A GIVEN MANEUVERe

PROPELLANT FEEDLINE TEMPERATURE MANAGEMENT

FEEDLINE AND ENGINE VALVE TEMPERATURE MANAGEMENT IS NECESSARY TO PRECLUDE POSSIBLE FREEZING OR
VAPORIZING OF PROPELLANTSe THE ENGINE WILL NOT BE OPERATED IF THE TEMPERATURE EXCEEDS THE
LIMITS OF 25 DEG F OR 100 DEG Fe EXCEEDING THE LOWER LIMIT COULD RESULT IN FUEL FREEZING WHICH
WOULD CAUSE LINE BLOCKAGE OR EXPLOSION DUE TO AN IMPROPER MIXTURE RATIO. EXCEEDING THE UPPER
LIMIT COULD RESULT In OXIDIZER VAPORIZING WHICH IN TURN WOULD RESULT IN AN IMPROPER MIXTURE

RATIO.
COMMENTS
FUEL FRELZES AT 19 DEG F» OXIDIZER AT 12 DEG Fe OXIDIZER VAPORIZES AT 150 DEG Fe THE

LIMITS FOR CYCLING THE LINE HEATERS ARE OBVIOUSLY WELL PADDED WITH RESPECT TO CRITICAL
LIMITS ON PROPELLANT TEMPERATUREe

ULLAGE MANAGEMENT

TWO=JET ULLAGES HAVE BEEN PROVEN SATISFACTORY ON APOLLO 7 THRU 13 FOR PURPOSES OF PROPELLANT
SETTLINGs THE TWO=JET MANEUVER PROVIDES MORE LATITUDE FOR RCS MANAGEMENT.

COMMENTS

$0DB CURVES ARE AVAILABLE SHOWING ULLAGE TIME REWUIRED AS A FUNCTION OF SPS PROPELLANT
REMAINING AND SPACECRAFT WEIGHT
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16=20

16=21

16=22

l16=21

16=24

PRESSURE 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 SMe DIFFERENTIATION BETWEEN PROPELLANT AND HELIUM CANNOT BE
MADEs THE POSSIBILITY EXISTS OF CORROSION WITHIN THE SM~= THE PROBABILITY OF AN EXPLOSION IS
LOW FOR THE CASE OF A MONOPROPELLANT LEAKe THE MOST SERIOUS CONSEWUENCES OF SUCH A LEAK WOULD
BE INABILITY TO MAINTAIN PRESSURE IN THE TANKS OR PROPELLANT DEPLETION DURING AN SPS BURNe

COMMENTS

MANUAL REPRESSURIZATION OF THE TANKS MAY BE ATTEMPTEL PRIOR TO ANY REQUIRED SPS BURN. THE
PROBABILITY OF TANK RUPTURE DUE TO REPRESSURIZATION IS CONSIDERED LOW (REF MEMU FROM
SYSTEMS ENGINEERING DIVISION DATED OCTOBER 8s 1968== SUBJECT==- CONSTRAINTS ON MANUAL
PRESSURIZATION OF SPS PROPELLANT TANKS)e

LOSS OF ONE GN2 TANK PRESSURE

A GN2 TANK PRESSURE BELOW 400 PSI WILL RESULT IN SLOWs PARTIALs OR NO BALL VALVE OPERATION.
BECAUSE OF THE UNPREDICTABLE NATURE OF VALVE OPERATION AT LOW PRESSUREs THE AFFECTED BANK wOULD
NOT BE USED FOR SPS BURNSe THUSs LOSS OF A GN2 TANK CONSTITUTES LOSS OF SPS REDUNDANCYe NO
COMMITMENT WILL BE MADE TO A PHASE REWUIRING SPS BURNSe LUNAR STAY AND LUNAR ORBIT (IF LM DPS
NOT AVAILABLE FOR TEI) WOULD BE TERMINATED SINCE THE MEAN TIME TO FAILURE OF THE REDUNDANT GNZ
SCURCE WQULO NOT BE AN ACCEPTABLE RISKs

COMMENTS

THE GN2 PRESSURE MEASUREMENT 1S A SINGLE POINT OF INSTRUMENTATIONe LOSS OF GN2 CAN BE
CONFIRMED ONLY BY ENGINE OPERATION.

LOSS OF ONE BANK OF 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 BURNSe LUNAR ORBIT (IF DPS NOT AVAILABLE) AND
LUNAR STAY PHASES WOULD BE TERMINATED DUE TO THE LACK OF REDUNDANCY TO PERFORM TEIl.

COMMENTS

THE LOSS OF A BANK OF BALL VALVES MAY BE DUE TO A FAILURE IN THE GN2 SYSTEM (PREVALVE
SOLENOID CONTROL VALVEs LEAK IN PLUMBING) OR A FAILURE IN THE RACK AND PINION GEARSs

LOSS OF BOTH GN2 TANK PRESSURES

THE LOSS OF BOTH GN2 TANKS PRECLUDES USE OF THE SPS EXCEPT FOR EMERGENCIESe THE SPS MAY BE
INCAPABLE OF PERFORMING A BURN== OR WORSEs AN EXPLOSION MAY OCCUR AT IGNITION DUE TO IMPROPER
MIXTURE RATIO.

PROPELLANT FEEDLINE TEMP LESS THAN 40 DEG

A TEMPERATURE OF 40 DEG F IS THE LIMIT BELOW WHICH NON=CRITICAL MANEUVERS WILL BE INHIBITED.
THE TEMPERATURE BELOW WHICH THE SPS 1S CONSIDERED LOST IS ¢5 DEG Fe WHEN THE TEMPERATUKE DROPS
BELOW 40 DEG Fs NO COMMITMENT WILL BE MADE TO A PHASE REWUIRING SPS BURNSe ADDITIONALLYs A
PHASE WwILL BE TERMINATED TO PRECLUDE REACHING THE CRITICAL TEMPERATURE LIMIT (ALL., UNDOCKED
OPERATIONS EXCEPT DESCENT)e IF THE LM DPS IS AVAILABLEs AN ALTERNATE LUNAR ORBIT MISSION MAY BHE
SUBSTITUTED. 'TEIl WOULD BE PERFORMED PRIOR TO THE 25 DEG F LIMIT== THE LM ULPS WOULD BE AVAILABLE
AS BACKUP IN THE DOCKED CONFIGURATION.

COMMENTS

REFERENCE RATIONALE FOR RULE 16=14 (PROPELLANT FEEDL INE TEMPERATURE MANAGEMENT ).
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16=25

l6=26

l6=27

16=28

16~29

FLANGE TEMP GREATER THAN 480 DEG

TEMPERATURES IN EXCESS OF 480 DEG F IN THE ENGINE FLANGE AREA MAY RESULT IN FLANGE BURN=THROUGH
WHICH CAN RESULT IN THE NOZZLE SEPARATING FROM THE ENGINE CHAMBERe THIS CONSTITUTES LOSS OF THE
SPSe

COMMENTS

THE CREW HAS NO ONBOARD INDICATION OF SPS FLANGE TEMPERATUKEe GROUND TELEMETRY IS THE ONLY
MEANS AVAILABLE FOR DETERMINING THAT THE FLANGE TEMPERATURE CONSTRAINT HAS BEEN VIOLATED.

CHAMBER PRESS LESS THAN 70 PSI

ENGINE OPERATION AT A CHAMBER PRESSURE BELOW 70 PSI CAN RESULT IN UNSTABLE COMBUSTION WHICH MAY
DAMAGE OR DESTROY THE ENGINEe THE SPS IS CONSIDERED NO=GO FOR SUBSEWUENT BURNSe

COMMENTS

ACTUAL TEST DATA HAS SHOWN STABLE COMBUSTION BETWEEN 60 AND 70 PSIs THIS AREA IS
CONSIDERED MARGINAL AND SHOULD BE AVOIDED,

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 IGNITIONe THE WORST CASE RESULT OF HELIUM INGESTION WOULD BE
THE PRESENCE OF A HELIUM BUBBLE AT THE OXIDIZER BALL VALVESe THE POSSIBILITY THEN EXISTS THAT A
FUEL LEAD» AND CONSEWUENTLY ROUGH COMBUSTIONs WOULD OCCUR VN A SUBSEWUENT STARTs ONE NO ULLAGE

SPS BURN CAN BE PERFORMEDe THE SPS IS CAPABLE OF INGESTING SMALL AMOUNTS OF HELIUM THROUGH THE
ENGINE WITHOUT ADVERSE &FFECTS.

COMMENTS

NO COMMITMENT WILL BE MADE TO A PHASE REWUIRING SPS BURNSe

DELTA P BETWEEN FUEL AND OXIDIZER GREATER THAN 20 PSI

A DIFFERENCE IN PROPELLANT TANK PRESSURES IN EXCESS OF 20 PSI CAN RESULT IN A MIXTURE RATIO
OUTSIDE THE DESIRED OPERATING RANGEs ROUGH COMBUSTION COULD RESULTs

COMMENTS

MANUAL REPRESSURIZATION WOULD BE CONSIDERED PRIOR TO A BURN TO BRING THE DELTA P WITHIN THE
20 PSI LIMIT.

LEAK OR COMPLETE LOSS OF HELIUM

LO0SS OF THE HELIUM SOURCE DUE TO A LEAK OR MULTIPLE VALVE FAILURE IMPOSES BLOWDOWN OPERATION ON
THE SPSe THE DELTA v CAPABILITY OF THE SPS WILL BE DETERMINED FRUM BLOWDOWN CURVES FURNISHED IN
THE SODBs

COMMENTS

OPERATION OF THE SPS IN A BLOWDOvN MODE 1S ACCEPTABLE» PROVIDING ALL OTHER CONSIDERATIONS
ARE MET {l+Eay INLET PRESSURESy DELTA P LESS THAN 2@y ET CETERA)e  BLOWDOWN CAPABILITY IS A
FUNCTICN CF PRCPELLANT WUANTITY AND TANK PRESSURE AT IGNITIONe
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17=2

17-3

17=4

LAUNCH

LOSS OF A SINGLE S5M 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 CCUNTERACT THE ROLL TORWQUE' OF THE SINGLE TRANSLATION JETe THIS IS AN EXPENSIVE MEANS OF
TRANSLATION FROM A PROPELLANT STANDPOINT. :

LOSS OF A WUAD RECUCES BY Oint=HALF THE RCS DELTA V CAPABILITYe IF RCS DEORBIT CAPABILITY DOES
NOT EXIST AT INSERTIONs THE $PS IS STILL AVAILABLE FOR DEORBITe DEORBIT FROM EARTH ORBIT IS
LESS HAZARLUUS THAN A LAUNCH ABORTes THE PROBABILITY OF MULTIPLE FAILURES LEADING TO THE LOSS OF
TWO OR MORE WUADS DUKING THE RELATIVELY SHORT SPAN OF LAUNCH 1S CONSIDERED LOW.s THEREFORE
THERE ARE NC SM RCS FAILURES WHICH ARE CONSIDERED CAUSE FOR ABOKT.

EARTH ORBIT PHASE

THE CAPABILITY WITH LOSS OF ONE QUAD IS RELATED IN THE RATIONALE FOR RULE 17=l. THE PRIME
CONSIDERATION FOR THE ORBIT SITUATION IS MAINTENANCE OF BACKUP VEORBIT CAPABILITYe SINCE SM RCS
DEORBIT DELTA VvV IS DECREASED ON THE ORDER OF 50 PERCENT BY LOSS OF A WUADs URBIT SHAPING MAY BE
NECESSARY TO PRESERVE SM RCS DEORBIT CAPABILITY.

LOSS OF TWO ADJACENT QUADS PRECLUDES ALL TRANSLATION CAPABILITY. SINCE BOTH SM AND HYBRIL
DEORBITS ARt DEPENDENT UPOM TRANSLATIONSy THE MISSION WILL BE TERMINATED WITH THE ONLY REMAINING
DEORBIT TECHNIWUEs SPSe

LOSS OF TWO OPPOSITE WUADS PRECLUDES PRECISE ATTITUDE CONTROL IN EITHER +/= PITCH OR +/= YAW AND
TRANSLATION IN EITHER +/= Y OR 4/= Zes EVEN THOUGH +/= X TRANSLATION CAPABILITY REMAINSs IT 1S
IMPOSSIBLE TO PERFORM EXTENDED TRANSLATIONS SINCE ROTATIONAL MOTION (INDUCED BY CG DISPLACEVMENT
FROM THE X AXIS! CANNOT BE CONTROLLED IN THE AFFECTED AXISe MISSION TERMINATION IS REWUIRED FOK
THE SAME REASONS STATED ABOVE FOR LOSS OF TWO ADJACENT WUADSe

TRANSLUNAR COAST

THE CAPABILITY WITH LOSS OF ONE WUAD IS GIVEN IN THE RATIONALE FOR MR 17-1le SUBSEWUENT LOSS OF
AN ADJACENT QUAD PRECLUDES ALL TRANSLATION CAPABILITYs THE RCS WOULD THEN -BE UNAVAILABLE FOR
MCC'Sy TRIMMIMNG AFTER SPS BURNSs AND ULLAGES AFTER THE SPS STORAGE TANKS WERE EMPTYe LOSS OF
THE OPPOSITE WUAD WOULD PRECLUDE PRECISE ATTITUDE CONTRUL IN ONE AXIS AND TRANSLATION CAPABILITY
IN ONE AXIS (+/= Yy +/= 2),

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.

LUNAR ORBIT

THE LOSS OF A SINGLE WUAD IMPOSES SINGLE JET ROTATIONAL CONTROL IN ONE AXISe THIS IS A NORMAL
MODE OF OPERATION IN LUNAR ORBIT FOR PROPELLANT MANAGEMENTe THE POSSIBILITY OF A SECOND WUAD
FAJLURE 1S CONSIDERED UNLIKELY== HOWEVERs IN THE EVENT Qf SUCH A FAILUREs THE LM ASCENT STAGE
WOULD BE RETAINED FOR ATTITUDE CONTROL PRIOR TO AND POST TEle THUS THE LUNAR ORBIT AND LUNAR
STAY PHASES WILL NOT BE TERMINATED FOR LOSS OF A SINGLE WUADe UNDOCKING WILL BE [INHIBITED Dug
TO LOSS OF THREE-AXIS TRANSLATION (WHICH PRECLUDES CSM ACTIVE DOCKING)e DOI WILL BE INHIBITED
SINCE THE Coiv RESCUE CAPABILITY IS GREATLY DEGRADEDe ONCE PDI HAS BEEN PERFORMEDs COMMITMENT
HAS BEEN MADE TO A Ri.SCUE SITUATION. THE NOMINAL MISSIGCN wlilL Bt CUNTINUED FUR WUAD LOSS AFTER
DOl

FOR LOSS OF TWO QUADSs THE LUNAR STAY wlLL B& TERMINATEDs EITHER TRANSLATION CAPABILITY OR THREE
AXIS ATTITUDE CONTROL wILL BE LCST FOR LUSS OF TwWO WQUADSe THE LM ASCENT STAGE wlLL BE RETAINED
FOR TEls
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17-15

17=-16

17=17

PROPELLANT GAGING

RCS GAGING CAN BE ACCOMPLISHED TWO WAYSs OBVIOUSLYs THE MOST ACCURATE OF THE TWO IS PRIMEe
THERE ARE SEVERAL REASONS WHY THE RTCC EWUATION IS MORE ACCURATE THAN THE ONBOARD P/T TECHNIWUE.
BASIC TO THt ONBOARD GAUGE IS THE P/T TRANSDUCER AND ASSOCIATED CIRCUITRY WHICH 1S NOTHING MORE
THAN SOME HARDWARE REPRESENTING A GAS EQUATIONe AT BESTs» IT APPROXIMATES THE EQUATIONs GIVING
RISE TO A SIGNIFICANT ERROR AT THE OUTSET (5 PERCENT)s THE RTCC MODELS THE GAS EWUATION
EXACTLYs AND IN ADDITION COMPENSATES FOR HE COMPRESSIBILITY IN THE FUEL AND OX TANKS USING
MANIFOLD PRESSURESe IT ALSO COMPENSATES FOR EXPULSION EFFICIENCY AND HAS A VARIABLE MIXTURE
RATIOs EVEN THROUGH SOME OF THESE FACTORS ARE TAKEN INTO ACCOUNT IN THE NOMOGRAPH TO CORRECT
THE ONBOARD READINGs THE ACCURACY CANNOT BE IMPROVED TO THAT OF THE GROUND EWUATIONe THE
PRESENT ACCURACY FIGURES FOR THE TWO TECHNIQUES WERE OBTAINED FROM NR ANALYTICAL STUDIES OF THE
TwO METHODSe THESE STUDIES ARE DOCUMENTED IN SD=68=167s REV Ar AUGUST 16 1968y SUBJECT===
CERTIFICAT ION ANALYSIS = SM RCS PROPELLANT QUANTITY GAUGING SYSTEMSe

WUAD PROPELLANT BALANCE

THE DESIRED PROPELLANT DIFFERENCE BETWEEN WUADS IS ACTUALLY DETERMINED BY EACH WUAD'S
RELATIONSHIP TO ITS VARIOUS REDLINE VALUES. HOWEVERs EXPERIENCE HAS SHOWN THAT AN UNBALANCE IN
EXCESS UF 30 TO 50 POUUNDS SHOULD NOT NORMALLY EXISTe ANY UNBALANCE IN EXCESS OF THAT CAN RESULT
IN LATER PRUBLEMS, ESPECIALLY IF IT IS DESIRED TO CHANGE CONTROL TECHNIQUES FOR A LARGER
MANEUVERs SUCH AS CHANGING FROM G&N TO SCSe

COVMENTS

PROP ISOLATION VALVES SHOULD NOT BE USED FOR WUAD BALANCE TO PRECLUDE INADVERTANT
EVACUATICM OF THE PROPELLANT LINESs IF THE JETS ARE FIRED WHILE THE PROP VALVES ARE CLOSED»
AN OFF=NOMINAL MIXTURE RATIO WILL RESULT. ENGINES MAY THEN Bt OLSTROYED BY EXPLOSIONS DUE
TO UNSTABLE BURNING.

IF PROPELLANT IS TRAPPED BETWEEN THE ISOLATION VALVES AND ENGINE VALVES» THERMAL EXPANSION
OF THE TRAPPED LIWUID MAY RUPTURE THE PROPELLANT LINESe PRESSURE WILL INCREASE 100 TO 200
PSl FOUR EVERY 1 DEG F TEMPERATURE INCREASEe BEFORE ELECTRICAL ISOLATION OF THE WUALs THE
JETS SHOULD BE FIRED TO ODECREASE THE PRESSURE OF THE TRAPPED PROPELLANT. AFTER THE PROP
ISO VALVE IS REOPEMEDs THE FIRST JET FIRING SHOULD BE AT LEAST 1 SECOND IN DURATION TO BURN
CUT THE RESIDUE WHICH MAY HAVE FORMED DUE TO UNSTABLE BURNING

THt CASE OF TRAPPED PRGPELLANT IS CONSIDERED MORE HAZARDOUS THAN FIRING THE JETS WITH THE
PROP 150 VALVES CLOSEDe NEITHER CASE 1S AN ACCEPTABLE MODE OF OPERATIONe

SECONDARY PKOPELLANT FUEL PRESSURE VALVE

CROSSOVER INTU THE SECONDARY RCS FUEL TANKS OCCURS AT A USABLE PROPELLANT WUANTITY OF 119 LB.
DUE TO THE ACCURACY OF THE RTCC PVT PROGRAMy CROSSOVER WOULD OCCUR AT 119 +/- 20 LB USABLE
PROPELLANTe A BIAS OF 20 LB IS INTRODUCED INTO THE CALCULATION TO INSURE THAT THE WQUANTITY
REMAINING IS NOT LESS THAN THE VALUE CALCULATED BY THE RTCCe THUS» CROSSOVER OCCURS AT A
DISPLAYED VALUE CF 99 +/= 20 LBe ALLOWING THE MANIFOLD PRESSURE TO REACH 150 PSIA Is THE
PREFERRED METHOD OF DETERMINING CROSSOVERs UNLESS AN UPCOMING PERIOD OF HIGH USAGE (ULLAGEs £TC)
vwILlL DROP THE VALUE OF WPU BELOW 119 LB REMAINING.

COMMENT S

A “ANIFOLD PRESSURE OF 150 PSIA WILL TRIGGER THE C&W LIGHT FOR THE WUAD.
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17=-20

17=-21

17=-232

17=2:

SUSTAINED LEAK IN HELIUM TANK

A HELIUM SOURCE LEAK IMPOSES BLOWDOWN OPERATION IN A QUAD WHEN THE SOURCE PRESSURE DROPS BELOW
400 PSIe THE QUAD IS CAPABLE OF NORMAL OPERATION ABOVE 400 PSI== BLOWDOWN OPERATION RESULTS IN
DEGRADEC PERFORMANCE. :

FOR LOSS OF A SINGLE WUADs COMMITMENT WILL NOT BE MADE TO A SUBSEWQUENT PHASE WHICH WOULD EXTEND
THE TIME REWUIRED FOR THE QUAD TO FUNCTIONe THE RATIONALE FOR THE GENERAL SM RCS RULES (17~-1
THROUGH 17=4) COVERS THE QUAD LOSS CASE FOR INDIVIDUAL PHASES.

COMMENTS

BLOWDOWN CAPABILITY IS A FUNCTION OF PROPELLANT REMAINING AND MANIFOLD PRESSUREe A WUAD
REMAINS OPERATIVE UNTIL HE MANIFOLD PRESSURE DROPS BELOW 75 PSI.

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 LOCATIONe IN ANY CASEs» THE PROBABILITY OF HAVING BOTH A FUEL AND OXIDIZER
LEAKs THUS CREATING A HAZARDOUS SITUATION IN THE SMs IS LOWe IF THE LEAK CAN BE STOPPED WITH
THE PROPELLANT ISOLATION VALVES» 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 SIDEs THUS SETTING UP A
POTENTIALLY EXPLOSIVE SITUATION [F THE WUAD WERE TO BE USEDe IF THE LEAK IS NOT STOPPED WITH
THE PROPELLANT ISOLATION VALVESy 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 PROPELLANTs, THE REPRESS
PROCEDURE ITSELF WILL FORCE MORE PROPELLANT INTO THE SM WHICH IS NOT A DESIRABLE SITUATION.
AGAINy» THE WUAD MAY BE USABLE IN AN EMERGENCY SITUATIONs IF THE MANIFOLD PRESSURE CAN BE KEPT
UPe IF THE LFAK IS HELIUMy» THE QUAD IS ALSO USABLE IN AN EMERGENCY SITUATION» AGAIN AS LONG AS
THE MANIFOLD PRESSURE IS KEPT UPe THE POINT HERE IS THAT EVEN THOUGH THE WUAD MAY OR MAY NOT BE
USABLE IN AN EMERGENCY SITUATIONs IT SHOULD BE CONSIDERED UNUSABLE FOR ANY FURTHER MISSION
ACTIVITIES» INCLUDING THE CURRENT ACTIVITYe REF RATIONALE FOR RULES 17=19 2» 3» 4 FOR LOSS OF
ONE QUADe

COMMENTS
THE RATIONALE FOR RULE 17=16 DISCUSSES THE EFFECTS OF CLOSING PROPELLANT ISOLATION VALVESe

PACKAGE TEMP

A PACKAGE TEMPERATURE OF 55 DEG CORRESPONDS TO A TEMPERATURE OF 30 DEG F ON THE ENGINE NOZZLE
BELL NUTe THIS IN TURN CORRESPONDS TO A TEMPERATURE AT THE [INJECTOR WHICH COULD RESULT IN
OXIDIZER FREEZINGe THIS 1S PARTICULARY TRUE FOR A PERIUD OF SHORT DURATION THRUSTER FIRINGS=~
SHORT IMPULSE FIRINGS CAUSE EVAPORATIVE COOLING» THUS INCREASING THE RISK OF OXIDIZER FREEZINGe
THE QUAD IS CONSIDERED UNUSABLE FOR A PACKAGE TEMP LESS THAN 55 DEG Fe REF RATIONALE FOR RULES
17=1y» 29 39 4 FOR LOSS OF ONE QUADe

COMMENTS

OXIDIZER FREEZES AT 12 DEG Fo

LOSS OF INDIVIDUAL THRUSTERS

INDIVIDUAL THRUSTERS CAN BE ELECTRICALLY ISOLATEDs USING THE AUTO RCS SELECT SWITCHES, PITCH
AND YAW ROTATIONAL MOTION IS AVAILABLE THROUGH TWO THRUSTERS PER AXIS PER CIRECTION AND ROLL &Y
FOUR THRUSTERS PER AXIS PER DIRECTIONe Y AND Z TRANSLATIONS ARE AVAILABLE THROUGH ONE THRUSTER
PAIR PER AXIS PER DIRECTION AND X TRANSLATIONS THROUGH TwWO THRUSTER PAIRS PER . AXIS PER
DIRECTION,
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ITEM

18-2
18-3
18-4

LAUNCH

LOSS OF ONE CM RCS RING IS NOT CAUSE FOR ABORT SINCE ENTRY OR ABORT ATTITUDE CONTROL CAN BE
ACCOMPLISHED WITH A SINGLE RINGe HOWEVERs LOSS OF ONE RING WILL REQUIRE ENTRY INTO NEXT BEST
PTP SINCE THE SYSTEMS ARE NO LONGER REDUNDANT» AND ONE ADDITIONAL FAILURE IN THE REMAINING RING
(EeGes HELIUM.LEAK) wOULD REWUIRE USING THE ''CONTINGENCY SM RCS. SPIN=UP'! METHOD (ORIENT S/C IN
ENTRY ATTITUDE AND ESTABLISH A ROLL RATE WITH ThE SM RCS PRIOR TO CM/SM SEP}e EVEN THOUGH THIS
1S CONSIDERED A MARGINAL METHOD OF SAFE ENTRY CONTROLs IT IS THE ONLY OPTION REMAININGe

LOSS OF BOTH CM RCS RINGS IN THE MODE ! ABORT REGION IS JUSTIFICATION FOR AN ABORTs» SINCE CM RCS
CONTROL IS NOT REQUIRED FOR MODE I ABORTSe A MODE I ABORT IS CONSIDEReD OPERATIONALLY
PREFERABLE TO PERFORMING A CONTINGENCY SM RCS SPIN=UP WHICH IS THE ONLY REMAINING TECHNIQUE IF
THE S/C IS ALLOWED TO GO INTO ORBITe AFTER TOWER JETTISONs» 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 SEPARATIONs THIS
METHOD OF ENTRY IS CONSIDERED OPERATIONALLY PREFERABLE TO PERFORMING A MODE II OR MODE 1il
ABORTs SINCE BOTH OF THESE MODES REWUIRE CM RCS ATTITUDE CONTROL TO EINTER SAFELYe ENTKY WOULD
BE ACCOMPL;&HED-AS SOON AS PRACTICAL® SINCE ADDITIONAL FAILURES COULD PRECLUDE PERFORMING THE SM
RCS SPIN=UP.

COMMENTS

HELIUM SUPPLY LOSSES CAN BE CONFIRMED BY USING INDEPENDENT INSTRUMENTATION (PRESSURE AND
TEMPERATURE TRANSDUCERSs leEes LOSS OF PRESSURE RESULTS IN CORRESPONDING TEMPERATURE DROP) e
HELIUM MANIFOLD LEAKS CAN BE CONFIRMED BY REDUNDANT PRESSUKE TRANSDUCERSs ONE  TRANSDUCER
IS TELEMETEREDy AND THE OTHER IS On AN ONBOARD METERes IN ADDITIONs> BOTH TRANSDUCERS IN
EITHER RING WILWL TRIGGER A Cé&W LIGHT IF A PRESSURE DROP IS SENSED AFTER SYSTEM
PRESSURIZATION

LUNAR ORBIT» LUNAR STAY PHASESs LM DESCENT PHASE

THE RATIONALE FOR LOSS OF ONE OR BOTH RINGS IS STATED IN THE RATIONALE FOR MISSION RULE 18=1.
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)e

EARLY ARMING OF THE CM RCS CAN RESULT IN TWO POTENTIAL PROBLEMS===

(1) AFTER ARMINGs THE HELIUM SUPPLY IS OPEN TO THE RELIEF VALVESe SMALL
VARIATIONS IN THE HELIUM TEMPERATURE (10 0O€G! CAN RESULT IN A PRESSURE
INCREASE SUFFICIENT TO UNSEAT THE RELIEF VALVES (30 PSI INCREASE IN THE
LINES CAN CRACK THE VALVES)e CRACKING A RELIEF VALVE ALWAYS RAISES THE
POSSIBILITY OF ITS NOT RESEATING PROPERLYs THUS LOSING THE HELIUM SUPPLYe

(2) IF HEATING OF THE CM RCS THRUSTERS IS REWUVIREDs AN IMPROPERLY SEATED
PROPELLANT ISOLATION VALVE COULD RESULT IN A MONOPROPELLANT 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 THE CREW A POSITIVE CLOSED INDICATIONe

FOR LUSS UF A SINGLE RINGs» LUNAR OPERATIONS WILL CONTINUE== ALL OTHER PHASES WILL BE TERMINATED)»
THE MEAN TIME TO FAILURE (AS MUCH AS 56 HRS) OF THE SECOND RING IS A RISK THAT IS ACCEPTED
DURING LUNAR OPERATIONSe WITH LOSS OF A SINGLE RING AND DEGRADATION IN THE SECONDsy °‘ALL PHASES
EXCEPT LM DESCENT WOULD BE TERMINATED AS THE CM RCS CAPABILITY IS DECREASING WITH TIMEe THERE
1S PRESENTLY NO KMOw! ACCEPTABLE METHOD FOR PERFORMING A HIGH SPEED ENTRY WITHOUT CM RCS
CAPABILITY.

COMMENTS

A SOURCE PRESSURE OF 2800 PSI IS SUFFICIENT TO EXPEL ALL THE PROPELLANT IN A RINGe AN
OPENEDY UNUSEDs STABLE KING HAS ABOUT 3500 PSI SUURCE PRESSUREe TO ARM THE RINGS==-

(1) 8BLTH THE SEw ARMING BUS AND THE PYRO BUS MUST BE POWERED FOR MANUAL
ACTIVATION OF THE CM RCS PRESS SWUIB VALVES Ot FUR A SHORT ACROSS THE CM RCS
PKESS SWITCH TO CAUSE ARMING.

12} THE SEW ARMING 1USs THE SE LOGIC BUS» AND THE PYRO BUS MUST BE PUWERED FOR
ANY INADVERTENT AUTOMATIC ACTIVATION OF THE CM RCS PRESSURIZATION sSwulg
VALVES. THESE BUSSES ARE ONLY POWERED DURING LAUNCHs» SLA SEP» M
wITHDRAWALy LM FINAL SEPs AND ENTRYe HENCEs THE PROBABILITY OF INADVERTENT
AixMING IS FAIRLY REMOTEs ALSOs» THE CM RCS PRESSURIZATION SWITCH IS GUARDEDe
IT SHCULD ALSO BE POINTED OUT THAT THE RINGS CANNOT BE INDIVIDUALLY ARMEDe
ALL HELIUM ISOLATION SQUIB VALVES ARE ACTIVATED IN PARALLEL.
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18-11

THRUSTER TEMP CONTROL

CM RCS THRUSTERS WILL BE HEATED WHEN REQUIRED TO PRECLUDE THE POSSIBILITY OF OXIDIZER FREEZING

AT THE ENGINE.

COMMENTS

OXIDIZER FREEZES AT 12 DEG F PROPELLANT TEMPERATUREe HEATING IS RECOMMENDED WHEN ANY
INJECTOR TEMP IS BELOW 28 DEG Fe ONLY SIX THRUSTERS HAVE TEMPERATURE MEASUREMENTS ON
THEM=== NUMBERS 12 14» 169 21y 24 AND 25 :

HELIUM INTERCONNECT

INTERCONNECTING BOTH RINGS WILL RESULT IN THE INTERCONNECTION OF HELIUMy FUELs AND OXIDIZEKY
SINCE ONE SWITCH ACTIVATION SIMULTANEQUSLY FIRES ALL SQUIB ISOLATION VALVESs HENCEs THIS
PROCEDURE SHOULD ONLY BE USED WHEN BOTH RINGS ARE INOPERATIVEe OBVIUUSLYs» WHEN INTERCONNECTING
ONE RING MAY BE DUMPED THROUGH THE OTHER'S LEAKe: BUT THERE 1S NO OTHER ALTERNATIVE.

COMMENTS

INTERCONNECTING THE RINGS REQUIRES THAT THE CREW POWER THE SEW ARMING BUS» THE PYRO BUS AND
THE RCS LOGIC BUSy AND THEN DEPRESS THE CM PRPLNT DUMP SWITCH FUR ABOUT 2 SECONDSs

missIonN . |rev | oatet - |section . | :erour PAGE
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18=20

18=21

18=22

LOSS OF HELIUM SUPPLY PRESS

LOSS OF THE HELIUM SUPPLY PRESSURE RESULTS IN BLOWDOWN OPERATION IN THE AFFECTED RINGe THE TwO
RINGS CAN BE INTERCOMNECTED SO THE GOOD SOURCE CAN BE MADE AVAILABLE FOR BOTH RINGSe ONE SOURCE
CAN EXPEL APPROXIMATELY 65 PERCENT OF THE TOTAL PROPELLANT (BOTH RINGS) BEFURE BLOWDOWN STARTSe
TOTAL BLOWDOWN CAPABILITY WOULD EXIST IN BOTH RINGS AFTER SOURCE DEPLETION.

COMMENTS
THE MEAN TIME BETWEEN FAILURE OF THE SECOND SOURCE IS A RISK THAT IS NOT CONSIDERED

ACCEPTABLEe IF TERMINATION OF A PHASE WILL DECREASE BY 24 HOURS THE TIME THE SECOND SOURCE
MUST REMAIN INTACTs THE PHASE WILL BE TERMINATEDs

LOSS OF HELIUM MANIFOLD PRESS

LOSS OF THE HELIUM MANIFOLD PRESSURE CONSTITUTES LOSS OF A RINGe FOR A SMALL LEAKes THE RING MAY
BE USABLEe THE RINGS SHOULD NOT BE INTERCONNECTED TO PRECLUDE THE POSSIBILITY OF DUMPING THE
GOOD SOURCE THROUGH THE LEAKe

COMMENTS

A PHASE wILL BE TERMINATED IF THE TIME REWUIRED FOR THE SECOMD MANIFOLD TO FUNCTION IS
DECREASED BY ¢4 HOURSs

CM RCS ARMED

ARMING UF THE CM RCS REWUIRES ARMING THE SEWUENTIAL AND LOGIC BUSES AND ACTIVATION OF A GUARDED
SWITCHe ACTIVATION OTHER THAN BY THE CREW WOULD BE A RESULT OF MULTIPLE ELECTRICAL FAILURES.
THE RATIONALE FOR INADVERTENT ARMING 1S COVERED IN THE RATIONALE FOR RULE 1l8=4.
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19=1

TO INITIATE AND CONTINUE LUNAR SURFACE EVAy THE EMU MUST PROVIDE THE FOLLOWING MINIMUM

EMU/EVA

CAPABILITIES===

Ae

CRITICAL INSTRUMENTATION

le

24

3

DEFINITION (REF MR 19-42)

CRITICAL INSTRUMENTATION IS CONSIDERED LOST IF THE FOLLOWING INDICATORS FAIL
TO PROVIDE (BY GROUND OR CREW READOUT) DATA NECESSARY TO DEFINE SYSTEM
OPERATION AND MALFUNCTIONS.

(A) PLSS 02 PRESS OR PLSS 02 QTY 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 OuUT
TEMPERATURE

GENERAL OPERATIONAL IMPACT

LOSS OF CRITICAL INSTRUMENTATION WOULD RESULT IN AN INABILITY TO MONITOR
LIFE SUPPORT SYSTEMS PERFORMANCE FOR CREWMAN SAFETYe THE PLSS. 02 PRESS OR
THE PLSS 02 QTY INDICATOR IS REQUIRED TO SAFELY MONITOR AND MANAGE THE PLSS
OXYGEN SUPPLYes THE PGA PRESS GAGEs LOW PGA PRESS TONE OR PGA PRESS IS
REQUIRED TO SAFELY MONITOR PGA PRESSUREes THE LOW VENT FLOW TONE OR PLSS
BATTERY CURRENT OR SUBLIMATOR 02 OUT TEMPERATURE IS REQUIRED TO OETECT THE
LOSS OF OXYGEN CIRCULATION (PLSS FAN FAILURE)e 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 CREWMANs

SPECIFIC OPERATIONAL IMPACT (REF MR 19-~1By 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 REQUIREMENTe LOSS OF THE CREWMAN'S INSTRUMENTATION

WOULD REQUIRE PERIODIC CONFIRMATION OF SYSTEMS OPERATION BY THE GROUNDe

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,.

THERMAL CONTROL

le

DEFINITION (REF MR 19=2}
THERMAL CONTROL IS CONSIDERED LOST If o=

(A) LCG)LTL CIRCULATION IS LOST.

(B) THE LCG H20 TEMPERATURE AND SUBLIMATOR 02 OUTLET TEMPERATURE ARE 50 DEG F AND

INCREASING AND THE LCG H20 DELTA T IS LESS THAN 5 DEG F AND DECREASING WITH
DIVERTER VALVE IN ''MAX'' POSITION (THIS CONSTITUTES A FAILED SUBLIMATORI)e

(C) UNABLE TO SUPPLY H20.TO THE SUBLIMATOR.

A LOSS OF LCG/LTL COOLING WOULD BE INDICATED BY NON=CORRELATION OF THE LCG
H20 TEMP AND LCG H20 OELTA T AND WOULD BE A RESULT OF EITHER PUMP
DEGRADATION OR EXCESSIVE COOLANT LEAKAGE. AN LCG H20 TEMPERATURE OF
50 DEG F AND INCREASING IN COMBINATION WITH AN LCG H20 DELTA T OF LESS THAN
5 DEG F AND DECREASING IN '*MAX'*' DIVERTER VALVE POSITION IS A DIRECT
INDICATION OF A SUBLIMATOR FAILUREe INABILITY TO SUPPLY H20 TO THE
SUBLIMATOR wOULD RESULT FROM BLOCKAGE IN EITHER THE FEED H20 SUPPLY LINE OR
THE GAS SEPARATORs» BLADDER RUPTUREy H20 SUPPLY LINE LEAKy OR FEED H20
DEPLETION.
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Ce

De

24 GENERAL OPERATIONAL IMPACT

THE PRIME METHOD FOR THERMAL CONTROL OF THE EVA CREWMAN IS BY HEAT TRANSFER
VIA THE LCG/LTLe SHOULD THIS CAPABILITY BE LOST» THE BACKUP SYSTEM AVAILABLE
WOULD BE THE BSLSS OR THE OPS (HI PURGE FLOW MODE) DUE TO LIMITED LIFETIME
OF EITHER THE 8SLSS OR THE OPSs EVA WILL NOT BE INITIATEDs OR IF IN
PROGRESSs WILL BE TERMINATED IF THERMAL CONTROL IS LOST.

3 SPECIFIC OPERATIONAL IMPACT (REF MR 19=18s 19=3y 19=30)

NOMINAL OR ALTERNATE EVA

LOSS OF THERMAL CONTROL WOULD PRECLUDE COMMITTING TOs OR CONTINUATION OF THE
EVAe IF THE LOSS OCCURS DURING THE EVA» ACTIVATION OF THE OPS OR THE BSLSS
MAY BE NECESSARY TO REDUCE HEAT STORAGE IN THE CREWMANe IF  THE LOSS OF
THERMAL CONTROL IS ISOLATED TO SUBLIMATOR BREAK=THROUGHs THE CREWMAN MAY
ATTEMPT A WET SUBLIMATOR RESTART.

PRIMARY 02 SUBSYSTEM
le DEFINITION (REF MR 19-2)
THE PRIMARY OXYGEN SUBSYSTEM IS CONSIDERED LOST [F===
(A) THE SOURCE PRESSURE READING IS LESS THAN 135 PSIA (TM) OR 5 PERCENT (GAGE)
(B) IT IS UNABLE TO SUPPLY 02 TO THE OXYGEN VENTILATION LOOP
(C) EMU PRESSURE REGULATION IS IMPROPER (LESS THAN 3e75 OR GREATER THAN 405 PSID)

THE MINIMUM SOURCE PRESSURE CRITERION CONSISTS OF THE PLSS 02 PRESS
INDICATOR READOUT ERROR (+/= 45 PSIA) AND THE MINIMUM UPSTREAM PRESSURE (100
PSIA) AT WHICH THE REGULATOR IS CAPABLE OF SUPPLYING ADEWUATE MAKEUP OXYGEN
To SUSTAIN THE EXPECTED METABOLIC LOADSs EMU PRESSURE REGULATION IS
CONSIDERED LOST IF PGA PRESSURE CANNOT BE MAINTAINED AT 3¢9 +/= ¢15 PSIAe A
SUSTAINED PGA PRESSURE. OF LESS THAN 3475 PSIA AND DECREASING WOULD BE
UNACCEPTABLE AS IT MAY FAIL TO PROVIDE ADEQUATE 02 PARTIAL PRESSURE TO
SAFELY SUSTAIN THE CREWMANe A SUSTAINED PGA PRESSURE OF GREATER THAN 4405
PSIA AND INCREASING WILL RESULT IN REDUCED PGA MOBILITY AND EVENTUAL LOSS OF
THE PRIMARY OXYGEN SUPPLY THROUGH THE PGA RELIEF VALVE.

20 GENERAL OPERATIONAL IMPACT (REF MR 19=11ly 19-14)
LOSS OF THE PRIMARY 02 SUPPLY WOULD NECESSITATE THE USE OF THE OPS TO SUPPLY
OXYGEN FOR PRESSURIZATION AND METABOLIC CONSUMPTIONe REDUNDANCY OF OXYGEN
SOURCES IS LOSTe LOSS OF EMU PRESSURE REGULATION COULD RESULT IN THE USE OF
THE OPS (MAKEUP MODE) TO PROVIDE PROPER PRESSUKRE REGULATION.

3. SPECIFIC OPERATIONAL IMPACT (REF MR 19=1Bs 19=2y 19-=16y» 19=31)
NOMINAL OR ALTERNATE EVA

LOSS OF THE PLSS 02 PRESSURE REGULATOR PROHIBITS USE OF THAT PLSS FOR EVAe
SHOULD. A PLSS 02 PRESSURE REGYLATOR LOSS OGCCUR DURING THE EVAs THE OPS WILL
Be ACTIVATED AND THE EVA TERMINATED.

LOSS OF A PRIMARY 02 SUPPLY DURING CHECKOUT PRECLUDE COMMITTING THAT PLSS TO
EVAe 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
CONSUMPTIONe EVA WILL BE TERMINATED FOR LOSS OF 02 SUPPLY REDUNDANCYe

PLSS FAN(S)

le DEFINITION

THE PLSS FAN IS CONSIDERED LOST IF IT CANNOT MAINTAIN A MINIMUM OF 53 ACFM
02 FLOW THROUGH THE OXYGEN VENTILATION LOOP AND PGAs

AN 02 FLOW OF LESS THAN 5.3 ACFM IS INADEWQUATE TO REMOVE <CO2 FROM THE
ORAL=NASAL AREA OF THE CREWMAN FOR NOMINAL METABOLIC PROFILESe
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PLSS

le

2¢

3

GENERAL OPERATIONAL IMPACT

LOSS OF THE PLSS FAN WOULD REQUIRE UTILIZATION OF THE OPS (PURGE MODE) TO
PROVIDE ADEQUATE VENTILATIONe

SPECIFIC MISSION IMPACT (REF MR 19=1B» 19-21}

NOMINAL OR ALTERNATE EVA

LOSS OF A PLSS 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
2325) TO PROVIDE CO2 WASHOUT AND WOULD REQUIRE IMMEDIATE TERMINATION OF THE
POWER‘SUPPLY

DEFINITION (REF MR 19-2)

THE PLSS POWER SUPPLY IS CONSIDERED LOST [F===

(A) THE PLSS BATTERY VOLTAGE 1S LESS THAN 1640 VDC AND DECREASING

(B) THE PLSS BATTERY CURRENT DRAIN IS GREATER THAN 3¢0 AMPS AND INCREASING
(DOES NOT INCLUDE CHECKOUT).

A PLSS BATTERY VOLTAGE OF LESS THAN 160 VDC AND DECREASING INDICATES A
DEPLETED BATTERY OR THE LOSS OF ONE OR MORE CELLSs EITHER OF WHICH WILL
RESULT IN DEGRADED OPERATION OF THE PLSS ELECTRONICS. A PLSS BATTERY
CURRENT DRAIN OF GREATER THAN 30 AMPS AND INCREASING IS A DIRECT INDICATION
OF PLSS ELECTRONICS (PUMPy FANs EVC) DEGRADATION OR FAILURE AND WILL RESULT
IN EARLY DEPLETION AND LOSS OF THE PLSS BATTERYs

GENERAL MISSION IMPACT (REF MR 19=10)

LOSS OF THE PLSS BATTERY RENDERS THAT PLSS USELESS UNLESS THE BATTERY CAN BE
REPLACEDe

SPECIFIC MISSION IMPACT (REF MR 19=1B» 19-32)

NOMINAL OR ALTERNATE EVA
LOSS OF A PLSS BATTERY DURING CHECKOUT PROHIBITS USE OF THAT PLSS FOR EVAe
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 EVAe

EMU PRESSURE INTERGITY

1.

rg

DEFINITION (REF MR 19=2)
EMU PRESSURE INTEGRITY IS CONSIDERED LOST [F===

{Ab ‘YHe eMU ts UNABLE T4 MEET THe Less THAN 644 psi/MIN BRessURe DECAY CRITERION
DURING THE EMU PRESSURE INTEGRITY CHECK

(B) EMU REGULATED PRESSURE IS EQUAL TO OR LESS THAN 375 PSID AND DECREASING ON THE
LUNAR SURFACE WHICH REPRESENTS AN 02 USAGE RATE GREATER THAN 0e7 LBS/HRe

THE INABILITY TO MAINTAIN A LEAK RATE OF GREATER THAN 0.3 PSI/MIN [INDICATES
AN EXCESSIVE LEAK THAT WOULD RESULT IN EARLY TERMINATION OF THE EVAe AN EMU
REGULATED PRESSURE OF LESS THAN 375 PSID AND DECREASING REPRESENTS AN 02
USAGE RATE OF GREATER THAN Oe7 LB/HRe

GENERAL OPERATIONAL IMPACT

LOSS OF EMU PRESSURE INTERGITY.PROHIBITS THE EVA ACTIVITIES IF THE LEAK IS
IN THE PGAe IF THE FAILURE CAN BE ISOLATED TO THE PLSS THEN THAT PLSS
CANNOT BE USED FOR EVAa
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SPECIFIC OPERATIONAL IMPACT (REF MR 19-=1Bs 19=20)

(A)

(8)

NOMINAL OR ALTERNATE EVA

LOSS OF A SINGLE EMU'S PRESSURE INTEGRITY OURING THE EMU PRESSURE INTEGRITY
CHECKS WOULD RESULT IN ONE OF THE FOLLOWING===

(1) IF THE FAILURE CAN BE ISOLATED TO THE PLSSe ONE CREWMAN WOULD REMAIN ON THE
LM ECS WHILE THE OTHER CREWMAN WOULD ATTEMPT THE ALTERNATE (ONE=MAN) EVAe

{2) IF THE VIOLATION OF PRESSURE INTEGRITY IS IN THE PGAe IT WOULD PRECLUDE THE
POSSIBILITY OF ANY DEPRESSURIZED CABIN ACTIVITIES.

IF THE LOSS OCCURS DURING EITHER THE NOMINAL OR ALTERNATE EVAe IT WILL REQUIRE
ACTIVATION OF THE OPS (MAKEUP) AND TERMINATION OF THE EVAe

RENDEZVOUS/DCCKING

LOSS OF EMU PRESSURE INTEGRITY IN THE PLSS WOULD NOT CONSTRAIN A CEVA ASSUMING
BOTH OPS UNITS ARE GOODe LOSS OF EMU 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.

OPS 02 BOTTLE(S)

le

20

3e

DEFINITION

THE OPS 02 BOTTLE(S) 1S CONSIDERED LOST IF THE OPS 02 SOURCE PRESSURE IS
LESS THAN 5380 PSIA AND THE OPS HAS NOT BEEN PREVIOUSLY USED OR THE OPs 02
SOURCE PRESSURE IS LESS THAN 4900 PSIA IF THE OPS HAS BEEN USEDe

AN OPS 02 SOURCE PRESSURE OF LESS THAN 5380 PSIA wWITHOUT PRIOR USE INDICATES
A LEAK RATE IN EXCESS OF THAT WHICH WOULD BE CONSIDERED SAFE FOR CREWMAN
OPERATIONs AN OPS 02 SOURCE PRESSURE OF LESS THAN 4900 PSIA WOULD NOT
PROVIDE SUFFICIENT 02 FLOW FOR THE 30 MINUTES OF PURGE OPERATION REQUIRED
FOR A CEVA.

GENERAL OPERATIONAL IMPACT

LOSS OF AN OPS 02 BOTTLE RESULTS IN THE LOSS OF AN OXYGEN BACKUP SYSTEM AND
CONSTRAINS EXTRAVERICULAR ACTIVITIES TO A SINGLE EVA CREWMANe

SPECIFIC OPERATIONAL IMPACT (REF MR 19-~1Ay 19=18Bs 19=4y 19-14)

(A) UNDOCKING
LOSS OF AN OPS 02 BOTTLE PRIOR TO UNDOCKING PROHIBITS UNDOCKING UNTIL THE PRIMARY
02 SUPPLY PRESSURE OF ONE PLSS 1S VERIFIED.
(B} NOMINAL OR ALTERNATE EVA
Loss OF AN op$ o2 BorrLe prior To THE evA Wouib Redult IN THE ALTeknaTE [ONELMAN]
EVAe THE FAILED OPS COULD BE UTILIZED AS A BACKUP TO THE PLSS SHOULD THE CREWMAN
IN THE UM 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 OPS AND RETENTION OF AN OPERATIONAL PLSS 1IN 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 TRANSFERe
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He OPS 02 PRESSURE REGULATION

14

20

30

DEFINITION

OPS 02 PRESSURE REGULATION IS CbNSIDERED LOST IF A REGULATED PRESSURE BAND
OF 367 4/= 0e3 PSID CANNOT BE MAINTAINED.

A SUSTAINED OPS REGULATED PRESSURE OF LESS THAN 344 PSID WOULD FAIL TO
PROVIDE ADEQUATE 02 PARTIAL PRESSURE OR PURGE FLOW TO SAFELY SUSTAIN THE
CREWMANe A SUSTAINED OPS REGULATED PRESSURE OF GREATER THAN 440 PSID WOULD

- RESULT IN A HIGH OPS PURGE FLOW RATE AND A POSSIBLE RELIEVED SUIT CONDITION

WHICH WOULD REDUCE THE LIFETIME OF THE OPS AS WELL AS EXPOSING THE CREWMAN
TO A POTENTIALLY HAZARDOUS SITUATIONe

GENERAL OPERATIONAL IMPACT

LOSS OF AN OPS PRESSURE REGULATOR RESULTS IN THE LOSS OF AN OXYGEN PRESSURE
BACKUP AND CONSTRAINS EXTRAVEHICULAR ACTIVITIES TO A SINGLE EVA CREWMANe

SPECIFIC OPERATIONAL IMPACT (REF MR 19=1As 19=1By 19=4s 19-=14)
(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

LOSS OF AN OPS PRESSURE REGULATOR PRIOR TO THE EVA WOULD RESULT IN THE ALTERNATE

(ONE=MAN) EVAe THE FAILED OPS CANNOT BE USED EITHER BY ITSELF OR AS A BACKUP
THE PLSS SHOULD THE CREWMAN IN THE LM BE REQUIRED TO AID THE EVA CREWMANs

(C) LUNAR LIFTOFF

LOSS OF AN OPS PRESSURE REGULATOR PRIOR TO LUNAR LIFTOFF WOULD REQUIRE

OFF=LOADING OF THE FAILED OPS AND RETENTION OF AN OPERATIONAL PLSS IN ORDER
FULFILL THE REQUIREMENT FOR TWO GOOD LIFE SUPPORT SYSTEMS FOR A POSSIBLE CEVAs

(D} RENDEZVOUS/DOCKING

LOSS OF ONE OR BOTH OPS PRESSURE REGULATORS PRIOR TO RENDEZVOUS/DOCKING WOULb
ELIMINATE THE CAPABILITY OF SAFELY PERFORMING A CEVA IN THE EVENT THE CREWMAN

WERE UNABLE TO EFFECT A NORMAL TRANSFERs

MISSION . |REV | DATE SECTION - GROUP . PAGE
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b aa

19-1
CONT

Ie

BSLSS/OPS TRAVERSE LIMITATIONS (REF MR 19=18419=2)

le THE BSLSS PROVIDES LCG COOLING TO THE FAILED PLSS AND CAN REJECT APPROXIMATELY 1400
BTU'S/HR WHEREAS THE OPS CAN ONLY PROVIDE FOR HEAT REMOVAL IN THE RANGE OF 800=1000
BTU'S/HRe METABOLIC ACTIVITY ABOVE THIS RATE BECOMES HEAT STOREDe ASSUMING A WORSE CASE
FAILURE OF THE PLSS (leEes» POWER SUPPLY FAILURE) THE BACKUP SYSTEM MUST SUPPLY PROPER 02
VENTILATIONs 02 PRESSUREs AND METABOLIC COOLINGe THE BSLSS/OPS COMBINATION CAN PROVIDE THIS
FUNCTION USING THE OPS LOW FLOW RATE (4¢0 LB/HR)e FOR THIS CASE» AS LONG AS SUFFICIENT
WATER IS AVAILABLE TO SUPPORT BOTH CREWMEN'S RETURN TRAVERSE» THE OPS 02 AT THE & LB/HR
RATE BECUMES THE CONSTRAINTs AN EXAMINATION OF WALKING RATES FOR CONTINGENCY TRANSLATION BY
THE MROD HAS REVEALED THAT APPROXIMATELY 343 KM/HR IS THE MOST OPTIMUM RATEe ASSUMING THIS
RATE AND USING THE 1425 HRe OPSy DEDUCTING 13 MINUTES INGRESS TIME AND 5 MINUTES BSLSS
ACTIVATION TIME YIELDS AN APPROXIMATE 3 KM MAXIMUM RADIUSe AS THE FEED WATER SUPPLY OF EACH
CREWMAN'S PLSS 1S DEPLETEDs THERE IS A TRANSITION TIME WHEN THE FEED WATER BECOMES THE
CONSTRAINTs THERE MUST BE SUFFICIENT WATER IN EITHER CREWMAN'S PLSS TO SUPPORT BOTH
CREWMAN'S RETURN TRAVERSEe THE ACTUAL WATER REMAINING IS A FUNCTION OF THE METABOLIC RATE
IN REAL TIME.

20 FOR LIMITED EVA EXCURSIONS» THE OPS BY ITSELF AT THE 8 LB/HR RATEs PROVIDES SUFFICIENT
METABOLIC COOLINGs» PROPER OXYGEN VENTILATION AND PRESSURE REGULATIONe SINCE THE OPS IS
STRICTLY A GASEOUS COOLING SYSTEMs THE TIME CONSTRAINT BECOMES NOT STRICTLY A FUNCTION OF
CONSUMABLES REMAINING» BUT OF CREWMAN MAXIMUM HEAT STORAGEe THE MROD HAS GIVEN A MAXIMUM
CREW HEAT STORAGE CAPABILITY OF 300 BTU'S o BASED ON THIS HEAT STORAGE CONSTRAINT» A 343
KM/HC WALK RATEs AND DEDUCTING A 13 MINUTE INGRESS TIMEs» THE MAXIMUM DISTANCE FOR OPS USAGE
(HI FLOW RATE) IS 1le0 KMe 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
19=3
19=4
19-5
19-6
19=7
19-10
19-11
19-12
19-13
19-14)
19-15
19~1¢
19~20

19=21

19=-22]

19~-3d

19=-3]

REF RATIONALE FOR MR 19-1

REF RATIONALE FORlMR 19=1

REF RATIONALE FOR MR 19=1

CREW SAFETY

NO RATIONALE REQUIRED

REF RATIONAL FOR MR 19-1

" NO RATIONALE REQUIRED

NO RATIONALE REQUIRED

NO RATIONALE REQUIRED

NO RATIONALE REQUIRED

CREW SAFETY FOR A POSSIBLE CONTINGENCY TRANSFER

REF RATIONALE FOR MR 19=1

NO RATIONALE REQUIRED

REF RATIONALE FOR MR 19-1

REF RATIONALE FOR MR 19-1

CONTAMINATION IN THE VENTILATION SYSTEM

ie

20

e

DEFINITION

CONTAMINATION IN THE VENTILATION SYSTEM IS DEFINED AS THE PRESENCE OF ANY FOREIGN SUBSTANCE
IN SUFFICIENT QUANTITY TO PROVE UNCOMFORTABLE OR NOXIOUS TO THE CREWMANe

THE PRIMARY SOURCE OF CONTAMINATION IN THE VENTILATION SYSTEM IS LIOH AND/OR 1ITS
DERIVATIVES FROM THE CONTAMINANT CONTROL ASSEMBLY LIOH/CHARCOAL CARTRIDGE RESULTING FROM

FHANNEL ING . OR BREAKTHROUGH, S e
GENERAL OPERATIONAL IMPACT

CONTAMINATION IN THE VENTILATION SYSTEM WOULD PRECLUDE WSE OF THE PLSS AS A LIFE SUPPORT
SYSTEM AND WOULD RESULT IN THE USE OF AN OPS IN THE LOW PURGE MODE.

SPECIFIC OPERATIONAL IMPACT (REF MR 19=13» 19-15
NOMINAL OR ALTERNATE EVA
CONTAMINATION IN THE VENTILATION SYSTEM DURING EVA WOULD REQUIRE ACTIVATION OF THE OPS IN A

PURGE MODE 7O CLEAR THE HMELMET AREA OF THE CONTAMINATION ANO TO PROVIDE BREATHABLE OXYGENe
TERMINATION OF THE EVA WILL RE REQUIRED IF THE OPS IS ACTIVATED.

REF RATIONALE FOR MR 19=1

REF RATIONALE FOR MR 19-=1

"M1SSION REV | DATE . |SECTION GROUP PAGE
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19-32] REF RATIONALE FOR MR 19=-1

19=33| REF RATIONALE FOR MR 19=1
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ITEM

LM INSTRUMENTATION

20~45] TO BE SUPPLIED

20~46
Ae ALL COMMANDS CAN BE UPLINKED VIA VOICE

Be 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.

Ce NO MISSION IMPACT.

De REF RATIONALE FOR MR 19=1.

Ee RESULTS IN LOSS OF TV ONLY=WHICH IS ONLY DESIRABLE.
Fo RF DOPPLER IS SUFFICIENT

Ge REMAINING CAPABILITIES (OPTICS AND RR) ARE ADEQUATE.

20=~50| LM USB/TM MANAGEMENT

Ae  FOR NORMAL LM POWERED UP PHASESs» THE LM STEERABLE ANTENNA WITH THE POWER AMPLIFIER WILL BE
USEDe DURING LUNAR STAY» IF THE ERECTABLE ANTENNA IS USEDs» THE POWER AMPLIFIER MAY BE
TURNED OFF IF HBR TM AND VOICE CIRCUIT MARGINS ARE ADEQUATEs

RATIONALE

IN ORDER FOR BOTH HBR TM AND VOICE TO BE RECEIVED FROM LUNAR DISTANCEs THE STEERABLE
ANTENNA AND POWER AMPLIFIER MUST BE USEDe DURING LUNAR STAY OPERATIONSs CIRCUIT MARGINS
MAY ALLOW TURNING OFF OF THE POWER AMPLIFIER WHEN THE ERECTABLE ANTENNA IS IN USEe.
FAVORABLE CIRCUIT MARGINS FROM LARGE GROUND ANTENNAS MAY ALSO ALLOW HBR TM FROM THE
STEERABLE ANTENNA WITH NO POWER AMPLIFIERe

Be DURING PERIODS OF LM OUT OF STATION CONTACT (LUNAR FAR SIDE)s 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 COMMUNICATIONSe

RATIONALE

BY SWITCHING THE BIT RATE TO LOW WHILE BEHIND THE MOONs THE CSM CAN RECORD LM DATA AND PLAY
IT BACK WHEN IN LINE OF SIGHT OF EARTHe THIS ENABLES GROUND CONTROLLERS TO MONITOR LM
PERFORMANCE WHEN THE LM IS NOT IN SIGHT OF THE MSFNe OTHER MISSION PERIODS REWUIRE THAT
THE VHF SYSTEM BE USED FOR VHF RANGING OR THAT THE VHF B DATA XMTR BE USED AS A VOICE
BACKUP TO VHF Ae DUE TO THE EQUIPMENT CONFIGURATION REQUIRED FOR THESE FUNCTIONSs LOW BIT
RATE DATA TRANSFER IS PRECLUDED DURING THESE OPERATIONSe

Cy FOR ALL LUNAR STAY OPERATIONS IN WHICH THE PGNS IS POWEREQF HBR TM WitL BE pSED:

RATIONALE

WHEN THE PGNS IS POWERED IT IS DESIRABLE TO REMAIN IN HBR SO THAT ITS STATUS MAY BE
CONTINVOUSLY MONITOREDe THE LBR TELEMETRY FORMAT DOES NOT CONTAIN THE LGC DOWNLINK AND
MANY OTHER PGNS PARAMETERS THAT ARE ON THE HBR FORMAT.

MISSION REV { DATE SECTION GROUP PAGE
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e g

20-55

20=56

LM TELEMETRY

Ae

Ce

DEFINITION OF LOSS

LM TELEMETRY IS CONSIDERED TO BE LOST IN THE EVENT THAT USEABLE TELEMETRY CANNOT BE
RECEIVED AND RECORDED BY THE REMOTED SITE AND TRANSMITTED TO HOUSTON FOR REAL=TIME FLIGHT
CONTROLLER EVALUATION AND THIS TM CAPABILITY CANNOT BE RESTORED WITHIN A REASONABLE PERIOD
OF TIME.

OPERATIONAL IMPACT OF LOSS

THE (OSS OF HBR TM PRECLUDES THE MONITORINGs BY GROUND CONTROLLERSe OF THE PERFORMANCE OF
THE LGC AND AEAs A NUMBER OF GUIDANCE AND CONTROL PARAMETERS ARE TRANSMITTED ONLY ON HBR
TM AND OTHERS ARE TRANSMITTED AT A HIGH SAMPLE RATE ONLY ON HBRe 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.

SPECIFIC OPERATIONAL IMPACT (REF MR 20=55)
le NOMINAL MISSION

(A) UNDOCKINGs» 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 DESCENTes HBR TM IS NECESSARY TO LO GATEe SPECIFICALLY»
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 ANALYSISe AFTER LO GATE» ABORTING DUE TO LOSS OF HBR
TM wWOULD BE MORE HAZARDOUS THAN CONTINUING TO LANDe

(B) LUNAR STAY = HBR OR LBR TM WILL BE ADEQUATE FOR SYSTEMS EVALUATION WHILE ON THE
LUNAR SURFACEs HBR IS HIGHLY DESIRABLE FOR ASCENT AND RENDEZVOUS BUT THE LM IS
COMMITTED TO THESE PHASES REGARDLESS OF TMe SHOULD ALL TM BE LOSTs LUNAR STAY
WILL BE ABBREVIATED DUE TO DEGRADED VEHICLE MONITORING CAPABILITIESe FOR A LOSS
OF ALL TM» ONLY A ONE=MAN EVA MAY BE PERFORMEDe

(C) RENDEZVOUS AND DOCKING = THE LOSS OF TM DOES NOT AFFECT THE ABILITY OF THE LM TO
RENDEZVOUS AND DOCKs BUT ONLY PROHIBITS GROUND CONTROLLER AID IN THE MONITORING
OF SYSTEM PERFORMANCEs IN THIS EVENTes A LM=ACTIVE RENDEZVOUS WILL BE PERFORMED
SINCE THIS 1S THE NOMINAL RENDEZVOUS PLANe

r ALTERNATE MISSIONS
UNDOCKING AND STATION KEEPING WILL BE PERFORMED IF ALL TM IS LOST SINCE THE

LM WOULD NOT BE COMMITTED TO LONG PERIODS INDEPENDENT OF THE CSM. EITHER
HBR OR LBR DATA IS ADEQUATE FOR A RENDEZVOUS ALTERNATE MISSIONe

CRITICAL INSTRUMENTATION

Ao

Be

PEFINITION OF LOSS

CRITICAL INSTRUMENTATION 1S CONSIDERED LOST WHEN INFORMATION PROVIDED BY TELEMETRY AND/OR
QNBOAR%HDISPLAYS IS NOT ADEQUATE TO 'MONITOR. THE _PERFORMANCE OF ~ANY CRITICAL ONBOARD
FUNETIONG - - : : )

GENERAL OPERATIONAL IMPACT

LOSS OF CRITICAL INSTRUMENTATION <COuLD JEOPARDIZE CREW SAFETY IF A CRITICAL ONBOARD
FUNCTION COULD NOT BE MONITOREDO EITHER BY THE CREW OR THE GROUNDe

MISSION REV | DATE SECTION GROUP PAGE
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20~56
CONT

Ce MISSION RULE RATIONALE (REF MR 20=56)

le

20

NOMINAL MISSION

(A)

(8l

(C)

UNDOCKING» DESCENT ORBIT» 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.

POWERED DESCENT = CREW SAFETY IS JEOPARDIZED IF INSTRUMENTATION <CRITICAL TO
PERFORMING A SAFE DESCENT AND LANDING OR TO MONITORING SYSTEMS ESSENTIAL FOR A
SAFE ASCENT AND RENDEZVOUS 1S LOST.

RENDEZVOUS = CSM RESCUE WILL BE REWUIRED ONLY WHEN LM INSTRUMENTATION ESSENTIAL
TO PERFORMING A LM=ACTIVE RENDEZVOUS 1S LOSTe

ALTERNATE MISSION

THE LOSS OF CRITICAL INSTRUMENTATION PRECLUDES THE CONSIDERATION OF ANY
ALTERNATE MISSIONe

MISSION REV | DATE SECTION GROUP PAGE
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21=1

LM SEQUENTIAL AND PYROTECHNIC

TO INITIATE MANNED LM MISSION PHASESs THE PYROTECHNIC SYSTEM MUST PROVIDE THE FOLLOWING MINIMUM
CAPABILITIES (REF LM TELMU GO CRITERIA IN SECTION 3 OF MR)===

PYROTECHNIC SYSTEM

1.

2

3

DEFINITION (REF MR 21=2)

A PYRO SYSTEM IS CONSIDERED LOST IF A PYRO BATTERY OPEN CIRCUIT VOLTAGE LESS THAN 35 VDC OR
IF THE SYSTEM IS INCAPABLE OF BEING ARMEDe A PYRO BATTERY OPEN CIRCUIT VOLTAGE IS
NOMINALLY 37¢2 VDOC AND THERE 1S 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 (l1e¢86 VOLTS
PER CELL)e IF THE MASTER ARM RELAYs Kl» CANNOT BE CLOSED THEN THE PYRO BATTERY CANNOT BE
CONNECTED TO THE PYRO BUS AND NO PYRO FUNCTION CAN BE PERFORMED WITH THIS SYSTEMe

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 STAGINGe IF STAGING IS PERFORMED WITH LOSS OF ONE SYSTEM THERE ARE
SINGLE POINT FAILURES WHICH COULD RESULT IN THE INABILITY TO STAGE OR 1IN INCOMPLETE
STAGING.

SPECIFIC OPERATIONAL IMPACT (REF MR 21~20)}

(A) NOMINAL MISSION

(1) UNDOCKING THROUGH PDl +5+30 = THE LM MUST HAVE REDUNDANT PYROTECHNIC SYSTEMS TO
COMMIT TO MISSION PHASES IN WHICH STAGING IS MANDATORYe IF ONE SYSTEM IS LOST
PRIOR TO PDI+5+30 (AFTER THAT POINT» THE LM MUST STAGE TO RETURN)s THE NOMINAL LM
MISSION WILL BE ABORTEDe THE LM WILL NOT BE STAGED WITH THE REMAINING PYRO
SYSTEM UNLESS CREW SAFETY DICTATES (SEE MANAGEMENT RULE 21~12).

(2) PDI+5+30 TO TOUCHDOWN ~ THE LM IS NOW COMMITTED TO STAGING FOR EITHER AN ABORT OR
LUNAR SURFACE LAUNCHe IF A PYRO SYSTEM WERE LOST OURING THIS PERIODy THE LM
WOULD HAVE TO STAGE WITH ONLY ONE PYRO SYSTEM SOONER (ABORT) OR LATER (LUNAR
SURFACE LAUNCH AFTER A ONE=REV STAY)e THEREFOREs» THERE IS NO SIGNIFICANT
ADVANTAGE TO ABORTINGs

(3) LUNAR STAY =~ IF ONE PYRO SYSTEM IS LOST ON THE LUNAR SURFACEs 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» ETCe) IS LOSTe LOSS OF ONE SYSTEM
PRECLUDES A RENDEZVOUS MISSION BECAUSE THE LM MUST HAVE THE REDUNDANT
CAPABILITY TO STAGE BEFORE COMMITTING TO A LM=ACTIVE RENDEZVOUSe

MISSION REV | DATE SECTION GROUP PAGE
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REF RATIONALE FOR MR 21~1

REF RATIONALE FOR MR 21=13 AND 21=22

NO RATIONALE REQUIRED

NO RATIONALE REQUIRED

THE CONDITIONS REQUIRING A NEXT BEST OPPORTUNITY LIFT=OFF(LOSS OF A PYRO
DISARM A SYSTEMJARE NOT OF SUFFICIENT TIME CRITICALITY TO REQUIRE A Tl OR T2 LIFT OFF.

SYSTEM OR UNABLE

T0

SECTION

AND PYRO

MISSION REV ] DATE GROUP PAGE
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21=10

21=11

21=12

21=13

APS PRESSURIZATION

APS WILL NORMALLY BE PRESSURIZED IMMEDIATELY PRIOR TU STAGINGe APS WILL NOT NORMALLY BE
PRESSURIZED MORE THAN 24 HOURS PRIOR TO THE LAST APS BURN== HOWEVER» IN A CONTINGENCYs THE APS
MAY BE PRESSURIZED UP TO 3-=1/2 DAYS PRIOR TO THE LAST APS BURNe

BY WAITING UNTIL IMMELDIATELY PRIOR TO STAGING TO PRESSUKRIZE APSs THE OPTION TO PRESSURIZE ONE OR
BOTH TANKS EXISTS IF AN APS HELIUM LEAK HAS DEVELOPEDe THE TIME CONSTRAINT OF 24 HOURS AND
3=1/2 DAYS IS DUE TO THE AMOUNT OF TIME THE PROPELLANTS CAN BE IN CONTACT WITH THE WUAD CHECK
VALVES AFTER PRESSURIZATION WITHOUT DAMAGE TO THEMs

LANDING GEAR DEPLOY

IF UNABLE TO DEPLOY ONE OR MORE LANDING GEAR» A LANDING WILL NOT BE ATTEMPTED DESCENT  aNGINE
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 MISSIONSs

SELF EXPLANATORY.

ONE PYRO SYSTEM STAGING

UNDOCKED STAGING WITH ONE PYRO SYSTEM WILL BE PERFORMED ONLY IF ABSOLUTELY iNECESSARY TO MAINTAIN
CREW SAFETY.

WITH ONLY ONE PYRO SYSTEM THERE ARE MANY SINGLE POINT FAILURES WHICH COuULD CAUSE [INCOMPLETE
STAGING.

RELAY Kl=Ké& FAILURE

FOR A K1 THROUGH K6 FAILUKc» THE -GOOD SYSTEM WILL BE DISABLED AND A PYRO FUNCTIONs» OTHER THAN
STAGINGs ATTEMPTED TO DETERMINE IF K1 (PYRO SYSTEM ARM RELAY) HAS FAILED CLOSEDe

AN EXTRA SET OF CONTACTS ON EACH RELAY K1 THROUGH K& IN BOTH PYRO SYSTEMS "ARE WIRED IN
SERIES/PARALLEL TO MAKE UP A DAISY CHAIN WHICH 1S MONITORED VIA TM ANO ONBCARDe AN INADVERTENT
CLOSURE OF ONE OF THESE RELAYS CAN BE DETECTEDe HOWEVERs THE PARTICULAR FAILED RELAY CANNOT BE
ISOLATED EXCEPT IN THE CASE OF THE MASTER ARM RELAYe IF A RELAY CLOSURE Is DETECTEDs A PYRO
FUNCTION WILL BE ATTEMPTED WITHOUT ARMING EITHER SYSTEMe FAILURE TO PERFORM THE PYRO FUNCTION
WILL INDICATE THAT THE FAILED RELAY WAS NOT Kle THE RELAYS OF THE CHAIN MAKE UP THE STAGING

SYSTEM AS FOLLOWS===

K1 = MASTER ARM

K2 = STAGE RELAY

K3 AND K& = INTERSTAGE UMBILICAL GUILLOTINE

K5 AND K5A = INTERSTAGE BOLTS (SYSTEM A) AND NUTS (SYSTEM B)

Ké = ELECTRICAL CIRCUIT INTERRUPTERS
AFTER ISOLATING K1 AS NOT BEING THE FAILED RELAYs 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 ARMEDe IN THE CASE WHERE K2 MAY HAVE FAILED» THE SYSTEM
WOULD BE IN A CONFIRMATION WHERE THE SUBSEWQUENT FAILURE OF K2 wOUuLD CAUSE AN INADVERTENT STAGING

" WHICH WOULD NURMALY BE CAUSE FOR ABORTe HOWEVERs A K2 FAILURE CAN NOT BE CONFIRMEDe IT CAN ONLY

BE DETERMINED THAT ONE OF THE RELAYS K2 THRU K6 HAS FAILEDe ON THE BASIS THAT A K2 FAILURE CAN
NOT BE CONFIRMED THE MISSION SHOULD BE CONTINUEDe

MISSION REV } DATE SECTION GROUP PAGE
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21=14

21=20

21=21

ARMED PYRO SYSTEM

AN ARMED PYRO SYSTEM(S) THAT CANNOT BE DEARMED S CONSIDERED UNSAFE FOR THE VIBRATION/SHOCK
ENVIRONMENT ASSOCIATED WITH LUNAR TOUCHDOWNe

SUBSEQUENT CLOSURE OF ANOTHER #YRO RELAY WOULD RESULT IN THAT PYRO FUNCTION BEING PERFORMEDs
THE WORST CASE WOULD BE INADVERTENT STAGING WHICH COULD BE CATASTROPHIC DURING THE LANDING
PHASEe

REF RATIONALE FOR MR 21=1 ITEM 3

UNABLE TO DISARM

le

20

3

DEFINITION

(A) PYRO SYSTEM CANNOT BE DISARMED IF THE PYRO BATTERY CANNOT BE DISCONNECTED
FROM THE PYRO BUSs THIS WILL BE DETECTED BY ATTEMPTING A PYRO FUNCTION
OTHER THAN STAGING WITH THE SUSPECT SYSTEM(S) AFTER ALL ATTEMPTS HAVE BEEN
MADE TO DISARM THE FAILED SYSTEM. IF THE PYRO FUNCTION OCCURSs THE
SYSTEM(S) IS CONSIDERED ARMED.

GENERAL OPZRATIONAL IMPACT

WITH AN ARMED PYRO SYSTEM(S)» SUBSEQUENT CLOSURE OF ANY OTHER PYRO RELAY wILL RESULT IN
EXECUTION OF THAT PYRO FUNCTIONe MOST CRITICAL WOULD BE A CLOSURE OF ONE OF THE STAGING
RELAYS CAUSING INADVERTENT STAGING (PARTIAL OR COMPLETE).

SPECIFIC OPERATIONAL IMPACT (REF MR 21=1l4s 21=5)

(A)  NOMINAL MISSION

(1) UNDOCKING THROUGH TOUCHDOWN = THE NOMINAL MISSION WILL BE ABORTED IF UNABLE TO
DISARM EITHER OR BOTH PYRO SYSTEMS. QF MOST CONCERN 1S INADVERTENT STAGING WwHICH
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
FUNCTIONe

(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 LM
DUE TO SCHRAPNEL FROM THE PYROTECHNIC DEVICESe 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 SEVEREDe HOWEVERs A NEXT
BEST OPPORTUNITY LIFTOFF WILL BE REQUIRED TO MINIMIZE THIS POSSIBILITY.

(B) ALTERNATE MISSIONS
DOCKEDs» UNDOCKED» DESCENT ORBIT = THE MISSION WILL BE CONTINUED WITH AN

ARMED PYRO SYSTEM OR SYSTEMS ASSUMING THE CREW CAN RECOVER FROM INADVERTENT
STAGINGe STAGING WILL BE PERFORMED NORMALLY IN ORBIT.

MISSION REV] DATE SECTION GROUP PAGE
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o

21=22

21=2:

K7=K15 CLOSED

1.

3

DEFINITION (REF MR 21=38)
A PYRO SYSTEM IS CONSIDERED UNUSABLE AND WILL BE ©OISABLED UNTIL AFTER DPS CRYOGENIC
PRESSURIZATION AND THE DES FUEL AND OX VENTS ARE CLOSED FOR AN INADVERTENT CLOSURE OF A K7
THROUGH K15 RELAY.
GENERAL OPERATIONAL IMPACT
AN INADVERTENT CLOSURE OF ANY RELAY» K7 THROUGH K15s IN EITHER PYRO SYSTEM CAN BE DETECTED
VIA TM BUT THE PARTICULAR RELAY FAILED CANNOT BE ISOLATED. THESE RELAYS PERFORM THE
FOLLOWING FUNCTIONS===
K7 = RCS PRESS
K8 & K8A = LAND GEAR DEPLOY
K9 = DPS CRYO HE PRESS
K10 & K1l = ASC HE PRESS
K12 & K12A = ASC FUEL AND OX COMP VALVES
K13 ~ DPS FU & OX VENT VALVES
Kl4 =~ DPS AMBIENT HE VALVES
K15 ~ DPS FU & OX COMP VALVES
PREMATURE OPERATION OF ANY OF THE RELAYS IS NOT SERIOUS EXCEPT FOR DPS CRYOGENIC HE PRESS
{K9) AND DPS FU AND OX VENT VALVES (Kl3)e IF THE DPS CRYOGENIC HELIUM VALVE IS OPENED
PRIOR TO FIRST IGNITION OF THE OPSe THE FUEL/HELIUM HEAT EXCHANGER WILL FREEZEs CUTTING OFF
FUEL FLOW TO THE ENGINEe IF THE DPS FU AND OX VENT VALVES WERE TO OPEN PRIOR TO TOUCHDOWNs
THE FU AND OX WOULD VENT OVERBOARD SINCE THE SOLENOID VENT VALVES ARE NORMALLY TO BE LEFT
OPENe
SPECIFIC OPERATIONAL IMPACT
(A) NOMINAL MISSION
INDICATION OF A K7 THROUGH K15 RELAY CLOSURE IN EITHER PYRO SYSTEM REQUIRES
OPENING THE CORRESPONDING LOGIC POWER CIRCUIT BREAKER T® DISABLE THAT PYRO
SYSTEM FOR ALL SUBSEQUENT PYRO FUNCTIONS UNTIL AFTER DOPS CRYOGENIC HELIUM
PRESSURIZATION AND THE DES FU & OX SOLENOID VENT VALVES ARE CLOSEDe. THIS
WILL PREVENT INADVERTENT FIRING (OPENING) OF THE CRYOGENIC iELIUM VALVE OR
THE DES FU & OX SWUIB VENT VALVESe IF BOTH PYRO SYSTEMS SHOW INDICATIONS OF
A K7 THROUGH K15 CLOSUREs THE DESCENT HE REG VALVES 1 AND 2 AND THE DES FU &
OX SOLENOID VENT VALVES SHOULD BE CLOSED BEFORE ARMING THE PYRO SYSTEM FOR
ANY PYRO FUNCTIONS PRIOR TO POl
(B) ALTERNATE MISSIONS

SAME RATIONALE AS FOR NOMINAL MISSIONSe

UNABLE TO STAGE (REF MR 21=4)

1,

24

3.

DEFINITION
THE LM IS CONSIDERED UNABLE TO STAGE [F 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.
GENERAL OPERATIONAL [MPACT
FAILURE TO STAGE ON THE LUNAR SURFACE IS CATASTROPHICe FAILURE TO STAGE IN ORBIT REWUIRES
THE LM TO ATTEMPT TO COMPLETE A RENDEZVOUS UNSTAGED IF THE DESCENT STAGE IS RIGIDLY
ATTACHEDe IF THE DESCENT STAGE IS NOT RIGIDLY ATTACHEDs THE LM MUST BE RESCUED.
SPECIFIC OPERATIONAL IMPACT
(A)  NOMINAL MISSION

FOR THE NOMINAL MISSIONs KNOWN INABILITY TO STAGEs PRIOR TO‘PDI+50 WOULD BE

CAUSE TO ABORT THE NOMINAL MISSIONe. AFTER PDI+5s 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 SEPARATEs THE MISSION WILL BE CONTINUED USING THE RCS AND DPS IF
AVAILABLE TO COMPLETE THE RENDEZVOUS AS LONG AS THE STAGES ARE STILL REGIDLY
ATTACHEDe CSM RESCUE WILL BE REQUIRED FOR THE TERMINAL PHASE OR IF RCS
REDLINES ARE VIOLATEDe SHOULD PARTIAL STAGING OCCUR SUCH THAT THE STAGES
ARE NOT RIGIDLY ATTACHEDs» MANEUVER CAPABILITY OF THE LM Is LOST. THE LM
WILL GO TO DRIFTING FLIGHT AND CALL FOR A CSM RESCUEs
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LM ELECTRICAL POWER

22-1 TO INITIATE MANNED LM MISSION PHASESs THE ELECTRICAL POWER SYSTEM MUST PRUVIDE THE FOLLOWING
MINIMUM CAPABILITIES (REF LM TELMU GO CRITERIA IN SECTION 3 UF FMR DOCUMENT!===

A COR/LMP BUS
le ODEFINITION (REF MR 22=2)

THE COR OR LMP BUS IS CONSIDERED LOST IF TmE BUS VOLTAGE CANNOT BE
MAINTAINED GREATER THAN 2645 VDC OR IF THE BUS CURRENT IS GREATER THAN 90
AMPS. A BUS VOLTAGE LESS THAN 2645 VDC WILL PRUVIDE OUT UF SPEC VOLTAGES
FOR SEVERAL CRITICAL LM EQUIPMENTS (EsGe COMMy =CS» PGNSs 5$CSs ETCele BUS
CURRENTS GREATER THAN 90 AMPS INVICATE A SHORT ON THE BUS AKD wOULD EXCEED
THE SPEC WIRE RATING OF THE FEEDER LINES»

24 GENERAL OPERATIONAL IMPACT

LOSS OF EITHER BUS RESULTS IN LOSS OF LM EQUIPMENT REDUNDANCY AND  SERIOUSLY
DtGRAOED ELECTRICAL POWER SUBSYSTEMe SUBSEWUELNT FAILURE OF THE OTHER BUS
WOULD RESULT IN THE INABILITY TC PUWER ANY SPACECKAFT EWUIPH“ENTS.

3. SPECIFIC OPERATIONAL IMPACT (REF MR 22=20)

(A) NOMINAL MISSION

1) UNDOCKING THROUGH LUNAR STAY = LOSS OF A BUS MEANS LOSS OF CAPABILITY TO
LAND AND LOSS OF REDUNDANCY OF CRITICAL SYSTEMSe DURING POWERED DESCENTy LOSS OF
THE COR OR LMP BUS WILL CAUSE THE DESCENT ENGINE TO THROTTLE TO 100 PERCENT WHICH
WILL PREVENT ANY ATT&MPT TO LAND AND CAUSE AN ABURT TO BE INITIATED IMMEDIATE
RETURN TO THE CSM IS NECESSARY TO REDUCE THE TIME In WwHICH A FAILURE OF A
REMAINING CRITICAL SYSTEM OR THE REMAINING BUS CAN OCCUR.

(2) LM=ACTIVE RENDEZVOUS = ONCE COMMITED TO RENDEZVOUSy THE LM SHUULD REMAIN THE
ACTIVE VEHICLEL BECAUSE IT CAN STILL COMPUTE AND EXECUTE ALL RENDEZVOUS MANEZLVERS
AND IT IS BEST TO REMAIN WITH THE NOMINAL RENDEZVOUS FLAN.

{(8) ALTERNATE MISSION(S}
NO UNDCCKED MISSION IS ACCEPTABLE IN VIEw OF THE RISK INVOLVEDe
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FIGURE 1= EPS FEEDER CONFIGURATION
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DEFINITION (REF MR 22=2 AND FIG 1)

LOSS OF A DESCENT FEEDER 1S DEFINED AS THE INABILITY TO USE AS A POWER PATH
THE ELECTRICAL CONNECTIONS FROM THE OUTPUT TERMINAL OF THE DESCENT ECA TO
THE DEADFACE RELAYe FROM THE DEADFACE RELAY TO THE BUS» 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.

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 SPACECRAFTe THERE ARE TWO SINGLE POINT FAILURES THAT
CAN CAUSE AN OPEN FEEDERe (A) THE INADVERTENT OPENING OF ONE OF THE TwO
DEADFACE RELAYS AND (B) AN OPEN ECA ONBOARD CONTROL CAPABILITY EXISTS ONLY
TO OPEN OR CLOSE BOTH OF THE DEADFACE RELAYS SIMULTANEOUSLY. AN OPEN
DESCENT FEEDER RESULTS IN THE LOSS OF CONSUMABLE CAPABILITY OF TWO DESCENT
BATTERIESe 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 PATHe ISOLATION OF THE SHORT REQUIRES
OEADFACING,  AND THUS . THE LOSS. OF K CONSYMABLE CAPACITY OF ALL DESCENT
BATTERIES: TO MAINTAIN A polered U sPaceckAPT BOTH ASCeNT “BaTteRiés WiLl
BE PLACED ON THEIR NORMAL FEEDPATHSe IT SHOULD BE NOTED THAT SPECIFIC
PROCEDURES MUST BE FOLLOWED TO DETERMINE WHERE ALONG THE BATTERY=~TO=BUS
POWER FLOW PATH THE SHORT EXISTSe IF INSUFFICIENT TIME IS AVAILABLE TO
TROUBLESHOOTy A SHORT MUST BE ASSUMED TO BE ON THE BUS (WORST CASE) AND THE
MISSION ABORTEDe

SPECIFIC OPERATIONAL IMPACT {REF MR 22~=21)

(A)

(8)

NOMINAL MISSION (ALL PHASES)

THE NOMINAL MISSION WILL BE CONTINUED IF CONSUMABLE REDLINES ARE NOT VIOLATED AND
SUFFICIENT CONSUMABLES REDUNDANCY REMAINS. FOR AN OPEN» CONSUMABLE CRITERIA
NOMINALLY PERMIT CONTINVATION OF THE LUNAR LANDING MISSION WITH AN ABBREVIATED
LUNAR STAYs FOR A SHORTs ALL DESCENT ELECTRICAL CONSUMABLES ARE LOST (SEE
22=14Bs2 ABOVE AND THERE ARE INSUFFICIENT ASCENT CONSUMABLES TO COMPLETE THE
NOMINAL MISSIONe

ALTERNATE MISSIONS

ANY ALTERNATE MISSION THAT DOES NOT VIOLATE CONSUMABLES CRITERIA IS ACCEPTABLE.
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DEFINITION (REF MR 22=2 AND FIG 1}

LUSS OF AN ASCENT FEEDER IS DEFINED AS THE INABILITY TO USE AS A POWER PATH
THE ELECTRICAL CUNNECTIONS FROM THE OUTPUT TERMINALS OF THE ASCENT ECA'S TO
THE BAT FEED TIE CIRCUIT BREAKERSe SINCE NO GLINGLE UPEN FAILURE CAN RESULT
IN LOSS OF AN ASCENT FEEDERs ONLY SHORTED FEEDEKS ARE CONSIDEREDS

GEMERAL OPERATIONAL IMPACT

THE AFFECTED BUS CAN ONLY BE POWERED VIA THE 8US CRRCsSTIE CIRCUIT HBREAKEKS
MAKLNG EACH BUS SUSCEFTIHBLE TO A SHORT ON THE UTHERe IN THIS CONF1GURATIONS»
LUSS OF THE REMAINING FEEDER 1S CATASTROPHICs ALSOs A SHORTED ASCENT FEEDER
KESULTS IN LOSS OF THE CORRESPONDING DESCENT FEEDER (IF UNSTAGED) AND TwO
DcSCENT BATTERIcSe THE ASCENT BATTERY THAT PUWEKEL THE LOUST BUS VIA ITS
NORMAL FEEDPATH CAM BE USED CN ITS BACKUP FEELPATH TO POWER THE REMAINING
OO BUS.

SPECIFIC OPERATIONAL IMPACT (REF MR 22=21}

(A} NOMINAL MISSION

ALL PHASES = LOSS OF AN ASCENT FEEDER WILL REWUIRE AN ABOKT ANO IMMEDIATE R
TO THE CSM BECAUSE THE SUBSEWUENT FAILURE OF THE OTHER ASCENT FEEDER wWOULD R
IN THE INABILITY TO POWER THE SPACECRAFT. DOCKED OSYSTEMS EVALUATION CA
PERFORMED wWITH THE HATCH CPEN AND THE TUNNEL CLEARe THE CREw COULD SAFELY R
TC THE CSM IF ALL POWER WAS LUST DUE TU A SUBSEWUENT SHURT,

(8) ALTERNATE MISSICNS

NQ UNDCCKEC ALTERNATE MISSION WILL BE CONSIDERED BECAUSE OF THE [IMPACT
SUBSEWUENT tPS FAILURE.

De DESCENT BATTERY(S)

1.

OEFINITION (REF MR 2Z=~2)
A DLSCENT BATTERY IS CONSIDERED LOST [Fe===

(A) THE BATTERY OUTPUT 1S EQUAL TO OR LESS THAN 2 AMPS WHEN CONNECTED TO A BUS =
INDICATES THE BATTERY 1S INCAPABLE OF DELIVERING POWERK ANL 1S A REASUNABLE
TO OCIFFERENTIATE BZTWEEN A NORMAL AND A REVERSE CURRENT. A LUW OUTPUT SHOULD
BE ACCOMPANIED BY A LOw BATTERY VOLTAGE.

(8) BATTERY TEMPEIKATURE EQUAL TO OR GREATER THAN l4% DEG F WITH VOLTAGE AND (U
HIGHER THAN NUMIMAL -~ DETECTED BY A BATTERY MALFUNCTIUN AND WARNING LIGHT wl
THE BATTERY AUTOMATICALLY BEING TAKEN OFFLINEs AT TEMPERATURES GREATEIR THAN
OE{ Fy PERMANENT DAMAGE 7O THE BATTERY OCCURSe

(C) INABILITY TO MEET REGUIRED VOLTAGE REGULATIUM UNDER LUAD = SELF EXPLANATURY,.

(D) INABILITY TO BE CONNECTED TO A FEEDER OQUE TU A MALFUNCTIONED ECA =
EXPLANATORY «

(£} BATTERY OPEN CIRCUIT LESS THAN 31e8 VOC STEADY STATE = THE NUMiINAL OPEN (I
VOLTAGE wHEN OPERATING IN THE PEROXIDE REGIULN (LESS THAN 2uU AMP=HOURS REMOVE
THE DISTHARGE CURVE IS 37V (le85 V/CELL)e THE MINIMUM OPEN CIRCUIT VOLTAGE
OPERATING IN THE MONOXIDE REGION (GREATER THAN 20 AMP=HOURS REMOVED) OF

ETURN
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ETURN
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RRENT
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RCUIT
V) OF
WHEN

THE

DISCHARGE CURVE IS 21e8 V (Led9 V/CELL)e A LOWER VOLTAGE INDICATES A DEPLETEDL

BATTEXY OR LUGSS OF CHLLS WITHIiN THE BATTERY (le86 VOLTS/CElLL),
SENERAL USERATIUNAL IMPACT

LUSS OF UNE OR TwO DESCENT BATTERIES WILL HAVE NO EFFECT Umnv THE MISSION FROM
A SYSTEMS STANUPOINTe AS DEFINEV ABOVEs TWO DESCENT BATTERI=S COULD E LOST
FOR CONMPLETELY UNRCLATED REASONSs AND NOT CAUSE LOSS UF CONFIDENCE IN THE
BATTERIESs FOR EXAMPLE, ONE BATTERY COULD BE LOST DUE TO AN INTERNAL
BATTEKY PROBLEM AND ANOTHER LOST DUE TG AN ECA MALFUNCTIONS IF BOTH
BATTERILS wERE LOST DUE TO IDENTICAL MALFUNCTIONSy SYSTEMS CONFIDENCE wOULD
Bt WLAKEAED BUT THe MISSION WOULD BE CONTINUED UNLESS A CEFINITE PROPAGATING
FAILURE ELEVENT IS FOUNDe DESCENT POWER REDUNDANCY STILL KEMAINS AND BOTH
ASCENT BATTERIES ARE AVAILABLE. LOSS OF THREE OR MORE DeSCENT BATTERIES
INCICATES A SERICLSLY DEGRADING ELECTRICAL SYSTeM REGARDLESS OF THE REASON
FOR THE LOSS AND THE LM SHOULD RETURN TO THE VICINITY OF THE CSMe
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3. SPECIFIC OPERATIONAL IMPACT (REF MR 22=23)

(A)

(8)

NOMINAL MISSION

(1) ALL PHASES EXCEPT LO GATE TO TOUCHDOWN = LOSS OF ONE OR TwO OESCENT
BATTERIES WILL HAVE NO EFFECT ON THE NOMINAL OR ALTERNATE MISSIONSs CONSUMABLES
PERMITTINGs LOSS OF THREE OR MORE DESCENT BATTERIES WILL CONSTITUTE. A MISSION
ABORT» RENDEZVOUSs AND DOCKING WITH THE CSM ASAPe SERIOUS ELECTRICAL SYSTEM
PROBLEMS ARE SUSPECTED AND EVEN WITH A COMPLETELY NOMINAL ASCENT SYSTEMs THE
ELECTRICAL SYSTEM SHOULD NOT BE RELIED UPONe DOCKED SYSTEMS EVALUATION CAN BE
PERFORMED WITH THE CONNECTING HATCHES OPEN AND THE TUNNEL CLEARe

t2) LO GATE TO TOUCHDOWN = THE TIME TO RETURN TO DOCK WITH THE CSM IS & HOURS
WHETHER THE MISSION 1S ABORTED DURING THIS PHASE OR THE LM LANDSs AND THEN LIFTS
OFF AT Tle AFTER LO GATE THE RECOMMENDED PROCEDURE IS TO LAND AND LIFTOFF AT T1
OR T3e THIS PROCEDURE IS CONSIDERED SAFER THAN ABORT STAGING AT A LOW ALTITUDE.

ALTERNATE MISSIONS

THE SAME RATIONALE AS FOR NOMINAL MISSIONS APPLIES (REF PARA De3e(A))e SEE ALSO
ASCENT BATTERIES = ALTERNATE MISSIONSe

ASCENT BATTERY(S)

le DEFINITION

SAME AS FOR DESCENT BATTERY (REF PARA Del)

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 OPERATIONSe

3. SPECIFIC OPERATIONAL IMPACT (REF MR 22=22)

(A) NOMINAL MISSION
{1}  UNOOCKING THROUGH PDI+5430 = THE NOMINAL MISSION WILL BE ABORTED FOR THE
LOSS OF ONE ASCENT BATTERY TO AVOID COMMITTING TO STAGED OPERATIONS WITH ONLY ONE
ASCENT BATTERYes STAGING SHOULD NOT BE PERFORMED UNLESS NECESSARY FOR CREW SAFETY
AND THE LM SHOULD OOCK ASAPe
(2) PDI +5+30 TO TOUCHDOWN = THE LM SHOULD LAND TO PREVENT A ONE BATTERY/ONE BUS
ABORT AND STAGING ON ONE PYRO SYSTEMe
MISSION REV] DATE SECTION GROUP PAGE
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SEVERAL OPTIONS ARE AVAILABLE==-

ONE BATTERY/ONE BUS ABORT STAGING = THIS IS NOT CONSIDERED TO BE A GOOD SOLUTION
SINCE THE LOSS OF A BUS MEANS A LOSS OF REDUNDANCY AND/OR LIMITED CAPABILITIES IN
PYRO SYSTEMy GUIDANCE SYSTEMSs ECS» ETCo

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 STAGINGs HENCE IT COULD RESULT IN A LOSS OF GUIDANCE
SYSTEMS AND REQUIRE A MANUAL ASCENT.

ONE BATTERY/TWO BUS MANUAL SEWUENCING OF DESCENT TO ASCENT POWER» 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 (5 AMP/HOURS MUST HAVE BEEN REMOVED
BEFORE THE LAST DESCENT BATTERY IS DIJSCONNECTED)s ALSO ADEWUATE TIME MAY NOT BE
AVAILABLE TO COMPLETE THIS PROCEDUREe

LAND» CONFIGURE FOR A ONE BATTERY/TWO BUS Tl L/O USING NORMAL L/0O PROCEDURES =
THIS IS A REASONABLE SOLUTION SINCE IT RETAINS THE TWO BUS REDUNDANCYs AND THE
REMAINING ASCENT BATTERY SHOULD BE ADEWQUATELY CONDITIONED WITH 5 AMP HOURS
REMOVED INSURING THAT THE GUIDANCE SYSTEMS WILL NOT BE ADVERSELY AFFECTEDe IT
ALSO SHOULD PROVIDE ADEWUATE TIME TO PROPERLY CONFIGURE THE~ SPACECRAFT FOR THE
L/0s THE RENDEZVOUS AND DOCKING TIME FOR A L/0 AT Tl IS 4 HOURS== WHEREAS» = THE
TOTAL TIME FOR LUNAR STAY RENDEZVOUS AND DOCKING IS 6 HOURS FOR A L/O AT T2’ OR 1
REV LATER AT T3. THE ADVANTAGE OF A T3 L/0 IS THAT DESCENT POWER CAN BE USED FOR
THE LUNAR STAY TIME== THEREBY» REDUCING THE ASCENT POWER REQUIREMENTSe THE
ADVANTAGE OF A T2 L/0 IS THAT THE LM IS IN ORBIT ALMOST IMMEDIATELY AND THE TIME
FOR THE REMAINING ASCENT BAT TO FAIL ON THE LUNAR SURFACE IS REDUCEDe THE
DISADVANTAGE OF A T2 L/0 IS THAT THE LM MUST BE POWERED DOWN SINCE ONE BATTERY IS
NOT ADEQUATE TO PERMIT A 6 HOUR POWERED UP RENDEZVOUSe THE RENDEZVOUS AND DOCKING
TIME FOR A L/0O AT Tl IS 4 HOURSe WHEREAS THE TOTAL TIME FOR LUNAR STAY»
RENDEZVOUS» AND DOCKING IS 6 HOURS FOR L/0 AT T2 OR ONE REV LATER AT T3s THE
ADVANTAGE OF A T3 L/0 IS THAT DESCENT POWER CAN BE USED FOR THE LUNAR STAY TIME=~
THEREBY» REDUCING THE ASCENT POWER REWUIREMENTSe 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 1S REDUCEDe THE DISADVANTAGE OF A T2
L/0 IS THAT THE LM MUST BE POWERED DOWN SINCE ONE BATTERY IS NOT ADEQUATE TO
PERMIT A 6 HOUR POWERED UP RENDEZVOUSe

{3) 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 STAGINGe
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(&)

RENDEZVOUS = LM=ACTIVE RENDEZVOUS WILL BE PERFOKRMED AS LONG AS

SUFFICIENT ELECTRICAL. POWER TO SUPPORT RENDEZVOUS EWUIPMENT REMAINS

{R)

ALTERNATE MISSIONS

UNDOCKING AND THE DESCENT ORBIT PHASES MAY BE INITIATED WITH LOSS OF ONE
BATTERY BUT NOT POWERED DESCENTs ANY ALTERNATE MISSION MAY BE PERFORMED
WILL NOT NOMINALLY COMMIT THE LM TO STAGINGe

LOSS OF BOTH ASCENT BATTERIES

ALL PHASES = CONSTITUTES AN ABORT AND RENDEZVOUS WITH THE CSM ASAPe IF
DUCKEDy THE LM WILL NOT UNDOCK BECAUSE ANY FAILURE WHICH COULD FORCE THE LM
TO STAGE WOULD RESULT IN THE INABILITY TO POWER THE SPACECRAFT,

ASCENT
WHICH
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INVERTERS

le

DEFINITION (REF MR 22=2}

AN

INVERTER 1S CONSIDERED LOST If THE AC BUS VOLTAGE CANNOT BE MAINTAINED

EWUAL TO OR GREATER THAN 110.5 VAC AND LESS THAN 120 VAC OR THE AC BUS
FREWUENCY CANNOT BE MAINTAINED EWUAL TO OR GREATER THAN 390 HZ AND EQUAL TO
OR LESS THAN 410 HZe A FUNCTIONAL INVERTER SHOULD OPERATE wELL WITHIN THESE
RANGESs AN OUT OF SPEC CONDITION EXISTS FOR ALL AC EWUIPMENT AT OR BEYOND
THESE LIMITS.

20 GENERAL OPERATIONAL IMPACT
LUSS Of EITHER OF BOTH INVERTERS DOES NOT PRESENT ANY CREW SAFETY PROBLEM.
LOSS OF ALL AC PQOWER LOES» HOWEVERs SERIOUSLY HANDICAP MISSION PHASES WHERE
LOSS OF EQUIPMENT LISTED IN THE AC BUS LOADS/EWUIPMENT TABLE AFFECTS LM
CAPABILITY.
3 SPECIFIC OPERATIONAL IMPACT (REF MR 22=24)
(A) ALL PHASES = FOR LOSS OF ONE INVERTER THE MISSION wlLL BE CONTINUED
{B) DOCKED» UNDOCKED = WITH BOTH INVERTERS LOSTs CIKCULARIZATION WILL NOT BE
PERFORMED BECAUSE THE LM wILL NOT BE COMMITTED TO A RENDEZVOUS WITHOUT THE
RENDEZVOUS RADARe
{C) CIRC TO TOUCHDOWN = WITH BOTH INVERTERS LOUST» THE LM vwlILL NOT BE COMMITTED TO
POWERED DESCENT ORs IF PDI HAS ALREADY OCCURRED» WILL ABORT IF PRIOR TO LO GATE.
LOSS OF ALL AC REDUCES TOTAL SPACECRAFT CAPABILITY TO THE EXTENT THAT FURTHER
PROGRESS BECOMES HAZARDOUSe FUNCTIONS LCST InCLUDE==~ RENLVZ RDRy RNG/ALT METERY
BOTH FDAI'Sy THE S=BAND STEERABLE ANTENNA» DEDA ONBOAKD READOUTSs NUMERIC AND
INTEGRAL LIGHTING» DPS READOUTS AND THE TIMERSe AFTER LO GATEs HCWEVERs IT IS
PREFERABLE TC ATTEMPT TO LANDe
{D) LUNAR STAY = THE MISSION WILL BE CONTINUVED WITH LOSS OF BOTH INVERTERS SINCE THE
SITUATION CANNOT WORSEN INSOFAR AS AC IS CONCERNED AND IT IS NOT CRITICAL TO
THESE PHASESe
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DEFINITION (REF MR 22-2)

AN AC BUS IS CONSIDERED LOST IF POWER CANNOT BE SUPPLIED TO ITs IF THE BUS
VOLTAGE CANNOT BE MAINTAINED EQUAL TO OR LESS THAN 120 AND EQUAL TO OR
GREATER THAN 11045 VACy OR THE BUS FREWUENCY EQUAL TO OR LESS THAN 410 AND
EQUAL TO OR GREATER THAN 390 HZ.

GENERAL OPERATIONAL IMPACT

LOSS OF AC BUS A WILL RESULT IN LOSS OF THE DESCENT ENGINE GIMBALING AND A
SEVERELY HANDICAPPED RENDEZVOUS BECAUSE OF LOSS OF THE RENDEZVOUS RADARY»
RNG/RNG RT ALT/ALT RT METERs GASTA» AND INTEGRAL LIGHTINGe 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 INFORMATIONe LOSS OF BOTH AC BUSES WOULD CAUSE LOSS OF ALL OF THE
ABOVE» PLUS BOTH FDAI'S AND THE AOTe

SPECIFIC OPERATIONAL IMPACT (REF MR 22=25)

(A} NOMINAL MISSION

(1) DOCKEDs UNDOCKED = LOSS OF AC BUS A OR BOTH BUSES WILL PREVENT INITIATING
CIRCULARIZATION DUE TO LOSS OF THE DESCENT ENGINE GIMBALS AND RENDEZVOUS RADARs
LOSS OF ONLY AC BUS B WILL NOT INHIBIT CIRCULARIZATION SINCE NO CRITICAL

FUNCTIONS ARE LOST.

t2) PDI THROUGH TOUCHDOWN = WITH THE LOSS OF EITHER BUS A OR BUS B THE

WILL BE CONTINUED SINCE TOTAL SPACECRAFT CAPABILITY IS NOT SEVERELY HANDICAPPED
WITH LOSS OF ONE AC BUSe SHOULD BOTH BUSES BE LOSTs ALL AC IS LOST AND POWERED

DESCENT» UNTIL LO GATE» WILL BE ABORTED (SEE PARA Fe3a4(Clle

(3) LUNAR STAY = AFTER TOUCHDOWNs LOSS OF AC POWERED EWUIPMENT IS NOT CRITICAL.

ALSOs» IF ONE AC BUS IS LOST» EARLY LIFTOFF WILL NOT COMPENSATE FOR THE

MOREOVERy THERE IS NO REASON TO EXPECT FAILURE OF ONE BUS TO AFFECT RELIABILITY

OF THE REMAINING BUSe

NO RATIONALE REWUIRED

NO RATIONALE REWQUIRED

MISSION REV | DATE SECTION GROUP PAGE

APOLLO 14]FNL {12/15/70JLM SYSTEMS LM EPS

6=25




NASA - Manned Spacecraft Center

MISSION RULES
SECTION 6 = LM SYSTEMS

ITEM

22-10

OVERCURRENT PROTECTION

THE MISSION WILL BE CONTINUED WITH LOSS OF OVERCURRENT PROTECTION== IF THIS PROTECTION IS LOST
PRIOR TO EARTH LIFTOFFs A HOLD WILL BE CALLED.

ECA CIRCUITRY» ASSOCIATED WITH CURRENT MEASURINGs» DETECTS AN OVERCURRENT CONDITION (GREATER THAN
150 AMPS) AND APPLIES POWER TO THE ''RESET'' COILS OF THE RELAY CONNECTING THE BATTERY TO THE

FEEDER

ECA OVERCURRENT PROTECTION IS DEFINITELY LOST I[F BOTH CIRCUIT BREAKERS POWERING THE DESCENT OR
ASCENT ECA'S FAIL OPENy OR IF AN ASCENT BATTERY NORMAL FEED CONTACTOR IS LOSTe

OVERCURRENT PROTECTION 1S PROBABLY LOST IF A BATTERY CURRENT CANNOT BE MEASURED OR A BATTERY
CANNOT BE SWITCHED OFFLINEe IT SHOULD BE NOTED THAT IF CURRENT CANNOT BE MEASUREDs THE PROBLEM
COULD BE IN THE CURRENT MEASURING CIRCUITRY OR IN THE INSTRUMENTATIONe 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)y IT MUST BE ASSUMEDL THAT IF THESE ANOMALIES OCCUR IN FLIGHT THAT OVERCURRENT
PROTECTION HAS BEEN LOSTe

A IF OVERCURRENT PROTECTION IS LOST ON AN INDIVIDUAL DESCENT BATTERY» THE BATTERY WILL BE
LEFT ONLINE IF REQUIREDe

THE OTHER DESCENT BATTERY CURRENTS AND VOLTAGES PROVIDE THE NECESSARY INDICATIONS AS TO THE
STATUS OF THE BATTERY(S) WITHOUT OVERCURRENT PROTECTIONe THE BATTERY(S) WILL BE
INDIVIDUALLY TAKEN OFFLINE MANUALLY IF AN OVERCURRENT CONDITION IS INDICATEDe IN THE EVENT
THAT THE BATTERY(S) CANNOT BE SWITCHED OFFLINE MANUALLY» ALL DESCENT BATTERIES WILL BE
DEADFACED IF AN OVERCURRENT CONDITION OCCURS ON THE BATTERY(S) WwHICH CANNOT BE SWITCHED
MANUALLY.

Be IF ALL DESCENT OVERCURRENT PROTECTION IS LOST» 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 ESTIMATED BY THE CURRENT BEING DELIVERED BY THE ASCENT
BATTERIES AND A CONSUMABLE TREND DEVELOPEDe THIS WILL ALLOW COMPLETION OF THE NOMINAL
MISSION EXCEPT FOR THE TWO MAN EVAe A ONE MAN EVA IS CONSIDERED ADVISABLE TO ENABLE ONE
CREWMAN TO REMAIN IN THE LM 'TO MONITOR THE EPSe IF THE TREND DATA IS INADEQUATE AND THE
BATTERIES DEPLETE SCONER THAN EXPECTEDs SUFFICIENT CONSUMABLES WILL BE AVAILABLE IN THE
ASCENT BATTERIES FOR A SAFE RETURN TO THE CSMe

Ce IF ONE OR BOTH ASCENT BATTERY NORMAL FEED CONTACTORS FAIL OPENy» THE SPACECRAFT
CONFIGURATION FOR ASCENT STAGE ONLY OPERATIONS WILL USE BACKUP FEEDS ON BOTH ASCENT
BATTERIES WITH OPEN BUS CROSSTIESe

BOTH BUSES WILL BE INDEPENDENTLY POWERED AND ISOLATED FROM EACH OTHER SO THAT A SHORT ON
ONE BUS OR FEEDER WILL NOT AFFECT THE OTHERe
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22-11

THE ASCENT BATTERIES WILL BE PRECONDITIONED FOR=w==

Ae

Be

Ce

ABORT STAGING WITH TWO ASCENT BATTERIES/SPLIT BUS OPERATION = BY REMOVING A MINIMUM OF 245
AMP HOURS FROM THE BATTERY ON THE LMP BUSS (NORMALLY BATTERY 5) AND A MINIMUM OF 5 AMP
HOURS FROM THE BATTERY ON .THE CDR BUS (NORMALLY BATTERY &) IMMEDIATELY PRIOR TO PODI.

TESTS HAVE SHOWN THAT WITH THE CURRENT STEPS ACCOSICATED WITH THE CDR AND LMP BUSES AT
ABORT STAGINGs THE ABOVE PRECONDITIONING IS REQUIRED TO PREVENT THE VOLTAGE AT THE AEA FROM
FALLING BELOW 2145 VDC FOR GREATER THAN O¢5 SECONDS (LOSS OF AEA MEMORY! OR THE VOLTAGE AT
THE PGNS FROM FALLING BELOW 226 +/= 0e¢3 VDC FOR GREATER THAN 0¢5 SECONDS (LGC RESTART)s
THE CURRENT STEP IN THIS CASE IS ESSENTIALLY ONE LARGE STEP ON EACH BUS.

LUNAR L/0 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 1S REQUIRED TO AVOID UNDERVOLTAGES AT THE GUIDANCE EQUIPMENT (AEA AND LGC)
WHEN THE LM IS NOT IN POWERED FLIGHT.

THE CURRENT STEP IN THIS CASE 1S SMALLER SINCE IT IS A SUCCESSION OF STEPS WHEN NOMINAL
LIFTOFF/STAGING PROCEDURES ARE USEDs SEQUENTIALLY REMOVING THE TWO DESCENT BATTERIES ON
EACH BUS RESULTS IN TWO SMALLER STEPSs AND SUBSEQUENT STAGINGs APS ONs AND RCS JETS FIRING
CONSTITUTES THE REMAINING STEPS.

LUNAR L/0 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 BUSe

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 BATTERYe

IF THE REMAINING ASCENT BATTERY HAS A MINIMUM OF 5 AMP HOURS REMOVED AT TOUCHDOWNs IT WOULD
BE THERMALLY AND CHEMICALLY CONDITIONED TO SUPPORT A Ti OR T2 L/O WITHOUT ADVERSELY
AFFECTING THE GUIDANCE SYSTEMSe IN THIS CASE THE CURRENT STEPS WOULD BE A SUCCESSION OF
STEPS AS EACH DESCENT BATTERY IS DISCONNECTED FOLLOWED BY ADDITIONAL STEPS AS A RESULT OF
STAGING AND POWERED FLIGHTs HOWEVERs 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 STAGINGs WHICH IS CAUSED BY NEAR SIMULTANEOUS
SWITCHOVER FROM DESCENT TO ASCENT POWERs» STAGINGs APS ONs AND RCS JET FIRINGSe
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22=12

22-13

22=14

22=15]

BUS TIE CIRCUIT BREAKERS

AT LEAST ONE. OF THE BAL LOAD CROSSTIE (30A) CIRCUIT BREAKERS WILL BE OPEN FOR MAIN PROPULSION
BURNSy STAGINGs AND WHENEVER BOTH ''AEA'* CIRCUIT BREAKERS ARE CLOSED.

THIS PREVENTS LOSS OF» OR VOLTAGE TRANSIENTS ONs BOTH BUSES DURING CRITICAL MISSION PHASES
SHOULD A SHORT OCCUR ON A BUSe THE AGS 1S POWERED REDUNDANTLY VIA DIODES FROM BOTH BUSES AND
WILL NOT BE AFFECTED.

AT LEAST ONE OF THE BUS CROSSTIES (100A) WILL NOMINALLY NEVER BE CLOSEDs

WITH BOTH THESE BREAKERS CLOSEDs A SHORT ON ONE BUS WOULD DEFINITELY INDUCE TRANSIENTS ON THE
OTHER BUS WHICH WOULD BE DETRIMENTAL TO THE AEA»s

SHORT ISOLATION"

ELECTRICAL POWER WILL NEVER BE INTENTIONALLY APPLIED TO A SHORT TO HELP DETERMINE 1ITS LOCATION
UNLESS THE FEEDER FAULT LIGHT HAS FAILED« A GOOD BUS WILL NEVER BE CROSSTIED INTO A SHORT OR
POSSIBLE SHORT)

FOR LM=6 AND SUBSEWUENTs 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 SHORT»

THE BUSES WILL NEVER BE CROSSTIED TO DETECT THE LOCATION OF A SHORT WHICH ELIMINATES THE
POSSIBILITY OF INDUCING VOLTAGE TRANSIENTS ON THE REMAINING BUS»

INVERTER SWITCHING

THE INVERTERS WILL BE SWITCHED FOR A VOLTAGE EWQUAL TO OR LESS THAN 112VAC OR A FREWUENCY EWUAL
TO OR GREATER THAN 402 HZ OR EWUAL TO OR LESS THAN 398 HZ.

SHOULD THE INVERTER OPERATE OUTSIDE THESE LIMITS» A MASTER ALARM WILL BE TRIGGERED INDICATING
DEGRADED INVERTER OPERATIONe SWITCHING INVERTERS WILL CLEAR THE MASTER' ALARM AND INDICATE
WHETHER THE FAILURE WAS THE FAULT OF THE [INVERTERy THE AC DISTRIBUTION SYSTEMs OR
INSTRUMENTATION.

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 RESISTANCEs TEMPERATUREs STATE OF
CHARGE»s AND CHEMICAL MAKEUP SHOULD DISCHARGE FAIRLY EVENLY WHEN PARALLELLEDs 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 BATTERIESe HOWEVER» 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 EXERCISED IF REWUIRED TO MEET MISSION
OBJECTIVES OR .TO rAJNTAIN‘NOMINA} CREW PROGEDURESy . AT ALL TIMES.THE GAPABILITY OF SPLITTING THE
BUSES WITH NOMINAL ASCENT/bESCENT $HARING PRIOR TO LUNAR LIETOFF WILL BE MAINTAINED,
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22~16

22-17

SHORTED DESCENT FEEDER

FOR A SHORTED DESCENT FEEDERs THE ASCENT BATTERIES WILL BE PLACED ON NORMAL FEED WITH THE SHORT
ISOLATED VIA THE DEADFACE RELAYe OPERATIONALLY THIS RESULTS IN THE LOSS OF ALL REMAINING
DESCENT ELECTRICAL ENERGY FOR CONSUMABLE CONSIDERATIONSe THE TWO DESCENT BATTERIES THAT STILL
HAVE AN OPERABLE FEEDPATH WILL BE USED ONLY IF NECESSARY TO MAINTAIN CREW SAFETYe

IF THE DESCENT BATTERIES ARE NOT DEADFACED FOR A SHORT ON A DESCENT FEEDER» A SUBSEWUENT SHORT
ON THE OTHER FEEDER SYSTEM OR BUS WOULD REMOVE ALL POWER FROM THE LMe 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 SHORTs ALL DESCENT ELECTRICAL POWER IS LOSTe 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 RELAYe THE CONSUMABLES IN ALL DESCENT BATTERIES
WiltL BE CONSIDERED UNAVAILABLE FOR MISSION PLANNING SUBSEQUENT TO A FEEDER SHORT.

LOSS OF ONE ASCENT BATTERY

WITH THE LOSS OF ONE ASCENT BATTERYs THE REMAINING ASCENT BATTERY WILL BE PLACED ON BOTH NORMAL
AND BACKUP FEEDS WITH THE CROSSTIES OPENe )

THIS PROCEDURE POWERS BOTH BUSES WITH A MINIMUM VOLTAGE DROPe 1T ALSO PROVIDES AUTOMATIC
ISOLATION OF A SHORT ON EITHER BUSs SINCE THE BUS TIE (C/B'S) WOULD BE OPEN» 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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22-18

22=-19

22=20

22-21

22=-22

22-23

22=24

22=25

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 CROSSTIE
BAL LOAD CIRCUIT BREAKERS WILL BE CLOSED ON THE LUNAR SURFACE AND THE MISSION CONTINUED WITHIN
THE CONSUMABLES BUDGETe IF ONLY ONE FEEDER IS BEING UTILIZED TO FEED POWER TO THE BUSES AND A
SHORT OCCURRED ON THIS FEEDERs THERE WOULD BE NO WAY TO CLEAR THE SHORT AUTOMATICALLY SINCE THE
VOLTAGE v/OULD BE TOO LOW TO OPERATE THE ECA RELAYSe THE POSSIBILITY OF A SHORT IN A STATIC
SITUATION ON THE LUNAR SURFACE IS CONSIDERED REMOTE ENOUGH TU ACCEPT THIS RISKe IF A SHORT DID
OCCURs A CONNECTOR OR WIRE WOULD PROBABLY MELT TO OPEN THE CIRCUIT WITH NO CATASTROPHIC
CONSEQUENCE.

SHORTED ASCENT FEEDER ON LUNAR SURFACE

FOR A SHORTED ASCENT FEEDER ON THE LUNAR SURFACEs THE ASCENT BATTERIES WILL NOT BE CONNECTED
UNTIL THE NOMINAL TIME TO MEET PRECONDITIONING REWUIREMENTSe DURING LUNAR SURFACE OPERATIONS»
THE ASCENT BATTERIES ARE NOT PLACED ON LINE UNTIL THE NOMINAL TIME TO CONSERVE ASCENT ELECTRICAL
POWERs PLACING THE ASCENT BATTERIES ON LINE DOES NOT PROVIDE ANY ADDITIONAL PROTECTION IN THE
EVENT OF A SHORT ON THE GOOD BUSe THE LOAD REQUIREMENTS ARE WITHIN THE CURRENT HANDLING
CAPABILITY OF THE TWO REMAINING DESCENT BATTERIESe

REF RATIONALE FOR MR 22=~1

REF RATIONALE FOR MR 22=1

REF RATIONALE FOR MR 22=1

REF RATIONALE FOR MR 22=1

REF RATIONALE FOR MR 22=1

REF RATIONALE FOR MR 22=1
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LM ENVIRONMENTAL CONTROL

23-1 LM GO/NO=GO CRITERIA CHART AND ASSOCIATED SPECIFIC MISSION RULES

TO INITIATE THE FOLLOWING MISSION PHASESs» THE ECS SYSTEM MUST PROVIDE THE FOLLOWING MINIMUM
CAPABILITIES (REF LM TELMU GO CRITERIA IN SECTION 3 OF MR)===

Ae LOSS OF SUIT LOOP INTEGRITY
1, DEFINITION (REF MR 23=2)

TOTAL PGA/SUIT LOOP LEAKAGE EWUAL TO OR GREATER THAN 0e3 PSI/MIN (4046
LB/HR) DURING SUIT LOOP PRESSURE CHECK OR A VISIBLE TEAR IN THE PGAe

THIS USAGE RATE WILL ALLOW UNPRESSURIZED CABIN OPERATIONS INCLUDING A TOTAL
METABOLIC 02 USE RATE OF 0el7 LB/HR FOR A MINIMUM OF 6 HOURS FROM THE ASCENT
02 TANKSe

r GENERAL OPERATIONAL IMPACT
THE LOSS OF SUIT LOOP INTEGRITY REWUIRES THAT CABIN PRESSURE [INTEGRITY BE
MAINTAINED FOR CREW SAFETYe SHOULD THE CABIN PRESSURE SHELL FAILsy THE CREW

WOULD BE LOSTs SINCE THERE IS A MARGINAL SUPPLY OF ASCENT 02 (2406 LBS) IN
EACH OF TWO TANKS TO MAINTAIN SUIT PRESSURE DURING THE RENDEZVOUSe

3. SPECIFIC OPERATIONAL IMPACT (REF MR 23=~20)

(A} 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 FAILURE»
THERE 1S APPROXIMATELY 48 LBS OF 02 IN THE DESCENT TANK WHICH MAY BE USED TO
MAINTAIN CABIN PRESSURE WHILE THE CREW IS INGRESSING THE CSMe
(2) UNDOCKING THROUGH PDI +5+30 ~ IN ORDER TO RETAIN THE DESCENT 02 PURGE
CAPABILITY» STAGING SHOULD NOT BE ATTEMPTEDe 1IT IS NECESSARY TO DOCK ASAP 1IN
ORDER TO REDUCE THE CHANCES OF A CABIN PUNCTURE THAT WOULD DEPLETE THE ONBOARD 02
SUPPLY e
{3) PDI +5+30 TO TOUCHDOWN = THE LM MUST BE STAGED [0 REACH ORBITe IF  CABIN
PRESSURE INTEGRITY SHOULD BE LOST ALSO» 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
TOUCHDOWN ¢
{4) LUNAR STAY = A LOSS OF SUIT LOOP INTEGRITY PRIOR TO EVA PRECLUDES EVA AND
REQUIRES TERMINATION OF LUNAR STAY AT NEXT BEST OPPORTUNITY TO MINIMIZE THE TIME
TO CSM RETURNs
(5) RENDEZVOUS = SINCE A CSM RESCUE WOULD NOT SAVE TIMEs LOSS OF SUIT INTEGRITY
DURING THIS PHASE 1S NOT CAUSE FOR A CSM=ACTIVE RENDEZVOUSs. OPS UNITS ARE
AVAILABLE SHOULD A CONTINGENCY SUCH AS LOSS OF CABIN INTEGRITY ARISE DURING THIS
PHASE '
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23=1
CONT

Be

(B) ALTERNATE MISSION

DUE TO THE RISKS INVOLVED» NO UNDOCKED ALTERNATE MISSION WILL BE CONSIDERED AND

THE DOCKED ACTIVITIES SHOULD BE VERY LIMITED.

CABIN PRESSURE INTEGRITY

1

DEFINITION (REF MR 23=2)

LM PRESSURE VESSEL LEAKAGE SUCH THAT CABIN PRESSURE CANNOT BE MAINTAINED
EQUAL TO OR GREATER THAN 4¢6 PSIA WITH AN 02 FLOW RATE OF 046 LB/HRs

THIS FLOW RATE WILL ALLOW A TOTAL METABOLIC 02 USE RATE OF 017 LB/HR FOR A
MINIMUM OF 6 HOURS FROM THE ASCENT 02 TANKSe FOR DOCKED ACTIVITIES» THIS
WILL BE RELAXED TO A FLOW RATE OF 6 LB/HRe THIS FLOW RATE ALLOWS EITHER THE
CSM REGULATORS OR A SINGLE LM DEMAND REGULATOR TO MAINTAIN CABIN PRESSURE
GREATER THAN 4e6 PSIA WITHIN CONSUMABLE LIMITATIONSe.

GENERAL OPERATIONAL IMPACT

THE LOSS OF CABIN PRESSURE INTEGRITY REQUIRES THAT SUIT LOOP INTEGRITY BE
MAINTAINED FOR CREW SAFETYe SHOULD THE SUIT LOOP INTEGRITY BE LOSTs» THE
CREW WOULD BE LOST» SINCE THERE IS A MARGINAL SUPPLY OF ASCENT 02 (2406 LBS)
IN EACH OF TwO TANKS TO MAINTAIN CABIN OR SUIT PRESSURE DURING THE
RENDEZVOUSs

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 6 LB/HRe EACH DEMAND REGULATOR CAN SUPPLY AN ADEWUATE
FLOW UP TO 6475 LB/HR AT 950 PSIAe AT THIS POINT IN THE TIMELINE» THERE
APPROXIMATELY 48 LBS OF 02 IN THE DESCENT TANKs PROVIDING NORMAL

02
Is
LM

PRESSURIZATION FOR AT LEAST 8 HOURSe THE DOCKED PHASE CAN BE INITIATED WITH ONE
CREW MEMBER ON THE TRANSFER UMBILICALs WITH A CABIN LEAK GREATER THAN 640 LB/HRe
HOWEVERy IF THE LEAK RATE CANNOT BE REDUCEDs THE LM MISSION 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 SUPPLY» THE

LM

SHOULD NOT BE COMMITTED TO STAGINGe THE LM SHOULD ABORT AND DOCK ASAP TO REDUCE
THE CHANCE THAT A GROSS LOSS OF SUIT PRESSURE INTEGRITY MAY DEPLETE THE ONBOARD

024

(3) POl +5+30 TO LO GATE = THE MISSION SHOULD BE ABORTED TO AVOID RISKS
LANDING AND TO MINIMIZE THE RETURN TIME TO THE CSMe

OF

{4) LO GATE TO TOUCHDOWN = THE MISSION SHOULD BE CONTINUED WITH AN APPARENT
CABIN LEAK RATE GREATER THAN Ve& LB/HR BECAUSE IT CANNOT BE DEFINITELY ATTRIBUTED

TO,A,LOSﬂNOF CABIN SHELL INTEGRITY fRELIEF VALVE Rossgggg_MCS§C§l@GI _PRIOR
10UCHDOWNY DUE TO THE &HORT VTIME PERIob ' FOR  TROUBLESHOOTINGS ' " PURTHER,

10
THE

POSSIBILITY OF DAMAGING THE SUIT LOOP AT TOUCHDOWN IS MINIMAL WHEN COMPARED WITH
THE POSSIBILITY OF DAMAGING THE CABIN STRUCTUREe. LIFTOFF SHOULD BE ACCOMPLISHED

AT THE NEXT BEST OPPORTUNITY.

(5) LUNAR STAY = A LOSS 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 CSMe THE LUNAR STAY

WILL BE TERMINATED AT THE NEXT BEST OPPORTUNITY TO MINIMIZE THE TIME TO
RETURN.

CSM

{6) RENDE2VOUS = SINCE THE ASCENT 02 WILL PERMIT AT LEAST 6 HRS OF CLOSED SUIT
LOOP OPERATION (SPEC SUIT LEAK PLUS CREW CONSUMPTION 0«25 LB/HR)» AND THE CREW
CAN PERFORM ALL NECESSARY FUNCTIONS IN A HARDSUITs LOSS OF CABIN INTEGRITY DURING

THIS PHASE WOULD NOT BE CAUSE FOR CSM RESCUEs OPS UNITS ARE AVAILABLE SHOULD
02 CONTINGENCY ARISE DURING THIS PHASEs

AN
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23=-1
CONT

Ce SUIT FAN(S)

1,

20

3e

DEFINITION

A SUIT FAN IS CONSIDERED LOST IF IT CANNOT BE TURNED ON OR IF THE DELTA P
ACROSS THE FAN IS LOW ENOUGH (6 IN H20) TO ACTIVATE THE CAUTION AND WAKRNING
SYSTEMe

GENERAL OPERATIONAL IMPACT

FAILURE OF A SINGLE SUIT FAN IS NOT HAZARDOUS SINCE THE TWO LM SUIT FANS ARE
REDUNDANTs FAILURE OF BOTH SUIT FANS MEANS LOSS OF THE CAPABILITY TO REMOVE
CO2 AND HUMIDITY FROM THE CABIN/SUIT ATMOSPHERE.

THE CO2 BUILDUP IN THE HELMET IS CRITICALy CAUSING UNACCEPTABLE LEVELS
WITHIN 1 TO 3 MINUTESs THEREFORE THE HELMET SHOULD BE REMOVED IMMEDIATELYe.
C02 BUILDUP IN THE CABINy WHILE CRITICALs PERMITS APPROXIMATELY 4 HOURS OF
OPERATION WITHOUT CREW DEGRADATIONe

SPECIFIC OPERATIONAL IMPACT (REF MR 23=22)

(A)

(8)

NOMINAL MISSION

(1) DOCKED - FAILURE OF A SINGLE FAN DOES NOT AFFECT THIS PHASE AS THE REDUNDANT
FAN CAN MEET PHYSIOLOGICAL REWUIREMENTSe THE LOSS OF BOTH FANS REWUIRES ONE
CREWMAN TO IVT INTO THE CSM WHILE THE OTHER CONTINUES DOCKED OPERATIONS ON THE
CSM TRANSFER UMBILICALe SINCE THE TRANSFER UMBILICAL MUST BE USEDs 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
1S AVAILABLE FOR RENDEZVOUS IF IT SHOULD FAILe IF THE REMAINING SUIT FAN FAILS»
AN ABORT WILL BE REQUIRED AND CABIN MODE OF OPERATION ORes EGRESS MODE WITH
DESCENT 02 PURGE USED TO PREVENT CO2 BUILDUP.

(3) PDIl +5+30 TO LO GATE = AFTER PDl +5+30s THE DESCENT TANK CANNOT BE RETAINED
FOR PURGING PURPOSES AND FOR A LO GATE TO TOUCHDOWN ABORTs THE TIME TO DOCK IS 4
HOURSe THEREFOREs IF BOTH SUIT FANS FAILs LM WILL ABORT TO AVOID POSSIBILITY OF
CABIN RUPTURE UPON LANDING (CREW LOSS).

(4) LO GATE TO TOUCHDOWN = THE MISSION WILL NOT BE ABORTED FOR LOSS OF BOTH SUIT
FANS SINCE RISK OF LANDING IS LESS THAN RISK OF ABORTING AT THIS POINTe

(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 FANSs» NOMINAL RENDEZVOUS PROCEDUKES
SHOULP BE FOLLQWED WITH DOCKING OCQURRING Aﬁg?:. .

ALTERNATE MISSIONS

UNDOCKING AND RENDEZVOUS = FAILURE OF ONE FAN DOES NOT PRECLUDE ANY ALTERNATE
MISSION WHICH ALLOWS RETENTION OF THE ©OESCENT 02 TANK (THROUGH DOCKING IF
NECESSARY) FOR 02 PURGE CAPABILITYe ALSOs» A LOSS OF CABIN INTEGRITY IS LESS
LIKELY FOR ALTERNATES WHICH DO NOT SUBJECT THE LM STRUCTURE TO LANDING AND FITHe

MISSION REV | DATE SECTION GROUP PAGE

APOLLO 14]FNL {12/15/70JLM SYSTEMS LM ECS

6=33




NASA - Manned Spacecraft Center

MISSION RULES
SECTION 6 = LM SYSTEMS

ITEM

o

23=1
CONT

De 02 DEMAND REGULATORS

le DEFINITION
A REGULATOR WILL BE CONSIDERED FAILED IF IT CANNOT MAINTAIN THE DESIRED
PRESSURE LEVEL IN EITHER AUTOMATIC (CABIN = 4¢8 +/= 42 PSIA OR EGRESS = 3.8
+/= +2 PSIA) MODEs
THIS FAILURE DOES NOT PRECLUOE MANUAL OPERATION (DIRECT OR CLOSED) OF THE
AFFECTED REGULATOR(S)
2¢  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 RATESe AN OPEN
FAILURE OF A SINGLE REGULATOR (6475 LB/HR AT 950 PSIA} MAY BE COMPENSATED
FOR BY MANUALLY CLOSING THE REGULATORe HOWEVERs A FAILED CLOSED REGULATOR
MAY NOT BE DETECTED EXCEPT DURING SCHEDULED ''CABIN'' REGULATOR CHECKS
SINCE THE PARALLEL REGULATOR WILL CONTINUE TO SUPPLY 02 AT THE SPECIFIED
PRESSUREe SHOULD BOTH REGULATORS FAIL CLOSED WHILE OPERATING IN THE CABIN
MODE WITH HELMETS OFFs THE CABIN MAY BE ''BREATHED DOWN'' FROM 540 TO 440
PSIA AND THEN REPRESSED TO 5.0 PSIA BY MANUALLY CYCLING EITHER OF THE DEMAND
REGULATORS OR THE CABIN REPRESSURIZATION VALVEe WITH NORMAL USAGE RATES
(0e25 LB/HR)» THIS MANUAL OPERATION IS NECESSARY EVERY 5¢3 HOURSe WHEN
OPERATING IN THE EGRESS MODEs FAILURE OF BOTH DEMAND REGULATORS (OPEN OR
CLOSED) WILL REQUIRE THE CREW TO *'BREATHE DOWN'' THE SUITS FROM 440 TO 343
PSIA AND MANUALLY REPRESS TO 4¢0 PSIA USING A DEMAND REGULATORe WITH NORMAL
USAGE RATESs THIS DECAY IN PRESSURE WILL TAKE APPROXIMATELY 6 MINUTESe
3. SPECIFIC OPERATIONAL IMPACT (REF MR 23=-23)
(A)  NOMINAL MISSION
(1) DOCKED - A SINGLE REGULATOR CAN MEET ALL THE REWUIREMENTS FOR DOCKED
OPERATIONSe A LOSS OF BOTH REGULATORS SHOULD NOT RESTRICT OPERATIONS WITH HELMET
AND GLOVES OFFs LM DESCENT 02 AND CSM MAKEUP 02 IS AVAILABLE IN THE EVENT CABIN
INTEGRITY IS LOSTe
{2) UNDOCKING/THROUGH PDI = A FAILURE OF ONE REGULATOR WILL NOT CONSTITUTE AND
ABORT BECAUSE THE REDUNDANT REGULATOR AND CABIN PRESSURE INTEGRITY ARE AVAILABLEe
FAILURE OF BOTH REGULATORSs THUS REWUIRING MANUAL CYCLING IS 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 INSIGNIFICANTs AN OPEN FAILURE
COULD BE DETECTED BECAUSE OF THE HIGH 02 FLOW RATE (APPROXe EWUAL TO 7 LBS/HR)
WITH EITHER OR BOTH REGULATORS FAILED CLOSED OR OPENs MANUAL RECYCLING OF THE
VALVES IS REQUIREDe AT THIS TIMEs» HOWEVERs IT 1S CONSIDERED OPTIMUM TO FOLLOW
THE NOMINAL CREW TIMELINE AND CYCLE.THE. VALVES AS REWVIRED. .
{4) LUNAR STAY = ONCE LM HAS LANDED» THE REGULATORS MAY BE CYCLED BETWEEIN CREW
TASKS IN ORDER TO MAINTAIN CABIN PRESSUREe EVA'S 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.
(5) 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 RENDEZVOUSs
(B) ALTERNATE MISSIONS
LOSS OF ONE REGULATOR WILL NOT PROHIBIT UNDOCKED/RENDEZVOUS ALTERNATE MISSIONS.
HOWEVERs FAILURE OF BOTH REGULATORS PROHIBITS UNDOCKED MISSIONS DUE TO HIGH CREW
WORKLOADS.
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Ee H20 SEPARATOR(S)
le DEFINITION

A H20 SEPARATOR WILL BE CONSIDERED LOST IF=== IT CANNOT BE STARTED (APPROXe
1 MIN WHEN DRY)s RATE FALLS BELOW 800 RPM WHICH WILL TRIGGER THE CAUTION
AND WARNING SYSTEMs OR BOTH SUIT FANS FAILs THEREBY TERMINATING THE 02 FLOW
TO THE TURBINE=OPERATED SEPARATORS,

2 GENERAL OPERATIONAL IMPACT OF LOSS(ES)

THE TWO H20 SEPARATORS ARE REDUNDANT===~ ONE H20 SEPARATOR WILL MAINTAIN
COMFORTABLE TEMPERATURE/HUMIDITY CONDITIONS FOR THE CREw INDEFINITELYe THE
LCGs OPERATING INDEPENDENTLY OF H20 SEPARATORSs CAN MAINTAIN A SAFE
CONDITION FOR THE CREW FOR AT LEAST 6 HOURSe NORMALLYs ONE H20 SEPARATOR
AND THE LCG OPERATE SIMULTANEOUSLYe 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/MANe THUSs THE DESCENT TANK COULD PROVIDE UP TO 6 HOURSs BUT ASCENT
02 HAS ESSENTIALLY NO PURGE CAPABILITYs WITHOUT ACTIVE COOLINGs THE CREW'S
PHYSIOLOGICAL CONDITION DETERIORATES TO A CRITICAL LEVEL IN APPROXIMATELY 1
TO 1=1/2 HOURS IN THE PGA'Ss

3. SPECIFIC OPERATIONAL IMPACT (REF MR 23=24)

(A) NOMINAL MISSION

(1) 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
GARMENTSe ALSOs 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 1S REWUIRED TO BE ABLE TO MEET
THE CREW COOLING REQUIREMENTS FOR A NOMINAL LUNAR SURFACE MISSIONe SHOULD BOTH
SEPARATORS BE LOSTs THE MISSION SHOULD BE ABORTED SUCH THAT THE DESCENT 02 TANK
CAN BE RETAINEDs IN THE EVENT OF AN ABORTs 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 DESCENTe SINCE THE DESCENT STAGE CANNOT BE RETAINED IF
LM ABORTSe THE CREW WOULD BE WITHOUT ACTIVE COOLING FOR 4 HOURS (NO 02 PURGE
CAPABILITY)s IF THE LM LANDEDs THE MAXIMUM THE CREW COULD BE WITHOUT COOLING
WOULD ALSO BE 4 HOURS SINCE THE DESCENT 02 WILL PROVIDE PURGE COCLING WHILE ON
THE SURFACEs, THEREFOREs THERE [S NO ADVANTAGE TO ABORTING FOR FAILURES OF WATER
SEPARATORS AND/OR THE LCGe

(4) LUNAR STAY = FOR CONTINUED LUNAR STAYs 1 SEPARATOR IS REQUIRED IN ORDER THAT
THE HEAT REJECTION CAPACITY OF THE SYSTEM IS NOT LOSTe IN THE EVENT BOTH UNITS
FAILy THE CREW SHOULD PURGE AS REQUIRED WITH DESCENT 02 AND IF NECESSARY»
REPLENISH THE CABIN WITH DRY 02 JUST PRIOR TO LIFTOFF AT THE NEXT BEST
OPPORTUNITYs THIS IS CONSIDERED TO BE AN ACCEPTABLE WORKAROUND FOR CONTINUING THE
M1ss1oN WITH THE $InSLE POINT FATLURE CONDITION oOF A sINSLE '$EPARATORG
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(5) RENDEZVOUS = THE LM WILL REMAIN ACTIVE AS LONG AS POSSIBLE FOR THE
RENDEZVOUS SINCE THE CREW TRAINING IS ORIENTED TOWARD THOSE PROCEDURESe

(8) ALTERNATE MISSIONS
NO UNDOCKED MISSION WILL BE CONSIDERED WITHOUT 1 OF 2 H20 SEPARATORS OPERABLE.
Fe 02 TANKS
le DEFINITION (REF MR 23=2)
02 TANKS ARE CONSIDERED LOST IF===
(A) DESCENT 02 TANK
INABILITY TO TRANSFER 02 FROM DESCENT TANK OR MSFN CONFIRMATION OF INADEWUATE
DESCENT TANK PRESSURE WITH 02 MANIFOLD PRESSURE.
(B) ASCENT 02 TANK
(1) MSFN 'CONFIRMATION OF LOSS OF ASCENT TANK PRESSURE WITH 02 MANIFOLD
PRESSURE== OR
(2) IF UNSTAGED AND DESCENT TANK GREATER THAN 35 PERCENTs CREW CONFIRM LOSS BY
BALANCING ONE TANK AGAINST THE OTHER== OR
(3) IF (1) AND (2) CANNOT BE PERFORMEDs TANK IS ASSUMED LOST FOR LOSS OF ONBOARD
AND MSFN READOUT.
2e  GENERAL OPERATIONAL IMPACT
A LOSS OF THE DESCENT TANK (48 LBS OF 02) PREVENTS EVA SINCE THE AMOUNT
REQUIRED FOR THE TWO REPRESSURIZATIONS (655 LBS EACH) CANNOT BE SUPPLIED
FROM THE ASCENT TANKSe SECONDLYs DESCENT TANK LOSS ELIMINATES THE
AVAILABILITY OF 02 FOR PURGING OPERATIONS (3¢5 LBS/HR AT 500 BTU/MAN=HOUR) e
AN ASCENT TANK LOSS DEPLETES BY 50 PERCENT THE AMOUNT OF AVAILABLE 02 IN THE
ASCENT STAGE TANKS (4e12 FOR BOTH TANKS)e SINCE THE NORMAL RENDEZVOUS MAY
BE COMPLETED ON ONE ASCENT 02 TANK AND THE CABIN 02 MAY BE CONSIDERED FOR
CONSUMABLE USAGEs A LOSS OF ONE TANK WILL NOT PREVENT A LUNAR LANDING.
3.  SPECIFIC OPERATIONAL IMPACT (REF MR 23=25)
(A} NOMINAL MISSION
{1e¢) DOCKED/UNDOCKED/PRE=PDI/POWERED DESCENT = THE MISSION WILL BE ABORTED AT
ANYTIME PRIOR TO PDI IF THE DESCENT 02 TANK IS LOST SINCE THE EVA MAYNOT HE
PERFORMED AND THERE IS LITTLE TO GAIN FROM LANDING AND LIFTINe OFF COMPARED TO
THE INHERENT RISKSe AFTER PDls THE POWERED BURN WILL NOT BE ABORTED FOR LOSS OF
THE DESCENT TANKe THE MISSION MAY BE CONTINUED WITH THE LOSS OF ANY SINGLE
ASCENT, 02 TANK SINCE THE TIME TO POCKING IS WITHIN THt AMOUNT OF CONSUMABLES THAT
COULD BE CONTAINED WITHIN THE REMAINING ASCENT 02 TANK AND THE CABIN 1s AVaiLaslLi
AS A BACKUPe SHOULD THERE BE A SUBSEQUENT LOSS OF AN 02 TANK PRIOR T8 LO GATE»
THE REMAINING PRESSURE VESSEL (TANK OR CABIN) WOULD ONLY BE ABLE TO SUPPCRT A
4=HOUR RENDEZVOUS AND THE MISSION SHOULD BE ABORTEDe
AT LO GATEs THE LANDING WILL BE CONTINUED IF NO 02 TANKS ARE AVAILIABLE SINCE THE
HAZARDS INVOLVED WITH AN ABORT AT THAT POINT MAKE IT IMPRACTICAL.
ADDITIONALLY» THE CABIN MAY BE USED FOR A MAXIMUM OF 9 HOURS (AT 0e25 LB/HR} TO
PROVIDE METABULIC AND CABIN LEAK REWUIREMENTS BEFORE THE CABIN DECREASES TO 343
PSIAe ALL OF THE RATIONALE ARE BASED ON SPECIFICATION LEAK AND USAGE RATESe
{2¢) LUNAR STAY/RENDEZVOUS = LUNAR STAY SHOULD BE TERMINATED AT THE NEXT BEST
OPPORTUNITY SHOULD THE DESCENT 02 TANK BE LOSTe LOSS OF THE DESCENT TANK DURING
EVA WILL RESULT IN EITHER CLOSED SUIT LOOP LIFTOFF/RENDEZVOUS OPERATIONS OF THE
USE OF THE OPS TO PRESSURIZE THE CABINe A LOSS OF EITHER ASCENT 02 TANK AFTER
LANDING WOULD NOT AFFECT LUNAR STAY OPERATIONS. IF  SUBSEQUENTLY THE SECOND
ASCENT TANK WERE LOST» THE DESCENT TANK COULD SUPPLY METABOLIC AND LEAKAGE
REQUIREMENTS UNTIL LIFTOFFe HOWEVER) THERE WILL BE NO  FURTHER  CABIN
OEPRESSURIZATIONS SINCE A FAILURE TO REPRESSURIZE wOULD LEAVE NO LM SOURCE OF 02
TO SUPPORT CLOSED SUIT LOOP OPERATIONSs AND PLSS OPERATIONS FOR RENDEZVOUS ARE
HIGHLY UNDESIRABLEe DURING RENDEZVOUSy THE CABIN COULD BE BREATHED DOWNs OR IF
RETAINED AND RECHARGEDs THE PLSS UNITS COULD BE USEDs
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Ge COOLANT LOOP §)
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24

3e

DEFINITION (REF MR 23-2)

SUSTAINED GLYCOL TEMPERATURE EQUAL TO OR GREATER THAN 50 DEG F AND RISING
EXCEPT DURING COOLANT LOOP STARTUP AND DRYOUT (SUBLIMATOR LOST} OR GLYCOL
PUMP DELTA P EWUAL TO OR LESS THAN 6 PSID (CIRCULATION LOST) OR KNOWN LOSS
OF H20 FEED CAPABILITY TO THE SUBLIMATOR(S)e

GENERAL OPERATIONAL IMPACT

LOSS OF THE PRIMARY LOOP IS MORE SERIOUS THAN LOSS OF THE SECONDARY SINCE IT
COOLS MORE EQUIPMENT (Ee+Ges PNGS) AND IS DESIGNED WITH MORE BUILT=IN
REDUNDANCYe PNGS IS USUALLY CONSIDERED UNRELIABLE AFTER OPERATING ABOUT AN
HOUR WITHOUT COOLINGs AS WOULD BE THE CASE FOR A FAILURE OF THE PRIMARY
LOOPe LOSS OF EITHER LOOP IS CONSIDERED LOSS OF THERMAL CONTROL REDUNDANCY.
LOSS OF CREW COOLING IS THE MOST SERIOUS IMPACT OF LOSS OF BOTH LOUPSs CREW
PHYSIOLOGICAL CONDITION DETERIORATES TO A CRITICAL LEVEL IN APPROXIMATELY 1
TO 1=1/2 HOURS IN PGA'Se FOR LOSS OF BOTH LOOPSs LM EWUIPMENT WILL BE CYCLED
AS REQUIRED FOR LIFE SUPPORTs COMMUNICATIONs AND GUIDANCE AND CONTROL IN
ORDER TO PERFORM A LM ACTIVE RENDEZVOUSe THE CREW MAY BE REWUIRED TO ODOFF
PGA'Se

SPECIFIC OPERATIONAL IMPACT (REF MR 23=26)
(A) NOMINAL MISSION

(le) DOCKED = OPERATIONS DURING THIS PHASE PERMIT SUFFICIENT TIME FOR
INGRESS SHOULD THE SECOND LOOP FAILe

(2¢) UNDOCKING TO PDl = IF THE PRIMARY COOLANT LOOP IS LOST» THE NOMINAL MIS
WILL BE ABORTED SINCE PGNS IS REQUIRED FOR POWERED DESCENT.

(3+) PDI TO LO GATE AND LUNAR STAY = SINCE THE TIME TO CSM DOCKING IS
SHORTENED BY ABORTING DURING THESE PHASES» AN ABORT IS NOT WARRANTED JUST BY
LOSS OF REDUNDANCYe LOSS OF BOTH LOOPS DOES NOT JUSTIFY AN- ABORT PRIOR TO
GATE SINCE RENDEZVOUS TIME IS A MINIMUM AT THIS TIMEe WE WILL NOT ABORT FROM
GATE SINCE IT IS MORE HAZARDOUS TO ABORT THAN TO LANDe HOWEVERs A T OR T2 A
WILL BE REQUIRED TO MINIMIZE HEATING TIME ON THE PGNSe LOSS OF BOTH LOOPS ON
LUNAR SURFACE REQUIRES A NEXT BEST OPPORTUNITY LIFTOFF T® MINIMIZE THE THE
EFFECTSe SINGLE LOOP OPERATION IS ACCEPTABLE IF THE BACKUP PROCEDURE
AVAILABLE.

(4¢) RENDEZVOUS =

(B) ALTERNATE MISSION

CREwW

SION

NOT
THE
Lo
Lo
BORT
THE
RMAL
1s

DOCKED OPERATIONS AND UNDOCKED MISSIONS WHICH NORMALLY REQUIRE NO MORE THAN A
2=HOUR MAXIMUM RETURN TO THE CSM MAY BE CONSIDERED FOR THE LOSS OF A SINGLE

COOLANT LOOP.
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H20 FEEDPATHS

ls  DEFINITION
AN H20 FEEDPATH 1S CONSIDERED LOST IF IT CANNOT SUPPLY ENOUGH H20 TO MEET
THE HEAT REJECTION DEMANDS OF THE SUBLIMATOR OR THE H20 REGULATOR(S) FAIL
OPENs CAUSING SUBLIMATOR BREAKTHROUGHe
THE NOMINAL FAILURE MOBE OF THE WATER REGULATORS IS FAIL OPEN,
2.  GENERAL OPERATIONAL IMPACT
SINCE THE TWO PRIMARY H20 REGULATORS ARE SERIES REDUNDANTs FAILURE OF BOTH
REGULATORS IN THE OPEN POSITION WILL RESULT IN HIGH PRESSURE DOWNSTREAM OF
THE REGULATORS» CAUSING SUBLIMATOR BREAKTHROUGHs  FAILURE OF  EITHER
REGULATOR IN THE CLOSED POSITION WILL STOP THE FLOW OF WATER IN TrHE PRIMARY
WATER FEEDPATHe  IF UNCORRECTED EITHER CONDITION WILL EVENTUALLY RESULT IN
LOSS OF COOLING FOR THE CREW AND CRITICAL ELECTRONICSs  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 NECESSARY!)s THROUGH THE SECONDARY WATER REGULATOR TO THE
PRIMARY LOOP SUBLIMATORe ONCE THIS ACTION §S TAKEN» THE MISSION MAY BE
CONTINUED ALTHOUGH THIS REGULATOR IN THIS FEEDPATH IS A SINGLE POINT FAILURE
(CLOSED) FOR LOSS OF BOTH THE PRIMARY AND SECONDARY COOLANT LOOPS, A FAILED
OPEN SECONDARY REGULATOR WILL RESULT IN LOSS OF ONLY PRIMARY COOLANT LOUP
BECAUSE A SECOND H20 REGULATOR HAS BEEN ADDED DOWNSTREAM OF SEC EVAP FLOW
VALVE ON LM=5 AND SUBSEQUENT,
3.  SPECIFIC OPERATIONAL IMPACT (REF MR 23=27)
(A) NOMINAL MISSION
{1e) DOCKED = OPERATIONS DURING THIS PHASE PERMIT SUFFICIENT TIME FOR CREW
INGRESS SHOULD THE SECOND FEEDPATH FAIL.e
{2¢) UNDOCKING TO'PDI = THE IMPACT AND MISSION ACTION FOR LOSS OF THE PRIMARY H20
FEEDPATH IS THE SAME AS FOR LOSS OF THE PRIMARY COOLANT LOOP. SEE COOLANT LOOPS,
(34 PDI TO LO GATE AND LUNAR STAY = LOSS OF REDUNDANCY DOES NOT JUSTIFY AN ABORT
AT THIS POINT NOR IS A LIFTOFF IMMEDIATELY AFTER TOUCHDOWN WARRANTEDe THE MISSION
WILL BE CONTINUED IF ONE OF TWO FEEDPATHS 1S AVAILABLE WITHIN THE CONSUMABLE
CONSTRAINTS, SEE COOLANT LOOPS FOR RATIONALE SINCE LOSs OF BOTH H20 FEEDPATHS
CONSTITUTES LOSS OF COOLINGs
(4¢) RENDEZVOUS = LM HAS ALL RENDEZVOUS EWUIPMENT AVAILABLE BECAUSE BOTH THE
PRIMARY AND SECONDARY LOOPS ARE OPERABLE WITH EITHER THE PRIMARY OR SECONDARY
FEEDPATHe SEE COOLANT LOOPS FOR RATIONALE FOR LOSS OF BOTH H20 FEEDPATHSe
(B) ALTERNATE MISSION(S)
ANY MISSION WITH MORE THAN A 2 HOUR RETURN TIME TO THE CSM IS NOT ACCEPTABLE
H20 TANKS
1. bBEFINITION (REF MR 23-2)

HZO TANKS ARE CONSIDERED LOST [F==-
(A) DESCENT H20 TANK

MSFN CONFIRMATION OF LOSS OF DESCENT TANK PRESSURE WITH DES H20 P AND H20 DELTA

Ps OR

INABILITY TO SUPPLY H20 TO W/B RESULTING IN RISING GLYCOL AND "SUIT
TEMPERATURE (CREW AND MSFN) AND DROP IN H20 DELTA P (MSFN ONLY}e

(B) ASCENT H20 TANK

LOSS OF MEASUREMENT AND REMAINING TANK FEEDING AT TWICE NORMAL RATE OR ONE
FEEDING TWICE NORMAL RATE AND NO CHANGE IN MEASUREMENT ON OTHER TANKe

LOOP

TANK
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GENERAL OPERATIONAL IMPACT

A LOSS OF THE DESCENT TANK PRIOR TO POl WILL ABORT THE LUNAR LANDING. THE
DESCENT TANK HAS 234 LBS USABLE H20 AND EACH ASCENT TANK CONTAINS 40 LBsS
USABLEe AT THIS TIMEs AN APPROXIMATE AVERAGE USE RATE OF 6 LBS/HR MAY BE
ASSUMED FOR POWERED UP PHASES AND 4 LBS/HR FOR POWERED DOWN (LUNAR SURFACE)
PHASES.

ONE ASCENT TANK IS REQUIRED TO CONTINUE THE MISSION THROUGH ALL PHASES.
HOWEVERs IN ORDER TO OBTAIN A 6 HOUR LIFETIME ON A SINGLE ASCENT TANKs IT IS
QUITE PROBABLE THAT IT WILL BE NECESSARY TO POWER DOWN SOME EQUIPMENT IN THE
LATER PART OF THE LM=ACTIVE RENDEZVOUSe SHOULD THE H20 TANK BECOME
DEPLETEDs THE GLYCOL TEMPERATURE INCREASE WOULD APPROXIMATELY FOLLOW A
DRYOUT CURVE. IT IS ESTIMATED THAT THE GLYCOL TEMP INTO THE LOW TEMP
ELECTRONICS AREA (PGNS) WOULD REACH 70 DEG F (PREDICTED EQUIPMENT LOSS) IN
60 MINUTESe THE SUIT INLET 02 TEMP WOULD REACH &5 DEG F (PERFORMANCE
DEGRADATION} IN 60 MINUTESs IT IS ADVISABLE TO DOFF THE SUIT TO INCREASE
THE TIME TO PERFORMANCE DEGRADATION BY ABOUT 180 MINUTESe

SPECIFIC OPERATIONAL IMPACT (REF MR 23~28)

(A)

NOMINAL MISSION

(le) UNDOCKING/CIRCULARIZATION/PRE=PDI = LOSS OF THE DESCENT TANK PRIOR TO PODI
ABORTS THE LANDING MISSIONe THERE IS INSUFFICIENT H20 TO PERFORM AN EVA AND

RENDEZVOUS FROM THE ASCENT TANKSe

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 e

(2¢) PDI TO LO GATE = LM SHOULD NOT ABORT FOR LOSS OF ANY SINGLE H20 TANKe

HOWEVERy THE LM MUST HAVE 2 OF 3 H20 TANKS TO CONTINUE TO LAND TO PROVIDE
REDUNDANCYe THUSs WITH FAILURE OF A SECOND ASCENT TANKs THE DESCENT TANK CAN
KEEP THE SPACECRAFT AND CREW COOLED UNTIL AN IN=PHASE LIFTOFFe THE CREW THEN HAS
AN EVEN CHANCE FOR SURVIVAL FOR THE 4 HOURS RENDEZVOUS WITHOUT H20e 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 RENDEZVOUSe

(3¢) LO GATE TO TOUCHDOWN = THE LM WILL NOT BE ABORTED DURING THIS PHASE FOR LOSS
OF ALL H20 TANKSe HOWEVERy _IF ALL H20 TANKS ARE LOSTs LM SHOULD LIFTOFF
IMMEDIATELY AFTER TOUCHDOWN TO HAVE PGNS AND AGS FOR ASCENTe

(4e) LUNAR STAY = OBVIOUSLYs» THE DESCENT TANK IS REQUIRED TO CONTINUE LUNAR STAY
BEYOND THE NEXT BEST OPPORTUNITY LIFTOFFe 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 PREPARATIONY
AS WELL AS THE RENDEZVOUSs WITHOUT ANY COOLINGe

{5¢) RENDEZVOUS = LM WILL REMAIN ACTIVE AS LONG AS POSSIBLEs THE CREW MAY BE
REQUIRED TO DOFF THEIR PGA'S IF THE THERMAL CONDITIONS BECOME UNACCEPTABLEs
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23=10

23=11

23=12

23~-13

23=20
23=21
23=22
23=23
23=24
?3'25
23m24
23=27

23~28

DELETED

ASCENT 02 TANK RECHARGE

IF EITHER ASCENT 02 TANK IS EWQUAL TO OR LESS THAN 95 PERCENT» 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 POSSIBLES

FULL LOADINGS IN THE 02 TANKS ARE AS FOLLOWS=== DESCENT 2730 PSIA (100 PERCENT) AND EACH ASCENT
TANK IS 854 PSIA (100 PERCENT)e AN ONBOARD-DESCENT 02 READING OF 35 PERCENT (920 PSIA) WILL
INDICATE SUFFICIENT DESCENT 02 TANK PRESSURE TO FILL THE ASCENT 02 TANKSe 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 STAGINGe

PLSS FILL VALVE MANAGEMENT

THE PLSS FILL VALVE WILL BE CLOSED EXCEPT FOR REPRESSURIZING THE PLSS AND FOR MSFN REQUESTED
READOUTS OF THE 02 MANIFOLD PRESSURE.

THE PLSS FILL VALVE WILL NOMINALLY BE KEPT CLOSED SINCE THIS VALVE IS A BACKUP TO THE WUICK
DISCONNECT ON THE END OF THE PLSS FILL HOSE (MINIMIZES THE CHANCE OF AN 02 LEAK INTO THE CABIN)e

02 USAGE MANAGEMENT

CREW WILL GO TO EGRESS MODE IF INSUFFICIENT 02 IS AVAILABLE TO MAINTAIN CABIN PRESSURE FOR THE
REQUIRED TIMEe ADDITIONALLYs A MISSION PHASE WILL NOT BE INITIATED IF THIS CONDITION CAN BE
ANTICIPATED.

MAINTAINING CABIN PRESSURE DOUBLES THE 02 USAGE RATEe IF THE 02 SUPPLY IS LOW OR IF IT IS
PREDICTED TO BE LOWs THE CREW WILL GO TO THE EGRESS MODE BREATHING THE CABIN DOWN TO 348 +/= 042

PSIA WHEN THE SUIT LOOP IS AUTOMATICALLY ISOLATED FROM THE CABINe THIS MAXIMIZES THE 02
LIFETIME.

REFERENCE RATIONALE FOR MR 23-1
REFERENCE RATIONALE FOR MR 23-1
REFERENCE RATIONALE FOR MR 23=1
REFERENCE RATIONALE FOR MR 23=1
REFERENCE RATIONALE FOR MR 23=1
REFERENCE RATIONALE FOR MR 23-1
ReFERENGE RATIONALE FoR Mi 345
REFERENCE RATIONALE FOR MR 23-1
REFERENCE RATIONALE FOR MR 23~1
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23=29

23=30

23=31

FIRE OR SMOKE IN CABIN OR SUIT

ACTION SHOULD BE TAKEN TO COMBAT THE FIRE AND ATTEMPT TO DETERMINE ITS ORIGINe TIME OF TRANSFER
TO THE CSM IS DEPENDENT ON THE EXTENT OF THE DAMAGEe ANY POSSIBLE DEGRADATION IN SPACECRAFT
CAPABILITY WOULD BE CAUSE TO ABORT THE LUNAR LANDING MISSIONe

CONTAMINATION IN CABIN

ALL ATTEMPTS SHOULD BE MADE TO CLEAR THE CONTAMINATION INCLUOING DECOMPRESSING THE CABIN. IF
UNABLE TO CLEAR THE CONTAMINATION AND IT AFFECTS CONTINUED SAFE CREW OPERATIONSs THE MISSION MAY

BE TERMINATED EARLYe

GLYCOL COOLANT LEAK

OBSERVED FLVID IN CABIN CONFIRMED BY TASTE OR PRESENCE OF GLYCOL LOW INDICATION CONFIRMED BY
STATE PRESSURE PROPe

WHETHER IN THE SUIT OR CABINs ACTION SHOULD BE TAKEN TO TRANSFER TO THE CSM ASAP. IF IN THE
CABINy THE SUIT LOOP SHOULD BE CONFIGURED TO THE EGRESS MODE AND ISOLATED FROM THE CABINe IF IN
THE SUITs» THE CREW SHOULD DISCONNECT FROM THE SUIT LOOP AND OPERATE STRICTLY ON THE CABINe
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24=3

LM GUIDANCE AND CONTROL

NO RATIONALE REQUIRED
IMU

As IRIG BAIS UPDATES wiILL BE ACCOMPLISHED WHEN GYPO DRIFT IS GREATER THAN OR EQUAL TO +/= 075
DEG/HR (5 MERU)

FIVE MERU REPRESENTS A CUTOFF POINT BELOW WHICH THE BAIS CALCULATION IS AFFECTED BY ALIGNMENT
INACCURACIES TO THE POINT WHERE AN UPDATE MAY ACTUALLY INCREASE IRIG DRIFTe

Be THE PGNS WILL 8& CONSIDERED NO~GO WITH A GYRO DRIFT GREATER THAN OR EWUAL TO +/= 1.5 DEG/HR
( 100 MERU)e THE MAXIMUM ALLOWABLE VALUE WITHIN THE LGC IS +/= Le93 DEG/HR {128 MERU).

A GYRO DRIFT OF le5 DEG/HR IS CONSIDERED NO=GO SINCE A DRIFT RATE THIS HIGH REPRESENTS StRIOUS
HARDWARE PROBLEMS WITHIN THE IMUe REFERENCE MIT/IL STG MEMO 1256

Co PIPA BIAS UPDATES WILL BE ACCOMPLISHED AS FOLLOWS===
le NO BIAS UPDATES WILL BE ACCOMPLISHED PRIOR TO 30 MIN OF IMU OPERATIONs

THIRTY MINUTES IS ALLOWED FOR PIPA TEMPERATURE STABLIZATIONe REFERENCE
MIT/IL STG MEMO 1347

20 INITIAL BIAS UPDATES WILL BE ACCOMPLISHED IF THE DELTA BIAS IS GREATER THAN
OR EQUAL TO +/= 0403 CM/SEC/SECY AND SUBSEWQUENT UPDATES WILL BE ACCOMPLISHED
IF THE DELTA BIAS IS GREATER THAN OR EWUAL TO +/= 0QOel1 CM/SEC/SECe BOTH MIT
AND G&C DIVISION AGREED IN DATA PRIORITY MEETINGS TO UPDATE THE PIPA BIAS
REGARDLESS OF HOW SMALL THE CALCULATED VALUE MIGHT HAVE BEENe DUE TO THE
METHOD OF CALCULATION AND THE GRANULARITY TO THE PIPA READOUT (+/= 0.l
CM/SEC/SEC)s A DELTA BIAS OF 0403 CM/SEC/SEC WAS CHOSEN FOR AN INITIAL
UPDATE VALUEs AND @e¢1 CM/SEC/SEC FOR SUBSEWUENT UPDATESe

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 ENVIRONMENTe HOWEVER)
THE CALCULATED BIAS WILL BE EXTRAPOLATED FROM THE TIME OF LIFTOFF TO
INSERTION TO DETERMINE IF GUIDANCE SWITCH=OVER LIMITS WILL BE VIOLATEDe

De THE PGNS WILL BE CONSIDERED NO=GO IF THE PIPA BIAS EXCEEDS +/= 5406 QW SEC/SEC(4+166
FT/SEC/SEC)e THE MAXIMUM LOAD VALUE WITHIN THE LGC IS +/= 12.5 CM/SEC/SEC. THE MIT RECOMMENDLEL
VALUE FOR A FAILED PIPA 1S +/= 5406 CM/SEC/SECe REFERENCE MIT/IL STG MEMO 1256
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LGC

Ae

B.

Ce

A MASS UPDATE 1S REWUIRED IF THE DIFFERENCE BETWEEN GROUND CALCULATION AND &GC VALUE IS
MORE THAN 200 LBS.

IF THE LGC CALCULATED MASS IS GREATER THAN THE ACTUAL VALUEs THE DAP WILL ASSUME CONTROL
EFFECTIVENESS OF A HEAVY VEHICLEs THIS ASSUMPTION WILL RESULT IN OVERCONTROL OF THE
VEHICLE WITH A RESULTANT LOSS OF RCS FUELe CONVERSELY IF LGC MASS IS LESS THAN THE ACTUAL
MASSy THE VEHICLE BEHAVES SLUGGISHLY SINCE THE DAP ASSUMES IT HAS A LIGHT VEHICLEe IF THE
ERROR IS NOT TOO GREAT»s NO FUEL PENALTY RESULTS. HOWEVERs IF THE ERROR IS LARGE ENOUGH THE
DAP WILL RESPOND WITH NUMEROUS JET FIRINGS IN ATTEMPTING TO OVERCOME THE SLUGGISHNESS OF
THE VEHICLEs IN THIS CASE A FUEL PENALTY MAY BE REALIZEDe

ALL 4/= (U=V) JETS WILL BE INHIBITED VIA V65 DURING DOCKED DPS BURNSe

DUE TO RCS PLUME IMPINGEMENT CONSTRAINTS ON BOTH THE CSM AND LM (REF MRR 27=25)y THE LM
VERTICAL FIRING JETS (+/=X) MUST BE INHIBITED VIA V65 DURING DOCKED DPS BURNSe ves
INHIBITS ONLY THOSE FIRINGS CAUSING ROTATIONS ONCE THE BURN BEGINSe ULLAGE 1S NOT AFFECTED
BY THIS VERB AND WILL BE HONORED NOMINALLYe NORMAL DAP ATTITUDE CONTROL WILL RESUME AT THE
TIME AN ENGINE SHUTDOWN HAS BEEN COMMANDED BY THE LGCe

DURING DOCKED MANEUVERS» DPS GIMBAL TRIMMING MUST BE DONE AT GREATER THAN 35 PERCENT
THROTTLE IN THE AUTO THROTTLE MODEe THE RECOMMENDED SETTING 1S 40 PERCENTe

IN THE DOCKED DPS BURNs AT 10 PERCENT THROTTLEs» THE DAP CANNOT CALCULATE SMALL OFFSET
ACCELERATIONS NEEDED TO DRIVE THE ENGINE THRUST VECTOR THROUGH THE COMBINED CG OF THE TwO
VEHICLESe BECAUSE OF THE LARGE INERTIA OF THE DOCKED COMBINATIONs A MUCH GREATER THRUST IS
NEEDED TO INCREASE THE DAP'S SENSITIVITY TO OFFSET ACCELERATIONSe FOR THIS PURPOSEs A 40
PERCENT THROTTLE SETTING 1S RECOMMENDEDe THROTTLE SETTINGS OF GREATER THAN 35 PERCENT HAVE
PROVIDED SATISFACTORY THRUST VECTOR ALIGNMENTe THE THROTTLE INCREASE SHOULD BE APPLIED
MANUALLY VIA THE CREW TTCA WITH THE THROTTLE CONTROL IN THE AUTO THROTTLE MODEs THE AUTO
THROTTLE MODE MUST BE USED SUCH THAT THE LGC CAN COMMAND 100 PERCENT THROTTLE AT TIG PLUS
26 SECONDSe IF THE MANUAL THROTTLE POSITION WERE USED IN THIS PROCEDUREsy THE CREW WOULD
HAVE TO APPLY THE 100 PERCENT THRUST COMMAND MANUALLY FOR THE REWUIRED TIMEs SWITCHING THE
THROTTLE CONTROL BACK TO AUTO WILL RESULT IN A 10 PERCENT THROTTLE SETTING AFTER THE LGC
HAS ISSUED THE 100 PERCENT COMMANDS SINCE THESE COMMANDS ARE ISSUED ONLY ONCE BY THE LGC.
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RENDEZVOUS RADAR

Ae

Be

Coe

De

Ee

Fe

THE RR MUST NOT BE USED TO TRACK CSM TRANSPONDER UNTIL 25 HOURS AFTER OPERATE HEATER
ACTIVATION AND ANTENNA TEMPERATURE (HPM) IS GREATER THAN OR EQUAL TO 10 DEG F AND THE GYRO
PACKAGE IS ESTIMATED TO BE GREATER THAN OR EQUAL TO 15 DEG Fe

OPERATING THE RR AT TEMPERATURES LESS THAN THOSE LISTED IN THE ABOVE RULE MAY RESULT IN
DEGRADED RR PERFORMANCE AND POSSIBLE UNRECOVERABLE DAMAGEes BASED ON THE VALUE OF THE RR
ANTENNA TEMP» IT IS POSSIBLE TO DETERMINE THE APPROXIMATE TIME NEEDED FOR RR WARMUP TO MEET
THE ABOVE CONSTRAINTSe IT IS ESTIMATED THAT WORST CASE CONDITIONS WOULD REQUIRE A 25 HOUR
WARMUP PERIODe (REF SODB 345 = GNC=12).

THE RR SHOULD NOT BE OPERATED AT AN ANTENNA TEMPERATURE GREATER THAN OR EQUAL TO 145 DEG F
AND/OR A GYRO PACKAGE TEMP (ESTIMATED) OF GREATER THAN OR EQUAL TO 200 DEG Fe

OPERATING THE RR AT TEMPERATURES EXCEEDING THOSE LISTED ABOVE MAY RESULT IN ODEGRADED RR
PERFORMANCE AND UNRECOVERABLE DAMAGE TO THE HPM AND GYRO PACKAGEs 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.

IF IT IS ESTIMATED THAT THE RR GYRO PACKAGE WILL EXCEED 200 DEG F (HPM APPROXe 135 DEG F)
PRIOR TO COMPLETION OF THE BRAKING PHASE» THE RR SHOULD BE TURNED OFF WUNTIL REQUIRED FOR
TPI AND BRAKINGe

TPl AND BRAKING ARE THE MOST CRITICAL PHASES OF THE RENDEZVOUSe RR OPERATION IS MANDATORY
DURING THIS PERIODs THEREFORE» RR OPERATION PRIOR TO CSI AND CDH WILL BE DELETED IN ORDER
TC ASSURE RR TEMPERATURES LOW ENOUGH TO SUPPORT TPI AND BRAKINGs

IF THE ESTIMATED GYRO PACKAGE TEMP SHOULD EXCEED 200 DEG F (HPM APPROXe 135 DEG F) ANYTIME
DURING THE RENDEZVOUS PHASEs 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 DEG Fs» GYRO FAILURE OR DEGRADED OPERATION MAY OCCUR UPON SUBSEQUENT POWERUP.

IF THE RR ANTENNA TEMP EXCEEDS THE NOMINAL TEMPERATURE PROFILE BY 15 DEG F THE RR SHOULD BE
TURNED OFF IF IT IS NOT NEEDED.

EXCEEDING THE NOMINAL TEMPERATURE PROFILE BY 15 DEG F INDICATES OVERHEATING THAT MAY CAUSE
RADAR REDLINES ON THE GYRO PACKAGE TO BE EXCEEDED AT A LATER TIME. THE 15 DEG RULE IS
CONSIDERED A TEMPERATURE MANAGEMENT RULE HELPFUL AS AN INDICATOR THAT THE RR SHOULD BE
TURNED OFF WHEN NOT NEEDEDe

IF THE RR OVEN HEATERS ARE TURNED OFF (BOTH THE PGNS=== RNDZ RDR AND HEATERS==~ RNDZ ROR
OPR OPEN) RR RANGE DATA MUST NOT BE USED UNTIL 17 MIN AFTER RE~ENERGIZING» ASSUMING THE
OVEN TEMP HAS DROPPED TO THE COLD RAIL TEMP.

TESTS INDICATE THAT 17 MIN IS REQUIRED TO ALLOW THE RR OVEN TO REACH 160 DEG F FROM WORSE
CASE COLD RAIL OF APPROXe 35 DEG Fa

LANDING RADAR

Ae

Be

THE LR SHOULD NOT NORMALLY BE OPERATED AT AN ANTENNA TEMP LESS THAN + 50 DEG Fe HOWEVERs
THE LUNAR LANDING MISSION WILL BE ATTEMPTED IF THE ANTENNA TEMP IS ABOVE THE CRITICAL LIMIT
OF -3 DEG F }HARDwARE DAMAGEA: . . L .

PDI WILL BE INITIATED BELOW THE 50 DEG F VALUE IN THE HOPE THAT AT ALTITUDES WHERE LR DATA
1S REQUIRED THE ANTENNA wILL BE UP TO OPERATING TEMPERATURE.

LR ACTIVATION WILL BE DELAYED IF THE LR TEMP IS PREDICTED TO BE GREATER THAN 145 DEG F AT
PDI+8+30 (HIGATE),

BASED ON THE FACT THAT THE LR MUST BE LOCKED ON AND CONVERGED BY 109000 FT (THAT 1Is» NOT
MANDATORY AFTER HIGATE)»s 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 145 DEG F BY HIGATEe.
BEYOND 145 DEG Fy LR OPERATION IS WUESTIONABLE.
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AGS

Ae

Be

Ce

THE AGS IS DECLARED NO=GO DURING A GYRO AND ACCELEROMETER CALIBRATION IF THE GYRO ORIFT
CHANGE IS GREATER THAN 2400 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 GYRO ORIFT AND ACCELEROMETER BIAS SHIFTSs WHICH CAN OCCUR BETWEEN
TWO SUCCESSIVE CALIBRATIONSs» ARE GIVEN IN TABLE 171 OF LM/AGS OPERATING MANUALe

THE AGS CAN BE USED TO PERFORM DOCKED ATTITUDE HOLD CONTROLe

SIMULATIONS 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»

THE AGS IN PULSE MODE USING ONLY TTCA CONTROL CAN BE USED TO PERFORM A DOCKED BURNe

SIMULATION RUNS HAVE SHOWN THAT THE DOCKED DPS BURN CAN BE PERFORMED WITH THE LOSS OF
THRUST VECTOR CONTROL WITHOUT EXCEEDING THE RCS IMPINGEMENT CONSTRAINTS BY SWITCHING TO AGS
PULSE MODE OF OPERATION AND CONTROLLING THE VEHICLE VIA THE TTCAe RECENT TESTS PERFORMED
ON A LM DOCKED TO A CSM HAVE SHOWN THAT THE NATURAL BENDING FREWUENCY OF THE DOCKING CONE
1S BETWEEN TWO AND THREE CYCLES PER SECONDs 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 FREWUENCYe THE LM CREW HAS BEEN ADVISED
OF THIS AND SAID THAT PROCEDURALLY THEY WOULD NEVER HIT THAT FREQUENCYe IF THE LM IS YAWED
TO ALIUN THE VEHICLES CeGe'S IN THE DOCKED APS CONFIGURATIONs ATTITUDE CONTROL VIA TTCA HAS
PROVED IN SIMULATIONS TO BE AN ACCEPTABLE MODE.
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24=20

24=21

24=22

LOSS OF GUIDANCE STEERING
Ae OPERATIONAL AGS

AGS GUIDANCE STEEKING IS NOT REWUIRED FOR ALL PHASES OF THIS MISSION BECAUSE
IT CANNOT STEER THE LM ALONG THE REQUIRED POWERED DESCENT TRAJECTORY.

Be OPERATIONAL PGNS
DOCKED/UNDOCKEDY PRE=PDIs» POWERED DESCENT PRIOR TO HIGATE

PGNS GUIDANCE STEERING UTILIZING AN OPERATIONAL PGNS IS REWUIRED TO HIGATE
TO STEER THE LM EITHER AUTOMATICALLY (PGNS AUTO! OR MANUALLY (PGNS RATE
COMMAND) ALONG THE DESCENT TRAJECTORY.

POWERED DESCENT AFTER HIGATE

AFTER HIGATE OUT=THE=WINDOW ANL ONBOARD CUES SHOULL BE SUFFICIENT FOR THE
CREW TO MANUALLY STEER THE LM TO TOUCHDOWN AND THEREFORE GUIDANCE STEERING
IS NOT REWUIREDe LANDING ENABLES THE CREW TO USE STANDARD PROCEDURES AND
ALLCWS ADDITIONAL TIME TO RESOLVE THE PROBLEMe

LUNAR STAY

ON THE LUNAR SURFACE A LOSS OF PGNS GUIDANCE STEERING THAT DOES NOT AFFECT
REDUNDANT 3=AXIS ATTITUDE CONTROL IS NOT CAUSE FOR AN ASCENT SINCE AGS
GUIDANCE STEERING IS STILL AVAILABLE.

RENDEZVOUS

SINCE THE MAJORITY OF CREW TRAINING IS WITH A LM ACTIVE RENDEZVOUS AND TO
CONSERVE CSM CONSUMABLES THE AGS WILL BE WUSED TO PERFORM A LM ACTIVE
RENDEZVOUS IF THE PGNS FAILS.

LOSS OF FDAI FUNCTIONS ( ATT» RATESs ERRORS)

THE FDALl IS A CREW METHOD FOR MONITORING.ATTITUDESs RATESs AND ATTITUDE ERRORS DURING CRITICAL
PHASES OF THE MISSION== THEREFOREs CONTINUATION OF THE MISSION IS A CREW OPTIONe AFTER HIGATE»
OUT=THE=WINDOW CUES ARE ACCEPTABLE FOR LANDINGs AFTER LANDINGs» NOTHING IS -GAINED BY AN EARLY
LIFTOFFe THE LM ACTIVE RENDEZVOUS IS POSSIBLE USING THE DSKY ATTITUDt READOUTSe

LOSS OF AOT

SINCE ACCEPTABLE METHODS (0e05 DEG ALIGNMENT ACCURACY) HAVE BEEN DEVELOPED TO FINE ALIGN AND
ALSO DETERMINE THE DRIFT OF THE LM IMU WHILE DOCKED WITH THE CSM (SIMULTANELUS SETS OF LM/CSM
CDU ANGLES)» THE AOT IS NO LONGER REWUIRED TO OBTAIN THE MANDATORY FINE ALIGNMENT PRIOR TO POl
ON THE LUNAR SURFACE A GRAVITY ALIGNMENT 1S ADEWQUATE FOR LIFTOFFs» AND A RENDEZVOUS CAN BE
ACCOMPLISHED WITH AN ADEWUATE DEGREE OF ACCURACY WUSING THE RR FOLLOWING A LUNAR SURFACE
ALIGNMENT »
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24=24

LOSS

Ae

LOSS

OF RENDEZVOUS RADAR/VHF RANGING/OPTICAL TRACKING

LOSS OF ANY ONE

ALL PHASES

TWO LM=CSM TRACKING SYSTEMS ARE CONSIDERED SUFFICIENT TO ASSURE A SAFE RENDEZVOUSe

LOSS OF ANY TwO

DOCKED/UNDOCKED/PRE PDI=A SINGLE POINT FAILURE COULD CAUSE A LOSS OF THE REMAINING ONBOARD
TRACKING SYSTEMy SERIOUSLY JEOPARDIZING THE SUCCESS OF THE RENDEZVOUS PHASEs ALSO GROUND
TRACKING CAN BE USED TU BACKUP THE NORMAL RENDEZVOUS WHEREAS NO GROUND HELP IS AVAILIABLE
FOR THE SHORT RENDEZVOUS.

ALL OTHERS

AFTER PDI THE LM IS COMMITTED TO A RENDEZVOUS» THEREFORE THE SURFACE PHASE IS CONTINUED»
RELYING ON GROUND TRACKING AS A BACKUP TO THE REMAINING TRACKING SYSTEMe

OF LANDING RADAR
DOCKED/UNDOCKEDs PRE~PDI

PRIOR TO INITIATING THE POWERED DESCENTs THE MISSION WOULD NOT BE CONTINUED WITH THE LOSS
OF THE LR SINCE LR DATA IS ESSENTIAL FOR STATE VECTOR UPDATINGe THE LOSS IN THIS CASE IS
ASSUMED TO 8E 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 UPDATESe IN THIS CASE PGNS DELTA H
CONVERGENCE PRIOR TO SOME MINIMUM ALTITUDE IS HKEWUIRED TO PREVENT PGNS TRAJECTORY
DISPERSIONS FROM CAUSING IMPACT WITH THE MOONe

POWERED DESCENT AFTER ADEQUATE ALTITUDE UPDATING OF LM STATE VECTORS
UPON THE DECISION BY GUIDO THAT ADEQUATE WVUPDATING OF THE LM STATE VECTORS HAS BEEN

ACCOMPLISHED» THE REMAINDER OF THE LUNAR DESCENT CAN BE ACCOMPLISHED ON STATE VECTUR OATA
ALONE .«
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LOSS OF REDUNDANT 3=AXIS ATTITUDE CONTROL

DOCKED/UNDOCKEDs PRE~PDls» POWERED DESCENT PRIOR TO HIGH GATE

SINCE PGNS AUTO/RATE CMD AND AGS RATE CMD ARE THE ONLY ACCEPTABLE CONTROL MODES FOR PDls LOSS OF
EITHER CONSTITUTES A LOSS OF REDUNDANCYe 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 OPTIONe LANDING ENABLES THE CREW TO USE
STANDARD PROCEDURES AND ALLOWS ADDITIONAL TIME TO RESOLVE THE PROBLEMs

LUNAR STAY AND RENDEZVOUS

ON THE LUNAR SURFACE THE LOSS OF EITHER PGNS AUTO/RATE CMD OR AGS AUTO/RATE CMD WwILL BE CAUSE
FOR AN ASCENT AT THE NEXT BEST OPPORTUNITY SINCE FURTHER SYSTEMS DEGRADATION CAN CAUSE LOSS OF
ALL ATTITUDE CONTROL RECOMMENDED FOR ASCENTe DURING RENDEZVOUS OTHER MODES OF ATTITUDE CONTROL
BECOME ACCEPTABLE AND THE MISSION CAN BE CONTINUED.
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LOSS OF TRANSLATION CAPABILITY

Ae

Be

AUTOMATIC ULLAGE (+X)

AUTOMATIC ULLAGE IS CAUSED BY THE LGC ISSUING APPROPRIATE JET=ON COMMANDS TO THE PGNs
ASSOCIATED CES HARDWAREe A FAILURE OF AUTOMATIC ULLAGE COULD THEREFORE BE CAUSED BY EITHER
AN LGC/LGC INTERFACE OR A CES MALFUNCTIONe IF AN AUTOMATIC ULLAGE FAILURE OCCURSs THE CREW
WILL MANUALLY ULLAGE WITH THE +X TRANSL PeBe TO SATISFY THE CONSTRAINT OF HAVING ULLAGE TO
START A DPS BURNe SINCE THE USE OF THE PeBe DOES NuUT ENTAIL USING ANY AUTOMATIC ULLAGE
CIRCUITSy A SINGLE FAILURE IN AUTOMATIC ULLAGE WILL NOT INHIBIT OR AFFECT THE MANUAL
ULLAGEs THUS THE ULLAGE REWUIREMENT WILL BE SATISFIEDe BECAUSE THE NORMALLY SHORT ULLAGE
TIME (8 SECONDS) DOESN'T ALLOW FOR A SUBSTANTIAL AMOUNT OF TROUBLESHOOTINGs A SECONDARY
INDICATION OF FAULT IS NECESSARY TO ISOLATE THE MALFUNCTIONe THAT SECONDARY INDICATION IS
THE AUTOMATIC START OF THE DPSe IF THE DPS STARTS AUTOMATICALLYs THE LGC IS ASSUMED TO BE
OPERATING NOMIALLY SINCE THE PROBABILITY OF CHANNEL BITS (IeEes ULLAGFLG OR A +X JET=ON
COMMAND) FAILING IS EXTREMELY LOWe HOWEVERs A TEST OF REDUNDANT 3=AXIS ATTITUDE CONTROL MAY
BE MADE DURING THE FTP PORTION OF PDI TO INSURE PGNS 3=AXIS ATTITUDE CONTROLe THUS» IF
NECESSARYs» ‘A PGNS ASSOCIATED CES HARDWARE FAILURE WILL BE DETECTEDe IF THE AUTOMATIC START
DOES NOT OCCURs A WORST CASE ASSUMPTION IS MADE (leEes» THE LGC HAS LOST 1ITS ABILITY TO
CONTROL MAJOR FLIGHT FUNCTIONS)e THUS» THIS SECONDARY FAILURE CONSTITUTES A NO=GO FOR PDI
ON THE BASIS OF LGC CONTROL FAILURES.

3=-AX1S TRANSLATION

THREE AXIS TRANSLATION IS REQUIRED PRIOR TO CIRC TO MAINTAIN SYSTEMS INTEGRITY BECAUSE A
DOUBLE FAILURE IN NECESSARY TO VIOLATE THE LM'S BASIC 3=AXIS TRANSLATION REDUNDANCY. AFTER
CIRCy THE VEHICLE IS IN A SITUATION WHERE IT MUST PERFORM A RENDEZVOUS=== THEREFOREs IT IS
NO EAISER TO PERFORM A RENDEZVOUS FROM THE CURRENT ORBIT THAN FROM THE LUNAR SURFACEe THUS»
AFTER CIRCy» CONTINUE MISSION IS THE APPROPRIATE ACTIONe AFTER INSERTIONs THE LM CAN PERFORM
THE DIRECT RENDEZVOUS AS LONG AS IT CAN PERFORM THE TWEAK BURN AND TPle TO DO THIS» THE LM
MUST HAVE X TRANSLATION CAPABILITYe FOR TPFs IT 1S NECESSARY THAT THE CREW EVALUATE THE
LOSS OF TRANSLATION IN REAL TIMEs THUSs THE ACTION IS TO CONTINUE MISSION.
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24=30

24=31

24=32

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 RESULTe

LOSS OF REDUNDANT ASCENT ENGINE ON CAPABILITY

A REDUNDANT METHOD OF MAINTAINING THE ASCENT ENGINE ON IS NECESSARY TO INSURE CREW SAFETYes 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 TIMEs TROUBLE SHOOTING
PROCEDURES wILL BE IMPLEMENTED TO DETERMINE APS START REDUNDANCYs PRIOR TO PDI THE CONFIRMED
L0SsS OF EITHER METHOD 1S SUFFICIENT TO NO~GO PDle IF THE LOSS OF REDUNDANT ASCENT ENGINE ON
OCCURS DURING PDJy» DIFFERENT- ACTIONS ARE REQUIRED DEPENDING ON WHETHER OR NOT DECENT INSERTION
CAPABILITY EXISTS (REFERENCE MR 25-=2)e¢ WHEN DESCENT INSERTION CAPABILITY EXISTSs THE LOSS OF
EITHER METHOD WILL BE CAUSE FOR AN ABORTe 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 ACTIVITYs IF THE LOSS OF EITHER IS CONFIRMED AFTER
LANDINGs THE LM WILL BE NO=GO FOR AN EXTENDED LUNAR STAYe LIFTOFF AT NEXT BEST OPPORTUNITY IS
THEN THE DESIRED ACTIONe

LOSS OF DPS AUTO ON CAPABILITY

IF DPS AUTO ON CAPABILITY IS LOST» THE REQUIRED ACTION s DEPENDENT UPON WHETHER OR NOT
AUTOMATIC ULLAGE HAS OCCURREOes THIS CONSTRAINT AGAINST THE DPS AUTO ON WAS LEVIED TO ALLOW A
SECONDARY INDICATION OF THE LGC'S ABILITY TO CONTROL MAJOR FLIGHT FUNCTIONSe

IF ULLAGE HAD OCCURRED AUTOMATICALLY AND THE DPS AUTO ON CAPABILITY WAS LOST» THE USE OF THE
ENGINE START PeBe WOULD BECOME MANDATORYe THIS IS BECAUSE IT IS NECESSARY TO FIRE THE
SUPERCRITICAL HELIUM SQUIBS WHICH WHEN BLOWN WILL ALLOW FOR NOMINAL MISSION COMPLETIONIF
IGNITION NOW OCCURS» THE DESCENT ENGINE COMMAND OVERRIDE SWITCH SHOULD BE PLACED ON BECAUSE OF
SINGLE POINT FAILURES IN THE START PUSH BUTTON CIRCUITRYe IF IGNITION DOESN'T OCCUR WITH START
PeBe DEPRESSIONs» THEN THE SHE SQUIBS MAY NOT HAVE BEEN BLOWNe IF THE DPS WERE TO BE SUBSEQUENTLY
STARTED (VIA THE DSC END CMD OVRD} WITH THE LOSS OF SHEs POl WOULD BE ABORTEDe THUS A PERIOD OF
TROUBLESHOOTING {1 REV) 1S NECESSARY TO OETERMINE WHETKER OR NOT THE CAPABILITY EXISTS TO
SUCCESSFULLY BLOW SHE SQUIBS AND IGNITE THE DPSe

HOWEVERs IF ULLAGE HAD NOT OCCURRED AUTOMATICALLYs AND THE OPS AUTO ON CAPABILITY WAS LOSTs THE
ACTION WOULD BE TO INHIBIT POl SINCE TWO MAJOR FLIGHT FUNCTIONS MAY NOT HAVE BEEN PERFORMED BY
THE LGCe THUS» PDJ IS NO~GO BECAUSE OF A SUSPECTED LGC FAILUREs
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LOSS OF AUTO/MANUAL THROTTLE CONTROL

Ae EITHER

THE LOSS OF AUTO THROTTLE WILL NOT NO=GO PDI SINCE IT IS POSSIBLE TO MONITOR VIA DSKY
READOUT GUIDANCE THRUST COMMANDSe SIMULATIONS HAVE SHOWN THAT THE CREW CAN FOLLOW WITH
MANUAL THROTTLE CONTROL THE APPROPRIATE THROTTLE SCHEDULE DISPLAYED ON THE OSKY«

NOMINALLYs» MANUAL THROTTLE IS USED TO SUPPLEMENT/BACKUP AUTO THROTTLEe DPS MAX THRUST CAN
BE ACHIEVED BY EITHER A FULL SCALE OUTPUT OF AUTO THROTTLE AND A PERCENTAGE OUTPUT OF
MANUAL THROTTLE OR A FULL SCALE OUTPUT OF MANUAL THROTTLEe SINCE MAX THRUST FROM THE DPS IS
A NECESSARY REQUIREMENT FOR BOTH THE NOMINAL PDI TRAJECTORY AND NEAR LUNAR SURFACE ABORTS»
A MEANS OF ACHIEVING MAX THRUST IS MANDATORY.

THE LOSS OF MANUAL THROTTLE REQUIRES A CONTINUE MISSION RULING BECAUSE A WORK=AROUND
PROCEDURE EXISTS TO FORCE THE DPS TO MAX THRUST REGARDLESS OF THE MANUAL THROTTLE OUTPUTe.
THUS THE NECESSITY OF REQUIRING MANUAL THROTTLE HAS BEEN REMOVED,

AN EXAMPLE OF HOW THE PROCEDURE IS IMPLEMENTED WILL CLARIFY ITS USEe IF MANUAL THROTTLE IS
LOST PRIOR TO OR DURING PDIs» THE DECA POWER CB ON PANEL 11 WILL BE PULLED WHEN MAX THRUST
IS NECESSARYe WHEN GTC IS BELOW 57 PERCENTs THE CB WILL BE RESET TO ALLOW THE LGC TO
CONTROL THE THROTTLEe WITH THE CB PULLEDs» GROUND MONITORING OF CERTAIN PARAMETERS IS LOST
BUT THE LOSS DOES NOT COMPRIMIZE FAILURE DETECTION TECHNIQUES IN THIS TIME FRAME.

THUSs 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 CONSTRAINTSe IF THE
CONFIRMED LOSS OF BOTH IS DETECTED ANYTIME PRIOR TO PDls THE ACTION WILL BE TO RETURN TO
THE CSM SINCE A LUNAR LANDING CANNOT BE ACCOMPLISHEDe

LOSS OF LUNAR CONTACT LIGHTS

THE FUNCTION OF THE LUNAR CONTACT LIGHT [S TO CUE THE CREW WHEN TO HIT THE STOP PUSH BUTTON
PRIOR TO TOVCHDOWNe IF THE LUNAR CONTACT LIGHTS WERE LOST» THE CREW WOULD CONTINJUE THE MISSION
USING VISUAL REFERENCE AS THE PRIMARY SHUTDOWN CUE AND THE OTHER ONBOARD CREW DISPLAYS AS
SECONDARY CUESe
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LM PROPULSION=DPS

THE FOLLOWING LM DPS PROPULSION MISSION RULES RATIONALE ATTEMPTS TO EXPLAIN THE BACKGROUND
BEHIND EACH MISSION RULEe SINCE THE FIRST RULE IN EACH SECTION IS A REPETITION OF THE LM CONTROL
GO/NO=GO'S IN SECTION 3 (REF PAGE 3=23)y THE RATIONALES BELOW ALSO COVER THE GO/NO=GO'Sse IN
GENERAL THE OVERALL PHILOSOPHY IS TO IDENTIFY THE EQUIPMENT ABSOLUTELY ESSENTIAL TO COMPLETE THE
NORMAL LUNAR MISSION AND AT EACH PHASE SPECIFY THAT EWUIPMENT REWUIRED FROM THAT POINT THROUGH
REDOCKINGe IN ADDITIONs OTHER EQUIPMENT IS ALSO REQUIRED TO PROVIDE REDUNDANCY FOR CREW SAFETY
PURPOSES» THIS IS PRIMARILY ASSOCIATED WITH REDUNDANT CAPABILITY FOR MAINTAINING OPS 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 LANDs AND THEN DO A NOMINAL LIFTOFFe THIS 1S BECAUSE THE
NOMINAL LIFTOFF 1S MORE THOROUGHLY EXERCISED DURING PREMISSION SIMULATIONS AND INVOLVES LESS
UNKNOWNS BOTH FROM A STANDPOINT OF SOFTWARE CHECKOUT AND CREW PROCEDURES. DURING THE LUNAR
STAY» THERE ARE OPTIMUM TIMES FOR LIFTOFF WHERE THE CSM POSITION IS ALIGNEO FOR EASY RENDEZVOUSe
ABORTS DURING LUNAR STAY WILL BE DELAYED TO LIFTOFF AT THESE OPTIMUM TIMESs EXCEPT IN CASES
WHERE CAPABILITY TO ACHIEVE ASCENT IS JEOPARDIZED.

25=2 DEFINITIONS
Ae OPERATIONAL DPs

le 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 EXCHANGERe

rg IF ENGINE INLET LOWER PRESSURE LIMITS ARE VIOLATEDs EXTREME COMBUSTION
ROUGHNESS CAN RESULTe ROUGH COMBUSTION GIVES RISE TO SEVERE CHAMBER
PRESSURE SPIKESs HIGH TRANSIENT ACCELERATIONSs AND ABNORMAL ENGINE STRESSES
WHICH COULD CAUSE ENGINE DAMAGE.

3. THE ENGINE SHOULD NOT BE STARTED AND OPERATED AT PROPELLANT BULK
TEMPERATURES OUTSIDE THE 50 DEG F TO 90 DEG F RANGEe A BULK TEMP GREATER
THAN 50 DEG F IN THE PROPELLANT TANKS INSURES THAT PROPELLANT IN THE LINES
DOWNSTREAM OF THE TANKS REMAINS ABOVE 40 DEG Fo THE TEMP OF 40 DEG F
REPRESENTS THE LOWER LIMIT OF THE ENGINE INJECTOR WQUALIFICATION ENVELOPE»
AND EFFECTS OF OPERATION OUTSIDE THIS ENVELOPE ARE UNKNOWNe FOR BULK TEMPS
GREATER THAN 90 DEG F PERFORMANCE DEGRADATION AND HIGH EROSION WITH POSSIBLE
ENGINE BURN=THROUGH MAY OCCUR.

be DELTA TEMPERATURE GREATER THAN 10 DEG F CAUSES DEGRADED PERFORMANCE WHICH
RESULTS IN OFF=NOMINAL MIXTURE RATIO AND LOWER SPECIFIC IMPULSE WHICH COULD
CAUSE PROPELLANT DEPLETION PRIOR TO LANDINGe IN ADDITIONs A DELTA T GREATER
THAN 25 DEG F MAY PRODUCE HIGH EROSION RATES AND A POSSIBLE PREMATURE
CHAMBER BURN=THROUGHe THE TEMPERATURE LIMITS ARE ONLY TO INITIATE A BURN
BECAUSE IT IS NOT REASONABLE FOR BULK TEMPERATURES TO CHANGE DURING A BURN=-
THEREFOREs ANY SIGNIFICANT SHIFT IN TEMPERATURES DURING A BURN WILL BE
CONSIDERED A TM FAILURE.

5¢(AJDELTA PRESSURE BETWEEN FUEL AND OXID ENGINE INLET PRESSURES CREATES
_OFF=NOMINAL _PROPELLANT_FLOW. RATES, OXIp= SIGH FLOW RATES CAUSE HIGH EROSION
RATES AND POs$isle PREMATURE GHAMBER BURN=THROUGHs = PUELSHicn PLOW  KATEL
CAUSE ROUGH COMBUSTIONe IN BOTH CASES DEGRADED PERFORMANCE AND IMPROPER
PROPELLANT UTILIZATION RESULTSs.

(B)IF THE DELTA PRESSURE AT THE START OF ANY BURN IS GREATER THAN 50 PSID (FUEL
HIGH)s 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.

6o SUFFICIENT SUPERCRITICAL HELIUM MUST EXIST TO ALLOW PROPELLANT DEPLETION
WITHOUT EXCEEDING THE MINIMUM FTP INLET PRESSURE LIMITe

Be LOW THROTTLE POINT

THE EXACT LOW THROTTLE POINT 1S DEFINED FOR INFORMATION PURPOSES AS IT CHANGES SLIGHTLY
FROM VEHICLE TO VEHICLEe (REFERENCE SODB VOL 11 APPENDIX)

Ce DPS INSERTION CAPABILITY = NO RATIONALE REQUIREDe
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25=11

25=14

25=15

25-16

MINIMUM DPS ENGINE BURN TIME AND RESTART ‘CAPABILITY

A MINIMUM BURN OF 345 SECONDS IS REQUIRED TO ASSURE THAT COMBUSTION CHAMBER HEATING 1S ENOUGH TO
PREVENT FREEZING OF PROPELLANTS IN INJECTOR MANIFOLDS WHICH COULD CAUSE UNPREDICATABLE AND
UNREPEATABLE SYSTEM OPERATIONe AFTER A MINIMUM BURNy A COAST PERIOD OF 2 SECONDS IS THEN
REQUIRED TO ASSURE THAT SOAK=BACK EFFECTS HAVE CAUSED COMPLETE SUBLIMATION OF PROPELLANTS IN THE

INJECTORe

SUPERCRITICAL HELIUM BURST DISC RUPTURE DURING MANNED OPERATION 1S AN ALLOWABLE EVENT
THE SUPERCRITICAL HELIUM PRESSURE RELIEF ASSEMBLY 1S DESIGNED TO RELIEVE THE SHE TANK TO ZERO IF

THE STORAGE TANK PRESSURE BECOMES EXCESSIVE WITHOUT CAUSING STRUCTURAL DAMAGE TO THE SPACECRAFT»
PRODUCING TOO LARGE A MOMENT UNBALANCEs» OR ENDANGERING THE CREWe

PROPELLANT GAGING
THE PQGS IS THE MOST ACCURATE METHOD OF GAGING DPS PROPELLANT WHICH IS AVAILABLE TO THE CREWe

Ae THE PQGS ONBOARD ERROR 1S DEFINED AS 1e3 PERCENT FROM 95 PERCENT TO 25 PERCENTs 1 PERCENT
FROM 25 PERCENT TO 8 PERCENTs AND 1e¢3 PERCENT FROM 8 PERCENT TO O PERCENT.

SINCE THE GREATEST RANGE OF THE PQGS AS WELL AS THE MOST CRITICAL (8 PERCENT =0) HAS AN
ERROR OF 1¢3 PERCENT» THIS IS THE ERROR ESTABLISHED FOR MISSION RULE USEe

Be 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 INDIVIDUALLYy WHICH RESULTS IN A LARGER ERROR (3
PERCENT) o

FRACTURE MECHANICS

WHEN DESCENT STAGE RETENTION IS DESIRABLE AFTER A LONG BURNs THE FRACTURE MECHANICS REQUIREMENTS
ON THE DESCENT PROPELLANT TANKS MUST BE SATISFIEDe A BURN THAT LEAVES GREATER THAN 29  PERCENT
OF THE PROPELLANT PRODUCES NO FRACTURE MECHANICS PROBLEMSe FOR LONGER BURNS PLACING THE ENGINE
IN A BLOWDOWN MODE AT 29 PERCENT INSURES THAT FRACTURE MECHANICS LIMITS WILL NOT BE VIOLATED.
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25=30| LOSS OF OPERATIONAL DPS

REFERENCE, MISSION RULE RATIONALE 25=2 FOR LOSS OF OPERATIONAL DPSe AFTER LO GATE THE CREwW IS
TOO BUSY TO OBSERVE ANYTHING OTHER THAN ULLAGE PRESSURESs AND IF A FAILURE DID OCCUR THAT
VIOLATED OTHER OPERATIONAL PARAMETERS BUT NOT ULLAGE PRESSURES» THE ENGINE COULD BE SAFELY
OPERATED IN THAT MODE FOR THE SHORT TIME UNTIL LANDING.

25=31] START TANK LEAK
Ae INLET PRESSURE EWUAL TO OR GREATER THAN 30 PSIA

THE DPS START TANK CANNOT BE ISOLATED FROM THE DPS PRESSURIZATION SYSTEM AFTER ITS
EXPLOSIVE VALVE IS OPENEDe HELIUM FROM THE SHE TANK WILL FLOW BACK THROUGH THE SECONDARY
REGULATOR AND LEAK OVERBOARD THROUGH THE START TANK WHEN THE SHE EXPLOSIVE VALVE IS OPENED
AUTOMATICALLY 1e3 SECONDS AFTER ENGINE IGNITIONe THE ENGINE CAN BE SAFELY STARTED AND
OPERATED FOR 143 SECONDS WITHOUT PRESSURIZING FROM THE START TANK IF THE [INLET PRESSURES
ARE EQUAL 7O OR GREATER THAN 30 PSIAe THIS WILL AVOID LOSS OF HELIUM FROM THE SHE TANKe

Be INLET PRESSURE LESS THAN 30 PSIA

WITH ENGINE INLET PRESSURES BELOW SPECIFIED LIMITSs THE ENGINE CANNOT BE SAFELY STARTED==
THEREFOREs THE START TANK MUST BE USEDe IF A START TANK LEAK EXISTS AND THE SwUIB IS BLOWN
AND THERE IS SUFFICIENT HELIUM TO BRING THE ULLAGE PRESSURE TO EWUAL TO OR GREATER THAN 30
PSIAy IT IS ASSUMED THAT THE LEAK IS SMALL BECAUSE ENOUGH PRESSURE IN THE START TANK
REMAINED TO PARTIALLY PRESSURIZE THE DPS+ AND POWERED DESCENT WILL BE ATTEMPTED (REF MRR
26=33).

25-33] LOSS 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 DEPLETIONs IF THE DOPS GOES
INTO BLOWDOWN BELOW 31 PERCENT PROPELLANT REMAININGs THE CAPABILITY TO GO TO FTP AT ANY POINT
AND DEPLETE PROPELLANTS EXISTSe THIS ASSURES AN FTP ABORT AY ANY TIME DURING THE LUNAR LANDINGe
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25~36

25=37

25=38

DPS HELIUM LEAK

A DPS HELIUM LEAK PRIOR TO POl WILL BE EVALUATED BY THE GROUNDe IF THE HELIUM LEAK ALLOWS A LOSS
OF LESS THAN 12 LBSe THEN PDI CAN BE COMPLETED WITHOUT VIOLATING MR 25=2 FOR AN OPERATIONAL DPSe
IF MORE THAN 12 LBS OF HELIUM WILL BE LOST THEN PDI WILL NOT BE ATTEMPTED.

97 SECONDS AFTER LO LEVEL

AT LO LEVEL ACTIVATIONs THE GROUND ASSUMES THAT 117 SECONDS AT 25¢4 PERCENT THRUST REMAINSe THE
113 SECONDS 1S DERIVED FROM RSSING THE 3 SIGMA LOW LEVEL POINT FOR EACH TANK WITH THE OTHER FUEL
TANKe THE SAME 1S DONE FOR THE OXIDIZER TANKSs AND THE LOWEST OF THE FUEL AND OX RSSED NUMBER
IS USEDe THIS ASSUMES THAT IT IS HIGHLY IMPROBABLE THAT BOTH FUEL LOW LEVELS OR OX LOW LEVELS
WOULD BE AT THEIR 3 SIGMA MINIMUMe 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 REMAINe THEREFOREs AT 97 SECONDSs» THE CREW FACES AN ABORT/NO ABORT DECISIONe THEY  MUST
HAVE EITHER THE CAPABILITY TO LAND WITHIN 20 SECONDS OR THEY MUST ABORTs IN WHICH CASE THEY HAVE
FIVE SECONDS AT FTP TO COVER ANY ABORT SITUATION SUFFICIENTLY.

LOW LEVEL CONFIRMS INSUFFICIENT PROPELLANT TO LAND

IF IN THE CREW'S ESTIMATION INSUFFICIENT PROPELLANT REMAINS TO LAND WHEN THE LOW LEVEL
INDICATION IS OBTAINEDs THEN AN ABORT WITH AN ABORT STAGE 20 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 OSCILLATIONSe AT THE LOW LEVEL INDICATIONs APPROXIMATELY 32
SECONDS OF BURN TIME REMAIN AT FTPe IN ADDITIONs IF A LARGE DELTA SHOULD ARISE BETWEEN OXIDIZER
AND FUEL PQGS READINGSs THIS INDICATES THAT ABNOMINAL PROPELLANT USAGE OR A PROPELLANT LEAK MAY
EXISTe WHEN THE CELTA BETWEEN READINGS REACHES GREATER THAN 13 PERCENTs 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 PWUGS ERRORe

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 OBTAINED»
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 REQUIREDe UNDER THESE CIRCUMSTANCES THE PWGSs WHICH
IS THE CREW'S ONLY PROPELLANT GAGING SYSTEMs BECOMES THE PRIMARY CUE OF PROPELLANT REMAINING
AFTER LOW LEVELe WHEN THE PUGS FLIPS TO 2 PERCENTs AN ABORT/NO ABORT DECISION POINT IS FACED BY
THE CREWe THE PWGS READING OF 2 PERCENT MEANS THE GAGE IS REGISTERING A PROPELLANT WUANTITY
BETWEEN 145 AND 205 PERCENT DEPENDING ON HOW SOON THE CREW SEES THE READING AFTER THE FLIP TO 2
PERCENTs TAKING INTO ACCOUNT PUGS ERROR IN THE LOWER RANGE OF 1 PERCENTs THE CREW CAN HAVE AN
ASSURED ABORT PAD OF 0e5 TO 1le5 PERCENT WHICH CORRESPONDS TO BETWEEN 10 AND 30 SECONDS OF BURN
TIME AT 254 PERCENT THRUST AND PROVIDES SUFFICIENT FTP BURN TIME FOR ABORT SITUATIONSe
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25=39

25=40

25=4]

EXCESSIVE PROPELLANT USAGE

POWERED DESCENT SHOULD BE ABORTED WHENEVER IT BECOMES CLEAR THAT SUFFICIENT PROPELLANT DOES NOT
EXIST TO LANDe PRIOR TO P64» SUFFICIENT DATA DOES NOT EXIST TO DETERMINE WHETHER EXCESSIVE
PROPELLANT 1S BEING USEDe DURING P64y THE GROUND CAN ANALYSE LGC DATA AND DESCENT WUANTITIES TO
DETERMINE WHETHER SUFFICIENT PROPELLANT REMAINS TO LANDe THIS ANALYSIS ALSO TAKES INTO ACCOUNT
ANY REDESIGNATIONe EXCESSIVE PROPELLANT USAGE PREDICTED BY GROUND ANALYSIS WILL BE VERIFIED BY
SECONDARY CUES SUCH AS THROTTLE DOWN TIMEs THRUST LEVEL TCPs AND SYSTEM PRESSURES WHICH WOULD
INDICATE OFF=~NOMINAL DPS PERFORMANCEs A MINIMUM PERCENTAGE OF PROPELLANT IS REQUIRED AT ALL
TIMES FOR AN FTP ABORTe WHEN APPLIED TO THE PROPULSION PER CENT MARGIN PLOTSs A MINIMUM
PREDICTED MARGIN NUMBER AT TOUCHDOWN IS OBTAINED BY SUBTRACTING BOTH PQGS ERROR AND MARGIN PLOT
ERROR FROM THE MINIMUM PQGS NUMBERS REQUIRED FOR ALL ABORT SITUATIONS.

REQUIRED FOR FTP ABORTS +1 PERCENT
PQGS ERROR IN 25 PERCENT TO 8 PERCENT REGION =1 PERCENT
MARGIN PLOT ERROR =e2 PERCENT
LOWEST ACCEPTABLE MARGIN =e2 PERCENT

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 CREWe

FRACTURE MECHANICS LIMITS ARE ESTABLISHED ON A PRESSURE-TEMPERATURE RELATIONSHIPs THE
PROPELLANT TANK TEMPERATURE WILL CHANGE ACCORDING TO THE ENGINE BURN TIME AND THE QUANTITY OF
PROPELLANT REMAINING IN EACH TANKe THE PROPELLANT TANK PRESSURE WILL BE EFFECTED BY THE HEAT
SOAK BACK AFTER THE BURNe

IF THE OXIDIZER TANKS ARE NOT VENTED AFTER THE BURNs A HIGH TANK PRESSURE WILL RESULT AS A
FUNCTION OF HEAT SOAK BACKs AS LONG AS THERE 1S AT LEAST 150 LBS IN EACH OX TANKs THE TANK
TEMPERATURE INCREASE WOULD NOT BE LARGE ENOUGH TO VIOLATE THE FRACTURE MECHANICS PRESSURE
TEMPERATURE RELATJONSHIPe THE PRESSURE NEEDED FOR THE TEMPERATURE RISE TO VIOLATE THE FRACTURE
MECHANICS LIMITS CAN NEVER BE OBTAINEDe THE PRESSURE WOULD BE RELIEVED THRU THE BURST DIsC
BEFORE IT COGULD REACH ITS LIMITSe [IF THE PROPELLANT REMAINING IN EACH OX TANK IS LESS THAN 150
LBSsy IN EXCESS OF TWO HOURS IS REQUIRED FOR TEMPERATURES TO [INCREASE TO A POINT SUCH THAT
FRACTURE MECHANICS LIMITS MAY BE VIOLATEDe THEREFOREs» IT IS SAFE TO CONTINUE TO T=3s 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 LIMITSs NO MATTER WHAT QUANTITY OF FUEL REMAINEDs» THE BURST DISC WOULD BE BLOWN

BEFORE ANY PRESSURE COULD SATISFY THE FRACTURE MECHANICS LIMITSe

EROSION EFFECTS

DURING DESCENT ENGINE OPERATIONs THE ABLATIVE LINER OF THE ENGINE IS BEING CONSTANTLY WORN AWAY
CAUSING AN INCREASE IN ENGINE THROAT AREAs  THROAT AREA INCREASE BEYOND A PREDETERMINED
PERCENTAGE MAY EXCEED THE ENGINE THRUST CHAMBER HEATING AND EROSION LIMITS AND RESULT IN AN
ENGINE BURN-THROUGHs. . THE AMOUNT GF. THROAT, AREA JNGREASE CAN BE. GAUGED BY ENGINE TCPe. THIS 1S
IMPLEMENTED 'ON A GRAPH OF DPs CHAMBER PRESSURE Vs PERCENT THRUST WiTH A dERiEs dF “¢URVES WHICH
SHOW DIFFERENT STAGES OF EROSIONe THUSs FOR A CERTAIN THRUST LEVEL A PARTICULAR TCP CAN BE
OBTAINEDs ANOs» WHEN PLOTTED ON THE GRAPH» GIVES THE STAGE OF EROSION THE ENGINE HAS OBTAINED.
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26=2

LM PROPULSION=APS

THE FOLLOWING LM PROPULSION APS MISSION RULE RATIONALE ATTEMPTS TO EXPLAIN THE BACKGROUND BEHIND
EACH MISSION RULEe SINCE THE FIRST RULE IN EACH SECTION IS A REPETITION OF THE LM CONTROL
GO/NO=GO'S IN SECTION 3 (REF PAGE 3=23)s THE RATIONALE BELOW ALSO COVER THE GO/NO=GO'Se IN
GENERAL THE OVERALL PHILOSOPHY IS TO IDENTIFY THE EWUIPMENT ABSOLUTELY ESSENTIAL TO COMPLETE THE
NORMAL LUNAR MISSION AND AT EACH PHASE SPECIFY THAT EWUIPMENT REWUIRED FROM THAT POINT THROUGH
REDOCKINGe IN ADDITION.» OTHER EQUIPMENT IS ALSO REQUIRED TO PROVIDE REDUNDANCY FOR CREW SAFETY
PURPOSESe THIS IS PRIMARILY ASSOCIATED WITH REDUNDANT CAPABILITY FOR SAFE ASCENTe. DURING THE
LUNAR STAYs» THERE ARE OPTIMUM TIMES FOR LIFTOFF WHERE THE CSM POSITION IS ALGINED FOR EASY
RENDEZVOUSe ABORTS DURING LUNAR STAY WILL BE DELAYED TO LIFTOFF AT THESE OPTIMUM TIMESs EXCEPT
IN CASES WHERE CAPABILITY TO ACHIEVE ASCENT IS JEOPARDIZEDs

DEFINITIONS
Ae OPERATIONAL APS (PRE=~PRESSURIZATION)

le THIS PRE=PRESSURIZATION DELTA PRESSURE BETWEEN OXID AND FUEL ENGINE INLET
PRESSURE 1S THAT MAXIMUM PRESSURE THAT WILL ALLOW ABORT START PRESSURIZATION
AND SAFE ENGINE STARTe THIS DELTA PRESSURE IS THE LIMIT OF TESTING AND MUST
NOT BE EXCEEDEDe DELTA PRESSURES GREATER THAN THIS PRODUCE SLOW ENGINE
STARTSe DURING AN ABORT STAGE SEQUENCEs WITH A LIGHT DPS STAGEs A SLOW APS
ENGINE START COULD RESULT IN THE TWO STAGES RECONTACTINGe.

r 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== THEREFOREs» 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 DEGRADATIONe TEMPERATURES GREATER THAN® 50 DEG F
PREVENT PROPELLANT LINE AND ENGINE [INJECTOR TEMPERATURES FROM DECREASING
BELOW 40 DEG F WHICH 1S THE LIMIT OF TESTING. AT PROPELLANT TEMPERATURES
BELOW 50 DEG Fs» THRUST CHAMBER EROSION INCREASES GREATLY AND COULD RESULT IN
CHAMBER BUXN=THROUGHs PROPELLANT TEMPERATURES GREATER THAN 90 DEG F RESULT
IN PERFORMANCE DEGRADATION.

4o IF UPPER ENGINE INLET PRESSURE LIMITS ARE VIOLATED» EXTREME COMBUSTION
ROUGHNESS CAN RESULTe ROUGH COMBUSTION GIVES RISE TO SEVERE CHAMBER
PRESSURE SPIKES» HIGH TRANSIENT ACCELERATIONSs AND ABNORMAL ENGINE STRESSES
WHICH COULD RESULT IN ENGINE DAMAGEe PROPELLANT TANK PRESSURES LESS THAT 62
PSIA» DURING PERIODS OF ACCELERATION» COULD RESULT IN TANK BUCKLING AND
SUBSEQUENT FAILURE.

5. REDUDANT PRESSURIZATION PATHS ARE REWUIRED TO PREVENT A SITUATION WHERE A
SUBSEWUENT FAILURE COULD CAUSE AN INABILITY TO PRESSURIZE THE APSe ANY
HELIUM LEAK MAY RESULT IN THE LOSS OF THE CAPABILITY TO PROPERLY PRESSURIZE
THE APS SYSTEMe THIS WOULD REDUCE THE APS PRESSURIZATION REDUNDANCY AND
COULD REDUCE THE APS TOTAL DELTA y CAPABILITY: o o
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OPERATIONAL APS (POST=PRESSURIZATION)

le

20

3

be

Se

SUFFICIENT HEL(UM SOURCE PRESSUREs INCLUDING BLOWDOWN CAPABILITYs MUST BE
AVAILABLE TO EXPEL ALL THE PROPELLANTS TO OBTAIN THE KEWUIRED DELTA Ve

APS ENGINE TESTING WITH PROPELLANT BULK DELTA TEMPS OF GREATER THAN 60 DEG F
FOR BURNS OF LESS THAN 100 SECONDS IS BEYOND THE LIMIT OF TESTING
EXPERIENCEs TESTING HAS PROVEN THAT BURNS OF GREATER THAN 100 SECONDS WITH
MORE THAN 10 DEG F DELTA TEMPERATURE RESULTS IN SIGNFICANTLY DEGRADED
PERFORMANCE AND PREMATURE PROPELLANT DEPLETION.

FOR SHORT APS BURNS (OF LESS THAN 100 SECONDS) THE PROPELLANT BULK TEMP WILL
NOT CHANGE APPRECIABLYse ENGINE OPERATION OUTSIDE THESE TEMPERATURE LIMITS
RESULTS IN OFF=NOMINAL MIXTURE RATIOs SPECIFIC IMPULSEs AND THRUST CHAMBER
EROSIONe THE ENGINE HAS BEEN SUCCESSFULLY TESTED FOR SHORT DURATION BURNS
AT 120 DEG Fe BURNS OF GREATER THAN 100 SECONDS WILL PRODUCE SIGNIFICANT
EXCURSIONS IN MIXTURE RATIOs» SPECIFIC IMPULSE» AND THRUST CHAMBER EROSION.
THESE EXCURSIONS COULD RESULT IN PROPELLANT DEPLETION PRIOR TO THE DESIRED
TIME OR RESULT IN THRUST CHAMBER FAILUREe

THE MINIMUM INLET PRESSURE (ULLAGE PRESSURE) INSURES THAT THE TCP REMAINS
ABOVE 80 PSIAe PRESSURES BELOW THIS LEVEL RESULT IN TCP THAT PRODUCES ROUGH
COMBUSTIONs HIGH TRANSIENT ACCELERATIONSs AND ENGINE STRESSESe

DELTA PRESSURE BETWEEN FUEL AND OXIDIZER ENGINE INLET PRESSURES CREATE
OFF=NOMINAL PROPELLANT FLOW RATESe OXIDIZER HIGH FLOW RATES CAUSE HIGH
EROSION RATES AND POSSIBLE PREMATURE CHAMBER BURN=THROUGHe FUEL HIGH FLOW
RATES CAUSE ROUGH COMBUSTION IN BOTH CASESs DEGRADED PERFORMANCE AND
IMPROPER PROPELLANT UTILIZATION RESULTSy WHICH COULD CAUSE PREMATURE
PROPELLANT DEPLETION
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26-14

26-~15

MINIMUM IMPULSE

THE MINIMUM IMPULSE IS THE MINIMUM ON TIME THAT PRODUCES A REPEATABLE MINIMUM THRUST WITHGUT
RESULTING In DETRIMENTAL FREEZING OF PROPELLANT IN THE INJECTORe FREEZING OF THE PROPELLANTS IN
THE INJECTOR COULD RESULT IN SUBSEQUENT HARD STAKTSe HARD STARTS RESULT IN SEVERE THRUST
CHAMBER PRESSURE SPIKES AND TRANSIENT ACCELERATIONS WHICH COULD CAUSE ENGINE DAMAGE,

MULTIPLE BURN PROFILES

THE PROBLEM OF CERTIFYING AN APS MULTIPLE BURN PROFILE IS VEKY COMPLEX. THE PRIMARY
CONTRIBUTING FACTORS THAT MUST BE CONSIDERED ARE THRUST CHAMBER CHARRINGs BACKWALL TEMPERATURES
AND PRCPELLANT FREEZING WITHIN THE INJECTORe THESE FACTORS ARE 3IMPUSED BY ENGINE DESIGN

CHARACTERISTICS.

DURING A BURNs» THE THRUST CHAMBER LINER MATERIAL IS CONSUMED BY ABLATIONe THE RATE OF ABLATION
1S GREATEST DURIMG A BURN START AND DURING LONG BURNS AND IS DEPENDENT WUPON PREVIOUS BURNSe
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 AiND TEMPERATURE TRANSFER THROUGH
THE CHAMBER WALLe THIS TEMPERATURE IS GIREATLY AFFECTED BY PREVIQUS BURNS AND THE COAST TIME
BETWEEN BURNSe EXCESSIVE TEMPERATURE RESULTS IN INCREASED ABLATION RATEs 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 SHUTDOWNs THEN SUBLIMATESe THE RATE OF
SUBLIMATION s DEPENDENT ON INJECTOR TEMPERATUREs WHICH IS A FUNCTION OF PREVIOUS BURN PROFILEe
LACK OF A COMPLETE SUBLIMATICN RESULTS IN FROZEN PROPELLANTS IN THE INJECTOR. THESE FROZEN
PARTICLES MAY CAUSE SUBSLQUENT ENGINE STARTS TO BE ROUGH AND ERRATICe SUCH STARTS MAY
EXPERIENCE SEVERE THRUST CHAMBER PRESSURE SPIKES AND HIGH TRANSIENT ACCELERATIONS WHICH COULD

CAUSE ENGINE DAMAGE.

IN ORDER THAT MAXIMUY SAFE APS ENGINE OPERATION CAPABILITIES BE OBTAINEDs ONLY PREMISSION APS
MULTIPLE BURN PROFILES MUST BE USEDe

PROPELLANT GAGING

THERE IS NO ONBOARD APS PROPELLANT GAGINGs BUT THE GROUND HAS TWO METHODS OF MONITORING APS
PROPELLANTSe THE GROUND MASS CALCULATION METHOD 1S PRIME BECAUSE IT IS MORE ACCURATE THAN THE
FLOW=RATE~TIMES~TIME GROUND PROGRAMe THE GROUND MASS CALCULATION USES THE LGC MASS TO DECREMENT
APS PROPELLANTe THE THREE PERCENT GROUND MASS CALCULATION ERROR COMES FROM A ONE PERCENT MASS
ERROR AND A TwO PERCENT MIXTURE RATIO UNCERTAINTY.
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26=21

26=22

LOSS OF AN OPERATIONAL APS

REFERENCE MISSION RULE RATIONALE 26=2 FOR THE DEFINITION OF AN OPERATIONAL APS. PRIOR TO OR
DURING DESCENT» THE LOSS OF AN OPERATIONAL SYSTEM REQUIRES AN IMMEDIATE ABORT AND RETURN TO THE
CSMe CONTINUATION OF THE DESCENT WITHOUT A GOOD APS SYSTEM WOULD RESULT IN THE INABILITY TO
ASCEND FROM THE LUNAR SURFACE. IF THE SYSTEM BEGINS TO DEGRADE AFTER LANDINGy THE ASCENT MUST
BE INITIATED AT THE NEXT BEST OPPORTUNITYe THIS WILL INSURE MAXIMUM PERFORMANCE FROM THE APS
SYSTEM.

APS HE SOURCE PRESSURE

A SAFE ASCENT CAN BE ACCOMPLISHED ON ONE HELIUM BOTTLE BUT A SUBSEWUENT LEAK IN THE SECUND
SOURCE BOTTLE MAY PREVENT INSERTIONe

WHENEVER THE MISSION IS ABORTED FOR A LEAK IN ONE HELIUM BOTTLE AND THE ASCENT ENGINE IS
REQUIREDy THE FOLLOWING PROCEDURE SHOULD BE USED TO MORE EFFICIENTLY OPTIMIZE THE USE OF THE APS
HELIUM=== SELECT AND PRESSURIZE THE APS WITH THE GOOD BOTTLEe UTILIZE THE APS WITH THE ONE
BOTTLE UNTIL THE SYSTEM GOES IN BLOWDOWN WHICH OCCURS WHEN THE ULLAGE PRESSURE REACHES 160 PSIAe
THE SECOND BOTTLE (THE LEAKING BOTTLE) SHOULD BE SELECTED AT THIS TIME IF IT CONTAINS SUFFICIENT
PRESSURE TO AID [N PRESSURIZING THE SYSTEM WHICH IS DEFINED AS HAVING A PRESSURE GREATER THAN
THE PRESSURE REMAINING IN THE FIRST BOTTLE.

THIS PROCEDURE 1S UTILIZED TO PREVENT EXPOSING THE GOOD HELIUM TANK TO THE LEAKING TANK UNTIL
ALL APPRECIABLE HELIUM S USED OUT OF THE GOOD HELIUM TANKe THE SECOND (LEAKING) BOTTLE SHOULD
BE USED IF ANY HELIUM IS REMAININGs TO KEEP THE OPERATION AS CLOSE TO NOMINAL AS POSSIBLE SINCE
ONLY LIMITED TESTING HAS BEEN DONE IN ONE BOTTLE BLOWDOWNe

AFTER PRESSURIZATIONs THE HELIUM TANKS ARE MANIFOLDED TOGETHER AND A LEAK IN EITHER TANK
JEOPARDIZES SAFE ASCENT. BECAUSE OF THISs ASCENT MUST BE INITIATED IM4EDIATELY.

WHENEVER THE APS CAPABILITY HAS BEEN REDUCED BY LOSS OF HELIUM PRESSURIZATIONy THE ASC FEEL
VALVES MUST NOT BE OPENEDe THIS IS TO PROVIDE ADDITIONAL APS PROPELLANT NORMALLY USED BY THE
RCS TO INCREASE THE INSERTION DELTA VvV CAPABILITYe THE APS USES THIS ADDITIONAL PROPELLANT MORE
EFFICIENTLY THAN THE RCS TO PROVIDE ADDITIONAL DELTA Vv CAPABILITY.

APS HE BETWEEN QUAD CHECK VALVES AND ACS HE REG 1 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 DESCENTs THE MISSION SHOULD BE ABORTED SO THAT CREW SAFETY IS NOT JEOPARDIZED.
ONCE POWERED DESCENT HAS BEEN INITIATEDs THE SAFEST APPROACH IS TO ABORT ON THE DPS AS LONG AS
POSSIBLE. SHOULD THIS FAILURE OCCUR ON THE LUNAR SURFACEs A SUBSEWUENT FAILURE COULD PREVENT A
SAFE INSERTIONe ASCENT SHOULD BE ACCOMPLISHED AT THE NEXT BEST OPPORTUNITY. DURING RENDEZVOUS»
THE APS HAS SUFFICIENT BLOWDOWN CAPABILITY TO CONTINUE THE MISSIONe WHENEVER THIS FAILURE
OCCURS» THE APS HELIUM SHOULD BE OPTIMIZED TO MINIMIZE THE EFFECTS OF THE LEAK.

THE APS HELIUM OPTIMIZATION PROCEDURE IS FOUND IN THE AOH VOL Ile THIS PROCEDURE UTILIZES THE
FACT THAT HELIUM IS CONTINUOUSLY LOST ONLY WHILE THE LEAK IS BEING SUPPLIED WITH HELIUMe BY
MINIMIZING THE TIME THE LEAK IS BEING SUPPLIEDs THE AMOUNT OF HELIUM LOST CAN BE MINIMIZED. THIS
1Ss. ACHIEVED BY CYCL ING THE. .REGULATORS SHUT‘OFF}VAkVES TO_PUT THE_APS IN, PERIODS  OF BLOW! DOWN
OPERATIONs NO HELIUM IS LOST DURING THESE éLOWDONN PtRIODS BECAUSE THE PRéPELLANf fANRS ARE
ISOLATED BY QUAD CHECK VALVESe

WHENEVER THE APS CAPABILITY HAS BEEN REDUCED BY LOSS OF HELIUM PRESSURIZATIONs THE ASC FEED
VALVES MUSYT NOT BE OPENEDs THIS IS TO PROVIDE ADDITIONAL APS PROPELLANT NORMALLY USED BY THE K(S
TO INCREASE THE INSERTION DELTA V CAPABILITYe THE APS USES THIS ADDITIONAL PROPELLANT MORE
EFFICIENTLY THAN THE RCS TO PROVIDE ADDITIONAL DELTA VvV CAPABILITY.
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PROPELLANT LEAKS

ANY LOSS OF PROPELLANT REDUCES THE TOTAL DELTA V CAPABILITY OF THE APS== THEREFOREs WHEN A LEAK
EXISTSs THE MISSION SHOULD BE ABORTED IMMEDIATELYe PRIOR TO CIRCs» THE LM MUST RETURN TO THE
CSMe DURING THE DESCENT PHASEs THE DPS SHOULD BE USED FOR AN IMMEDIATE ABORT AND SHOULD BE USED
AS LONG AS POSSIBLE (BECAUSE OF POSSIBLE LOSS OF APS DELTA V CAPABILITY)e DURING LUNAR STAY»s AN
ASCENT SHOULD BE INITIATED IMMEDIATELY BECAUSE A PROPELLANT LEAK DECREASES DELTA Vv CAPABILITY
AND ENDANGERS SAFE ASCENTe THE ASC FEED VALVES MUST NOT BE OPENEDs THIS PROVIDES ADDITIONAL
APS PROPELLANTs NORMALLY USED BY THE RCS» TO INCREASE THE INSERTION DELTA V CAPABILITYe DURING
RENDEZVOUS» THE APS SHOULD NOT BE USED FOR TPl BECAUSE OF THE LACK OF KNOWLEDGE OF THE
PROPELLANT REMAINING,

APS PROP VALVE MISMATCH

THERE ARE TWO SETS OF PROPELLANT SHUTOFF VALVESs A AND Bs IN A PARALLEL SERIES ARRANGEMENT.
THIS INSURES THE CAPABILITY TO SHUT OFF PROPELLANT TO THE ENGINEe 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 SYSTEMe 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 ENGINEe

APS FU AND/OR OXID LOW LEVEL

A VALID LOW LEVEL INDICATES THAT APPROXIMATELY 8 SECONDS OF BURN TIME REMAINS WITH THE APS
ENGINEe ASCENT FEED OPERATION SHOULD» THEREFOREs» BE TERMINATED DURING ASCENT BECAUSE OF
POSSIBLE HELIUM INGESTION INTO THE RCS JETS» WHICH COULD CAUSE JET FAILURE. .

IF A VALID APS LOW LEVEL CONFIRMS INSUFFICIENT PROPELLANT FOR AN APS TPls RCS SHOULD BE USED FOR
TPle IT IS NOT ADVISABLE TO KNOWINGLY START AN APS TPI BURN WHICH WILL BURN TO DEPLETIONe
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LM REACTION CONTROL

THE FOLLOWING LM RCS MISSION RULES RATIONALE ATTEMPTS TO EXPLAIN THE BACKGROUND BEHIND EACH
MISSION RULEe SINCE THE FIRST RULE IN EACH SECTION 1S A REPETITION OF THE LM CONTROL GO/NO=GO'S
IN SECTION 3 (REF PAGE 3=23)» THE RATIONALE BELOW ALSO COVER THE GO/NO=GO'S. IN GENERAL THE
OVERALL PHILOSOPHY IS TO IDENTIFY THE EWUIPMENT ABSOLUTELY ESSENTIAL TO COMPLETE THE NORMAL
LUNAR MISSION AND AT EACH PHASE SPECIFY THAT EQUIPMENT REQUIRED FROM THAT POINT THROUGH
REDOCKINGe IN ADDITIONs OTHER EQUIPMENT IS ALSO REWQUIRED TO PROVIDE REDUNDANCY FOR CREW SAFETY
PURPOSESs THIS IS PRIMARILY ASSOCIATED WITH REDUNDANT CAPABILITY FOR ASCENTe DURING THE END OF
THE POWER DESCENT PHASE AT SOME PERIOD JUST PRIOR TO TOUCHDOWNs IT BECOMES MORE DANGEROUS TO
ABORT THAN TO LAND» AND THEN DO A NOMINAL LIFTOFFe 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 PROCEDURESe DURING THE LUNAR STAYs THERE ARE OPTIMuUM
TIMES FOR LIFTOFF wHERE THE CSM POSITION IS ALIGNED FOR EASY RENDEZVOUS. ABORTS DURING LUNAR
STAY wiLL BE DELAYED TO LIFTOFF AT THESE OPTIMUM TIMES EXCEPT IN CASES WHERE CAPABILITY TO
ACHIEVE ASCENT IS JEOPARDIZED.

DEFINITIONS
Ae OPERATIONAL RCS SYSTEM

le THIS DEFINITION DEFINES THE PLUMBING OF AN RCS SYSTEM FOR USE AS A MISSION
RULE REFERENCEs

2¢ If ENGINE INLET LOWER PRESSURE LIMITS ARE VIOLATELDs EXTREME COMBUSTION
ROUGHNESS AND MIXTURE RATIO SHIFTS CAN RESULTe ROUGH COMBUSTION GIVES RISE
To SEVERE CHAMBER PRESSURE SPIKESs HIGH TRANSIENT ACCELERATIONS» AND
ABNOURMAL ENGINE STRESSES WHICH COULD CAUSE ENGINE DAMAGEe MIXTURE RATIO
SHIFTS RESULT IN IMPROPER PROPELLANT UTILIZATION.

3. ENGINE PERFORNMANCE OUTSIDE PROPELLANT TEMPERATURE LIMITS SPECIFIED IS
UNKNOWN DUE TO LIMITS OF TESTINGe

G 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 UPy IF THE WUAD TEMPERATURE DROPS BELOW ITS PRESCRIBED LIMIT A
RESIDUE CAN FORM INSIDE THE THRUSTERe 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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USABLE RCS PROPELLANT IS 54849 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 1S OBTAINED BY SUBTRACTING TRAPPED PROPELLANTs LEADING ERRORsy AND PROGRAM
ERROR FROM' TOTAL RCS PROPELLANT LOADEDe TRAPPED PROPELLANT AND LOADING ERROR ARE FOUND IN THE
SODBs» AND PROGRAM ERROR IS BASED ON THE RCS GROUND PV PROGRAM WHICH HAS AN ACCURACY OF 6 PERCENT
OF TOTAL LOADED.

PROPELLANT GAGING

THE PRIME GAGING METHOD FOR THE RCS SYSTEM IS THE GROUND RCS PROGRAM WHICH HAS AN ACCURACY OF 6
PERCENTe THE BACKUP METHOD IS THE GROUND READOUT OF THE PWUMD WITH AN ACCURACY OF 10 PERCENT.
BOTH PROGRAMS ARE SIMILARs BUT THE RCS GROUND PROGRAM TAKES INTO ACCOUNT SUCH ADDITIONAL
PARAMETERS AS OFFf=NOMINAL HELIUM OR PROPELLANT LOADING AND MIXTURE RATIO CHANGES WHICH WOULD
CAUSE THE PWUMD TO BE IN ERRORe
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27=23

27=2%

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 ABILITYe IF ONE SYSTEM IS LOST THEN REDUNDANCY IS LOST» AND ANY OF A
MULTITUDE OF SYSTEM FAILURES CAN RESULT IN THE LOSS OF THE OTHER SYSTEM. FAILURE OF BOTR
SYSTEMS WILL RESULT IN THE TOTAL LOSS OF ATTITUDE CONTROL AND TRANSLATION CAPABILITY WHICH WOULD
BE CATASTROPHIC TO THE SPACECRAFTe IF THE PROBLEM DEVELOPS ON THE LUNAR SURFACEs ASCENT SHOULD
COME AT THE NEXT BEST OPPORTUNITY IN ORDER TO GUARANTEE A SAFE RENDEZVOUSe

RCS THRUSTER PAIR

IN ORDER TO HAVE AN RCS THRUSTER PAIR ISOLATED A PROPELLANT LEAK DOWNSTREAM OF THE TCA ISOLATION
VALVES MUST HAVE OCCURREDe FAILED=ON JETS AND FAILED=OFF JETS ARE ISOLATED ELECTRICALLY AND
WOULD NOT REQUIRE ISOLATING A PAIR VIA A TCA ISOLATION VALVEe ONCE POWERED DESCENT IS INITIATED
THE MISSION WILL CONTINUE EVEN IF A THRUSTER PAIR IS ISOLATEDe AFTER ONE PAIR HAS BEEN ISOLATED»
THE PROBABILITY OF A SUBSEWUENT PROPELLANT LEAK DOWNSTREAM OF ANOTHER TCA ISOLATION VALVE IS
VERY REMOTEs AND THE PROBABILITY OF A SUBSEWUENT PARTICULAR FAILURE WHICH CAUSES LOSS OF VEHICLE
CONTROL IS EXTREMELY REMOTEe IN ADDITIONs THE PROBABILITY OF THE SUBSEWUENT FAILURE IS LESS
THAN THE RISK OF ABORTING DOURING POWERED DESCENTe LUNAR STAY CAN BE PERMITTED FOR THE SAME
RATIONALE USED DURING POWERED DESCENT.

DECREASING OR LOSS OF RCS HE PRESSURE

WHENEVER THERE IS A LOSS OF HELIUM SOURCE PRESSURE THERE EXISTS SOME CAPABILITY TO USE THAT
SYSTEM IN A BLOWDOWN MODEe IN ORDER TO MAINTAIN AN OPERATIONAL RCS SYSTEM (MR 27=2) WITH A
LEAKING SOURCE PRESSUREs THE CAPABILITY TO EXPEL A GIVEN WEIGHT OF PROPELLANT FROM THE LEAKING
SYSTEM MUST EXISTe PRIOR TO POWERED DESCENT THE CAPABILITY IS TOO SMALL TO PROVIDE A REDUNDANT
SYSTEM FOR THE TOTAL MISSIONe ONCE POWERED DESCENT IS INITIATEDs THE CAPABILITY MAY OR MAY NOT
EXIST DEPENDING ON THE TIME INTO POWERED DESCENT WHEN THE LEAK OCCURSe IF PROJECTION AHEAD
REVEALS THAT THIS CAPABILITY CAN NOT BE GAINED PRIOR TO TOTAL SOURCE PRESSURE LOSS OR TOUCHDOWN
THEN AN ABORT WILL BE REQUESTEDe HOWEVERs» AFTER HIGH GATE LANDING 1S EMINENT AND THE CREW
PROCEDURES SO TIGHT THAT TROUBLESHOOTING A LEAK IS IMPOSSIBLE OR IMPRACTICALs AND A LANDING WILL
BE ATTEMPTEDe IF THE LANDING IS ACCOMPLISHED» BUT THE PRESCRIBED BLOWDOWN - CAPABILITY DOES NOT
EXISTey THEN TWO OPERATIONAL RCS SYSTEMS WILL NOT BE AVAILABLE WHICH VIOLATES MR 27=20 AND
REWQUIRES ASCENT AT THE NEXT BEST OPPORTUNITY.

RCS PROPEcLANT LEAK BETWEEN MAINS AND ISOLATION VALVES

PROPELLANT LEAKS ARE NOT HAZARDOUS TO THE CREW== HOWEVERs A PROPELLANT LEAK CAN RESULT IN THE
COMPLETE LOSS OF AN RCS PROPELLANT SYSTEMe SHOULD A PROPELLANT LEAK BETWEEN THE MAINS AND
ISOLATION VALVES DEVELOP PRIOR TO HIGH GATEs AN ABORT WILL BE REWUESTEDe THE ABORT IS REQUESTED
BECAUSE THE LEAKING SYSTEM CANNOT BE COUNTED ON FOR PROPELLANT RESULTING IN ITS LOSS AS AN
OPERATIONAL RCS SYSTEMe THIS VIOLATES MR 27-20 WHICH REQUIRES AN ABORT AT ANY TIME DURING
POWERED DESCENTe HOWEVER AFTER HIGH GATEs LANDING IS EMINENT AND THE CREW PROCEDURES SO TIGHT
THAT TROUBLE SHOOTING A LEAK IS IMPOSSIBLE OR IMPRACTICAL=- THEREFOREs» A LANDING WILL BE
ATTEMPTEOs IF THE LANDING IS ACCOMPLISHEDs THE LEAK WILL STILL CAUSE LOSS OF AN OPERATIONAL
SYSTEM AND REDUNDANCY WHICH VIOLATES MR 27<20 AND REWUIRES ASCENT AT THE NEXT BEST GOPPORTUNITYe
DURING RENDEZVOUS PHASES THE FUNCTIONING RCS SYSTEM SHOULD BE USED AS LONG AS THE RCS PROPELLANT
REDLINE IS NOT VIOLATED.

IMPINGEMENT CONSTRAINTS VIOLATEO

IMPINGEMENT CONSTRAINTS AS DEFINED IN VOLUME 11 OF THE SODB SHOULD NEVER BE VIOLATED. IF  THEY
ARE EXCEEDEOy» THEN FURTHER OPERATION WHICH WOULD CONTINUE TO VIOLATE THESE CONSTRAINTS MUST BE
INHIBITEDe IF NOT INHIBITED» THE PLUME DEFLECTORS CAN FRACTURE INTO TWO PARTS AT THE' POINT OF
MAXIMUM HEATING (APPROXIMATELY TEN INCHES FROM THE TOP OF THE OEFLECTOR)e THE BROKEN REFLECTOR
CAN THEN DAMAGE THE SPACECRAFT BY EITHER PUNCTURING OR DESTROYING ASCENT STAGE PANELS AND
INSULATIONe THE NET EFFECT OF IMPINGEMENT CONSTRAINT VIOLATION IS THEN TO ABORT THE MISSION
PRIOR TO TOUCHDOWNe THE PROCEDURE WILL BE TO ABORT AND THEN ABORT STAGE AS SOON AS POSSIBLEe
IF LANDING DID OCCUR EVEN THOUGH IMPINGEMENT CONSTRAINTS WERE. VIOLATED» NOTHING CAN BE DONE TO
CORRECT THE PROBLEM AND INSERTION COULD COME AT THE NOMINAL TIMEe

DURING RENDEZVOUS IF IMPINGEMENT CONTRAINTS ARE VIOLATED THEN +/=X RCS BURNS ARE PROHIBITED TO
PROTECT THE ASCENT STAGE. ’
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28-104

28=11A

28=-11
Bel

28=1}
Be2

28-13C

NO RATIONALE REQUIRED
NO RATIONALE REQUIRED
NO RATIONALE REQUIRED

NO RATIONALE REQUIRED

THE DATA SOURCES THAT WILL BE USED CONSIST OF THE LIMA RIOMETER SITE» NASA HEADQUARTERS SOURCESH
AND APOLLO S/Ce

THE NASA HEADQUARTERS SOURCES REPRESENT THE BEST REAL=TIME»s» PRELAUNCH SOURCE OF DATA ON THE
RESULTS OF A HIGH ALTITUDE NUCLEAR DETONATIONe THE DATA IS A RESULT OF A COMPILATION OF VARIOUS
SOURCES WITHIN THE DEPARTMENT OF DEFENSE AND THE STATE ODEPARTMENT MADE B8Y THE JOINT ATOMIC
ENERGY INTELLIGENCE COMMITTEE AND RELAYED THROUGH SPECIAL DATA CHANNELSs SET UP FOR THAT
PURPOSEy TO THE MISSION DIRECTORs AND THE SPACE ENVIRONMENT CONSOLE.

BECAUSE OF THE NATURE OF THE RADIATION PROBLEM IN THIS AREA AND THE UNKNOWNS ASSOCIATED WITH THE
INDIRECT MONITORING THAT IS AVAILABLEs» NO DECISION SHOULD BE MADE UNTIL ALL AVAILABLE DATA HAS
BEEN ANALYZED AND THERE 1S SUFFICIENT EVIDENCE TO INDICATE THAT THE RESULTANT = RADIATION WILL
CONSTITUTE A HAZARD TO THE FLIGHT CREWe

DEFINITE EVENT IS DEFINED AS A NUCLEAR DETONATION AT SUCH AN ALTITUDE AND LOCATION AND OF SUCH A
SIZE TO PRODUCE AN ENHANCEMENT OF THE APOLLO RADIATION ENVIRONMENTe NASA HEADQUARTERS SOURCES
WILL PROVIDE THE FOLLOWING INFORMATION===

le NOTIFICATION OF AN EVENT WHICH SHOULD COMPLIMENT THE RIOMETER DATA.
ry TIME OF EVENT TO WHICH DECAY RATES CAN BE APPLIED.

3e ALTITUDEs LATITUDEs LONGITUDEs AND SIZE FROM WHICH THE ODISTRIBUTION 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 DOSEs
(A TOTAL SKIN DOSE OF 400 RADS AND/OR A TOTAL DEPTH DOSE OF 50 RADS TO ANY MEMBER OF THE FLIGHT
CREW,) : e e e -

IF» DURING THIS PHASEs» A DEFINITE EVENT OCCURS AND THE TOTAL DOSE PROJECTED THROUGH THE MISSION
DURATION INDICATES THE DOSE WILL EXCEED THE MODy TLI WILL STILL BE GOe A NO=GO FOR TLI WILL NOT
BE GIVEN IN THIS PHASE UNLESS THE ANALYSIS INDICATES THAT THE TOTAL MISSION DOSE WILL EXCEED THE
MOD BY A SIGNIFICANT AMOUNTs 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.

SELF=EXPLANATORY

WHEN A DEFINITE EVENT HAS OCCURRED AND THE S/C 1S ABOVE THE VAN ALLEN BELTSs WE WILL CONTINUE
THE MISSION BECAUSE THE FLIGHT CREW WILL NOT 8E EXPOSED TO RADIATION FROM SUCH AN EVENTe
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R ITEN

- -

28=12

28-13

THE MOD IS THE CUT OFF POINT WHERE THE VALUE OF THE MISSION 1S INSUFFICIENT TO EXPOSE FLIGHT
CREW MEMBERS TO ADDITIONAL RADIATIONe

NOTE===~ TOTAL MISSION SKIN DOSE 400 RADS AND/OR TOTAL MISSION DEPTH DOSE (5 CM) 50 RADS TO ANY
CREW MEMBER PRIOR TO SCHEDULED END OF MISSIONe

SOLAR FLARE ACTIVITY CANNOT BE PREDICTED WITH ANY DEGREE OF RELIABILITY. PREDICTIONS THAT ARE

MADE ARE GENERALLY EXPRESSED AS A PERCENT OF PROBABILITY AND CANNOT BE RELATED TO A RESULTANT

DOSE WITHOUT MAKING A NUMBER OF ASSUMPTIONSe THE MAJORITY OF THESE ASSUMPTIONS ' COULD BE

¥N20U¥$ED IN THE ACTUAL SITUATION THUS IT 1S NECESSARY TO TAKE A WAIT AND SEE WHAT HAPPENS TO
HE ATTITUDE.
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R ITEM

mas | wngrom -

28~14

28~14
Bel

28=14
Be2

28=14
Be3

28-14
Cl=4

. A MAJOR SOLAR FLARE WILL PRODUCE HARMFUL RADIATION TO THE CREW ONLY BY MEANS OF THE PARTICLES
EMITTED WITH THE FLAREe NOT ALL FLARES WILL EMIT THE HIGH ENERGY PARTICLES NECESSARY TO CAUSE
THE RADIATION HAZARDe IF THERE ARE NO PARTICLES THERE WILL BE NO RADIATION DOSE RECEIVED BY THE
CREWe THE TIME DELAY BETWEEN OBSERVING OR DETECTING THE FLARE AND DETECTING THE PARTICLES» IF
ANY» CAN VARY FROM MINUTES TO HOURSe THE LONGER IT TAKES TO DETECT PARTICLESy WHEN THEY ARE
PRESENTs 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 IS DEFINITE CONFIRMATION OF
PARTICLES IN THE VICINITY OF THE SPACECRAFTe ESTIMATES OF THE RADIATION ©DOSE WILL BE MADE
ASSUMING THAT THERE WILL BE PARTICLESe BUT UNTIL THE PARTICLES ARE ACTUALLY MEASURED THIS
ESTIMATE IS INVALIDe

IF ANALYSIS OF ALL AVAILABLE DATA INDICATES THAT THE MOD (400 RADS SKIN DOSE AND/OR 50 RADS
DEPTH DOSE) WILL BE EXCEEDED PRIOR TO MISSION COMPLETION THEN THE COUNTDOWN SHOULD BE HELD AT
SOME CONVENIENT POINT UNTIL FOLLOW ON ANALYSIS INDICATES THAT THE RESULTANT RADIATION DOSE WILL
HAVE DROPPED TO-WITHIN ACCEPTABLE LIMITS.

IF» DURING THIS PHASEs A CONFIRMED PARTICLE EVENT IS ANALYZED AND THE TOTAL DOSE PROJECTED
THROUGH THE MISSION DURATION INDICATED THE DOSE WILL EXCEED THE MODs 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 MOD BY A SIGNIFICANT AMOUNT=== THE EXTENT ALLOWED WILL BE
DETERMINED IN REAL=TIMEe AFTER A SUCCESSFUL LAUNCH AND EARTH ORBIT INSERTION WE ARE WILLING TO
RISK A HIGHER DOSE RATE TO TRY FOR A LUNAR TYPE MISSIONe

AFTER A GOOD TLI THE CREW WILL BE MORE OR LESS COMMITTED TO A CERTAIN AMOUNT OF RADIATION THAT
WILL RESULT IF A SOLAR PARTICLE EVENT OCCURSe 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 LMy OR JUST PRIOR TO TEle DURING THESE SITUATIONS IT
MAY BE DESIRABLE TO INHIBIT OR DELAY THESE ACTIVITIES UNTIL A BETTER KNOWLEDGE OF THE
ENVIRONMENT 1S OBTAINED BY ONBOARD MONITORSe .

UNBER THts S1TUATION THE CREW wilL BE SUBJECT TO DOSES THAT WILL EXCEED THE MOD SHOULD THE
NOMINAL MISSION PROFILE BE CONTINUEDe THERE MAY BE WAYS TO REDUCE THE TOTAL RADIATION RECEIVED
BY ADJUSTMENTS IN THE MISSION TIMELINEe THERE SHOULDs HOWEVERs BE NO DECISIONS MADE REGARDING
CHANGING THE MISSION PROFILE UNLESS THE RESULTS WOULD MAKE A SIGNIFICANT REDUCTION IN THE DOSE
TO THE CREWe THE ACTION THAT CAN BE TAKEN WILL BE GOVERNED BY THE PHASE OF THE MISSION AND THE
EXTENT OF DOSE REDUCTION WILL HAVE TO BE DETERMINED BASED ON OCCURRING RAOIATIONe THE MISSION
RULES REFLECT POSSIBLE ALTERNATIVES THAT MAY BE AVAILABLE DURING THE MISSION. DECISIONS ON THE
IMPLEMENTATION OF THESE REQUIREMENTS WILL HAVE TO BE BASED ON THE ACTUAL SITUATION OCCURRINGe
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‘29=9

ITEM

29=1

29~-2

29-3

29=4

29~5

29=6

2977

29=8

THERE 1S THE POSSIBILITY OF A SPACECRAFT LAND LANDING IN THE LAUNCH SITE AREAe¢ 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 WEATHERs

THESE AREAS CONTAIN ALL THE LANDING POINTS THAT WOULD FOLLOW ABORTS INITIATED PRIOR TO EARLY
S=lVB STAGING CAPABILITY DURING THE LAUNCH PHASEs 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 REGARDLESS OF LAUNCH AZIMUTHe

FORTY HOURS IS THE NECESSARY TIME REQUIRED TO LOCATE THE CM AFTER A LANDING ANYWHERE IN THE
WORLD BETWEEN 40 DEGe NORTH AND 40 DEGe SOUTH LATITUDE.

EIGHTEEN HOURS 1S THE NECESSARY TIME REQUIRED TO LOCATE THE CM AFTER ANY LANDING TARGETED TO A
PIP OR THE MPLe

IT 1S HIGHLY DESIRABLE BECAUSE OF THE POSSIBILITY OF INCLEMENT WEATHER CONDITIONS IN THE PLANNED
END OF MISSION RECOVERY AREAe THIS CAPABILITY WILL INSURE THAT THE TARGET POINT CAN BE MOVED TO
AN AREA WITH ACCEPTABLE WEATHER CONDITIONS UNTIL ENTRY =24 HOURSe AFTER THIS TIME TARGET POINT
RELOCATION WOULD BE ACCOMPLISHED BY CHANGING THE ENTRY RANGEe

THESE ELLIPSE CONTAIN THE HIGH PROBABILITY LANDING POINTS FOR A DEORBIT FROM EARTH PARKING ORBIT
FLYING A GUIDED OR A HALF LIFT ENTRYe THE PROBABILITY OF ACTUALLY LANDING IN ONE OF THESE
ELLIPSES IS SUFFICIENTLY HIGH TO MAKE IT MANDATORY THAT THERE BE NO LAND MASSES IN THE AREAe

THESE EbLIPSEs CONTAIN THE LANDING POINTS FOR_THE BACKUP MODES OF ENTRYe THE PROBABILXTY OF
ACTUALLY ‘LANDING: tN ONE OF THEYE ELLIASES Ts=SUFFICIENTLY HIGH TO MAKE 1T MANDATORY‘ -THAT - 'THERE
BE NO LAND MASSES IN THE AREAe.

THESE ELLIPSES CONTAIN THE HIGH PROBABILITY LANDING POINTS FOR THE PRIMARY AND FIRST BACKUP
MODES OF HIGH SPEED ENTRYe THE PROBABILITY OF A LANDING WITHIN EITHER ©OF THESE ELLIPSES 1§
SUFFICIENTLY HIGH TO MAKE 1T MANDATORY THAT THERE BE NO LAND IN THE AREAe

THE PROBABILITY OF ACTUALLY LANDING IN THESE AREAS IS SUFFICIENTLY HIGH THAT IT IS HIGHLY
DESIRABLE TO HAVE THEM CLEAR OF ALL LARGE LAND MASSESe
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ITEM

AEROMEDICAL MISSION RULE RATIONALE NOT SUBMITTED
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ITEM

LUNAR SURFACE MISSION RULE RATIONALE NOT SUBMITTED
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