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FLIGHT MISSION RULE RATIONALE DOCUMENT
DECEMBER 15 1970

PREFACE

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

COMMENTS‘CONCERNING THE CONTENTS OF THIS DOCUMENT SHOULD BE DIRECTED TO MRe BARRY Me WOLFER,FCOB
(FC2)y 483-3838.

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

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

MISSION RULES
PART 1 = INTRODUCTION

Ce

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 RESVLTANT
ACTION RATHER THAN LENGTHY PROCEDURAL DESCRIPTIONS. THE RATIONALE ALSO PROVIDES A
DOCUMENTED COMPILATION OF SYSTEM DATA PERTINENT TO NON=NOMINAL SITUATIONS OR ALTERNATE
MISSION PLANSs GENERAL PROCEDURES FOR THE CEVELOPMENT OF THE FLIGHT M1SSION RULE RATIONALE
DOCUMENT ARE GONTAINED IN SECTICN 3 OF THE MISSION RULE PREPARATION DOCUMENT »

RESPONSIBILITY

THE DIRECTOR OF FLIGHT OPERATIONS» MSCy HOUSTONs TEXAS, HAS THE OVERALL RESPONSIBILITY FOR
THE PREPARATIONs CONTENTS AND CONTROL OF THE FLIGHT MISSION RULE RATIONALE DOCUMENT. IN
ORDER TO ASSIST THE DIRECTOR OF FLIGHT OPERATIONS IN THI1S TASKs THE CHIEFs FCOB» HAS BEEN
DESIGNATED AS THE SINGLE POINT OF CONTACT AT THME MSC FOR FLIGHT MISSION RULE RATIONALEs AS
THE SINGLE POINT OF CONTACT» FGOB §S THE CENTRAL COORDINATING AGENCY AND CONTROLS THE
FLIGHT MISSION RULE RATIONALE DURING THE PUBLICATION PHASE ONLY. SINCE THE RULES
CONTINUOUSLY CHANGEs NOT ALL RATIONALE CONFORMS TO RULES AS THEY EXIST AT PRESENTe HOWEVER»
IN G$:§RAL' THE RATIONALE I5 COMPATIBLE WITH EXISTING RULESe THI§S DOCUMENT WILL NOT  BE
UPDA .

ORGANIZATION
THE FLIGHT MISSION RULE RATIONALE DOCUMENT 1S SUBDIVIDED INTO TEN BASIC SECTIONS. " EACH

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

MISSION JREV | DATE SECTION GROUP . PAGE
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NASA - Manned Spacecraft Center

MISSION RULES
SECTION 1 = FLIGHT QPERATIONS

R ITEM

2=11

PRELAUNCH

A.  THE LAWUNCH AZIMUTH CONSTRAINT OF 72 DOEG IS AN ARBITRARY LIMIT WHICH PROVIDES GOQD
PERFORMANCE RESERVES AND MSFN COVERAGE. THE CONSTRAINT FOR 96 DEG IS AN FOD LIMIT TO ALLOW
ACCEPTABLE MSFN COVERAGE THROUGH INSERTIONs

Be A LAND LANDING WITH A HORIZONTAL COMPONENT GREATER THAN 54 FFS AT IMPACT IS CONSIDERED TO
BE HAZARDOWS TO CREW SAFETY»

€. LAUNCH COVERAGE THROUGH INSERTION 1S REGUIRED FOR GROUND MONJTORING FOR ABORT = SITUATIONS.
COVERAGE FROM INSERTION TO INSERTION PLUS 60 SECONDS IS REWUIRED FOR VOICE COORDINATION OF
PQST~INSERTION GO/NO-GOo MODE IV ABORTS» AND APOGEE KICK MANEUVERS.

LAUNCH

A LAUNCH ABORT 15 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 ORBIT

NO RATIONALE REGUIRED

TRANSLUNAR INJECTION

Aal

A2

TDEE
A

tA} CREW SAFETY CONSIOERATION

(B) IF TMERE IS ANY FINITE PROBABILITY OF ACHIEVING A LUNAR LANDING MISSIONs TLI
WILL BE ATTEMPTED. THIS PHILOSOPHMY IS BASED ON THOSE SLV PROBLEMS WHICH MAY
DEGRADE SLV PERFORMANCE BUT HAVE NO ADVERSE IMPACT ON CREW SAFETYs PRIOR TO
TLl IF IT 15 CLEAR THAT A LUNAR LANDING MISSION 15 NOT POSSIBLESTLL wILL NOT
BE PERFORMED BECAUSE OF A RISK VS GAIN EVALUATIGN.

THE TLI COMMITS THE CSM TO A LONG RETURN TIME AND/OR A LARGE ABORT MANEUVER== THEREFOREs
THE €SM 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 1TLI
TARGETING IN THE IU IS S$ET UP TO ACCOMMQDATE THE SECOND AND THIRD REYV OPPORTUNITIES. AN
EXCEPTION TO THIS RULE IS CREW TAKEOVER FOR A SATURN GUIDANCE REFERENCE FAILURES.

THE RISK OF CM DEGOMPRESSION 15 CONSIDERED ACCEPTABLE TO RETRIEVE THE LM.

AN UNACCEPTABLE CREW RISK EXISTS IN PERFORMING A STAGING SEQUENCE OFF OF THE CSM/LM/S=IVBe
IT CANNOT BE DETERMINEDs TO AN ACCEPTABLE LEVELs WHAT THE DESCENT STAGE wILL DO UNDER THESE
CIRCUMSTANCESe AND IF IT DID SEPARATE FROM THE S=IVBe AN EXTREMELY HAZARDOUS RECONTACT
CONDITION WOULD EXIST.

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

MISSION RULES
SECTION 1 = FLIGHT OPERATIONS

2=14

TRANSLUNAR COAST

Ae

Ba

Ce

De

Eo

NG RATIONALE REWUIRED.

IF SOME CONSUMARLE HAS DECREASED S0 THAT A CIRCUMLUNAR EARTH RETURN PLUS A 12-HOUR PAD
CANNOT BE SATISFIED» FLEXISILITY IS DIMINISHED AND A SHORTER RETURN SHOULD BE SELECTED. THE
12-HOUR PAD 15 BASED ON THE TIME REQUIRED TO MOVE THE LANDING POINT FROM ONE OCEAN TO THE
OTHER »

NO RATIONALE REQUIRED.
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 CAPABILITYI.
IF LOI CANNOT BE ACCOMPLISHEDs THERE 5 NO REASON TQ GO OFF A FREE RETURN TRAJECTORY.

NO RATIONALE REWUIRED

LUNAR QRBIT INSERTION

A

B

Ce
De

Ee.

WE DO NOT WANT TQ LEAVE THE FREE RETURN TRAJECTORY AND SPEND TIME IN LUNAR ORBIT IF ONE
MORE FALLURE COULD BE CATASTROPHIC OR A SAFE POWER LEVEL OF 40 AMPS COULD NOT BE MAINTAINED
DURING TLC.

IT IS PREFERABLE TO GO INTC LUNAR ORBIT AND ACCOMPLISH MINIMAL OBJECTIVES AS OPPOSED 7O
INHIBITING LO1 BECAUSE THE NOMINAL MISSION CANNOT BE PERFORMED. i

NO RATIONALE REWQUIRED.
NO RATIONALE REGUIRED.

A DP5 MANEUVER IS AN ACCEPTABLE WAY OF ACHIEVING LUNAR ORBIT TO ACCOMPLISH LANDING SITE
PHOTOGRAPHY OBJECTIVES.

LUNAR ORBIT

A THROUGH Ee NO RATIONALE REGUIRED.

Fe

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

INTRAVEHICULAR TRANSFER

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

DOCKED LM OPERATION

NO RATIONALE REQUIREDS

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

MISSION RULES
SECTION 1 = FLIGHT OPERATIONS

ITEM

2=22

2=24

CSM/LM UNDOCKING AND SEPARATION

As INDEPENDENT CAPABILITY 15 REQUIRED TO PREVENT THE NEED FOR AN EVT IN CASE EITHER VEHICLES
DOCKING CAPABILITY IS LOSTe

B 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 REASONs

Co CREWMEN MUST REMAIN SUITED IN CASE THE NOMINAL MISSION IS ABORTED AND RENDEZVCUS AND
DOCKING 15 REQUIRED IN A HURRY WITH THE RESULTANT PRESSURE VESSEL INTEGRITY HAZARDS. THE
CREWMEN ARE NOT REQUIRED TO WEAR HELMENTS AND GLOVES.

Ds VHF VOICE BETWEEN LM AND CSM IS REWUIRED TO PROVIDE COMMUNICATION FOR UPERATIONS OCCURRING
BEHIND THE MOON WHEN MSFN RELAY 1S NOT AVAILABLE.

CSM LUNAR ORBIT UNDOCKED

Aels IF REDUNDANCY 18 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 LANDINGs 1F LM RESCUE CAPABILITY 13 LOST PRIOR TO <3M 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 I5 TWO HUOURS
AND A RENDEZVOUS 1S ALREADY REQUIRED. ALSOs CONTINUING KEEPS THE MISSION ON  THE NOMINAL
TIMEL INE WHICH 15 EASIER TO PERFORM THAN A LM ABORT.

Ce THE RISK OF CONTINUING THE LUNAR STAY WITH LOSS OF REDUNDANCY [N THE CSM 15 NOT COMSIDERED
WORTH THE GAINe

LM PDL

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

LM POWERED DESCENT

Ae  EARLY IN POWERED DESCENT»s THE DPS WITH ITS REMAINING CONSUMABLES CAN BE RETAINED THROUGH
INSERTIONs HOWEVERs FROM A CONSUMABLES LIFETIME STANDPOINT» IT IS5 DESIRABLE TO CONTINUE
THE POWERED DESCENT TO PDI + 6+30 IN ORDER TO ACHIEVE A RENDEZVOUS TIME WHICH IS TWC HOURS
SHORTER . ,

Be DURING THIS TIME PERIODs THERE IS NO TIME ADVANTAGE TC ABORTING EARLY AND JT IS PREFERABLE
TO STICK TO THE NOMINAL TIMELINE IF POSSIBLE.

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

MISSION RULES
SECTION 1 = FLIGHT OPERATIONS

R ITEM

2=26

2=27

2428

LM LUNAR STAY

As AN ANYTIME LIFTOFF COULD RESULT IN LARGE PHASING ANGLES AND REQUIRE EXCESSIVE AMOUNTS OF
TIME TO RENDEZVOUS, THEREFOREs UNLESS THE CAPABILITY TO GET INTO ORBIT 1S BEING LOSTs IT IS
BETTER TO WAIT AND LIFTOFF WITH THE PROPER PHASINGe

Be THE CAPABILITY REMAINING SHOULD BE USED 7O RETURN TO THE CsM  RATHER THAN CONTINUE THE
MISSIONs THE GAIN OF CONTINUINGs DURING LUNAR STAY WITHOUT REDUNDANCY» IS NOT <CONSIDERED
WORTH THE RISK.

EVA

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

Ba REQUIRED FOR CREW SAFETY.

Ce REQUIRED FOR CREW SAFETYs 1 KM CONSTRAINT ON THE OPS OPERATIONAL RADIUS IS BASED ON THE
HEAT STORAGE CONSTRAINT ON THE CREWMANs THE 3 KM BSLSS OPERATIONAL RADIUS IS BASED ON OPS
02 CONSUMABLE CONSTRAINT FOR LOW PURGE FLOW.

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

Es THIS OKDER OF EGRESS/INGRESS WILL ASSURE THE COR WILL BE IN THE LEFT POSITION AND THE LMP
IN THE RIGHT POSITION FOR ASCENTs

Fe THE EvA CREWMAN MUST BE ABLE TO INGRESS RAPIDLY. THE TROUBLE SHUOTINGs REUUIRING THE
PRESSURIZATIONs COULD RESULT IN A SUIT PROBLEM REQUIRING 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 DEPLQYMENT.

Te TWO LIFE SUPPORT SYSTEMS ARE MANDATORY TO SWPPORT A CEVT SHOULD CSM/LM  DOCKING NOT BE
ACCOMPLISHED

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

K THE CAPASILITY TO ASCEND WITH THE PLSS ONBOARD 1S REWUIRED SHOULD AN ASAP ASCENT BE
REGQUIRED OR SOME PROBLEM ARISE PRECLUDING CABIN DEPRESS.

Le TWO GROUND COMMANDS ARE REWUIRED TO FIRE THE ASE MORTERs HOWEVERs THIS 1S CONSISTENT WITH
GOOD OPERATIONAL PRACTICEs

ASCENT

1T IS NOT CRITICAL THAT ASCENT BE ACCOMPLISHED ON THE NOMINAL ASCENT REV. IF A SYSTEM CRITICAL
FOR ASCENT IS LOST IT IS PREFERABLE TO DELAY ASCENT TO CBTAIN FULL SYSTEMS CAPABILITY.

MISSION REV] DATE SECTION GROUP PAGE

APOLLO 14 FNL]12/15/70Q] FLIGHT GENERAL
CPERATIONS 1=-4




NASA - Manned Spacecraft Center

MISSION RULES
SECTION 1 = FLIGHT OPERATIONS

ITEM

2=29

2~30

2=31

RENDEZVOUS

AsB THE LM ACTIVE RENDEZVOUS IS5 THE PRIME METHOD AND IS5 KNOWN BESTs ALSOs IT I5 BETTER TO USE
THE LM PROPULSION CONSUMABLES AS LONG AS POSSIBLE AND CONSERVE THE CSM PROPELLANTSe 1F PLANE
ERRORS WILL EXIST AT INSERTIONs IT 15 PREFERABLE TO PERFORM THE LONG RNDZ TO ALLOW TIME FOR A
MANEUVER TGO CORRECT THE PLANE ERROR.

RETENTION OF THE LM ASE STAGE

IF CRITICAL CSM SYSTEM REDUNDANCY IS5 LOSTs CONSIDERATION WILL BE GIVEN TO RETAINING THE LM ASC
STAGE TO PROVIDE THIS REDUNDANCY. THE DELTA VELOCITY RESERVED FOR WEATHER AVOIDANCE MAY BE
UTILIZED TO RETAIN THE NONIMAL RETURN TIME WITH THE ASC STAGE ATTACHED

TRANSEARTH COAST
As 70 LESSEN THME PO$SIBILITY OF A CM SKIPOUT OR TO PROVIDE CREW MINIMUM G LOADSe

Be IT 15 CONSIDERED SAFER TO GO INTO THE CONDITIONS ESTABLISHED THAN TO PERTURB THE TRAJECTORY
AFTER El = 24 HOURSs

Ce THE EARLIER THE MIDCOURSE CORRECTION THE LESS THE CORRECTION HAS TO BE AND THE MORE
EFFICIENT IT ISe

De SPS CONSUMABLES MAY BE USED FOR MCC § IF THE SM RCS CONSUMABLES BECOME CRITICALS

ALTERNATE MISSION
Al E.o'

IF A TLI 1S NOT PERFORMED A HIGH INCLINATION E«Qe MISSION WiILL BE DONE TO OBTAIN
PHOTOGRAPHS FOR EARTH RESOURCE PURPOSESs

Be LsQe
AN LOI WILL BE PERFORMED THOUGH NO LANDING IS POSSIBLE TO OBTAIN DESCARTES PHOTOGRAPHY.

Ce THE FIRST ORDER OF PRIORITY IN RETAINING OR JETTISIONING THE LM IS 7O EVALUATE 1IT7$
USEFULNESS IN PROIVIDING CRITICAL GAPABILITY THAT MAY 8E LOST IN THE CSMe IF A DPs TEl IS5
NOT TO BE PERFORMED THE LM SHOULD BE IMPACTED ON THE LUNAR SURFACE TO PREVENT POTENTIAL
COLLIS1ON PROBLEMS IN FUTURE MISSIONs IF THE LM IS RETAINED FOR TEls THE PREFERED METHOD OF
DISPOSAL 15 OCEAN IMPACT TO PLACE THE RTG/ POSSIBLE LM FRAGMENTS FRQOM IMPACTING NEAR
POPULATED LAND AREASe THE THIRD CHOICEs REMIAN IN LOss WILL EXIST IF IMPACT IS NOT
POSSIBLE: 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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NASA - Manned Spacecraft Center

MISSION RULES
SECTION 2 = GROUND SUPPORT INSTRUMENTATION/COMMUNICATIONS

ITEM

-

4=2A

4=2B

4=4AL

4=6A2

4=48

4=54

4=58

4=5¢C

4=5E

4=6A

4=6C

G=BA

4=-88

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

ONE PCM GROWND STATION I§ REQUIRED TO DRIVE THE STRIP CHART RECORDERS WHICH DISPLAY MANDATORY
§/V ANALOGS AND EVENTS»

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

BOTH 1U AND CMC TELEMETRY VECTORS ARE REQUIRED TO INSERTION PLUS 60 SECONDS FOR DETERMINATION OF
THE TRAJECTORY AND ORBITe AN ORBIT GO/NO GO WILL BE MADE BASED ON THIS DATA.

RTCC DATA SELECT CAPABILITY IS5 MANDATORY FOR SELECTION OF THE BEST AVAILABLE DATA SOURCE FOR
PROCESSING.

EITHER THE FD LOOP OR AFD CONF LOOP 15 MANDATORY FOR USE AS THE PRIME MCC INHOUSE VOICE LOOF FOR
MISSION CONTROL«

ACCESS TO AT LEAST ONE OF THE PRIME OIS CONTROL CIRCUITS IS MANDATORY FOR COORDINATION OF THE
TERMINAL COUNT MCC=PAD ACTIVITIESS

ONE DIRECT VOICE CIRCUIT TO THE RSO 15 REQUIRED FOR TRAJECTORY VERIFICATION AND BOOSTER SAFINGe

ONE A/G PATH VIA GSFC IS REWUIRED TO ALL LAUNCH PHASE REMOTED SITES AND TO AT LEAST TwWO REMOTED
SITES PER REVOLUTION THROWGH REV 3 FOR VOICE COMMUNICATION WITH THE FLIGHT CREW.

ONE 1BM 260/75 IS MANDATORY TO PERFORM AS THE MOC FOR THE PROCESSING OF MANDATORY S/V PARAMETERS
AND TRAJECTORY DATA

ONE UNIVAC 494 IS 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 AZ 1S MANDATORY TO PROVIDE UNINTERRUPTABLE POWER FOR THE D/Tv DATA DISTRIBUTORS AND 20
SECONDS INTERRUPTABLE POWER FOR THE VSM,

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

MISSION RULES
SECTION 2 = GROUND SUPPORT INSTRUMENTATION/COMMUNICATIONS

ITEM

o o

4=80

HmGA

4=9B1

4=982

4«983

4mQB4

4=981

490

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

TEN D/TV CHANNELS ARE MANDATORY TO PROVIDE DISPLAYS TO MOCR F/Ct's OF MANDATORY &7V PARAMETERS
DURING THE LAUNCH PHASEs

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

THE GAMMA VSe V PLOT 15 MANDATORY ON AT LEAST ONE DISPLAY SYSTEM TO PROVIDE FDO THE NECESSARY
INFORMATION REGUIRED TO CALL ABORTS BASED ON LV BREAKUPs

THE RFO LAUNCH DIGITALS ARE MANDATORY ON D/TV TQ PROVIDE A MONITOR FOR MODE 111 AND MODE IB
MANEUVER DATA.

DISPLAY OF THE GAMMA (EI) VS« VI(EI} PLOT IS MANDATORY TO MONITOR FOR GeLIMIT VIOLATIONS DURING
LAUNCH OR ABORT.

DISPLAY OF THE INSERTION/INJECTION DIGITALS ON THE D/TV 1S MANDATORY TO PROVIDE A BASIS FOR
MAKING A GO/NO GO DECISION ON THE CSM G&ENe

THE VSM 1S MANDATORY TO PROVIDE REQUIRED D/TV OPERATION.

M1SSION REV | DATE SECTION GROUP PAGE
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NASA - Manned Spacecraft Center

MISSION RULES
SECTION 2 = GROUND SUPPORT INSTRUMENTATION/COMMUNICATIONS

-

ITEM

o e e

I+=10A

=108

hv=10CY

=118

=128

=120

4=~138

4=13C

4130

4mld

A&B

4=15
A BEC

ONE GSFC UNIVAC 454 COMMUNICATIONS PROCESSOR 15 MANDATORY TQ THROUGH PROCESS MANDATORY S/V
PARAMETERS TO THE MCC CCATS.

ONE WBD (5040 KBPS) LINE IS5 MANDATORY BETWEEN GSFC AND MCC FOR THE TRANSMISSION OF MANDATORY S/V
PARAMETERS »

ONE INCOMING {JJ) TTY CIRCUIT FROM GSFC TO MCC 15 MANDATORY FOR THE TRANSMISSION OF LOW=SPEED
RADAR DATA.

ONE SOURCE OF RECEIVING USB TM 1S MANDATORY TO PROVIDE MANDATORY CS5M PARAMETERSs

[U €CS (DP=18) OR IU VHF {DP=1) TELEMETRY IS MANDATORY TO MONITOR SIvB BULKHEAD DELTA PRESSURE
FOLLOWING S/C SEPARATION DURING TD&Ees CSM USB TELEMETRY IS MANDATORY FOR ABORT CUES TO MCC FROM
LIFTOFF THROUGH $~1vB CUTOFF PLUS 60 SECs

VHF OR USB A/G VOICE 15 MANDATORY FOR MCC ABORT GQUES THRQUGH INSERTION PLUS 60 SECONDS.

ONE IU TM DOWNLINK IS REQUIRED TWICE PER REVOLUTION THROUGH REV 3 TQ PROVIDE SIVB SYSTEMS DATA
TO SUPPORT A TLI GO/NO GO. CSM USB TM 1S MANDATORY TWICE PER REVOLUTION THROUGH REV 3 7O PROVIDE
CSM SYSTEMS DATA TO SUPPORT A TLI GQ/NO GO»

USB TRACKING CAPABILITY AT AT LEAST TWO MSFN STATIONS PER REVOLUTION 1§ REWUIRED THROWGH REV 3
TO PROVIDE A TRAJECTORY BASE FOR TLI MANEUVER PLANNING.

A/G COMMUNICATIONS (VHF OR USB) AT TWO MSFN STATIONS PER REVOLUTION 1S 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 OURING ' POST §/C
SEPARATIONs CCS COMMAND 1S MANDATORY TG PROVIDE CORRECTIVE CAPABILITY FOR AN S1VB BULKHEAD DELTA
PROBLEMS DURING TDEEs

CSM USB TELEMETRYs TRACKINGy AND VOICE SUPPORT MUST BE AVAILABLE AT TWO 85 FOOT STATIONS TO
PROVIDE MANDATORY SUPPORT DURING TLC AND LPOs

fuission  Rev [oate  bection 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)

1.

TWO-WAY VOICE COMMUNICATIONS BETWEEN SPACECRAFT,
A DEFINITION OF LOSS

TWO=WAY SPACECRAFT TO SPACECRAFT VHF VOICE COMMUNICATIONS IS CONSIDERED LOST WHEN NO
TWO=WAY VOICE COMMUNICATIONS BETWEEN SPACECRAFT CAN BE OBTAINED IN ANY OF THE FOUR VHF
VOICE CONFIGURATIONS.

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

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 SIiGHTe
SINCE CREW COORDINATION PLAYS A LARGE PART IN PERFORMING A RENDEZVOUS» WE WILL
NOT COMMIT TO A RENDEZVOUS WITHOUT THE CAPABILITY TO PERFORM THIS COORDINATIONe
HOWEVERs AFTER PERFORMING A MANEUVER THAT COMMITS THE LM TO A RENDEZVOUSs THE
LOSS OF VHF COMMUNICATION BETWEEN THE SPACECRAFT 1S NOT SUFFICIENT JUSTIFICATION
FOR MISSION TERMINATIONs

(B) POWERED DESCENT = VEWICLE 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 CQNF!GURATION Is
MSFN RELAY» THE LUNAR STAY NEED NOT BE ABORTEDs DEPENDING ON THE VHF FAILURE
MODEs EVA ACTIVITIES MAY STILL BE POSSIBLE.

(D) EVA = FOR A TWO=MAN EVA» VHF VOICE BETWEEN ONE EVA CREWMAN AND THE LM 15
NECESSARY FOR EVA TO MSFN AND MSFN TO EVA COMMUNICATIONS. THIS LINK ENABLES THE
GROUND CONTROLLERS TO INFORM EvA CREWMAN OF LM AND EVC(S/PLSS OPERATING STATUS.
LOSS OF THIS LINK COULD COMPROMISE CREW SAFETY.

(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 YHFe SINCE THE LM IS NORMALLY THE ACTIVE VEMICLEs» 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 GO0oD
S~BAND VOICE COMMUNICATIONS WITH THE MSFN» THEN AN UNDOCKING AND STATION KEEP ING
TYPE MISSION WILL BE CONSIDEREDe DUE TO CONTINUOUS VEHICLE TO VEHICLE
COORDINATION REGQUIRED DURING RENDEZVOUS» (SM CIRCULARIZATION WILL NOT BE
PERFORMED IF VHF 1S LOST. DURING LUNAR STAYs A ONE=-MAN EVA CAN BE PERFORMED IF
EVCS TO EVCS VOICE COMMUNICATIONS THROUGH THE SPACECRAFT 15 POSSIBLE.

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

As DEFINITION OF LOSS

IF WHILE IN LINE OF SIGMT 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»s THEN TWO~WAY S5-BAND VOICE COOMMUNICATIONS BETWEEN THAT VEHICLE AND THE MSFN I3
CONSIDERED TO BE LOST. .
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NASA - Manned Spacecraft Center

MISSION RULES
SECTION 2 = GROUND SUPPORT INSTRUMENTATION/COMMUNICATIONS

—

ITEM

20-1A
CONT.

20~18

20=1¢C

Be GENERAL OPERATIONAL IMPACT

LOSS OF ONE VEHICLE'S 5~BAND FORCES THAT VEHICLE TO COMMUNICATE WITH THE MSFN VIA RELAY
THROUGH THE REMAINING VEHICLEs IN ADDITIONs VEHICLE TO VERICLE COMMUNICATION IS CONSTRAINED
TO LINE OF SIGHT MISSIiON PERIODS WHICH 1S AS LITTLE AS 20 MINUTES PER LUNAR REVOLUTION
DURING THE LUNAR STAY MISSION PHASEe SHOULD THE REMAINING VEHICLE LOSE ITS 5=BAND
CAPABILITYs 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)
tl1) NOMINAL MISSION

(A7 UNDOCKING THROUGH PDI AND LUNAR STAY = THE SPACECRAFT WHICH HAS LOST 5=8AND
VOICE COMMUNICATIONS WILL BE COMMITTED TO ONLY 20 MINUTES OF MSFN CONTACT PER
REVe DURING LUNAR STAY OPERATIONS. THIS LIMITED CONTACT COMPROMISES GROUND
CONTROLLER CAPABILITY TO INFORM THE GREW OF POTENTIALLY HAZARDOUS MISSICN OR
SPACECRAFT SITUATICNS.

{8) LO GATE TO TOUCHDOWN = A COMMUNICATIONS FAILURE DURING THIS PERIOD 15 NOT
SERIOUS ENOUGH TO WARRANT THE HAZARDS INVOLVED IN AN ABORT OPRERATION wlTHOUT
S=~BAND VOICE COMMUNICATIONS.

(€1 RENDEZVOUS AND DOCKING -= A LM ACTIVE RENDEZVOUS AND DOCKING 1S STILL

PERFORMED SINCE SPACECRAFT TO SPACECRAFT COMMUNICATIONS IS STILL AVAILABLE VIA
VHFs S=BAND RELAY WILL ALLOW THE MALFUNCTIONING SPACECRAFT TO TALK TO THE MSFiNe

(2) ALTERNATE M1SSIONS
IF ONLY LM SwBAND COMMUNICATIONS. 15 LOST AND VHF COMMUNICATIONS IS AVAILABLE
BETWEEN SPACECRAFTs ALTERNATE MISSIONS WHICH DO NQT COMMIT THE LM AND CSM TO A

RENDEZVOUS MAY BE PERFORMEDe IF CSM S=BAND 1§ LOSTs NO ALTERNATE MISSION WILL BE
PERFORMED WHICH JEOPARDIZES AVAILABILITY OF LM 5=~BAND COMMUNICATICNS FOR TECs

NOTE=~==1.0S5 OF GNE OR BOTH CSM TRANSPONDERS wHICH WOULD MEAN NO REDUNDANCY OR
COMPLETE LOSS OF CSM/MSFN COMM WQULD REGWUIRE UTILIZATION OF THE LM FOR COMM
DURING TRANSLUNAR COAST.

LAUNCH
THERE ARE NO COMMUNICATIONS FAILURES FOR WHIGH THE LAUNCH/INSERTION PHASE WILL BE TERMINATED.
As DEFINITION OF LOSS

SPACECRAFT TO MSFN COMMUNICATIONS 1S5 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 IS5 NOT AS HAZARDOUS

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

POWERED DESCENT ADDITIONAL REQUIREMENTS

LM VOICE REGUIRED TILL LO GATEs THERE ARE NO C5M COMMUNICATIONS SYSTEMS FAILURES FOR WHICH LM
POWERED DESCENT WILL BE TERMINATED.

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

FROM PDI IGNITION TO TOUCHDOWN» THE FLIGHT CONTROLLERS HAVE THE PRIME RESPONSIBILITY FOR
IDENTIFYING SLOW DIVERGENCES IN THE GUIDANCE SYSTEMS (PNGS AND AGS). MEASUREMENT ACCURACIES
ARE SUCH THAT THE MSFN CAN DETERMINE PRIOR TO LO GATE THAT THERE ARE NO SLOW TRENDS IN
E1THER GUIDANCE SYSTEM THAT WOULD PREGLUDE USING EITHER SYSTEM TO LO GATEs OBVIOUSLYs TO
ADVISE THE CREW OF THE ABOVE DETERMINATION» VOICE COMMUNICATIONS WITH THE LM MUST BE
MAINTAINED TO LO GATEs
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20~-2
AGB

LUNAR STAY ADDITIONAL REQUIREMENTS

1.

2a

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 CREWMEN.
As 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 MOSTILE ENVIRONMENT AND THE LACK OF READILY AVAILABLE BACKUP
HARDWARE «

Be SPECIFIC OPERATIONAL IMPACT (REFERENCE SPECIFIC MISSION RULE 20=16 THRU
20~21)

FOR LOSS OF VOICE COMMUNICATIONS BETWEEN CREWMEN (EITHER EVA=1 TO EVA~2 OR EVA=2 TO EVA=1)»s
THE MISSION MAY BE CONTINUED SINCE THE CAPABILITY STILL EXISTS TO COMMUNICATE BETWEEN
CREWMEN VIA THE LM. THE LOSS OF THE RELAY CAPABILITY IN THE LM WILL RESTRICT THE FLIGHT
PLAN TO A ONE=MAN EVA SINCE A DUAL EVA WOULD RESULT IN THE LOSS OF ALL MSFN TO CREWMAN
COMMUNICATIONS

TH1S ITEM DUCUMENTS THE PRIME AND ALTERNATE COMMUNICATION MODES FOR BOTH A DUAL AND SINGLE EVAa
THE PRIME MUDES ARE DESIGNED TO ALLOW DUPLEX VOICE BETWEEN EVA'S» VOICE COMMUNICATIONS BETWEEN
THE EVA CREWMEN AND THE MSFNy» AND THE TRANSFER OF EVA DATA FROM BOTH (REWMEN TO THE MSFN. THE
BACKUP MODES ARE DESIGNED TOQ ALLOW ODUPLEX VOICE BETWEEN THE EVA'Sy VOICE COMMUNICATICNS BETWEEN
THE EVA CREWMAN AND THE MSFNs AND DATA FROM ONE EVA CREWMAN.
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ITEM

ZOHTITO ITEMS 20~7 THROUGH 20=10 QOCUMENT THE MANNER LN WHUCH THE COMMUNICATIONS SYSTEMS WILL BE
MANAGED FOR' THIS MISSION AND THEREFORE ARE PROGEDURAL IN NATURE AND REQUIRE NO RATIONALES
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MISSION RULES
SECTION 2 - GROUND SUPPORT INSTRUMENTATION/COMMUNICATIONS

1TEM

PSP |

20-13

20=14

20-15

20-1§|
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 TRE VEHICLES ARE
SEPARATED ENOCUGH TO HAVE COMMITTED TO A RENDEZVOUSs LACK OF COMMUNICATIONS 1S 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 TD AND E TO REESTABLISH COMMUNICATIONS VIA THE LMs EVEN THEN THE LOI MANEUVER WQULD NOT
BE PERFURMED.

LOSS OF CSM/MSFN COMMUNICATIONS POST=TLI WILL NOT BE CAUSE FOR AN ABORT BUT IT WILL NO GO LOl.
COMMUNICAT IONS WOULD BE ESTABLISHED B8Y POWERING UP THE LM TO ACCOMPLISH A CIRCUMLUNAR FLIGHT BUT
THE ADDED RISK OF LOJ 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=C.

NOTE=-~FOR 20~14As 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 AUDIC CENTER CAN PROVIDE THE REQUIRED
COMMUNICATIONSs TLI WILL NOT BE PERFORMED SINCE THE LOSS OF THE REMAINING AUDIO CENTER WOULD
RESULT IN A TOTAL LOSS OF C5M COMMUNICATIONS. ALTHOUGH THE LM COQULD BE USED FOR VOICEs IT HAS
NOT BEEN EXTRACTED OR CHECKEDR OUT PRIOR TO TLI.

AFTER TLI HAS BEEN PERFORMEDs THE MISSION WILL BE CONTINUED BUT IS5 NQ GO FOR LOI WITH THE LOSS
OF TWO AUDICU CENTERSe UNDOCKING WILL NOT BE PERFORMED BECAUSE OF POSSIBLE LOSS OF CSM/MSFN
COMMUNICATLONSs HOWEVERs ONCE POWERED DESCENT 1S INITIATED 1T WILL BE CONTINUEDs IN ALL CASES,

IN EVENT OF LOSS OF TWQ CSM AUDIO CENTERS, THE LM WIkL BE RETAINED FOR POSSIBLE BACKUP
COMMUNICATIONS.

EVA~EVA COMM

Ao DEFINITION OF LOSS
VOICE FROM EvA TO EVA 15 CONSIDERED LOST IF ONE EVA CANNOT RECEIVE THE OTHER.
Be GENERAL OPERATIGNAL IMPACT

THE L.0$S OF VOICE FROM EVA-TO-EVA REQUIRES A CHANGE IN COMMUNICATION MODES. BECAUSE THE EvCs
OPERATES ON DUPLEX ONLYs DUPLEX VOICE MUST BE RE=ESTABLISHED FOR SAFE LUNAR SURFACE OPERATION.

Ce SPECIFIC OPERATIONAL IMPACT
(1) LOSS OF VOICE FROM EVA~2 TO EVA-) (REF MISSION RULE 20~16).

IN THE DUAL EVA PRIME MODE» EVA=2 TALKS TO EVA=l ON THE 27940 MHZ (FM) LINKe
THEREFOREs» A LOSS OF VOICE FROM EvA=2 TO EVA-1 REQUIRES A CHANGE TO A BACKUP
MODE, EVA=1 REMAINS IN THE AR COMM SWITCH POSITION AND EVA=2 SWITCHES 7O B
POSITION TQ RE=ESTABLISH DUPLEX COMMUNICATION.

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

IN THE DUAL EvA PRIME MODEs EVA~L1 TALKS TO EVA=2 ON THE 2597 MHZ {AM) LINKs
THEREFOREs A LOSS OF VOICE FROM EVA=l TO EVA~2 REQUIRES A CHANGE TO A BACKUP
MODEe EVA=L SWITCHES TO B AND EVA=2 SWITCHES TO- A TO RE=ESTABLISH ' DUPLEX
COMMUNICATION.
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MISSION RULES
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ITEM

20-18
20=21

20~19
20=-20

EVA DUPLEX COMM

Ae DEFINITION OF LOSS

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

Be GENERAL OPERATIONAL IMPACT

THE LOSS OF DUPLEX VOICE INDICATES LOSS OF DIRECT COMMUNICATION BETWEEN THE TwO CREWMEN.
SUBSEQUENT FAILURES IN THE LM COULD RESULT IN THE COMPLETE ISOLATION OF EACH CREWMAN: THE EVCS
OPERATES ON DUPLEX ONLY BETWEEN THE TWO CREWMANs THEREFOQRE: DUPLEX VOICE IS MANDATORY FOR SAFE
LUNAR SURFACE OPERATION

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

FOR DUAL OPERATION ON THE LUNAR SURFACEs THE CREWMEN REGUIRE EVA=TO~EVA VOICE TO CONDUCT
SAFE LYNAR OPERATIONSs THIS CAN BE ACCOMPLISHED EITHER IN THE PRIME MODE+ OR BACKUP MODES.
1F THE EVA TO EVA OUPLEX VOICE COMMUNIGATION CANNOT BE ESTABLISHED THE EVA MUST BE
TERMINATED .

(2} "ALTERNATE EVA =~ ONE MAN (REF MI$SION RULE 20-21)

FOR A ONE=MAN EVA» THE EVA AND LM CREWMEN REQUIRE DUPLEX VOICE BETWEEN EACH QTHER FOR SAFE
LUNAR SURFACE OPERATIONSe THIS CAN BE ACCOMPLISHED ELTHER IN THE PRIME OR BACKUP MODE. IF
DUPLEX VOICE COMMUNICATION CANNOT BE ESTABLISHED» THE EVA MUsST BE TERMINATED.

EVA=MSFN COMM

Ae DEFINITION OF LOSS

TWO~WAY VOICE BETWEEN MSFN AND CREWMEN 1S CONSIDERED LOST IF TWO=WAY VOICE . CANNOT BE ESTABLISHED
BETWEEN MSFN AND EITHER OR BOTH OF THE CREWMEN.

Ba GENERAL OPERATIONAL IMPACT

THE LOSS OF TWO=WAY VOICE BETWEEN MSFN AND BOTH CREWMEN 15 UNACCEPTABLE FOR SAFE LUNAR SURFACE
OPERATIONS+ SUBSEGUENT FAILURES IN EITHER EMY UNITS OR THE LM NQTICED BY MSFN CANNOT BE RELAYED
TO THE CREWMENe

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

FOR DUAL OPERATION ON THE LUNAR SURFACE, TWO-WAY VOICE BETWEEN MSFN AND ONE
EVA 15 MANDATORY FOR SAFE LUNAR SYRFACE OPERATIONe IF THE PRIME EVCS MODE IS
LOSTs A BACKUP MODE IS NECESSARY TO CONTINUE THE EVAe SIMPLEX VOICE THRQUGH
THE LM 15 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 OTHERs 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 OPERATIONS. IF THE PRIMARY EVCS MODE IS
LOSTs A BACKUP MODE IS NECESSARY TO CONTINUE EVAe IF TWO=WAY VOICE WITH MSFN
CANNOT BE RE~ESTABLISHED» THE EVA MUST BE TERMINATED.
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MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

5=1
A»BEC

TERMINATION OF THE LAUNCH PHASE

COMMENTS

THE ACCEPTABLE TRAJECTORY ENVELOPE 1S DEFINED 8Y A VEHICLE BREAKUP LINEs» AN ABORT
V4G LIMITe AND A PREENTRY SEQUENCING TIME REQUIREMENT.

1 LAUNCH VEHICLE BREAKUP 1S5 CAUSED BY CONTROL OR GUIDANCE SYSTEM FAILURES
WHICH RESULT IN EXCESSIVE ANGLE OF ATTACK AND AERQDYNAMIC LOADING ON THE
LAUNCH VEHICLE ANDG SPACECRAFTe THE FIRST STRUCTURAL FAILURE OCCURS AT THE
CM/SM TENSION TIES AND 1S FOLLOWED SHORTLY BY LAUNCH VEHICLE BREAKUP: THE
LIMIT LINE IS BIASED BY 8 SECONDS FOR DATA SYSTEM DELAYS AND REACTION TIME.

Ze THE ENTRY ''G'' LOAD RESULTING FROM A LAUNCH ABORT IS LIMITED TO 16 ''G''s

3e THE NORMAL MINIMUM PREENTRY SEWUENGCING TIME (TFF) REQUIREMENT 15 DEFINED BY
THE TIME REWUIRED FOR=——

(A} DATA SYSTEM DELAY
(B) COMMUNICATIONS DELAY
(C}  J=2 TAILOFF
(D) C5M/5=1vB SEPARATION
{E) 2=SECOND SPS BURN (IF REQUIRED FOR RATE DAMPING)
[F) SM JETTISON
(G} MANEUVER CM TQ ENTRY ATTITUDEs
THE SUM OF THE REWUIRED TIMES PLUS AN OPERATIONAL PAD RESULTS IN 100 SECONDS
AS THE LIMITs THE NOMINAL TRAJECTORY MAINTAINS MORE THAN 180 SECONDS AFTER
TOWER JETTISONs
PARTICIPATION

FLIGHT DYNAMICS OFFICER

FLIGHT DIRECTOR

CAPCOM

FLIGHT CREW

DATA SOURCES

A

Ce

PROCEDURE

Ao

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

ENTRY '1G'' LIMIT = GAMMA El vSe VEI ON MSK 0041 AND ON 5$R PLOTBOARD 3.

PREENTRY SEQUENCE TIME =~ FDO LAUNCH DIGITALSs MSK 0043y TFF V5e¢ RIP ON MSK
0333 AND SSR PLOTBOCARD 2.

INDICATION

TRAJECTORY TRACE DEVELOPS TREND TOWARD ANY ONE OF THE LIMITS.
ACTION

le GO TO YELLOW STATUS

24 IF TIME PERMITSs BRIEF FD ON CONDITION.

3e GO RED IF CONDITION WORSENSs

b GIVE FD MARKs TRANSMIT ABORT REQUEST AT VIOLATION OF LIMIT.
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 COL CAPABILITY TO BE LOS&T AFTER
IT HAS BEEN ACHIEVED AND CONSEQUENTLY WILL NOT RESULT IN A V150" ORBITe THESE FAILURES ARE

CAUSED BY GUIDANCE PROBLEMS AND RESULT IN LARGE FLIGHTPATH ANGLE EXCURSIONS
VIOLATING A RATE LIMIT.

WITHOUT

vs IS AN IMPULSIVE COMPUTATION OF THE DELTA V REQUIRED TO ACHIEVE A SAFE OQRBIT. BY
TERMINATING POWERED FLIGHT WHEN V$ 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

COI CAPABILITY ALREADY GAINED. DEPRESSED TRAJECTORIES RESULTING FROM THESE TYPE
OFTEN RESULT IN LAND IP'S WITH MARGINAL OR INSUFFICIENT FREE FALL TIME TO PERFORM
111 MANEUVERSs
PARTICIPATICN
FLIGHT DYNAMICS OFF1CER
FLIGHT DIRECTOR
CAPCOM
FLIGHT CREW
DATA SOURCES
GAMMA VS, VS DISPLAY
FDO LAUNCH DIGITALS

PROCEDURE

A INDICATION = EITHER VS ON GAMMA v§ VS BEGINS TO INCREASE OR v/Vv§ ON DIGITALS
BEGINS TO PECREASES.

Bae ACTION
le GO TO YELLOW STATUS
2 BRIEF FD IF TIME PERMITS
3 GO TO RED IF DIVERGANCE CONTINUES

bGe GIVE FD MARK AND TRANSMIT ABORT REQUEST

5 CAPCOM WILL RELAY MARK AS SECOND CUE

FAILURES
A  MODE
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ITEM

TERMINATION OF THE LAUNCH PHASE

COMMENTS

ONCE THE LV HAS INSERTED THE SPACEGRAFT INTOQ ORBIT» ANY CONTINUED THRUSTING BEYOND THE
INSERTION POINT WILL PLACE THE S$/C INTO INCREASINGLY ''QOFF NOMINAL'' ORBITS FROM WHICH A
TLI CANNOT BE PERFORMEDs

THE TIMES REQUIRED TO ''Al* RECOGNIZE AND VERIFY AN OVERSPEED CONDITION ''B''  TRANSMIT A
REQUEST TO THE CREW TO TERMINATE §=~1VvB THRUSTINGs AND 1'C'' THE TIME REQUIRED FOR THE CREW
TO ACTUALLY TERMINATE THRUSTING ARE AS FOLLOWS===

(A) = 8 SECS (RECOGNIZE AND VERIFYla

gy = 8 SECS (REQUEST CUTOFF )«

cy = 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 $/C INTC AN ORBIT INSTANTANEQUSLY CHARACTERIZED BY AN HA OF
200 Ns Me THIS THEN BECOMES THE OVERSPEED LINE OF THE PLOTBOARD FOR WHIGH THE Lv WwILL BE

MANUALLY SHUT DOWN, AS THE BOOSTER WILL THRUST FOR AN ADDITIONAL 16 SECS BEFORE SHUTDOWN
CAN BE EFFECTEDs THE $/C AND SLV WILL END WP IN AN ORBIT CHARACTERIZED BY AN HA = 350,

PARTICIPATION

DATA

GDO

FDO

FD

CAPCOM

FLIGHT CREW

SOURCES

A GAMMA VS5s V PLOTBOARD

B GUIDANCE OFFICER

PROCEDURE

As INDICATION = TRAJECTORY TRACE MOVES BEYOND NOMINAL INSERTION CONDITIONS TO
200 NeMs LINE AFTER THE NOMINAL TIME OF GUIDANCE CUTOFF.

Be ACTION = FDO WILL IMMEDIATELY INFORM THE FD THAT ''WE ARE OVERSPEED'' AND
VIREQUEST SHUTDOWN''s THE CREW WILL THEN ATTEMPT SHUTDOWN VIA THE S~iVB/S-I1l
STAGING SWITCH OR THE THC IF THE SWITCH SHOULD FAIL TO EFFECT <C/0. SHOULD
THE THC NOT YIELD C/0 CONDITIONS» THE FDO WILL VIA A VERBAL <CODEs REQUEST
THE RSO TO TRANSMIT MFCO.
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SECTION 2 ~ TRAJECTORY AND GUIDANCE

ITEM

5=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
RESULTs THIS ATMOSPHERIC HEATING WEAKENS THE STRUCTURAL INTEGRITY OF THE S§M» SLA» AND
DETERIORATES THE RELIABILITY OF THE PYROTECHNICS SURROUNDING THE SM AND THE StA.
PARTICIPATION
GDOs FDOw FDs CAPCOMy FLIGHT CREW
DATA SOURCE
GAMMA VSa V PLOTBOARD
PROCEDURE
As INDICATION«
TRAJECTORY TRACE DEVIATES TOWARD THE EXI1T HEATING LINEs
B ACTION.
le GO TO YELLOW STATUS.
2e IF TIME PERMLITS» BRIEF THE FDe
3 GO TO RED STATUS IF CONDITION WORSENS.
ba GIVE FD ''MARK''s TRANSMIT ABORT REWUEST UPON VIOLATION OF EXIT HEATING LIMITe

Sa CAPCOM WILL RELAY *YMARK'' AS THE REQUIRED SECOND ABORT QUE.
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ITEM

5=16

TERMINATION OF LAUNCH PHASE FOR DECREASING ALTITUDE.

COMMENTSme==

SHOULD THE $LV EXPERIENGE A PREMATURE CUTOFF DURING THE LAUNCH PHASE VARIOUS ABORT MODES
ARE AVAILABLE TO EFFECT A SAFE RETURN OF THE 5/Cs TH1S SAFE TRAJECTORY ENVELOPE 1S FURTHER
MAINTAINED BY TAKING EFFECTIVE ABORT ACTION BEFORE THE SLV ENTERS AN UNSAFE REGIONe ONE
CONCERN 1§ THE AMOUNT OF TIME REQUIREDs ONCE ABORT ACTICN HAS BEEN TAKEN» TO '1SHAPE'!t THE
ABORT TRAJECTORY AND PREPARE THE $/C FOR ENTRY. SHOULD A THRUSTING MANEUVER BE REWUIRED TO
EFFECT THIS !'SHAPING''s SUFFIGIENT TIME MUST BE PROVIDED AT THE COMPLETION OF THIS
MANEUVER FOR ENTRY PREPARATICNSs THIS TIME 15 CALLED TFF (TIME OF FREE=FALL)4AS LONG AS THE
LAUNCH TRAJECTORY ALTITUDE PROFILE REMAINS ABOVE APPROXs 80 NeMe THIS TEF CanN  BE
MAINTAINEDs SHOULD» HOWEVERs A DECREASING TREND [N ALT]TUDE BE OBSERVED TFF MINIMUMS CANNOT
BE GUARANTEEDe THIS IS ESPECIALLY TRUE IF THE CURRENT FREE FALL IMPACT POINT 1§ ON A LAND
MASS. IN TH1S CASE THE TIME REWUIRED TO SHAPE THE TRAJECTORY (THRUSTING MANEUVER TIME)
INCREASES NON~LINEARTY TO A POINT WHERE A LAND IMPACT CANNOT BE AVOIDELC.

PARTICIPAT JONmm=

FDOs FD» RFOs» CAPCOM
DATA SOURCES===

LAUNCH DIGITALSs H VS D

PROCEDURE=~=

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

SECTION 3 = TRAJECTORY AND GUIDANCE

1TEM

HOLD LES UNTIL MODE Il CAPABILITY 1S ESTABLISHED

COMMENTS
MODE I1 ABORTS REQUIRE A MINIMUM TIMEs BETWEEN ABORT AND DYNAMIC PRESSURE = 1é PSFy OF 100
SECONDS FOR ORIENTATION TO ENTRY ATTITUDEs A TFF OF 80 SECONDS TO 300K FEET PROVIDES THE
REWUIRED TIME. THEREFOREs THE PREVIOUS ABORT CAPABILITY, LESs SHOULD NOT BE ABANDONED PRICR
TO ACHIEVING THAT CAPABILITYs DEPRESSED TRAJECTORIES CAN RESULT IN NOT MEETING THIS
REQUIREMENT BY THE NOMINAL LES JETTISON TIME.
PARTICIPATION
FLIGHT DYNAMICS QOFFICER
FLIGHT DIRECTOR
CAPCOM
FLIGHT CREW

DATA SOURCE
PRIMARY» FDO LAUNCH DIGITALSs MSK 41
SECONDARYs TFF VSa RIP DISPLAYs MSK 333

PROCEQURE
As INDICATION

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

B ACTION

FDO ANNOUNCE OVER FLIGHT DIRECTOR LOOP» ''TRAJECTORY 15 LOW HOLD TOWER
JETT''s CAPCOM RELAY SAME REPORT TO CREW OVER AIR TO GROUND L.OOP» CREW DELAY
TOWER JETTISONs WHEN TFF EXCEEDS 80 SECONDS» FDC  ANNOUNCE OVER FLIGHT
CIRECTOR LOOP ''GC FOR TOWER JETT!!, CAPCOM RELAY TO CREWs CREW JETTLISON
LES.
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WMISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

R ITEM

5=3A

MODE Il¢
COMMENTS

A

Ba

De

Ee

MODE I11s Ills IVy APOGEE KICK
I11s IVe APOGEE KICK

THE GROUND HAS THE CAPABILITY GF SELECTING THE BEST OF FIVE DATA SOURCES
(APLs SAT» USBs 1P RAW» SHIP C=BAND)} AND AS SUCH 18 IN THE BEST POSITION TO
EVALUATE THE PERFORMANCE OF THE CMC AND ANY REQUIRED ABORT OR COI MODE. FOR
MODE IV MANEUVERS» PROCEDURES HAVE BEEN DEVELOPED S0 THE CREWs UPON
RECEIVING A MODE 1V RECOMMENDATION AND A GO EVALUATION OF THE CMCy  CAN
PERFORM A MODE IV MANEUVER WITHOUT ASSITSTANCE FROM THE GROUNDe IN THE EVENT
THE CMC 1§ DECLARED NO~GO FOR MODE IV MANEUVERSs THE GROUND WILL ASSUME
RESPONSIBILITY FOR SUPPORTING DATA REWUIREDs

MODE IV'S EXECUTED WITH THE CMC WILL BE PLANNED FOR 1e5 MINUTES AFTER S=IVvB
C/0s A GROUND COMPUTED BACKUP SOLUTION WILL BE AVAILABLE FOR EXECUTION AT
2+05 FROM $=1VB C/0s

THE GROUND WILL BE PRIME FOR COMPUTATION OF MODE I1{ ABORT MANEUVERS BECAUSE
THE CMC IS NOT ADEQUATELY CONFIGURED TO <COMPUTE OR MONITOR MODE 11l
MANEUVERS WITHOUT GROUND ASSISTANCE.

APOGEE KICK MANEUVERS W{LL BE USED WHEN THEY PROVIDE A CONSIDERABLE DELTA vV
SAVINGS OVER MODE IV SCLUTIONSe THIS LIMITS USE TO HIGH FLIGHT PATH ANGLE
DISPERSED CUTOFFS. THE CMC WILL BE PRIME FOR COMPUTATIONs THE GROUND  WiLL
PROVIDE APOGEE TIME TO AID CREWe IF THE CMC 15 NO=GOs THE GROUND WILL
PROVIDE A COI PAD.

AS LONG GEN IS ''GO''s THE GREW WILL HAVE A MORE IMMEDIATE CAPABILITY TO
DETERMINE S«IVB OVERSPEED CONDITIONSe [N ORDER TO'CONSERVE TLI CAPABILITY»
THE CREW WILL EFFECT AN S~IVB CUTOFF WHMENs BY MONITORING V1 H AND H DOT OR
HA AND HPs THE CREW HAS DETERMINED A SAFE INSERTION ORBIT HAS BEEN OBTAINEDs
IN THE EVENT THE GEN 1S NO~GO» THE GROUND WILL ASSUME THE RESPONSIBILITY OF
DETERMINING OVERSPEED CONDITIONS AND WILL REWUEST THE CREW TERMINATE S=IVvB
THRUST «

PARTICIPATION

FLIGHT DYNAMICS TEAM

CAPCOM

FLIGHT CREW

FLIGHT DIRECTOR

DATA SQURCES

FDO
RFO

LAUNCH DIGITALS

LAUNCH DIGITALS

PERIGEE ADJUST TABLE

PROCEDURE

Ae

Be

INDICATION

TRAJECTORY 1% NO=GO AT S~IVB CUTOFF DUE TO TRAJECTORY PROBLEMS.
ACTION

le FDO MARKS MODE IV CAPABILITY DURING POWERED FLIGHT.

2. AT S=IVB CUTOFF FDO MAKES GO/NO=GO.

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

RECOMMENDATIONS

b4e IF ORBIT IS NO=GO AND MODE Iv CAPABILITY HAS NOT BEEN ACHIEVED) RETRO MAKES ABORT

MODE DEGCISION AND FDO SENDS ABORT REQUEST LIGHT ONs

5+ EITHER THE FDO (MODE IV) OR RETRO (MODES II AND II1) PASS APPROPRIATE
CAPCOM FOR RELAY TO THE CREW.
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SECTION 3 = TRAJECTORY AND GUIDANCE

INTERRUPTION OF ABORT AND COl MANEUVERS
COMMENTS

ONE MINUTE AND 40 SECONDS -PRIOR TO 300K FEET !5 FELT TO BE THE MINIMUM TIME TO GET
SEPARATED AND TO GET BLUNT END FORWARD BEFORE BEING AERODYNAMICALLY CAPTURED (REFERENCE

RULE 5«1)s FOR THIS REASON» ALL THRUSTING MANEUVERS SHOULD BE TERMINATED AT TFF =

1440,

NOMINALLY THE ONLY MANEUVERS THAT APPROACH THIS LIMIT ARE MIGH DELTA V MODE 111 MANEUVERS

AND EARLY MODE IV!5.
PARTICIPATION

FLIGHT DYNAMICS OFFICER

FLIGHT DIRECTOR

CAPCOM

FLIGHT CREQ

RETROFIRE OFFICER
DATA SOURCES

FDO LAUNCH DIGITALS

CMC TFF READOUT (REGISTER 3 VO6N44)

TFF v5 RIP PLOTBOARD

H VS D PLOTBOARD
PROCEDURE

As INDICATION

ls TFF AS INDICATED ON ABOVE SOURCES 1S LESS THAN 1+40 AND DECREASING DURING A

POWERED FLIGHT MANEUVERa
B ACTION

le IF TFF IS MARGINAL OR A KNOWN TFF INTERRUPT WILL OCCURs FRO OR RFO WILL [<14]

AND BRIEF FLIGHT PRIOR TO THE BURN. THE CAPCOM wILL RELAY THE <CAUTION TO

FLIGHT CREWs

24 WHEN THE TFF 1§ VIOLATEDs FDO WILL ANNOUNCE ABORT AND SEND A AND B ABORT
ONe CAPCOM WILL RELAY ABORT TO THE FLIGHT CREW.

AMBER
THE

LIGHT

3e RFO WILL DETERMINE THE ENTRY PROFILE AND PITCH ANGLE AT 300K FEET. THE RFC  WILL

ANNOUNCE ENTRY PROFILE AND PITCH ATTITUDE OVER FD LOQOP AND CAPCOM WILL RELAY

DATAW

THE

b 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.

5e FLIGHT CREW WILL EXECUTE SPS OFF BASED ON ONBOARD AND GROUND CUESs 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 RLF0.
REFERENCES
A AAWG

B CREW OQPINION

MISSION REV | DATE SECTION GROUP PAGE
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MISSION RULES
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ITEM

INTERRUPTION OF MODE 1l J31y IV

COMMENTS

MODE 111 AND MODE IV MANEUVERS DERIVED BY THE LAUNCH PROGRAM OF THE RTCC ARE DISPLAYED ONLY
IF THE INSTANTANEOUS ALTITUDE DURING THE MANEUVER WILL REMAIN ABOVE 75 NeMe

UNDER CERTAIN CIRCUMSTANCESs SUCH AS MANEUVERS PERFORMED AT WRONG ATTITUDEs LOW SP$ THRUST»
OR DELAYED IGNITION TIME, IT IS POSSIBLE FOR THE §/C TO DROP BELOW 75 NaMs DURING THE BURNe
IN MOST OF THESE CASES» A LAND IP WILL EXIST AT THIS POINTy IF ANY 1P EXISTS AT ALLe
BECAUSE OF THE LOW ALTITUDE AND MARGINAL FREEFALL TIMEs TERMINATION OF THE MANEUVER IN
FAVOR: OF A MODE II1I 15 NOT FEASIBLEs

SIMULATION EXPERIENCE HAS SHOWN THAT UNDER THESE CIRCUMSTANCESy IT I8 BETTER TO <CONTINVE
THE MODE IV MANEUVER AS LONG AS THE CURRENT HP [$ AT LEAST 300K FTa FOR HP LESS THAN 300K
FTe THE MANEUVER WILL BE TERMINATED AND AN ENTRY ATTEMPTED.

PARTICIPATICN

DATA

FLIGHT DYNAMICS OFFICER
FLIGHT DIRECTOR

CAPCOM

FLIGHT CREW

SOURCE

TFF V5. RIP

FPO LAUNCH DIGITALS
RFO LAUNCH DIGITALS

ACTION

le GO TO YELLOW STATUS.

2. BRIEF FD IF TIME PERMITS.

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

Se RETRO FOLLOW WITH ENTRY DATA.
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ITEM

5=3D

UTILIZATION OF LIFT TO AVOID LAND FOR LAUNCH ABORTS

COMMENTS

THE €M 1S DESIGNED FOR LAND LANDINGS BUT THEY MAY CAUSE VEHICLE STRUCTURAL BREAKUPS AND
POSSIBLE INJURY TO THE FLIGHT CREW. FOR THIS REASONs EVERY ATTEMPT IS MADE TO INSURE A
WATER LANDINGs THE RULE APPLIES WHEN ENTRY TRAJECTORY CANNOT BE ALTERED WwITH A BURN TO

AVOID LAND.
PARTICIPATION

RETROFIRE OFFICE

FLIGHT DIRECTOR

CAPCOM

FLIGHT CREW
DATA SOURCES

RFO LAUNCH DIGITALS

PHI VSs LAMBDA PLOTBOARD

RFO ENTRY DIGITALS

PROCEDURE
A INDICATION

NO BUﬁN FULL LIFT IMPACT POINT LOCATIONe ZERC LIFT IMPACT POINT LOCATION CAN
BE USED IF AVAILABLE (ENTRY PHASE)s

Be ACTION
1e THE RFC WILL DETERMINE If THE FULL LIFT IMPACT IS ON LAND CR WATER.

{A} IF THE FULL LIFT IMPACT POINT i$ ON LANDs THE RFO WILL.RECOMMEND RL90. THIS
ENTRY PROFILE AIDS IN IMPACT PREDICTION (NO L/D) ANDy IN SOME CASES» ALLOWS A
WATER LANDING OFF THE WEST COAST OF AFRICAs THE RFO WILL ALSO ADVISE IF THE RL90

IMPACT POINT 1S ON LAND OR WATERe

{81 IF THE FULL LIFT IMPACT POINT IS ON WATERs THE RFO WILL RECOMMEND FULL LIFT.
"EXCEPTIONS TO THIS CASE ARE WHEN THE TOTAL FOQTPRINT 15 IN WATER== THE RFO WILL
THEN DETERMINE THE ENTRY PROFILE WHICH IS BEST SUITED TO GET TO THE INTENDED
TARGET POINTs

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

REFERENCES
CPERATIONAL OPINION
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ITEM

5=3E

MODE L1
COMMENTS
Ae

Ce

PROCEDURE

Ae

1I1s IVs AND APOGEE KICK

SPS BURN FAILURES INCLUDE NO $PS BURNS AND PARTIAL SPS BURN CASESe NO
ATTEMPT 1S 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/Cs ALSO NO ATTEMPT 18 MADE TO PERFORM MANEUVERS TO AVOID
LANDs EXCEPT FOR VARYING THE LIFT ORIENTATIONe THE ONLY RCS MANEUVERS
PERFORMED ARE DONE AS CLOSE TO APUGEE AS POSSIBLE TO GET MAXIMUM RCS DELTA V
EFFICIENCY IN REDUCING HP LESS THAN 40 NM.

NO SLA SEP CASES ARE CONSIDERED AS NO SP5 BURN CASES EXCEPT WHEN 40 LESS
THAN HP LESS THAN TS5« FOR THIS CASEs DUE TO THE MASSES INVOLVED AND THE LOW
SM=RCS ACCELERATIONs IT IS5 NOT PRACTICAL TO USE THE SM=RCS TO BRING HP DOWN
(DELTA V OBTAINED IN THIS CONFIGURATION IS APPROXIMATELY 35 FPS OVER 14
MINUTES)« THEREFORE THE PROCEDURE IS TO SEPARATE AND CONTROL HP WITH ThE
CM=RCS. ASAP.

IN GENERAL===

1. THE MODE I1 FAILURE CASES HAVE HP'S LESS THAN 40 NM AND NO RCS MANEUVER IS

REQUIRED

2e THE MODE IVs AKs AND MODE II1 FAILURE CASES CAN HAVE HP's GREATER THAN 40 IN SOME
CASESs AND THEREFORE MAY REGUIRE AN RCS MANEUVERSs (SEE ATTACHED GAMMA V§s V

PLOTW)

INDICATIONG
le ELIGHT CREW REPORTS NO THRUST OR.NC SLA SEPs
2 NO THRUST CONFIRMED BY G&C== NO SLA SEP CONFIRMED BY EECOMs
ACTION.
1s SPS FAILURES.
tA) RFOQ DETERMINE HP AND WHETHER APOGEE WILL BE BEYOND CYI AOSs

(1] HP LESS THAN &0 NM ~ RFO DO LAND IMPACT EVALUATION (REFs MRe 5-5D) AND RELAY

TO CREW VIA CAPCOM ENTRY PROFILE» PITCH AT +05Gs AND GET 300K
t2) 40 LESS THAN HP LESS THAN 75 NM = CREW ORIENT FOR 5M=RCS DEORBIT

{HEADS

DOWNs RETROGRADE)s RFO RELAY TO CREW VIA CAPCOM AT CYI GETI DELTA Vs DELTA T8

PITCH AT «05Gs GET 300Ks AND ENTRY PROFILEs

(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 RETROGRADEs FLY RL90« CREW MAY TERMINATE BURN AT 100 FPS OR HP

= 40 NMs WHICHEVER COMES FIRST.

{8} FOR NO=VOICEs CREW WILL USE GETI = 19+00» DELTA v = 100 FPS» FLY RL90.
MAY BE TERMINATED ON 100 FPS OR HP = 40 NMs

24 NO SLA SEPs
[A} RFO DETERMINES HP AND WHETHER APOGEE WILL BE BEYOND CYI AOQS.
(1} HP LESS THAN 40 NM = RFO DO LAND IMPACT EVALUATION {REFs MR 5=50} AND

BURN

RELAY

TO CREW VIA CAPCOM ENTRY PROFILEs PITCH AT «056 AND GET 300K. CREW WILL PERFCORM

CM SEPARATION MANEUVER.

{21 HP GREATER THAN 40 NM BUT LESS THAN 75 NM = RFO WILL ADVISE CM-RCS DEORBIT
WITH DELTA V = 70 FPS. IF APOGEE 1§ PRICR TQ CYI» CREW WILL SEPARATE IMMEDIATELY
AND GET1 WILL BE ASAPe 1F APOGEE I$ AFTER CYIs CREW WiLL SEPARATE 3 MINUTES PRIQOR

TO GETI» GETI = GET AND CAPCOM wlLL GIVE CREW GETIs DELTA ¥V AND RL90
PROFILEs CREW CAN TERMINATE BURN ON DELTA V OR HP = 40 NMs

ENTRY
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ITEM

5=3E
CONT
3. CM SEP MANEUVERs

(A} PITCH ENTIRE STACK CONFIGURATION DOWN 36 DEG.
(B) CM/(SM/S=1VB) SEP.
{(CY PITCH THE CM DOWN ANOTHER 35 DEG TO 71 DEGs
(D} ROLL 180 DEGs
{E) BURN OUT DELTA V.

REFERENCE

FCD OPERATIONAL OPINIONe

2.0 30 40 T 7
_ Apogee kick line / 50/NO-O line
~_ '} | scale I scale T
1.5 25 35 COI1 boundary .
Nominal : y, scale TI—
: © | seale I \\ : ) ‘ .
1.0 20 30 ]
=1 [
>~ 5 15 25 / J j ) \
o S-1VB early staging = 16-G load. l+—-Overspeed line
2 to obit scale T factor line (apogee = 500
= | ) scale IL nautical miles)
5 0 10 20 Nomina - scale III
E- , scale TIL — A W
= )
= Scale IT corners
- .5 5 15 S-IVB early ] Scale T0 ]
i staging to
£ €Ol scale T—F \
-1.0 0 10 |Time of free fall to e AN -
300,00 feet | N b \.
equals 100 seconds Il:ml:
scale IT ’z\ vehicle
-1,5 -5 5 T o> breakup line N {
. Nominal % ;(biased) scale [ ;
scale T —=
o W’
-2.0 10 O l
0 1 2 3 4 5 6
5 . 8 11 14 17 20 . 23
21.5 22.5 23,5 24.5 25.5 26.5 27.5
Inertial velocity, V {ft/sec X 1073
Figure 1. - Inertial Flight path angle versus inertial velocity (y-V).
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ITEM

- i

S=b A

MODE 111 ABORTS = PREDICTED TFF LESS THAN 1MR 4O0MIN 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 I11 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 1+40 CONSTRAINTs THIS WILL NOT ALWAYS RESULT IN A WATER
LANDING»

B A PARTIAL SP5 MANEUVER WILL BE PERFORMED ONLY TO .AvOID A LAND LANDINGe AN
RL9D ENTRY WILL BE FLOWN IN AN ATTEMPT TO MOVE THE 1P AS FAR WEST AS
POSSIBLE.

Ca 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 PREDIGTED TFF LESS THAN 1+40 FOR THE MODE 111 MANEUVER.
As IF THE FULL=-LIFT 1P 15 ON WATERs THERE WILL BE NO BURNs
Ba IF THE G AND N 1S GO AND THE FULL=LIFT 1P IS ON LANDs THME CREW WILL BURN AT
GET1 AND TERMINATE THE BURN AT TFF = 1440, THEY WILL FLY RL90 TO GET THE
MODE III IP AS NEAR THE WEST COAST OF AFRICA AS POSSIBLE.
Ce IF THE G AND N IS5 NO=GO AND THE FULL=LIFT IP 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 CREW. THIS
INSURES NO VIOLATION OF THE TFF CONSTRAINT BUT MAY RESULT IN A LAND LANDING.
THE CREW WILL FLY RL90 TO GET THE MODE IIl1 IP AS NEAR THE WEST <COAST OF
AFRICA AS POSSIBLE.
REFERENCES
Ae PRELIMINARY LAUNCH ABOgT STUDY FOR APOLLO MISSION F/CSM=103/LM-3e

Be APOLLO MISSION TECHNIQUES SATURN V/APOLLO LAUNCH PHASE ABORTS.
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ITEM

-

5=4B

MODE 111 BURNS LESS THAN 2 SECONDS

COMMENTS

MODE 11 BURNS OF LESS THAN 2 SECONDS ARE NOT WORTHWHILE BECAUSE A 2=SECOND BURN MOVES
1P ONLY ABOUT 25 Ne Me THE FLIGHT CAN BEST BE SPENT BY PREPARLNG FOR ENTRY.

MODE 111 BURNS OF GREATER THAN 2 SECONDS SHOULD BE PERFORMED TO AVOID LAND.

PROCEDURE

THE RFO WILL ANNOUNCE MODE 111 NO BURN» FLY RL55.

CAPCOM RELAY DATA TO CREWs

THE RFO WILL PROVIDE PITCH AT +05G FEET AND GET 3C0K.

REFERENCES

AAWG e

OPERATIONAL CPINIONe

THE

MISSION
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R ITEM

e | m————

5e4C

NG IGNITION 8Y GETI +10 SECONDS FOR MODE ‘1Ll ABORTS :
COMMENTS

A THE DELTA V AND GETI COMPUTED FOR MODE 111 15 A -MANEUVER TO HIT AN RL35
TARGET POINTe IF THE GETI IS DELAYED THE -IP . MOVES EAST APPROXIMATELY 5
NM/SECe ALSOs TFF AFTER THE MANEUVER 15 REDUCED APPROXIMATELY. 1 SECOND FOR
EACH SECOND OF DELAY. : S BN . :

Be THE WEST COAST OF AFRICA 1S 150 NM FROM THE MODE 11l TARGET POINT. IN THE
MODE 111 REGIME THE [P ASSOCIATED WITH RL9O BANK ANGLE IS APPROXIMATELY 200
NM UPRANGE OF THE IP FOR AN RL55 BANK ANGLEs AFTER 60 SECONDS OF DELAY TIME
TFF BECOMES A FACTOR DURING THE MANEUVER. SINCE THE MODE (11 IP 1S BASED ON
AN RL55 BANK ANGLEs WHEN THE CREW CAN BYRN DELTA ' R ..TO ZEROs AN RL55 IS
ACCEPTABLE BECAUSE THEY WILL HIT THE TARGETs WHEN DELTA R CANNOT BE BURNED
TGO 2ERO BECAUSE OF THE TFF CONSTRAINT» A BURN .TO TEF = 1440 AND RL9O ENTRY
WiLL KEEP THE CREW OFF LAND FOR DELAYS UP TQ 70 SECONDS.

Ce IF THE G AND N IS NOT AVAILABLEs THE ORIGIﬁAt MODE 111 DELTA Vv PASSED CAN BE
USED WITH AN RLOO ENTRY ‘WHICH WIki AVQID LAND: FOR DELAYS UP TO 70 SECONDS
FOR MODE II1 ABORTS OFF THE NOMINAL TRAJECTQ&Y‘QCCURRING BEFORE 11+00 GET.

PROCEDURE :
. " . L . [ .
As  RFO WILL MARK GET1 + 10 SECONDS AND IF PREDICTED TFF 15 NOT VIOLATED WILL
ADVISE BURN DELTA R = 0 AND FLY RL554¢ 1K' THE PREDICTED TFF WILL BE VIOLATED
RFO WILL ADVISE BURN TFF = 1440 AND FLY RL90s

B, IF THE G AND N IS NO=GO AND T ABORT LESS THAN 11400 RFO WILL ADVISE BURN
ORIGINAL MODE I11 DELTA V- PASSED AND-FLY RL9Qs .0i- o

Ce IF THE G AND N 1S NO+GO AND T ABORT ‘GREATER THAN 11400s RFQ Wlki ADVISE TO
BURN A REDUCED DELTA V SO TFF LIMIT wILL NOT BE VIOLATED BUT AN ENTRY
TRAJECTORY WILL BE ESTABLISHED: RFO WILL-ADVISE TO FLY RL90s
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R 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 INTERNAL

FUNCTIONING OF THE SOFTWAREs THE CMC' 15 PROGRAMMED TO RECQGNIZE

INTERNAL .FAULTS AND

ERRONEOUS CONDITIONSs UPON RECOGNITION OF SUCH A CONDITIONs THE COMPUTER 1SSUEs A PROGRAM
ALARMe THE ALARMS CONSIDERED TO INVALIDATE THE CMC FALL INTO TwO CATEGORIESs THOSE WHICH
OCCUR SINGULARLY AND CONTINUOUSLY. THE ALARMS, 8Y CATEGORYs ARE AS FOLLOWS.

‘$INGLE OCCURRENCE

ALARM CODE ALARM FAULT

00214 PROGRAM USING IMY WHEN IMU TURNED OFF

00777 A PIPA FAILED CAQSED 185 NARNfNG

01107 RESTART PHASE TABLE ENTRIES DI1SAGREE

Q1407 vG INCREASING

Q4777 IGDY AND PIPA FAILS CAUSED 155 WARNING

Q7717 IMY FAIL CAUSED 1SS WARNING

10717 IMU AND PLPA FAILS CAUSED 155 WARNING

13777 IMU AND ICDU FAILS CAUSED 15§ WARNING

C 147177 IMU+ 1CDUs AND PIPA FAILS CAUSED 1SS WARNING

00205 MAXIMUM ACCELERQMETER QUTPYT -

CONT INVOUS. OCCURRENCE
ALARM CODE

20430

20607

20610

21103
21204
21206
21210

21302
21501
21502

21521

31104

ALARM FAULT

INTEGRATION CAUSING OVERFLOW

THAT RECTIFICATION WOULD NOT ELIMINATE
NO SOLUTION FROM CONIC ROUTINE

P37 POSITION VECTOR AT IGNITION

T00 SMALL

FORBIDDEN STEP EXECUTED

ZERO OR NEGATIVE WAITLIST

DISPLAY 5YSTEM ADDRESS BUFFERS FukL
JOB ALREADY WAITING IN PARTICULAR
STALL ROUTINE

SUUARE ROOT ARGUMENT TOO NEGATIVE
DISPLAY SYSTEM ALARM FROM INTERNAL USE
ILLEGAL REQUEST FOR A FLASHING DISPLAY
NEW. PROGRAM REQUEST CANNOT BE MADE
AFTER P11 STARTED

TOO MANY JOBS ATTEMPTING TO USE JOB
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NASA - Manned Spacecraft Center

MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

1TEM

-

E=5A
CONT

DELAY ROUTINE

31201 NO VAC AREAS AVAILABLE
31202 NG-JOB REGISTER SETS AVAILABLE
21203 " NEW TASK CANNOT BE INSERTED

SUCCESSFULLY IN WAITLIST SYSTEM
31207 NG VAC AREA AVAILABLE FOR MARK DATA
31211 OPTICS USE NOT ALLOWED WITH EXTENDED
VERE BEING PERFORMED

PARTICIPATION
GUIDANCE OFF ICER

FLIGHT CREW

FLIGHT DIRECTOR

DATA SQURCES

CMC DSKY/PROGRAM ALARM LIGHT

GUIDe INS/INJ DIGITALSs MSK 290

CMC MONITOR I H/Sy MSK 966

CCATS CMC DOWNLINK READOUT

PROCEDURE

As

Boe

INDICATION

CREW OBSERVES PROGRAM ALARM LIGHT AND KEYS V05 NO9 TO VERIFY ALARMs 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 15 IDENTIFIED AS APPLICABLE TO A GO/NO=GO DECISIONs IF IT IS8 1IN
*TCONTINUOUS'' CATEGORY DSKY ERROR RESET 15 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 COVER
AIR-TO-GROUND LOOP.
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NASA - Manned Spacecraft Center
MISSION RULES

ITEM

-—

SECTION 3 = TRAJECTORY AND GUIDANCE

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

COMMENTS

ERRONEOUS NAVIGATION BY THE CMC WILL BE REFLECTED IN ITS KNOWLEDGE OF TFF. SINCE
PARAMETER IS USED AS ABORT CRITERIAs ANY ERROR IN .ITS COMPUTATION MUST BE LIMITED.

THIS
CREW

ABORT 1§ INITIATED FOR TEF DECREASING BELOW 1+40+ THE TIME REQUIRED FOR 180 DEGREES PITCH

ATTITUDE MANEUVER TO INSURE BEF 15 26 SECONDSe THUS- FOR MOST SENSITIVE CASE, CMC
GREATER THAN RTCC TFFs AN ERROR OF 40 SECONDS CAN BE .TOLERATED AND YET LEAVE TIME
REORIENTATION TO INSURE SAFE CAPTURE. '
PARTICIPATION : |
GUIDANCE OFF ICER
FLIGHT DIRECTOR
CAPCOM
FLIGHT CREW
DATA SOURCES
GDO STRIPCHARTSs GUIDANCE INS/INJ DIGITALSs MSK 29
PROCEDURE
As  INDICATION

GDO VERIFIES TFF TREND ON GDO STRIPCHARTS AND OBSERVES DIFFERENCE OF CMC AND
RTCC TFF VALUES ON MSK -290 EXCEEDPING LIMITSs

Be  ACTION

GDO ANNOUNCES OVER FLIGHT DIRECTOR LOOP '1CMC NO=GO TFF. ERROR'', ~ CAPCOM
RELAYS SAME TO CREW OVER AIR TO GROUND LOOP.s . '

TFF
FOR

MISSION REV | PATE SECTION | eroup PAGE
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NASA - Manned Spacecraft Center

MISSION RULES .
SECTION 3 =~ TRAJECTORY ' AND -GUIDANCE

ITE

5=5C

CRITERIA FOR'CMC NO-GO FOR ABORT MANEUVER DETERMINATION AND/OR MONITORING (ERROR IN X AND/CR Z
PLATFORM AX15 NAVIGATED VELOCITY)

COMMENTS

SINCE THE CMC 15 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
AX1S OF GREATER THAN 50 FPS AND/OR 2 AX1S OF GREATER THAN 100 FPS.INDICATES SOME COMPONENT
WITHIN THE CSM G AND N 15 OPERATING AT AN UNRELIABLE LEVEL (APPROXIMATELY 9=SIGMA)}s THE CMC
WILL BE DECLARED ''NO=GO''! DUE TO INABILITY TO NAVIGATE PROPERLY,

PARTICIPATION

DATA

GUIDANCE OFF ICER

FLIGHT CREW

CAPCOM

SOURCES

GDO STRIPCHARTS

GUIDANCE INSERTION/INJECTION DIGITALSs MSK 290
AGC DYNAMICS STARUS DISPLAY

PROCEDURE

A INDICATION

GDO DETECTS AND OBSERVES A TREND ON X AND/OR Z AX]S VELOCITY DIFFERENCES
FROM_STRIPCHARTS OR MSK 290 CONFIRMATION THAT THE ERROR IS IN THE CMC IS
THEN MADE BY COMPARING ACTWAL TRAJECTORY PATH WITH THAT OF CMC VIA THE AGC
DYNAMIC STATUS DISPLAYe -- v T

Be ACTION

GDO ANNOUNCES CMC ''NO-GO!'! DUE TO NAVIGATION ERROR OVER FLIGHT DIRECTOR
LOOPs CAPCOM RELAYS SAME TO CREW OVER AIR TO GROUND LGOP.
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NASA - Manned Spacecrait Center

MISSION RULES
SECTION 3 ~ TRAJECTORY AND GUIDANGE

CRITERIA FOR CMC NO=GO FOR ABORT MANEUVER DETERMINATION AND/CR 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 REQUIREMENT. BECAUSE OF DEGRADED PERFORMANCE OF THE
INERTIAL SUBSYSTEM COMPONENTSs THE GMC NAVIGATION COULD INDICATE A SAFE PERIGEE WHILE THE
BEST TRAJECTORY SOURCE INDICATES A PERIGEE LESS THAN SAFEs THE CREW wOULD TAKE NO ACTION
WITH DISASTEROUS RESULTSs ON THE OTHERMANDy THE CMC NAVIGATION COULD INDICATE A PERIGEE
LESS THAN SAFE WHILE THE BEST TRAJECTORY SOURCE. INDICATES A SATISFACTORY PERIGEEs THE CREW
WOULD UNNECESSARILY SEPARATE FROM THE SIVBs MAKE A CONTINGENCY $PS MANEUVERs AND THEREBY
SACRIFICE A LUNAR MISSIONe THUS» ANYTIME THE ORBITAL GO/NO=GO RECOMMENDATIONS BASED ON BEST
SELECTED SOURCE AND CMC TELEMETRY DISAGREEs THE CMC WILL BE DECLARED ''NO=GO''s

PARTICIPAT ION

GUIDANCE OFF ICER

FLIGHT DYNAMICS OFFICER

DATA SOURCE

FDO LAWUNCH DIGITALS+ MSK 043

PROCEDURE

Ao INDICATION

IN RTCC HOLD PHASEs FDO CALLS OUT THE BEST TRAJECTORY SOURCE. 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 1S '1GOV's OTHERWISEs GDO CALLS OUT GQMC IS ''NO=GO!'e
CAPCOM ADVISES CREW ACCORDINGLY. .
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NASA - Manned Spacecraft Center

MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

-

THE ORBIT 1S ''GO'' IF HP GREATER THAN OR EQUAL TQ 75 NeMs

COMMENTS

A ''GO't QRBIT MUST PROVIDE A LIFETIME OF ONE FULL REV wITHOWT ODEGRADING OR FAILING
SPACECRAFT SYSTEMSs THE EFFECTS OF AERODYNAMIC HEATING ON SPACECRAFT SYSTEMS DURING ONE
PASS THROUGH PERIGEE ARE MORE CONSTRAINING THAN PROVIDING ''ORBITAL LIFETIME''. ORDNANCE IN
THE SLA SEPARATION UNIT AND IN THE C¢M/SM UMBILICAL GUILLOTINE FAILS FOR PERIGEES LOWER THAN
71 Na Me AND 90 DEG ANGLE OF ATTACKe ATMOSPHERIC DENSITY, INITIAL TEMPERATURESs AND DRAG
COEFFICIENTS CAUSE LITTLE CHANGE IN THE FAILURE ALTITUDEs A PAD FOR THE UNCERTAINTY IN
PERIGEE ALTITUDE PREDICTION BY MCC ADDED TO THE CRDNANCE FAJLURE ALTITUCE ESTABLISHED 75 Ne
Ms AS THE MINIMUM PERIGEE ALTITUDE FOR A ''GO'' ORBITe

PARTICIPATION

FLIGHT DYNAMICS OFFICER
FLIGHT DIRECTOR
CAPCOM

FLIGHT CREW

OATA SOURCES
PRIMARYs FDO LAUNCH DIGITALS» MSK 41
SECONDARY+ GAMMA VSe V DISPLAY MSK 40
PROCEDURE

As INDICATION
le RTCC RECOMMENDS GO/NO GOs
20 V/VPS VERIFIES RECOMMENDATIONe
D Ve GAMMAs H FROM SELECTED SOURCE VERIFIES RECOMMENDATION.

Ba ACTION
ls HP GREATER THAN OR EWUAL TO 75 = FDO_ANNOUNCES VIFLIGHT» WE ARE GOttt ON FD LOOP.

20 HP LESS THAN 75, ~ MODE IV —= FDO ANNOUNCES ‘''FLIGHTs WE ARE GO MODE IV
SEPARATE'' ON FD LOOPs PASS MODE IV MANEUVER ASAP. CAPCOM WILL RELAY REPORT AND
MANEUVER TO CREW

3e HP LESS THAN 75» APOGEE KICK = FDO ANNOUNCES *'FLIGHT. WE ARE GO» APOGEE KICK»
SEPARATE'!' ON FD LOOP. PASS APOGEE KICK MANEUVER ASAPe CAPCOM WILL RELAY REPORT
AND MANEUVER TO CREW.

b HP LESS THAN 75+ NO POSSIBLE MODE Iv OR APOGEE KICK = FDO ANNOUNCES '*'FLIGHT» WE
ARE NU GOs» SEPARATE'!'' ON FD LOOPs RETRO FOLLOWS WITH ABORT MODE AND MANEUVER IF
MODE 111 CAPCOM RELAYS REPORTS AND MANEUVER TO CREW.
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NASA - Manned Spacecraft Center

MISSION RULES
SECTION 2 - TRAJECTORY ANO GUIDANCE

R ITEM

-

5=20A

EARTH ORBITAL ALTITUDE CONSTRAINT
COMMENTS

THE MINIMUM PERIGEE ALTITUDE LIMIT IS ESTABLISHED TO PROTECT AGAINST ATMOSPHERIC HEATING
CAUSING DAMAGE TO 5/Ce TO PROTECT AGAINST THIS DAMAGEs PERIGEE MUST BE MAINTAINED ABOVE 75
NeMe VIOLATIONS OF THIS LIMIT MUST BE CORRECTED ASAPs FOR PLANNING PURPOSES IT IS DESIRABLE
TC ALLOW FOR REASONABLE EXECUTION ERRORS WITHOUT VIOLATING THIS CONSTRAINT. 85 NeMe ALLOWS
FOR THESE ERRCRS WITHOUT SERIQUSLY LIMITING PLANNING FLEXIBILITY.

THE MAINTENANCE OF RCS DEORBIT CAPABILITY DEFINES THE MAXIMUM PERIGEE ALTITUDE AT ANY GIVEN
POINT OURING THE MISSIONs HOWEVER» WHEN THE CONSIDERATION OF LM PROPULSION 1S ADVANTAGEOUS)
THIS LIMIT MAY BE RAISEDs

CURRENTLYs NO CONSTRAINTS HAVE BEEN DEFINED WHICH WOULD LIMET THE MAXIMUM APOGEE ALTITUDE.

PARTICIPATION

FDG
RFO
FD
G AND C

CREW

DATA S0URCES

MISSION PLANNING DISPLAYSe ORBIT DIGITALS

PROCEDURES

As NORMAL MISSION PLANNING.
1o G AND C DETERMINES RCS DELTA V AVAILABLE FOR DECRBIT THROUGH NEXT MANEUVER.

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

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

Geo CALL GPMT FOR MANEUVER OVER A MSFN STATION TQ RESULT IN HA AND HP DESIREDs

Be PERIGEE VIOLATION. CALL PERIGEE ADJUST TABLE FOR MANEUVER AT APOGEE OR ASAP
IF ADJUSTMENT AT APOGEE 1S IMPOSSIBLE BECAUSE OF TRUE ANOMALY QR PREMANEUVER
MSFN COVERAGEs FDO ORBIT DIGITALS SHOW TIME OF APOGEE AND TRUE ANOMALY
PROBLEMS AND PSAT SHOWS MSFN COVERAGE.
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NASA - Manned Spacecraft Center
MISSION RULES

ITEM

5-208

SECTION 2 = TRAJECTORY AND GUIDANGE

EMERGENCY DEORBIT WITH HP LESS THAN 75 NeMs

COMMENTS
Ae 1T IS_ASSUMED THAT AN-ORBITAL MANEUVER CANNOT BE MADE TO CORRECT THE HP LEss'v'l”ﬂ
THAN 75 NM PROBLEMs .
Bs  ANY MANEUVER PERFORMED WILL BE TO REDUCE HP LESS THAN. 40 NM TO INSURE A SAFE
REENTRY o
Co  THE SPS THRUSTER WILL BE USED WHENEVER POSSIBLEs WHEN THE RCS THRUSTER IS -
USED» 1T WILL BE AS CLOSE TO APOGEE AS POSSIBLE TO GET MAXIMUM DELTA Vv
EFFICIENCY.
, Do TARGETING WILL BE DONE WHERE POSSIBLE (TRUE ANOMALY LESS THAN 180 DEG) AND
TIME PERMITS.
PROCEDURE ‘
Ae  IF HF 15 GREATER THAN 40 NM BUT LESS THAN 75 NM ===
1»  TRUE ANOMALY GREATER THAN 180 DEG = IF SPS IS GOs CREW WILL GO TO $PS DEORBIT
ATTITUDE (HEADS UPs HORIZON MONITOR)e IF SPS IS NO=GO» CREW WILL GO TO RCS
DEORBIT ATTITUDE (HEADS DOWNs RETROGRADE)s CREW PERFORMS MANEUVER ASAP TO LOWER
HP TU AT LEAST 40 NM IF POSSIBLE. CREW WILL BURN ALL RCS DELTA V AVAILABLE 7O
ACHIEVE 40 nNM OR WILL TERMINATE BURN WHEN TFF EWUALS T MINs GROUND WILL PROVIDE
PITCH AT ENTRY GET «05G AND ENTRY PROFILE. IF NO VOICEs CREW WILL FLY A RL 90
ENTRYs
2. TRUE ANOMALY LESS THAN 180 DEG - CREW WILL GO TO RCS DEORBIT ATTITUDE. GROUND
WILL PROVIDE TIG DELTA V PITCH AT ENTRY GET +05G AND ENTRY PROFILEs MANEUVER WILL
BE PLANNED FOR EXECUTION AT APOGEE.
By - IF HP LESS THAN 40 NM AND=m=
1+ TRUE ANOMALY GREATER THAN 180 DEG = NO BURN+ GROUND WiLL PROVIDE PITCH AT ENTRY»
GET +05G AND ENTRY PROFILEs ENTRY PROFILE BASED ON LAND IP EVALUATION.
2. TRUE ANOMALY LESS THAN 180 DEG — GROUND MAY PROVIDE AN RCS MANEUVER IF TARGETING
FOR AN IP IS5 POSSIBLE.
)
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NASA - Manned Spacecraft Center

MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

o

LIFT=

OFF TIME UPDATE

COMMENTS

DATA

AT LIFT=OFF INDICATIONs 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
DEFINETION TO LAST COMPUTER CLOCK ZERQe THE TEPHEMERIS WUANTITY AND COMPUTER CLOCK TIME ARE
UTILIZED IN THE NAVIGATION SCHEMES FOR DETERMINING EARTH LOCATION RELATIVE TO THE REFERENCE
COORDINATE 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 SAME., FOQR THIS REASON,
THE C¢MC L/O TIME 15 USED»s AVOIDING A CMC UPDATE. NOMINALLY THE GND AND CMC L/0 SHOULD HAVE
A DIFFERENCE OF LESS THAN Qe5 SECONDs

IF TRE CMC GMTLO DIFFERS FROM THE SRO GMTLO (FIRST MOTION)s THE @ &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 GMTLOs ALSOs THE MET IN THE CSM STARTS WITH FIRST
MOTION AND USING A GMTLO DIFFERENT FROM FIRST MOTION CAUSES THE GROUND ELAPSED TIME 710 BE
DIFFERENT FROM THE $/C ELAPSED TIME. THE PROBABILITY OF A DIFFERENCE GREATER THAN 5 SECONDS
15 REMOTE SINCE THE CREW [$ POISED TO BACK WP THE LIFT=0OFF SIGNAL TO THE CMC BY ENTERING
V75 WHICH WAS INSERTED INTO THE DSKY IN PRELAUNCH.

SQURCE

GDU STATE BUFFER MONITORs MS5K267» VOICE LOOP TO SROs

PROCEDURE

RFO OBSERVES EVENT FROM CMC ON MSK267 TO COBTAIN CMC GMTLOs AFTER RECEIPT OF GMTLO FROM SROs
THE APPROPRIATE VALUE IS INPUT TO THE RTCC VIA THE COMPUTER DYNAMICS.
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NASA - Manned Spacecraft Center
MISSION RULES

ITEM

5=213

SECTION 3 = TRAJECTORY AND GUIDANCE

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

COMMENTS

Ae THE TIME BETWEEN RETROFIRE IGNITION AND 400K FEET 1S CONSTRAINED FOR TwQ
MAIN REASONS. FIRSTs» A POSSIBLE RECONTACT PROBLEM BETWEEN THE CM AND SMs
SECONDs A CREW PREPARATION.TIME FOR ENTRY AFTER RETROFIRE. '

Be THE CREW DESIRES AS MUGH TIME AS POSSIBLE AFTER RETROFIRE TOQ PREPARE FOR
ENTRY=- HOWEVER» THE CREW HAS STATED THAT+ AS A MINIMUMy 10 MINUTES TFF
AFTER RETROFIRE .(10 MINUTES TO 300Kk FEET) I$ AN OPERATIONALLY GOOD NUMBER
WHICH INCLUDES ANY CONTINGENCY PROCEDURES WHICH MAY BE REQUIRED. IN GENERAL s
FOR 5PS~TYPE RETROFIRESs TIME BETWEEN 400K FEET AND 30CK FEET IS 2 MINUTES==
THUSs FOR RETROFIRE PLANNING PURPOSESs 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 RETRQ MANEUVERs THE CREW 18 REQUIRED TO BURN
TO A LOWER TFF- TO INSURE A SAFE ENTRY.

Cs IN ATTEMPTING TO GET MORE TIME BETWEEN GET1 AND 400K FEET=~ PITCH ANGLE AT
GETI» DELTA V OF THE MANEUERs 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. .

PROCEDURE _ & ‘
IF THE PLANNING MANEUVER HAS RET 400K LESS THAN "9 MINUTESs RFO WILL VARY DELTA v 70
INCREASE THE TIME. IF UNSUCCESSFULs INFORM FD THAT A NEW PTP MuST BE SELECTED BECAUSE OF
THE TFF CONSTRAINTS. ,

REFERENCES

FM MEMORANDUM 67=FM37=437
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MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

UPDATING RETROFIRE MANEUVERS FOR POSITION CHANGES

COMMENTS

A

Ba

Ce

De

Ee

Fe

PRGCEDURE

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

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 SAMEs HOWEVERs AS THE
GROUND RECEIVES MORE TRACKING DATAs ITS KNOWLEDGE OF THE ACTUAL CSM'S ORBIT
IMPROVESs THUSs THE PROBLEM ARISES AS TO WHAT CRITERIA TG USE TO UPDATE THE
CMC'S STATE VECTORe .

IN THE EVENT THE CMC NAV VECTOR 1§ NOT UPDATEDs A TARGET MIS$ EQUAL T¢ THE
POSITION ERROR OF THE CMC WILL RESULT AT SPLASHDOWNe IF THE CMC IS
CONTINUALLY UPDATED OR UPDATED JUST PRIOR TO RETROFIREs PROCEDURAL PROBLEMS
RESULT FOR THE CREW SUCH AS RECHECKING MANEUVER DATA AS WELL A$ CYCLING
THROUGH CMC PROGRAMS AT THE LAST MINUTE.

PROCEDURALLYs THE GROUND WILL SCHEDULE NAV UPDATES APPROXIMATELY 4 HOURS AND
1 MOUR PRIOR TO THE PLANNED RETROFIREs CRITERIA FOR UPDATING AT RETROFIRE
MINUS 1 HOUR IS BASED ON FDO'S COORDINATED JUDGEMENT (APPROXIMATELY 145 NeMe
IN POSITION OR 1 FPS IN VELOCITY)s

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 CHECKSs 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 NaMe WHICH IS SLIGHTLY LARGER
THAN AN EMS 1 SIGMA MISS DISTANCEs AS RETROFIRE TIME APPROACHESs THE UPDATE
CRITERIA BECOMES MORE RELAXEDS

IT SHOULD BE POINTED OUT THAT ALTHOUGH 30 NeMs POSITIbN CHANGE IS ACCEPTABLE
FROM A RETROFIRE STANDPOINT» TH!S LARGE A POSITION CHANGE IS HIGHLY
UNLIKELYs A CHANGE OF MORE THAN 5 NeMs WOULD BE RARE.

TO REDUCE THE PROBABILITY OF A RETROFIRE UPDATE WITHIN 30 MINUTES OF GETIs
THE CRITERIA FOR AN UPDATE 15 THAT LANDING ERROR WHICH CAUSES A VIOLATION OF

RECOVERY ACCESS TIME (2DEG OF LONGITUDE)s THIS ERROR 18 SO LARGE THAT IT IS
ALMOST A PHYSICAL IMPOSSIBILITY.

E ORIGINAL NAY VECTOR

THE

VECTOR COMPARE DISPLAY. THIS DISPLAY 1$ USED AFTER EACH DC TAKEN IN BY THE RTCC AND 1S ALSO

USED

REFERENCE

IN DECIDING TO UPDATE THE 7=1 HOUR NAV VECTORs

ENTRY DATA PRIORITY MEETINGS.
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MiSSIOM RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

5=27

SPS FAILURES DURING EPO RETROFIRE OR NO SLA SEP

COMMENTS
As

Be

Co

D

Es

PROCEDURE

Ay

B

RETROFIRE SPS FAILURES INCLUDE NO SPS BURNS AND PARTIAL SPS BURNSs PERIGEE
ALTITUDE 1S USED TO DETERMINE THE APPROPRIATE ACTION THE CREW SHOULD TAKE
SINCE THE HP VALUE IS A G AND N QUTPUT AFTER SPS C/0s

THE SPS FAILURES FALL INTO THREE AREAS AS A FUNCTION QF HP=w-

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

r 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 $/C WILL

ENCOUNTERs ALL ACTION INVOLVING THIS CASE 1S5 TO ASSURE A SAFE ENTRY BELOW HP
40 NeMs AND ATTEMPT TO OBTAIN THE TARGET PCINT.

3 FbR HP'S LESS THAN 40 NeMes THE §/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 RESIDVALS TC 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 + (M RCS
DELTA Vs (NGMINALLY 170 FPS 1S NEEDED FOR ENTRY== THE 5M DELTA V = 35 FPS=w=
THE CM DELTA V = 80 FPS)s THE LOX DUMP CAPABILITY PROVIDES SUFFICLENT DELTA
V TO REDUCE THE HP WELL BELOW 75 NeMs== HOWEVERs THE CONTROL OF DELTA V
CUTOFF FROM THE GROUND+ THE BURN TIME INVOLVED (APPROXe 20 MIN)» PLUS THE
UNKNOWN RECONTACT PROBLEMS DUE TO S=IVB EXPLOSIONS OURING ENTRY MAKE
REENTERING THE WHOLE STACK WITH LOX DUMP UNDESIRABLEe ORBIT SHAPING T0
REDUCE THE NEEDED DELTA V TO DEORBIT WITH THE CM RCS CAPABILITY IS A MORE
OPERATIONALLY $OUND METHOD OF UTILIZING THE LOX DUMP CAPABILITY.

MORE &M DELTA V CAN BE OBTAINED BY REDUCING THE WEIGHT OF THE S=1vB8/CSM
STACKs THERE 15 APPROXIMATELY 100000 POUNDS OF LOX ONBOARD THAT CAN 8E
DUMPED THUS CHANGING THE SM DELTA v FROM 35 FPS TO APPROXIMATELY 55 FPSs THE
LOX DUMP IS OF COURSE PROPULSIVE AND IS A TIME CONSUMING PROCESS. (LOX Dume
RATE IS APPROXIMATELY 1000 POUNDS/MIN)e THIS MODE OF OPERATION DOES NOT
APPEAR DESIRABLE UNLESS A CONTINGENCY EXISTS WHERE A LARGE DELTA V 15
REQUIREDs

THE HYBRID TYPE RETROFIRE WILL ALWAYS BE TARGETED FOR 40 NeMs PERIGEE TO
CUNSERVE AS MUCH CM RCS FUEL AS POSSIBLEs THE WUSE OF THE SM RCS DELTA V DOES
NOT APPEAR PRACTICAL FOR THE HEAVY S-1VB/CSM STACKS DUE TQO THE SMALL DELTA V
GAINED OVER A LONG PERIOD OF TIME (ACCELERATION IS APPROXKIMATELY 0404 70O
0e05 FPS)e

FOR HP LESS THAN 75 Ne My BUT GREATER THAN 40 Ne Me» SOME TYPE OF RCS
MANEUVER ACTION IS MANDATORY FOR THE RECOVERY OF THE S/Cs THE MOST EFFICIENT
USE OF THE SM RCS AND CM RCS IS TO APPLY DELTA v AT A RETROGRADE PITCH
ATTITUDE DIRECTLY AGAINST THE VELOCITY VECTORe THIS REDUCES HP AS FAST AS
POSSIBLEs THIS PROCEDURE ASSUMES THE TRUE ANOMALY 1S GREATER THAN 180 DEGe
IF THE TRUE ANOMALY 1S LESS THAN 180 DEGs THE CREW SHOULD DELAY IGNITION
UNTIL 180 DEG=~= HOWEVERs THIS SITUATION WOULD BE RARE AND VERY NON~NOMINAL.-

FOR HP LESS THAN 75 Ns Me BUT GREATER THAN 40 Ne Mes THE RCS MANEUVER CUTOFF
CRITERIA 1S BASED ON FUEL AVAILABLE+ wHICH WILL BE KNOWN PRIOR TO ANY
RETROFIRE MANEUVER. THE C/0 CRITERIA IS5 AS FOLLOWS=--

le SM FUEL 15 NOT SUFFICIENT TO OBTAIN HP LESS THAN 40 NeMs FOR THIS CASE+ A HYBRID
TYPE MANEUVER WILL BE WSED (BURN AVAILABLE SM DELTA V== COMPLETE MANEUVER TO HP =

40 NeMs WITH CM RCSle THE CREW WILL ALWAYS FLY RL90 ENTRY.

2 SM FUEL IS NOT A CONSTRAINING FACTORe THIS SITUATION MAY EXIST EARLY IN

MISSION QR WHEN THE SP5 CUTOFF WAS CLOSE TO NOMINALe THE SM RCS CUTOFF CRITERIA
1S BASED ON OBTAINING THE DESIRED HP OR A TFF = 7 MINUTES WHICHEVER COMES FIRST.

THIS PROCEDURE ALLOWS THE S/C TO GET TO THE TARGET OR AS CLOSE TO THE TARGET
POSSIBLE
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MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

o

5+28

CMC GO/NQ GO CRITERIA

TO COMMIT

le

2
COMMENTS

le

2

THE G AND N FOR ENTRY TWO TRAJECTORY CONDIfIONS MUST BE MET.

A CHECK OF THE NAVIGATION OF THE G AND N THROUGH THE RETROFIRE TO 26 1S
MADE BY COMPARING A GROUND VALME OF DOWNRANGE ERROR WITH THAT COMPUTED BY
THE CMCe DOWNRANGE ERROR 1S5 COMPUTED BY DIFFERENCING THE ENTRY .RANGE BASED
ON A CMC REFERENCE TRAJECTORY WITH THE RANGE TO THE TARGET FROM +2G. THE
COMPARISON ACCURACY DEPENDS ON THE SOURCE USED TO OBTAIN THE PREDICTED
DOWNRANGE ERRORs MPAD REPORTS THAT USING THE RTCC A COMPARISON OF +/= 100 NM
IS ACCEPTABLES

THE G AND N MUST BE OPERATED IN A GIVEN ENTRY CORRIDOR AS DEFINED 8Y MPAD.

IF THE DOWNRANGE ERROR [$ UNACCEPTABLE OR THE ENTRY GORRIDOR 1§ VIOLATEDs
THE CREW WILL FLY A BACKUP ENTRY PROFILE. (EMS OR BRB!

THE G AND N WOULD FAIL A DRE CHECK DUE TO IMPROPER NAVIGATION AFTER
RETROFIREs 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 DISTANCES.
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MISSION RULES
SECTION 3 = TRAJEGTORY AND GUIDANCE

ITEM

5=29

CRITERIA FOR PERFORMING LAUNCH VEHICLE NAVIGATION OR TARGET UPDATES.

COMMENT

A AN IU STATE VECTOR UPDATE WiLlL BE EXECUTED FOR IU ACCELEROMETER FAILURE(S) PRIOR T0 EARTH
ORBIT INSERTION OR IU NAVIGATION DISPERSIONS EXCEEDING & S1GMA. AN UPDATE wiLk NOT BE
PERFORMED FOR IV GUIDANCE REFERENCE FAILURES SINCE Til WILL BE EXECUTED BY CMC CONTROLs A
SECOND UPDATE WILL BE PERFORMED FOR SLIPS TO SECOND QPPORTUNITY 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
PRESENT» FOR EXAMPLEs, THAT BOTH UPPER STAGES ARE 3 SIGMA LOW IN THRUSTs THE BACKUP SCHEME
DOES PROVIDE ENOUGH ACCURAGY TO ACHIEVE A SAFE PERIGEE ORBIT.

THE IU NAVIGATION STATE WILL BE WPDATED WHEN ERRORS EXIST THAT MIGHT COMPROMISE THE PRIMARY
MISSIONy lsEe UNACCEPTABLE MIDCOURSE CORRECTIONSs THE WUNACCEPTABLE MIDCOURSE LIMIT IS
ESTABLISHED AS 100 FPS AT 3HR 30 MIN AFTER TLI CUTOFF FOR EITHER TLI OPPORTUNITY.
DISPERSIONS BASED ON 6 SIGMA PLATFORM AND VENTING UNCERTAINTIES WERE FOUND BY MSFC TO BOUND
THE MIDCOURSE CONSTRAINTs THEREFORE+ ERROR CRITERIA BASED ON THESE LIMITS wliL BE YSED TO
EXECUTE AN UPDATE.

IT 1S DESIRABLE TO GENERATE THE STATE VECTOR UPDATE TIME= TAGGED AS CLOSE TO THE START OF
TIMEBASE & AS POSSIBLEe LT 15 ALSO DOESIRABLEs THOUGH NOT MANDATORY»s 10 QBSERVE
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 6.

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

GUIDANCE OFF ICER

FLIGHT DYNAMICS OFFICER
BOOSTER SYSTEMS ENGINEER
FLIGHT DIRECTOR

DATA SOURCES

LVDC TELMETRY AND MSFN VECTOR
GUIDO INS/INJ DIGITALS» MSK 290
ECTOR, canpaRE} M. 1292

SLV NAV UPDATEs MSK 235
PROCEPURE

ONCE THE ACCELEROMETER FAILURE OR [U NAVIGATION DISPERSION OCCURS A MSFN BEST ESTIMATE OF
THE ACHIEVED ORBITS IS DPETERMINEDs A TLI SOLUTION FOR THE DESIRED OPPORTUNITY 1§ VERIFIED
USING THE MSFN OEFINED ORBIT IN 1U NAVIGATION DISPERSION SITUATIONS.

COWNRANGE POSITIONs SEMI-MAJOR AXISs AND CROSSRANGE VELOCITY ARE EVALUATED AGAINST THE MSFN
8EST VECTORs LF 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 VERIFLES ONBOARD INCORPORATION.
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MISSION RULES
SEGTION 3 = TRAJECTORY AND GUIDANGE

ITEM

CRITERIA FOR TLI NG GO BASED ON MISALIGNMENT RATES BETWEEN THE 1Y AND IMU. (PLATFORM DRIFT)

COMMENTS
THE TRANSLUNAR INJECTION BURN WILL NOT BE PERFORMED IF EITHER GUIDANCE SYSTEMs LAUNCH
VEHICLE OR SPACECRAFTs IS UNACCEPTABLY DEGRADEDe DETERMINATION OF EXCESSIVE FREE=FLIGHT
GYRODRIFT 15 MADE BY CONTINUALLY COMPARING DIFFERENCES BETWEEN U AND IMU GIMBAL ANGLES TO
VERIFY THAT EACH SYSTEM CAN RELIABLY MAINTAIN KNOWLEDGE OF ITS INERTIAL POSITIONs A DRIFT
OF MORE THAN 0¢6 DEG/HR { APPROXIMATELY 15=18 S1GMA) INDICATES AN UNRELIABLE [uU REFERENCE»
ALLOWING MORE THAN 140 DEGREE OF ATTITUDE MISALIGNMENT AT TLIe A DRIFT OF le5 DEG/HR (100
MERU) IN THE IMU 15 CONSIDERED A FAILED SYSTEMs IF THE ABOVE RATES ARE EXCEEDED 1IN EITHER

SYSTEM TLI WiLL BE NO=GOe
PARTICIPATION

GUIDANCE OFFICER

FLIGHT DIREBCTOR

FLIGHT CREW
DATA SOURCES

GUIDANCE STRIPCHARTS

GUIDANCE INSERTION/INJECTION DIGITALSs MSK 290
PROCEDURE

(SAME AS 5-=35A)

REFERENCE

tYA REVIEW OF THE TL1 GO/NO=GO CRITERIA FOR THE C=PRIME MISSIONs'! TRW NOTE NOs 68=FMT=T1l4»
DATED 26 NOVEMBER 1968
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MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANGE

R ITEM

] —— -

5=34

DISPERSED TLI CUTQFF

COMMENTS

FOR LARGE DISPERSIONS AT TLI CUTQFFs THE PRIMARY DECISION TO BE MADE IS WHETHER TO CONTINUE
WITH A LUNAR MISSION OR TO PROCEED WITH AN EARTH ORBIT ALTERNATEs THE DECISION MUST BE MADE
RELATIVELY QUICK BECAUSE IF THE DECISION 1S MADE TO GO LWNARs 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 1S THE PROPELLANT REMAINING FOR CSM UNDOCKED MANEUVERINGe THE CRITERIA CHOSEN
15 BASED ON A DELTA v REQUIREMENT OF 5500 FPS REMAINING FOR CONTINUVING WITH A LUNAR
MISSIONs THE NUMBER WAS CHOSEN BY CONSIDERING THE DELTA VvV 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)s TQ MAXIMIZE THE MISSION CAPABILITIESy THE FIRST MCC WlLL BE
MOVED AS CLOSE AS POSSIBLE TO THE END OF TD AND Es

PARTICIPATION

FLIGHT OYNAMICS TEAM/FDe
DATA SOURCES

MCC TRADEOFF DISPLAY.

PROCEDURES

FDO DETERMINES DELTA Vv REMAINING AFTER COMPUTING BAP MCC AND ADVISE FD OF MISSION
CAPABILITY.
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R ITEM

| ot e

5=36A

CRITERIA FOR LAUNCH VEHICLE IV OR CMC TLI GO/NO=GO BASED ON DIFFERENCES BETWEEN 11U AND CMC
VELOCITY COMPONENTS -

COMMENTS

THE TRANSLUNAR INJECTION BURN WILL NOT BE PERFORMED 1F EITHER GUIDANGCE SYSTEMs» LAUNCH
VEHICLE OR SPACECRAFT: 15 UNACCEPTABLY DEGRADEDs IN ORDER TO DETECT DEGRADED PERFORMANCE IN
EITHER SYSTEM» VELOCITY COMPONENT DIFFERENCES BETWEEN THE TWO SYSTEMS ARE MONITORED DOURING
LAUNCH PHASEs THE DIFFERENCE LIMITS FOR WHICH. TLI 5 NO=GO ARE=—-
DELTA X DOT GREATER THAN OR EQUAL TO +/= 38 FPS (X DOT = VELOCITY ALONG IMU X=AX1S)
DELTA Y DOT GREATER THAN OR EQUAL TO +/= 73 EPS (Y DOT = VELOCITY ALONG iMU Y=AXIS)
DELTA Z DOT GREATER THAN OR.EQUAL TO +/= 87 FPS (2 DOT = VELOCITY ALONG IMU 2=AXIS)
DELTA VT GREATER THAN OR EQUAL TO +/= 24 FPS VT = TOTAL INERTIAL VELOCITY)
THESE LIMITS ARE BASED ON THE R&S OF COMBINED 9-SIGMA IMU HARDWARE ERROR SOURCES AND
3=5I1GMA 1U 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=GOs THE FAILURE SITUATION WILL ALSO BE SUBSTANTIATED BY CHECKING SELECTING ORBITAL
PARAMETERS BASED ON NAVIGATION IN EAGH SYSTEM AND PLATFORM DRIFT ANALYSIS.

PARTICIPATION
GUIDANCE OFFICER
FLIGHT DYNAMICS CFFICER
FLIGHT DIRECTOR
FLIGHT CREW
DATA SOURCES
GUIDANCE STRIPCHARTS
GUIDANCE INSERTION/INJECTION DIGITALSe 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 IMSK 290) THAT ONE OR MORE COMPONENT DIFFERENCE LIMIT HAS BEEN VIOLATED. ONCE THE
SYSTEM FAILURE HAS BEEN DETERMINED IT IS FURTHER VERIFIED BY ANALYZING SELECTED ORBITAL
PARAMETERS BASED ON THE ONBOARD NAVIGATION STATE VECTORe

REFERENCE
s REVIEW OF THE th1 do/Nosdo dRiferih FoOR THE GCbRIME MISSIONITRW NOTE Noi 8B-FMTAT14:
DATED 26 NOVEMBER 1968.
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1TEM

o

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 1F EITHER GUIDANCE SYSTEMs LAUNCH
VEHICLE OR SPACECRAFTs 1S UNACCEPTABLY DEGRADEDs IN ORDER TO DETECT DEGRADED PERFORMANCE IN
EITHER SYSTEM VELOCITY COMPONENT DIFFERENCES BETWEEN THE TWO SYSTEMS ARE MONITORED DURING
LAUNGCHe IF DIFFERENCES FALL IN THE FOLLOWING RANGES TL! IS TEMPORARILY NO=GOs

DELTA X DOT IS BETWEEN +/= Te4 AND #/~ 35 FPS

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

DELTA Z DOT 1S BETWEEN +/=27 AND +/=B2 FPS

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

{ X DOTs ¥ DOTs Z DOT» VT DEFINED IN RULE 5-35A)
THE. ABOVE THRESHOLD VALUES ARE BASED ON THE RSS OF 9=5IGMA . IU PLATFORM HARDWARE ERROR
SOURCESs  1F THESE THRESHOLD VALUES ARE EXCEEDED IT INDICATES THERE 18 AN ANOMALY IN A 1MUY
ERROR SOURCE OR AN IV ERROR SOURCE MAS DEGRADED ABOVE 9=SIGMA« VIOLATION THEREFORE
JUSTIFIES CALLING TLI TEMPORARILY NO=GO UNTIL INDEPENDENT CONFIRMATION THAT THE SUSPECT
SYSTEM IS THE IUe IF IT IS THE DEGRADED SYSTEM TLI IS NO=GUe THIS IS ODONE BY 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 CRIFT ANALYSIS.

PARTICIPATION
GULIDANCE OFF ICER
FLIGHT DYNAMIGS OFFICER
FLIGHT CREW

DATA SOURCES
GUIDANCE STRIPCHARTS
GUIDANCE INSERTION/INJECTION DIGITALSs MSK 290
AGC DYNAMICS STATUS DISPLAY
VECTOR COMPARE DISPLAY, MSK 1590

PROCEDURE
(SAME AS 5=35A)

REFERENCE

t1A REVIEW OF THE TLI GO/NO=-GO CRITERIA FOR THE C~PRIME MISSION''s TRW NOTE NOe 6B=FMT=714»
DATED 26 NOVEMBER 19686
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ITEM

—~———

5=35C

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

COMMENTS

THE TRANSLUNAR INJECTION BURN WILL NOT BE PERFORMED IF ELTHER GUIDANCE SYSTEMy LAUNCH
VEHICLE OR SPACECRAFT+ IS UNACCEPTABLY DEGRADEDs DEGRADING PERFORMANCE IN EITHER SYSTEM IS
FIRST DETECTED BY VELOCITY COMPONENT DIFFERENCES (RULES 5=35A AND B} WITH INDEPENDENT
CONFIRMATION MADE BY ANALYZING SELECTED ORBITAL PARAMATERS. COMPARISON 18 MADE BETWEEN THE
1U STATE AND BEST GROUND STATE FOR SEMIMAJOR AX1S DIFFERENCE IDELTA A) AND MAXIMUM CROSS
RANGE VELOCITY (DELTA W DOT MAX)s INPLANE AND OUT=-OF=~PLANE ERROR WILL RESULT IN SIGNLIFICANT

DEVIATION OF THESE QUANTITIESe IF THE DIFFERENCES EXCEED THE FOLLOWING AT GET OF
MIN )STATES PASS) TLl I5 NO=GO=m=

DELTA A GREATER THAN 3428 NM
DELTA W DOT MAX GREATER THAN 32 FP§

LIMITS ARE BASED ON THE RSS OF 9~SIGMA iU HARDWARE ERROR SOURCESs CARE IS TAKEN
INCLUDE 3~S1GMA MSFN TRACKING ACCURACIES AND LAUNCH VEHICLE VENTING UNCERTAINTY.

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

REFERENCE

114 REVIEW OF THE TLI GO/NO-GO CRITERIA FOR THE C=PRIME MISSIONs ' 'TRW NQTE NOs A%
DATED 26 NOVEMBER 1968

1 HR ab

TO ALSO

FMT=T1l4s
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MISSION RULES
SEGTION 2 = TRAJECTORY AND GUIDANCE

R ITEM

5=36

CRITERIA FOR TLI NO~GO BASED ON ORBITAL DECISIQON 'PARAMETER VIOLATION

COMMENTS
THE TRANSLUNAR INJECTION BURN WILL NOT BE - PERFORMED IF EITHER GUIDANCE SYSTEMy LAUNCH
VEHICLE UR SPACECRAFTy 15 UNACCEPTABLY DEGRADED. DEGRADED PERFORMANCE IS FIRST PETECTED BY
VELOCITY COMPONENT DIFFERENCES (RULES 5~=35A AND B} WITH INDEPENDENT CONFIRMATION MADE BY®
ANALYZING SELECTED ORBITAL PARAMETERSs COMPARISON IS MADE BETWEEN THE IU STATE AND BEST
GROUND VECTOR STATE FOR DOWNRANGE POSITION DIFFERENCE (DELTA Rvls THIS GWUANTITY WILL
INDICATE A SIZABLE DEVIATION FOR INPLANE NAVIGATION ERRORSs AT GET OF 56 MIN (CRO PASS) TLl
1S NO=GO IF THE DIFFERENCE VIOLATES THE FOLLOWING=== DELTA RV GREATER THAN 105s 100 FT.

THIS LIMIT 1S5 S8ASED ON 9~S]GMA U HARDWARE ERROR SOURCES INCLUDING A MARGIN FOR 3-5IGMA
MSFN TRACKING UNCERTAINTY AND LAUNCH VEHICLE VENTING ERRORS

PARTICIPATION

GUIDANCE OFF ICER

FLIGHT DYNAMICS OFFICER

FLIGHT DIRECTOR

FLIGHT CREW
DATA SOURCES

GUIDANCE STRIPCHARTS

GUIDANCE INSERTION/INJECTION DIGITALSs MSK -290

AGC DYNAMIC STATUS

VECTOR COMPARE DISPLAY» MSK 1590
PROCEDURE=== (SAME AS 5=35A)
REFERENCE

V1A REVIEW OF THE TLI GO/NO-GO CRITERIA FOR THE C=PRIME MISSIONs'' TRW NOTE NOes 68=FMT=T14»
DATED 26 NOVEMBER 1968
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MISStON RULES
SECTION 2 =~ TRAJECTORY AND GUIDANCE

1TEM

g

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 PLATFURM REFERENCE HAS FAJLED AND THE
CMC NAVIGATION STATE VECTOR AT EOl INDICATES A SLOW ORIFT DEGRADATION OF THE €SM INERTIAL
PLATFORM (IMU)e A SATISFACTORY IMU 1§ REWUIRED BY THE CREW FOR CONTINUING THE LUNAR MISSION
BEYOND TLI AND IN THE NORMAL CASE (NO IU REFERENCE FAIL) WOULD Bt DEEMED ACCEPTABLE UNDER
THE CRITERIA OF MISSION RULES B5~35A AND 5-32. MOWEVERs WITH THE IU REFERENCE GONE, THE
LAUNCH AND DRIFT COMPARISONS WILL BE INVALID AND ORBITAL PARAMETER CHECKS MUST BE MADE.
COMPARISON 15 MADE BETWEEN THE CMC STATE AND THE BEST GROUND STATE FOR DIFFERENCES 1IN
SEMI~MAJOR AXIS (DELTA A) AND MAXIMUM CROSSRANGE VELOCITY (DELTA W LOT MAX) COMPARED AT GET
= 1 HOUR AND &5 MINUTES AND DOWNRANGE POSITION (DELTA Rv) COMPARED AT GET = 56 MINUTES. TLI
15 NO=GO IF THE COMPARISON EXCEEDS THE FOLLOWING LIMITGm=~
le DELTA RV 5354900 FEET
2e DELTA A 1145 NaMe
3 DELTA W DOT MAX 7847 FPS
LIMITS ARE BASED ON AN RS5S OF THE FOLLOWING===
le 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
ESTABLISMED PRE=LIFT=0OFF ).
kN 3 SIGMA MSFN ACCURACLY.
3 A 10=POUND SIVB VENTING UNCERTAINTYs
PARTICIPATION
GUIDANCE OFF ICER
FLIGHT DYNAMICS OFFICER
FLIGHT DIRECTOR
FLIGHT CREW
DATA SOURCES
VECTOR COMPARISON DISPLAY MSK 1590
CMC TELEMETRY VECTOR
MSFN BEST ESTIMATE TRAJECTORY VECTOR
GUIDANCE OFFICER STRIPCHARTS
Iy REFERENCE FAILURE TELEMETRY DISCRETES
PROCEDURE==~ (SAME AS 5-35A)
REFERENCE

As A REVIEW OF THE TLI GO/NO~GO CRITERIA FOR THE C~PRIME MISSION» TRwW NOTE NOs
68=FMT=T14y DATED NOVEMBER 26+ 1968 :

Ba A REVIEW OF THE TLI GO/NO~GC CRITERIA FOR THE APOLLO F AND G MISSIONs TRw
NOTE NOs 552446=48+ DATED APRIL 24 1969
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SECTION 3 =~ TRAJECTORY AND GUIDANCE

ITEM

G=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 CONTRQL DEVICE IS DEPENDENT ON THE
INTERNAL FUNCTIONING OF THE SOFTWARE. THE CMC AND LGC ARE PROGRAMMED TO RECOGNIZE INTERNAL
FAULTS AND ERRONEOUS CONDITIONSs UPON RECOGNITION OF SUCH A CONDITION» THE COMPUTER ISSUES A
PROGRAM ALARMe THE CMC AND LGC ALARMS WHICH INVALIDATE FUNCTIONAL CAPABILITY UNTIL CAUSE 1§
REMEDIED ARE OUTLINED BELOWe THEY ARE CATAGORIZED BY SINGLE AND MULTIPLE OCCURRENCEs

SINGLE OCCURRENCE

ALARM CODE ALARM FAULT
00205 BAD PIPA READING (CMC ONLY)
00214 PROGRAM USING MU

WHEN IMU TURNED OFF
00777 A PIPA FAIL CAUSED
155 WARNING
01107 RESTART PHASE TABLE -

ENTRIES DISAGREE

01407 VG INCREASING
Q3777 I1CbU FAIL CAUSED 1S5S WARNING
04777 1CDU AND PIPA FAILS CAUSED

185 WARNING

07777 IMY FAIL CAUSED [SS§ WARN]NG-

10777 IMU AND PIPA FAILS CAUSED
155 WARNING

13777 IMU AND ICDU FAILS CAUSED
185 WARNING

14777 IMyy 1CDUs PIPA FAILS CAUSED

[SS WARNING

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

20607 NO SOLUTION FROM CONIC
ROUTINE
20610 P37 POSITION VECTOR At

IGNITION TOO SMALL (CMC ONLY)

2iioz FORBIDDEN STEP EXECUTED

21204 ZERO OR NEGATIQE WAITLIST
CALL

21206 DISPLAY SYSTEM ADDRESS

BUFFERS FULL

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

ITEM

o

21210

21302

21501

21502

21521

31104

31201

31202

31203

31z07

31211

PARTICIPATION

JOB ALREADY WAITING IN PARTICULAR
STALL ROUTINE

SGUARE 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 P11 STARTED (CMC ONLY)
TOG 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 WALITLIST SYSTEM

NO VACANT AREA AVAILABLE FOR

MARK DATA

OPTICS USE NOT ALLOWED WITH
EXTENDED VERB BEING PERFORMED

GUIDANCE QFFICER

FLIGHT CREW

FLIGHT DIRECTOR

DATA SOURCES

CMC DSKY/PROGRAM ALARM LIGHT

CMC MONITOR I H/S5s MSK 966

LGC MONITOR H/S5s MSK 1554

CCATS CMC OR LGC DOWNLINK READOUT

PROCEDURE

Ay

Be

INOICATION

CREW OBSERVES PROGRAM ALARM LIGHT AND KEYS VO5NO9 TO VERIFY ALARMe GDQ OBSERVES
PROGRAM ALARM VIA FAILREGS USING MSK 966 (CMC)s MSK 1594 (LGC)s OR CCATS CMC/LGC
DOWNLINK READOUT»

ACTION

ALARM IS IDENTIFIED AS APPLICABLE TO A GO/NO=GO DECISIONe IF IT IS IN
VICONTINUDUS' ' CATEGORY DSKY ERROR RESET IS PERFORMED TO VERIFY RE=-OCCURRANCE.
AFTER IDENTIFICATION GDO DECLARES'®' CMC GO ON PROGRAM ALARM'! OR'' .CMC NO-GO ON
PROGRAM ALARM4 ‘!
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ITEM

5=468

CRITERIA FOR CSM G AND N NO=GO BASED ON GMC/IMU ALIGNMENT DISCREPANCY (OPTICS/W]NDOW/MARK CHECK)

COMMENTS

FOR THRUSTING MANEUVERSs THE CMC IS5 REQUIRED TO ESTABLISH THE DESIRED IMU ALIGNMENT AND
ORIENT THE SPACECRAFT TO THE DESIRED- THRUST DIRECTIONs PRIOR TO EACH MANEUVER THE GROUND
PROVIDES VISUAL CHECK DATA TO VERIFY THE CSM/IMU ORIENTATIONs IF THE VISUAL CHECK EXCEEDS
THE SIGHTING UNCERTAINTY» [SEXTANT FOV, 22 DEG== HORIZON DEFINITIONs 4 DEG) THE CMC  HAS
FAILED TO ORIENT THE CSM TO THE REWUIRED THRUST DIRECTIONs THIS IMPLIES INHERENT ERRORS
WOULD BE CREATED JF THE G AND N IS ALLOWED TO CONTRUL THE MANEUVER. THE SIGHTING
UNCERTAISTY ACCOUNTS FOR ATTITUDE HOLD DEADBANDs OPTICS POSITIONING» AND ACTUAL HORIZON
DEFINITIONa

PARTICIPATION
GUIDANCE OFFICER
CAPCOM

FLIGHT CREW

DATA SOURCES

GUIDANCE OPTICS SUPPORT TABLE» MSK 229
PROCEDURE
Ae PREPARATION

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

B ACTION

AFTER THE LAST PRE~MANEUVER IMU ALIGNMENT» THE FLIGHT CREW MANEUVERS TO THE
DETERMINED THRUSTING ATTITUDEs THE VISUAL SIGHTING DATA OBTAINED FROM THE
MANEUVER PAD 1S VERIFIEDs IF THE SIGHTING DATA EXCEEDS THE UNCERTAINTY THE 6
AND N IS ''NO=GO?'t. IF MANEUVER IS CRITICALs CREW CONTINUES PREPARATION FOR
$CS EXECUTION~= IF NOT» PREPARATION IS DELAYED UNTIL G AND N ERROR I8

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

PARTICIPATION

GUIDANCE OFFICER
CAPCOM

FLIGHT CREW

DATA SOURCES

LM OPTICS SUPPORT TABLEs MSK 239

PROCEDURE

A PREPARATICN

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 ATTITUDEs THE VISUAL SIGHTING DATA FROM THE MANEUVER
PAD IS VERIFIEDe §F THE SIGHTING DATA EXCEEDS THE UNCERTAINTYs THE G AND N
1S 'INO=GO'', IF MANEUVER IS CRITICALs CREW CONTINUES PREPARATION FOR AGS
EXECUTION== IF NOTs PREPARATION 1S DELAYED UNTIL G AND N ERROR 1S5 RESOLVED.

MISS1ON REV | DATE SECTION | GROWP PAGE
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ITEM

5=46D

CRITERIA FOR CMC/LGC NO=GO FUR MANEUVER DETERMINATION AND/OR MONITORING (STATE VECTOR ERROR)

COMMENTS

THERE ARE IN=~FLIGHT SITUATIONS WHERE STATE VECTORS ARE UPLINKED TO CMC/LGC WITHOWT
SUFFICIENT SUBSEWUENT GROUND STATJON COVERAGE TO VERIFY PROPER ONBOARD ACCERPTANCE VIA
TELEMETRYs IN SUCH INSTANCES DATA IN THE FORM OF A GETs LATITUDEs. LONGITUDEs AND ALTITUDE
VALID AT THE GET ARE PROVIDED. THIS GET 1S INPUT INTO CMC/LGC AND THE STATE VECTUR I35
INTEGRATED TO THIS TIME. THIS A CHECK ON THE ONBOARD COMPUTER PRQPER ACCEPTAMCE QF A GROUND
UPLINKED NAV VECTOR AND ITS ABILITY TO [INTEGRATE PROPERLYs DATA PRIORITY HAS SET THE
ALLOWABLE DIFFERENCES IN LATITUDE ANC LONGITUDE AT +/= 0402 DEG AND +/- 0.2 NeMo IN
ALTITUDE.

PARTICIPATION
GUIDANCE OFFICER
FLIGHT DYNAMICS OFFICER
CAPCOM
FLIGHT CREW
DATA SOURCES
CHECKOUT MONITOR DISPLAYs 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 TIMETAG.
FDO ADJUST THE TIMETAG BY A GIVEN INCREMENT AND GENERATES LATITUDEs LONGITUDE» AND ALTITUDE

ON CHECKOUT MONITOR FOR THE ADJUSTED TIME. THIS INFORMATION 15 VOICED TO FLIGHT CREW BY
CAPCOMe CREW TAKES APPROPRIATE ACTION TO VERIFY ONBOARD INTEGRATION TO THE SPECIFIED POINT

IN TIME.

MISSION REV | DATE SECTION GROUP PAGE
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I[TEM

SPACECRAFT TIMING
COMMENTS
A THROUGH F.

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

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.

1 AND Ja

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

NOTE

THE ABOVE ARE LIMITS ON TIMING ERRORS
AND UNDER NORMAL CONDITIONS» THE
CLOCKS WILL BE MAINTAINED AS
ACCURATELY AS POSSIBLE.

MISSION REV | DATE SECTION GROWP PAGE
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ITEM

5=57

COMMENTS

Ae

Ce

D

Es

MCC EXECUTION CRITERIA

* THE FLIGHT OPERATIONS  DIRECTOR HAS REWUESTED THAT» IF POSSIBLE» ALL SPS

MCC!'S SHOULD BE GREATER THAN 3 SECSe

MCC2 AND MCC4 ARE SELECTED AS THE PREFERRED MCC EXECUTION POINTS FOR THE

'FOLLOWING REASONS==m

1» EPHEMERIS IS BETTER KNOWN AT MCC2 THAN AT MCCls AND AT MCC4 THAN AT MCC3.
2¢  THE NOMINAL DELTA V GROWTH RATE BETWEEN MCCL AND MCCZ 15 SMALLe
3. AT MCC4» THE TRAJECTORY IS5 LESS SENSITIVE TO SMALL DISPERSIONS THAN AT MCC3.

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

ls THE KNOWLEDGE OF THE STATE VECTOR IS5 BETTER AT MCC2e (SAME AS B-l ABOVES)

24 A MINOR DISPERSION AT MCC2 WILL NOT BE PROPAGATED AS LONG AS WOULD BE THE SAME
DISPERSIONs

T0 AVOID THE UNDESIRABLE REGION 3 SECS OR LESS SPS BURNS AND TO AVOID
EXECUTING MCC3s A NON=FREE MCC2 WILL BE EXECUTED PROVIDING A SAFE ABORT
CAPABILITY AT LOI+2 HRS REMALINS.

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

1. THE KNOWLEDGE OF THE EPHEMER1S 15 BETTER THAN AT MCCle

2. NOMINALLY THE DELTA V GROWTH RATE IS SMARL BETWEEN MCCl AND MCCZ e

MISSION REV | DATE SECTION GROUP PAGE
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ITEM

559

LOL 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 1§ THAT }F LOl CAN BE
TARGETED WITHIN THESE CONSTRAINTS THE MIDCOURSE CORRECTION WiLlL NOT BE REQUIREDs THE TWO
MAJOR CONSIDERATIONS USED WHEN EVALUATING AN LOI MANEUVER ARE THE COMPATIBILITY OF THE
MANEUVER WITH ESTABLISHED MONITORING TECHNIWUES AND THE TOTAL DELTA Vv REQUIRED FOR THE
LOI/DO1 MANEUVER COMBINATIONS

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

{13} THE PERICYNTHIAN OF THE APPROACH HYPERBOLA IS CONSTRAINED TO BE WITHIN +/- 10
NeMs OF THE TARGETED PERICYNTHIANe THIS ALTITUDE 1S ESTABLISHED EITHER BY TLI OR
BY THE FIRST EXECUTED MIDCOURSE CORRECTIONs ALTHOUGH THE LIMITS ARE  SOMEWHAT
ARBITRARY (IsEes VIGLATION DOES NOT NECESSARILY PRESENT A CREW HAZARD!e THEY [ole]
REPRESENT A REASONABLE TOLERANCE AROUND TARGET. MORE SIGNIFICANT DEVIATIONS CAN
LEAD TO UNDESIRABLY LOW PERICYNTHIANS OR NECESSITATE LARGE APSIDAL ROTATIONS
DURING LOI TO ESTABLISH AGCEPTABLE ORBITAL CONDITIONS FOR THE DOI MANEUVERe IN
ANY CASEs MCC& SHOULD NOT BE REQUIRED FOR PERICYNTHIAN ALTITUDE ADJUSTMENT UNLESS
PREVIOUS CONDITIONS REPRESENTED GREATER THAN 3 SIGMA DISPERSIONS.

20 THE ALTITUOE OF THE NODE 1S CONSTRAINED TO BE BETWEEN =10 AND +15 NeMs QF THE
TARGETED PERICYNTHIAN ALTITUDEs THE LOWER LIMIT IS DETERMINED BY 1 ABOVE WHILE
THE UPPER BOUNDARY CONSTRAINS THE APSIDAL ROTATION POSSIBLE DURING LOLls  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 MuUST BE
WELL DEFINED IN ORDER FOR SPECIAL CREW PROCEDURES TO BE IMPLEMENTED ACCORDINGLY.
LARGE APSIDAL ROTATIONS COULD WIDEN THIS GAPy WITH THE POSSIBILITY OF RENDERING
REHEARSED ABORT TECHNIWUES INADEGUATES

MISSION REV ] DATE SECTION GROWP PAGE
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5=60

LOI COMMITMENT CRITERIA

COMMENTS

IN QRDER FOR LOI TQ BE GO» SEVERAL MAJOR MILESTONES MUST BE MET (FROM A TRAJECTORY /MANEUVER
STANDPOINT)e THESE INCLUDE==-

A COMMITMENT TO & HOURS (AT LEAST) IN LPOs THIS REQUIREMENT MUST BE MET TO
INSURE ADEWJUATE POST LOI TRACKING FOR A VALID TEI SOLUTIONe THIS ALLOWS A
FULL UNPERTURBED REV OF TRAGKING ON wHIGCH TO COMPUTE TEIl. PRESENTLYs ONE REV
OF TRACK 1S THE MINIMUM ACCEPTABLE AMOUNT UPON WHICH TO BASE MANEUVER
COMPUTATIONS,

Be THERE SHOULD BE ENOUGH SPS FUEL FOR LOI TEIL PLUS TEC MCC  AND RESERVES IN
ORDER TO COMMIT TO LOl-= HOWEVER»,» CONSIDERATION WILL BE GIVEN TO USING ThHE
DPS FOR LOI WHEN TRANSLUNAR MIDCOURSE REQUIREMENTS PRECLUDE USING THE §PS
FOR LOL AND TEls THE BASIC PREMISE 1§ THAT EVEN WITHOUT A LUNAR LANDING
THERE 15 STILL ENOUGH TO BE GAINED IN LUNAR ORBIT TO WARRANT CONTINUING wlTH
LO s

PARTICIPATION

DATA

FDO

RETRO

FD

G AND €

SOURCES

LOI PLANNING/GPM
RTE DIGITALS

MPT

PROCEDURES

NOMINAL MISSION PROCEDURE
A LOI WILL BE TARGETED BY FDO TO INSURE EXECUTION WITHIN CONSTRAINTSe

Ba THE MANEUVER WILL BE TRANSFERRED TQ 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
CUMPARED AGAINST THE DELTA v REM AS SUPPLIED FROM G AND Ca

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 DOCUMENTs S=PA 9 TO 41s MISSION F/G TL MCC AND LOIs FEBRUARY 249s 156%
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ITEM

o b m

=6l

PREMATURE LOI SHUTDOWN

COMMENTS

A SPS SHUTDOWN BUT WITHIN SPS OPERATING LIMITS.

WHEN POSSIBLEs IT 1S DESIRABLE TO ACHIEVE A STABLE LUNAR ORBIT. IF THE SP$
SHUTSDOWN PREMATURELY DUE TO A GUIDANCE CR COMTROL PROBLEM BUT 1§ STILL
OPERABLE» A MANUAL RESTART SHOULD BE ATTEMPTED 71O OBTAIN A STABLE LUNAR
ORBITe

PARTICIPATION

CREW

DATA 3OURCES

ONBOARD MONITORING

PROCEDURE

CREW WILL USE STANDARD SPS RESTART PROCEDURES.

REFERENCE

MISSION ABORT PLANe

COMMENTS

Be SPS SHUTDOWN AND OUT OF SPS OPERATING LIMITS.

1.

WITH THE SPS OUT OF LIMITSs A LOI ABORT MUST BE PERFORMEDs THE LOI

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

Zs

{A) THE FIRST REGION CALLED MODE I HAS A POST=ABORT TRAJECTORY RESULTING IN A
DIRECT RETURN TO EARTHs THE DELTA V REQUIRED FOR A MODE 1 INCREASES AS LOI
PROGRESSES THROUGH THE ABORT REGION.

{B) THE SEGOND REGION#s OR MODE Ils+ IS A TWO-IMPULSE ABORT IN WHICH THE FIRST
IMPULSE RESULTS IN A STABLE LUNAR ORBIT (CLEAR PERICYNTHIAN WITH A PERIOD LESS
THAN ABOUT 40 HRS)e THE SECOND I[MPULSE IS BASICALLY A TEI PERFORMED NEAR
PERICYNTHIANs THE DELTA v REQUIRED FOR A MODE II ABORT DECREASES As LOI

PROGRESSES THROUGH THE ABORT REGION.

{(C}) THME THIRD REGIONs OR MODE IIls HAS A PRE~ABORT TRAJECTORY THAT IS A STABLE
LUNAR ORBIT AND IS BASICALLY A TEIl MANEUVER. THE DELTA v REQUIRED FOR A MOLE 111
ABORT INCREASES AS LOI PROGRESSES THROUGH THE ABORT REGIONs

IDEALLYs THE LM DPS DELTA Vv CAPABILITY EXCEEDS THAT REQUIRED TO ABORT.

HOWEVERs SOME AREAS OF THE MODE I ABORT REGION REQUIRE MORE DELTA v THAN 1S

AVAILABLE IN THE DPSs» ABORTS FROM THESE AREAS REWUIRE AN ADDITIONAL BURN

FROM THE LM APSs . L . o -
A '

tA} FOR MODE 1 ABORTSs THE MODE | ABORT REGION 1S SUBDIVIDED INTO THREE
DIFFERENT AREAS WHICH ARE DEFINED AS A FUNCTION OF THE LOI DELTA VM (MAGNITUDE)
EXISTING AT SPS CUT OFFs DEPENDING ON THE VALUE OF DELYA vM THREE DIFFERENT TYPES
OF ABORT MANEWVERS ARE PERFORMED

{1} IN THE AREA DEFINED BY DELTA VM OF 0 TO 238 FPS (APPROXIMATELY 0 TO 33
SEC) A DPS BURN WILL BE PERFORMED AT LOI IGN + 2 HRs THIS MANEUVER WiLL BE
COMPUTED ON THE GROUNDs LOI IGN + 2 HRe WAS CHOSEN FROM IGNITION TIME OF THIS DPs
BURN BECAUSE THE LM CAN BE PREPARED FOR A G+N BURN BY THE CREW IN THAT TIME SPANe
THEREFORE BASED ON THIS IGNITION TIME THE THE DELTA VM OF 238 FPS [INTO THE L0l
BURN REPRESENTS THE POINT AT WHIGH ALL THE DELTA Vv CAPABILITY IN THE LM 0OPS IS
UTILI1ZED IN THE ABORT BURNe TO DELAY THE IGNITION SIGNIFICANTLY WOULD INCREASE
THE REWUIRED ABORT DELTA v BEYOND THAT AVAILABLE IN THE DPSs

MISSTON REV | DATE SECTION GROUP PAGE
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R ITEM

-

febl
JCONT ' [

t2) IN THE AREA DEFINED BY DELTA VM OF 238 TO 545 FP§ (APPROXIMATELY 32

TO 1+15 A DPS BURN WILL BE PERFORMED AT LOI IGN + 30 MINs THIS MANEUVER 1§ BASED
ON A CREW CHART OF ABORT DELTA V VERSUS DELTA v GAINED AND A SET OF PRE=LOI
ESTABLISHED FDA! ATTITUDES. 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 TH1S IGNITION TIME THE SPREAD BETWEEM DELTA VM INTO THE LOI BURN REPRESENTS
THE ENTIRE DELTA V CAPABILITY OF THE DPSe TO DELAY THIS IGNITION SIGNIFICANTLY

WOULD INCREASE THE REQUIRED ABORT OELTA v BEYOND THAT AVAILABLE IN THE DPS.
(32) IN THE AREA DEFINED By DELTA VM OF 545 To 725 FPS {APPROXIMATELY

TO 1+30) A DPS BURN TC 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 +
MIN 1S BASED ON A CREW CHART OF ABORT DELTA v VERSUS DELTA Vv GAINED AND A SET
PRE=LOI ESTABLISHED FDAI ATTITUDESe THE APS SUPPLEMENTAL BURN IS COMPUTED BY

GROUND BASED GN POST=DPS BURN TRACKINGeLOI IGN + 30 MIN WAS CHOSEN FOR IGNITION
OF THE DPS ABCRT BURN BECAUSE THE LM CAN BE PREPARED BY THE CREW» AND THE DELTA V
AVAILABLE FROM THE APS CAN SUPPLEMENT THE DPS TO ACHIEVE THE REQUIRED DELTA ve TO
DELAY THE IGNITION SIGNIFICANTLY WOULD INCREASE THE REWUIRED ABORT DELTA V 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 IS A FUNCTION OF THE OQRBITAL
PERIOD AND ORIENTATION)e IF THE REQUIRED SECOND IMPULSE 1S BEYOND THE REMAINING
DPS CAPABILITYs THE ADDITIONAL DELTA V SHOULD BE APPLIED AS SOON AS POSSIBLE
AFTER OPS DEPLETION IN ORDER TO REDUCE THE DELTA V COASTe THE MODE 11 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 I1I1 ABORTSs THE DP$ ALONE CAN PERFORM THE TEI« THE MODE IIl1 REGION
15 ENTERED WHEN THE PRE=ABORT TRAJECTORY HAS A CLEAR PERICYNTHIAN AND A PERIOD OF

LESS THAN ABOUT 15 HRSe ALL MODE III MANEUVERS ARE COMPUTED ON THE GROUND.

3s FOR A SHUT DOWN OF THE SPS ENGINE AT ANY POINT DURING THE LOI BURN» THE
DPS OR DPS+APS ENGINE(S) HAVE THE CAPABILITY TQO PROVIDE THE MECESSARY DELTA
v FOR THE APPROPRIATE ABORT MANEUVER SEQUENCEs 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 REGION IN THE
FIRST AREA OF TWE MODE 1 REGIAON (DELTA VM EROM 0 TO 238+ O TC 33 SEC) THE
TIGHT LIMITS APPLYe IF THE ENGINE 1§ GOING TO DEGRADE THE TIGHT LIMIT WILL
INCREASE THE PROBABILITY OF SHUT DOWN IN THIS AREAe A SHUTDOWN HERE RESULTS
IN A LOI TIiG + 2 HRe DPS ABORT BURN TARGETED BY THE GROUND WHICH 1S MORE
ACCEPTABLE THAN AN ABORT OFF THE CREW CHART AT LOI TIG + 30 MIN« WHEN DELTA
VM=238s ABORT 33 SEC INTO THE LOI BURN» THE LOOSE CONTROL LIMITS BECOME
EFFECTIVE AND ARE IN EFFECT UNTIL DELTA VMe1512s ABOUT 3+20 INTO THE BURN.
THIS ENCOMPASSES THE REMAINDER OF THE MODE I REGION» ALL THE MODE II» AND
THAT PORTION OF THE MODE 111 WHERE THE ORBITAL PERIOD 15 ABOUT 7 HRSs 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 GREW CHART 15 REQUIREDs OR A DPS+APS BURN IS REQUIREDeTHE
IMITS. ATE KEPT LQOSE ACROSS THE NOPE 1 AND FIRST PART OF  THE  MODE. 111}
ksaioh ? okper Yo ATTAIN A REAGONABLE LUNAR ORBY7AL'PER1OB' [GREATERTRAN OR

"EQUAL TO 7 HRS) SINCE VIOLATION QF THE TIGHT SPS CONTROL LIMITS PRECLUDES A

LUNAR LANDING ANYWAY« OPERATION OF THE SPS BELOW THESE LIMITS HAS LITTLE TO
GAIN AND THE DELTA V REQUIRED FOR TEI INCREASES THRCUGHOUT MODE 111, THE
LIMITS BECOME TIGHT AGAIN THROUGHOUT THE REMAINDER OF THE LOI BURNe IF THE
ENGINE IS OPERATING UNDER TIGHT LIMITS AT THIS TIME IN ALL PROBABILITY IT
WilL CONTINUE TO DO 5O SINCE IT HAS BEEN BURNING FOR 3+20.1F FORCED TO SHUT
DOWN IN THLS REGION THERE 1S MORE THAN SUFFICIENT DPS DELTA Vv TO DO TEl
WITHe THERE 1S ALSO THE APS FOR A BACKUP TO THE DPS» ALSO THE TIGHT LIMITS
RERMIT AN SP$ RESTART 50 THAT IT COULD SERVE AS A FURTHER BACKUP TO THE DBS
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 ===~
L. MODE 1
1 DELTA VM 0-238 FPS (0-33 SEC)
A TERMINATE LOI ON 5P5 TIGHT CONTROL LIMITS
Be EXECUTE DPS BURN AT LOI IGN+2 HR USING GROUND COMPUTER
24 DELTA VM 238~594 FPS (33 SEC=1-15)
Ao TERMINATE LOI ON SPS LOOSE CONTROL LIMIT
B EXECUTE DPS BURN AT LOI IGN+30 MIN USING DATA FROM THE CREW CHART
3. DELTA VM 545~725 FPS (1+15~1+39})
Ay TERMINATE LOI ON $PS LOOSE CONTROL LIMITS.

Be EXECUTE DPS BURN TO DEPLETION AT LOI IGN + 30 MIN (USING CREW CHART) AND A
SUPPLEMENTAL APS BURN AT LOI IGN + 2 1/2 HRS USING GROUND COMPUTERS
Be MODE 1]
le TERMINATE LOI ONLY FOR VIOLATION OF S§PS LOOSE LIMITS (SPS UNSAFE).
20 EXECUTE OPS BURN AT LOI IGN + 2 HRS (GROUND COMPUTED).

2 EXEGUTE DPS TEI (GROUND COMPUTED) NEAR PERICYNTHIAN. SUPPLEMENT WITH
APS IF REQUIRED.

Ce MODE 111

le TERMINATE SPS ON TIGHT QPERATING LIMITS WHEN PERIOD 1S LESS THAN 7 HRS
[CREW CHART) .

2y EXECUTE DPS TEIl NEAR eERiCrNTﬂlAN (ﬁROUND COM?UTED)
¥ - g [ TR RS CEINeN i el ke

Do THESE PROCEDURES MINIMIZE THE NEED FOR TwO=-IMPULSE ABORT BURNS BY TERMINATING LOI
(TIGHT LIMITS) IN THE EARLY PART OF MODE [ AND WELL INTO MODE 1lls ALSOQ ALLOW THE 5P5 TO
BURN (LOOSE LIMITS) IN THE REST OF MODE Is MODE II AND THE EARLY PART QF MODE IIl.
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ITEM

———

§PS FATLURES

éOMMENTS

DATA PRIORITY HAS E$TABLISHED THE FOLLOWING GUIDELINES FOR SPS FAILURES AT IGNITION===

A IF THE SPS FAILS AT IGNITION FOR A MCC» THE GROUND WILL PASS A FLYBY
MANEUVER FOR EXECUTION WITH THE DPS OR THE SM—RCSs

Be IF THE SPS FALILS AT IGNITION FOR LOIs THE CREW WILL EXECUTE THE MCC5 ABORT
MANEUVER ALREADY ONBOARD WITH DPS OR SM=RCS AT PC +2 HOURS.

Ce IF THE SP$ FAILS AT IGNITION OF DOIls THE GROUND WILL PASS A DPS TEI AS SOON
AS PRACTICAL (EARLIEST WOULD BE 4=-1/2 HOURS AFTER LOIJ.

PARTICIPATION

FLIGHT CREW

CAPCOM
FD

FOO
RETRO

DATA SOURCES

MCC TRADEOFF

RTE DIGITALS

PROCEDURES

THE MISSION TECHNIWQUES FOR THIS PARTICULAR FAILURE WOULD BE AS FOLLOWS==-

Ae FOR $PS FAILURES AT MCC

le

2e

FDO WOULD TARGET A FLYBY MCC WHICH wWOULD 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 15001,

RETRO. WOULD COMPUTE A TE MCC TO INSURE ALL CONSTRAINTS HAVE BEEN MET  (FLIGHT
TIMEs LANDING AREA» ETCe)

Be FOR SP$ FAILURES AT LOI

le

2

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

RETRO COULD CALCULATE A MANEUVER AT A LATER TIMEs» TO A DIFFERENT LANDING AREA OR
FOR A DIFFERENT RETURN TIME DEPENDING ON LM PREPARATION TIMEy DPS DELTA V
AVAILABLEs AND TIME CRITICALITY OF THE SITUATION.

Ce FOR SPS FAILURES AT DOI

1s

2o

REFERENCES

RETRO WILL COMPUTE A DPS TEIl FOR EXECUTION AS SOON AS PRACTICALe. THE NOMINAL TIME
FOR THIS MANEUVER WQULD BE DQL + 4=1/2 HOURS.

If IT 1S DECIDED TO REMAIN IN LPO LONGER THAN SPECIFIED TIME (ABOVE)s RETRO WILL
COMPUTE THE DPS TEI CONSISTENT WITH THE MISSION PLAN.

APOLLO TECHNIWUES DOCUMENT s 5=PA=9TO43s MISSION F/G CONTINGENCY PROCEDURESS FEBRUARY 12»

1969,
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R ITEM

=76

DOl TARGETING

le DURING TLC» LO! AND DO1 ARE TARGETED TO PRODUCE A GROUNDTRACK THAT 1S OQPTIMUM FOR

PHOTOGRAPHING SPECIFIC LANBMARKS AND TO PRODUCE THE FOLLOWING CONDITIONS AT PDl===-
A 504000 FTe HPs
Ba DESIRED AZIMUTH

Co ZERO QUT-OF-PLANE ERROR (WEDGE ANGLE)

24 IF A DISPERSION OCCURS DURING LOI» DOI WILL BE TARGETED WITH THE FOLLOWING ORDER OF

PRIORITY=u=

A. PRODUCE A 50,000 FT HP AT PDl KEEP THE WEDGE ANGLE ZERO BUT VARY THE DESIRED
AZIMUTH +/= 10 DEG IN ORDER TO ACHIEVE A DESIRED PHOTOGRAPHIC GROUNDTRACK.
(DESIRED IS DEFINED AS WEDGE ANGLE AT THE PHOTO SITE LESS THAN +25 DEGs)

Be PRODUCE A 50,000 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 PHOTOGRAFPHIC
GROUNDTRACK « (ACCEPTABLE 15 DEFINED AS WEDGE ANGLE AT THE PHOTO SITE LESS
THAN «5 DEGs)

Ce IF 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 509000 FT HP AT PDI» WITH 2ERO WEDGE ANGLE AT PDI AND
NG CONSTRAINTS ON THE AZIMUTH [SEE MISSION RULE 5-8l FOR FURTHER
INFORMATION)
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ITEM
5=77 DO1 COMMITMENT CRITERION
COMMENTS
BY GENERAL AGREEMENTs A GO- FOR DOl WItL NECESSITATE AT LEAST Two REVOLUTIONS IN THE
POST=MANEUVER ORBITe THE PURPOSE FOR THE RYLE 18 TO PROVIDE ONE FULL REV OF TRACKING TOQ
OBTAIN A POSTBURN VECTOR WITH WHIGH TO COMPUTE TEle« THIS MANEUVER COULD THEN BE PASSED ON
THE NEXT FRONT SIDE PASSs
PARTICIPATION
FOO
RETRO
FD
DATA SOURCES
LM DESCENT PLANNING DISPLAY
RETURN TO EARTH DIGITALS
PROCEDURES
THE NOMINAL MISSION TECHNIQUES WOULD BE===
As FDO WILL COMPUTE DOl IN OBSERVANCE WITH MISSION RULE 5-76.
B FOO WILL TRANSFER THE MANEUVER TO THE MPTs

Ce RETRO WILL COMPUTE A TE] MANEUVER TO INSURE RETURN CAPABILITYes THIS MANEUVER
WOULD NOT BE PASSEDe

REFERENCES
APOLLO TECHNIQUES DOCUMENTs S=PA=9 TOQ 4ls MISSION F/G TL MCC AND LOI» FEBRUARY 17+ 1969.
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ITEM

5~78

BAIL OUT MANEUVER RECOMMENDATION

FOLLOWING DOls FDO WILL EVALUATE THE GNCS+ EMS+ MSFN DOPPLER RESIDUALS+® AND MSFN SHORT ARC AND
RECOMMEND A STAY/NO STAY DECISIONs A STAY RECOMMENDATION REQUIRES THAT THE POST=DOI TRAJECTORY
HAVE AT LEAST A 1 NeMas CLEARANCE ABOVE THE HIGHEST PEAK ON THE GROUNDTRACKe THE HIGHEST PEAK IS
2¢9 NeMs ABOVE THE RADIUS LL$ AND OCCURS AT Tub DEG Es TO ACHIEVE AT LEAST A 1 NeMs CLEARANCE
ABOVE THIS PEAKs A HP=348 NeMs MUST BE CONFIRMEDe THE FOLLOWING CHART WILL BE UTILIZED FOR THE
STAY/NQ STAY RECOMMENDAT ION===

1 2 3 4 50617 8

GNCS $ 5 S S S| x| X A
EMS S/NS/X 1S/NS/X |S/NS/X [S/X[ NS]| S| S L)
MSFN N$
DOPPER + NS S X XX ]S NS
RESIDUALS|PILOT RPT

OF ATTeDEVY
MSFN S| NS/X% /NS/N N3S1S/A X X | X [S/X] NS| S/NS/X
SHORT
ARC
ACTION S| NS NS NS| S |S NS| NS S NS NS

AlB A B A B

NOTESm==

s= STAY

NS=s NC STAY

X= NOT AVAILABLE/INVALID

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

OEVIATION ONLY}

MISSION REV | DATE SECTION GROUP PAGE

APOLLO 14| FNL [12/15/70] TRAJECTORY AND LUNAR ORBIT
GUIDANCE 3=52




NASA - Manned Spacecraft Center

MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM

-

LPO PLANE AND ALTITUDE CONSTRAINTS

COMMENTS

THE PLANAR ORIENTATION OF THE LPO GOING INTO POWERED DESCENT WILL BE ESTABLISHED BY THE
TARGETING ORBIT DETERMINATION AND EXECUTION OF THE TLC MCC'S AND LOIe DOJ EXPECTED ERRORS
AFTER THE LOI SEWUENCE ARE PREDICTED TO BE WITHIN Q.5 DEG OUT=OF=PLANE AND 2 DEGREES IN
AZIMUTH. CREW TRAINING AND ONBOARD DATA (MAPSs ETCe} WILL BE BASED ON THESE EXPECTED
ERRORS.

THE DOI MANEUVER WILL BE TARGETED TO ACHIEVE A PERICYNTHIAN OQF 50s000 FT AT PDle THE
PREGICTED HEIGHT OF PERICYNTHIAN AT PDI WILL BE MONITORED TO ASSURE THAT AT PDI IT WILL BE
BETWEEN 305000 AND T70+Q00 FTe IF A CORRECTION IS5 REQUIREDs IT WILL BE MADE PRIOR TO LM
ACTIVATION IMMEDIATELY AFTER CREW WAKEUPs THE CRITERIA FOR AN ALTITUDE CORRECTION WilLL BE
BIASED USING PREMISSION OR REAL=TIME COMPUTED ALTITUDE UNCERTAINTY AND PROPAGATION BIASES.
THE ANTICIPATED LIMITS ARE 334000 AND 67000 FTe IF A CORRECTION 1§ REWUIREDs PERICYNTHIAN
WOULD BE RAISED TQ 355000 FT FOR LOW VIOLATION OR LOWERED TO 50000 FT FOR HIGH VIOLATIONS.

AN IMMEDIATE CORRECTIVE MANEUVER WILL BE SCHEDULED FOR CASES IN WwHICH THE CURRENT
PERICYNTHIAN DROPS BELOW 20,000 FT« THIS NUMBER IS5 CONSIDERED TO BE THE LOWER BOUNDARY FOR
GUARANTEED CREW SAFETY. THE ADJUSTMENT TO PERICYNTHIAN WOULD BE TARGETED TO INSURE THAT AN
ADDITIONAL ALTITUDE CORRECTION PRIOR TO PDI WOULD NOT BE NECESSARY. THE TARGET PERICYNTHIAN
WOULD BE BIASED USING WORST CASE PROPAGATION AND ALTITUDE UNCERTAINTIES.

TO MAINTAIN THE APPROACH OVER FAMILIAR TERRAINs AND ACCEPTABLE PERICYNTHIAN CONDITIONS,
ADDITIONAL MANEUVERS WILL BE SCHEDULED IF NEEDED TO GQORRECT DISPERSIONS PRIOR TO UNDOCKING.

PARTICIPATION

DATA

FDO

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 PRICR TO
UNDOCKINGs

REFERENCE

OPERATIONAL OPINION
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ITEM

5«83

NOUN 69 CORRECTION LIMITS

COMMENTS

TQO CORRECT FOR ANY DOWNRANGE POSITION ERROR AT PDIs 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 1$ BOUNDED IN MAGNITUDE AS FOLLOWSw==

A A MINIMUM CORRECTION OF 1000 FT 1S USEDs THIS LIMIT s DERIVED FROM THE
ACCURACY OF THE TECHNIQUES USED IN COMPUTING THE DOWNRANGE ERROR. UNDER
SOME CIRCUMSTANCESs EXTREMELY SMOOTH DATAs+ CONSIDERATION WILL BE GIVEN TO
USING SMALLER CORRECTIONSe

Ba AN UPPER LIMIT OFf 35,000 FT 1S USEDs THIS NUMBER IS DERIVED FROM THE RADIAL
ABORT LIMIT OF 35 FPSa THIS 1§ BECAUSE THE N69 CORRECTION DOES NOT CORRECT
ANY ERRORS IN THE STATE VECTORs BUT ONLY ALLOWS A BAD STATE VECTOR TO LAND
AT THE RIGHT PLACEs A 35,000 FT ERROR TRANSLATES INTO A 35 FPS RADIAL
ERRORs ANY GREATER CORRECTION WOULD BE CAUSE FOR ABORT.

PARTICIPATION

FDO
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 FDOs IF THE Ne9 IS WITHIN LIMITS AND THE
THRUST 1S COMPATIBLE WITH THE CORRECTIONs THE FDO RELAYS THE N69 TO THE CREw THRU THE
CAPCOM AT TwO MINUTES INTO THE DESCENT. THE CREW INPUTS THE N&69 VIA THE DSKYe

CIRCULARIZATION MANEUVER TARGETING

COMMENTS

THE CIRCULARIZATION MANEUVER CAN BE TARGETED 7O RESULT [N A CIRCULAR ORBIT AT ANY SPECIFIED
TiME. THE CHOICE OF TIME IS ARBITRARY BUT SHOULD BE CHOSEN TO SIMPLIFY RENDEZVOUS. THE TwO
CHOICES ARE AT PDI TIME OR NOMINAL RENDEZYOUS T]MEe THE SECOND OPTION WAS SELECTED BY DATA
PRIORITY BECAUSE OF THE RELATIVELY LOW PROBABILITY OF HAVING TO ABORT A DESCENT AND THE
DESIRABILITY OF MAKING THE NOMINAL RENDEZVOQUS AS CLEAN AS POSSIBLE.

LLS POSITION UPDATING VIA SEXTANT SIGHTINGS

COMMENTS

DURING THE LUNAR ORBITS JUST PRIOR TO THE DESCENT MANEUVERs SEXTANT LANDMARK TRACKING Wil
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) ANO 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 MANEUVER.

HOWEVER» ANY DIFFERENCES BETWEEN THE BEST PREMISSION VALUE OF THE LLS {PHOTQOGRAPHS)  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 ACCURACYs THUSs A REASONABLE DIFFERENCEs IN TERMS OF ABSOLUTE NUMBER VAIRES wWITH
EACH SITE. '
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ALLOWABLE PLATFORM MISALIGNMENT FOR fDJ.

COMMENT §===

THE POWERED DESCENT SHOULD NOT BE INITIATED IF THE PGNS WILL ACCUMULATE PQWER NAVIGATION ERRORS
SUCH THAT A LM ABORT WITH THE PGNS WOULD NOT ACHIEVE AN ORBIT WiTH A PERICYNTHIAN GREATER THAN
304000 FT. THESE NAVIGATION ERRORS CAN RESULT FROM UNCOMPENSATED STATIC™ DRIFTS OF THE LM
PLATFORMs 1F DRIFT RATES OF A LEVEL SUFFICIENT TO GIVE Qo6 DEG MISALIGNMENT ABQUT PITCH {Y AXIS)
AND YAW (X AXIS5) EXIST AT PD! 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 TORUUEING ANGLES.

PARTICIPAT 1ON===

GUIDANCE OQFFICER
LM CONTROL
CAPCOM

FLIGHT CREW

DATA SOURCES===

LM OPTICS SUPPORT TABLEs» MSK 239

TORQUEING ANGLES FROM LM PGNS P52

PROCEDURE ==~

THE LM PLATFORM [S COARSE ALIGNED TO THE CSM PLATFORM AT LM ACTIVATIONs. COARSE ALIGN
INFORMATION IS THEN PASSED BY THE FLIGHT CREW TO THE GROUND WHO IN TURN COMPUTES FINE ALIGN
TORQUEING ANGLES FOR EXECUTION BY THE CREW VIA v42e THIS RESULTS IN A LM PLATFORM ALIGNED
WITHIN THE ACCURACY OF THE PROCEDURE. THE COMPLETE PROCEDURE ]5 THEN REPEATED EXCEPT THAT A
SECOND v42 ISN'T EXECUTEDe THE INTENT BEING THAT ANY SIGNIFICANT DRIFT wilLl SHOW UP IN THE
GROUND COMPUTED FINE ALIGN ANGLESe ALSO TWO SUCCESSIVE PB2'S ARE PERFORMED TO FURTHER
VERIFY STATIC DRIFTs WHEN UNACCEPTABLE DRIFT EXIST THEN PDI IS DELAYEDs IF NECESSARY» UNTIL
ADEQUATE GYRC COMPENSATION IS PERFORMEDs
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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 TOUCHDOWN, HOWEVER» THIS DATA
MUST BE WUALITATIVELY JUDGED PRIOR TO IT5 INCORPORATIUN. SHOULD LANDING RADAR DATA NOT BE
AVAILABLE BEFORE THE PNGS ESTIMATE OF ALTITUDE . REACHES 10s0U0 FEET» AN ABORT WILL BE
PERFORMED. THIS ACTION IS SUBSTANTIATED BY DISPERSION ANALYSIS WHICH DEMONSTRATE THAT THE
PNGS ESTIMATE OF ALTITUBE CAN BE SIGNIFICANTLY IN ERROURs 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 SURFACE. CONVERSELYs IF THE PNGS WERE TRULY' HIGHER
THAN ITS OWN ESTIMATE, CONTINUATION OF THE POWERED DESCENT WOULD RESULT IN FUEL DEPLETIONs

As SIXTY SECONDS AFTER LANDING RADAR LOCK ON HAS BEEN ACHIEVED» THE DIFFERENCE IN
ALTITUDE ESTIMATES BETWEEN THE PNGS AND THE LANDING RADAR MuST BE WITHIN AN
ACCEPTABLE TOLERANCEe ESTABLISHMING A LIMITING DIFFERENCE PREVENTS LARGE ALTITUDE
VIDELTASY! FROM CAUSING UNACCEPTABLE TRANSIENTS IN THE DESCENT
GUIDANCE/TRAJECTORY LOGIC,

Be DISPERSION ANALYSIS HAVE ALSO SHOWN THAT IF ACCEPTABLE LANDING RADAR IS
CONTINUALLY AVAILABLE TO HIGH GATEs A SUBSEUWUENT LOSS WILL NOT DEGRADE THE PNGS
ABILITY TO REACH A SAFE POINT FROM WHICH THE PILOT MAY TAKEOVER AND LAND

MANUALLY o

C6D  THE ABOVE IS ALSO TRUE IN THE CASE WHERE THE LANDING RADAR HAS BEEN ACCEFTABLE
BUT INTERMITTENT THROUGHOUT P=63 SO LONG AS THME UNCERTAINTY IN ALTITUDE IS LESS
THAN 1000 FEET AT HIGH GATE OR LESS THAN 1000 FEET WHEN LOCK ON IS5 REGAINEDs

PARTICIPATION

CREW

GDO

EDO

DATA SOURCE

PROCEDURES

SHOULD ANY OF THE ABOVE CONSTRAINTS BE VIOLATEDs THE GROUND WILL RECOMMEND AN ABORTs
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ITEM

ot 200

5=90
Aels2
314

CRITERIA FOR TERMINATION OF POWERED DESCENT (PGNS NAVIGATION ERRORS)

COMMENT

THE POWERED DESCENT PHASE wlkLL 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 304000 FEETs SINCE PNGS NAVIGATION ERRORS CAN ARISE FROM INITIAL CONDITION ERRORS (IMU
MISAL IGNMENT OR STATE VECTOR ERROR) OR FROM POWERED FLIGHT FAILURES (PIPA BIAS, IMU DRIFT:
ETCe)» THE AGS MAY OR MAY NOT CONFIRM A PGNS ERRORs IN ADDITIONs FOR LOW TRAJECTORIESs THE
PGNS WILL NOT BE ABLE TO PERFORM A SAFE ABORT WITHOUT LANDING RADAR ALTITUDE INFORMATION
BEING INCORPORATED INTCQ THE STATE VECTOR.

RULE 5-90A = 1 PROVIDES THE LIMITS FOR THE CASES WHERE THE PGNS NAVIGATION ERRORS ARE
CAUSED BY POWERED FLIGHT FAILURESs THE TRAJECTORIES ARE LOW» AND LANDING RADAR ALTITUDE
INFORMATION IS MISSINGs

RULE 5=90A -~ 2 PROVIDES THE LIMITS FOR THE CASES WHERE THE PGNS NAVIGATION ERRORS ARE
CAUSED BY POWERED FLIGHMT FAILURESe THE CROSSRANGE LIMIT I$ BASED ON THE G AND N PIPA FAIL
REDLINE.

RULE 5-90A = 3 PROVIDES THE LIMITS FOR THE GASES WHERE THE PGNS NAVIGATION ERRORS ARE
CAUSED BY INITIAL CONDITION ERRORSs THE TRAJECTORIES ARE LOWs» AND THE LANDING RADAR
ALTITUDE INFORMATION IS MISSINGs
RULE 5-90A = & PROVIDES THE LIMITS FOR THE CASES WHERE THE PGNS NAVIGATION ERRORS ARE
CAUSED BY INITIAL CONDITION ERRORS ARE CAUSED BY INITIAL CONDITION ERRURSs OR A COMBINATION
OF POWERED FLIGHT AND INITIAL CONDITION ERRORS.

PARTICIPATICN
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 VIOLATEDs THE DEGRADING SYSTEM IS VERIFIED BY COMPARING THE
VELOCITY DIFFERENCE BASED ON ALL $OURCESe IF THE DEGRADATION IS VERIFIED IN THE PGNSs GDO

ANNOUNCES ''YPGNS NO=GOs ABORT OVER FLIGHT DIRECTOR LOOP. AFTER DIRECTION FROM FLIGHT
DIRECTORs CAPCOM RELAYS THE SAME OVER THE AIR TO GROUND LOOP.
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5~2¢
Ao

POWERED DESCENT TERMINATION

COMMENTS

Be IN THE EVENT THE GUIDANCE COMMANDED THRUST SHOULD BEGIN TO INCREASE (NORMALLY
DECREASES) PRIOR TO P=63/64 PROGRAM SWITCHs THE GUIDANCE WILL WLTIMATELY COMMAND RAPID AND
SEVERE ATTITUDE GYRATIONSs THESE TRANSIENTS ARE; IN - RESPONSE TO SUCH THINGS AS A LOwW
THRUSTING ENGINE OR FAILURE OF THE GUIDANCE TO CONVERGE UPON THE REQUIRED HIGATE TARGETSs
IN ANY EVENT» THE GUIDANCE WILL FAIL TO CONVERGE WITH THE IMPLICIT RESULTS BEING
CATOSTROPHIC, .

IN THAT PROGRAM SWITCH OCCURS AT A TGO OF 60 SECSs THE ADDITIUNAL 20~SEC TIME OtLAY MAKES
IT IMPCSSIBLE FOR THE GROUND TG RESPOND AFTER TGO = 80 SECSs

Te AS DESCRIBED ABOVE»s ONCE THE POINT WHERE THE TIME DELAY FOR GROUND RESPONSE TO
INCREASING -THROTTLE COMMANDS HAS BEEN PASSEDs THE CREW MUST ACTIVELY OBSERVE THE THROTTLE
RESPONSEs AS THE CREW HAS NO MEANS OF VISUALIZING A THROTTLE INCREASEs THEY NEED ONLY
RESPOND TO A FAILURE TO HAVE THE THRUST ENTER THE THROTTLEABLE REGIONs

84 SHOULD THE THRUST FAIL TO COME UP TO THE FTP FOLLOWING IGNITIONs THE GUIDANCE WILL NOT
BE ABLE TO MEET THE DESIRED HIGATE CONDITIONS AS WILL BE EVIDENCED BY AN INCREASING GTCs

CRITERIA FOR TERMINATION OF POWERED DESCENT (FAILURE OF LGC PROGRAM CHANGE!

COMMENT

TO REDUCE GUIDANCE SENSITIVES IN THE REGION OF HIGH GATEs THE LGC ORAKING PHASE (P63)
TARGETS ARE PROJECTED PAST THE ACTUAL DESIRED CONDITIONSe FOR THE NOMINAL TARGETED DESCENT
PROFILEs THE HIGH GATE CONDITIONS ARE SATISFIED A SPECJFIED DELTA TIME BEFQORE THE TARGET
CONDITIONSs THE DELTA TIME IS STORED IN ERASABLE MEMORY AS TENDBRAK AND CURRENTLY EWUALS 62
SECONDS. THE LGC AUTOMATICALLY EXITS P63 AND CALLS P64 ON THE FIRST COMPUTATION CYCLE AFTER
T GO EQUALS 60 SECONDS. IF THIS DOES NOT OCCUR/ THE LGC HAS FAILED INTERNALLY. FAILURE QF
THE PGNS REQUIRES SWITCHOVER TO THE AGS» THEREBY TERMINATING POWERED DESCENT.

PARTICIPATION
FLIGHT CREW
GUIDANCE OFFICER
CAPCOM
DATA SOURCES
ONBOARD DSKY
GUIDANCE ASCENT/DESCENT DIGITALSs MSK 218
PROCEDURE
A INDICATION
CREW OBSERVES DSKY DISPLAYS FAIL TQ CHANGE TOC Pé&4 WHEN THE Pe3 T GO
DECREASES TO 60 SECONDSe GUIDANCE OFFICER OBSERVES TELEMETRY [NDICATICON OF
P63 AFTER T GO DECREASES TO 60 SECONDS ON MSK 218,
Bs ACTION
IF CREW TAKES ACTIONy SWITCHED TO AGS AND ANNQUNCES ''ABORTs LGC NO=GOs Fo4
FAIL'' OVER AIR TO GROUND LOOP. IF GDQ TAKES ACTIONs ANNOUNCES ''LGC  NO=GO»

‘Pos FAIL SWITCHOVER TO AGS AND ABORT!', OVER FLIGHT DIRECTOR LOCP» CAPCOM
RELAYS SAME OVER AIR TO GROUND LOOPs .
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R ITEM

— -

5=30 CRITERIA FOR TERMINATION OF POWER DESCENT (PGNS PROGRAM ALARMS)
AslO

COMMENT
THE RELIABILITY OF THE LGC AS A CONTROL DEVICE IS DEPENDENT ON THE COMPUTATIONAL INTEGRITY
OF THE SOFTWAREe THE LGC 15 PROGRAMED TO RECOGNIZE INTERNAL FAULTS OR ERRONEQUS CONDITIONSs

AND CONSEWUENTLY ISSUES A PROGRAM ALARM. THE ALARMS WHICH ARE CONSIDERED TO INVALIDATE THE
LGC AS A GUIDANCE SYSTEM ARE LISTED BELOW-==

ALARM €OQDE ALARM FAULT

20105 AOT MARK SYSTEM IN USE
00214 PROGRAM USING IMJU WHEN TURNED OFF
20420 - ACCELERATION OVERFLOW IN INTEGRATION
20607 NO SOLUTION FROM TIME~THETA OR TIME=RADIUS ROUTINE
21103 UNUSED CCS BRANCH EXECUTED
01107 PHASE TABLE FAILUREs ASSUME ERASABLE MEMCRY DESTROYED
21204 WAITLIST ON JOB FUNCTION CALLED WITH ZEROC OR
NEGATIVE DELTA TIMEs
21302 SQUARE ROOT CALLED NEGATIVE ARGUMENT
21501 KEYBQARD 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 VO5NQ9

OR LGC DOWNLIST OF FAILREG'Ss IF THE ALARM IS CNE LISTED ABOVE» GUIDO ANNQUNCESe ''LGC
NO~GOs SWITCHOVER TO AGS AND ABORT''.
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ITEM

5=30B

5-91

POWERED CESCENT TERMINATION

COMMENT S===
SHOULD AN ABORT BE REWUIRED DURING THE LATTER PORTIONS OF THE POWERED DESCENT TRAJECTORY»
IT CANNOT BE PERFORMED [F THE ALTITUDE RATE (AT TRE TIME OF THE ABORT) CANNOT BE NULLED BY
THE ABORT MANEUVER» PRIOR TO PENETRATING THE LUNAR SURFACE.
CONVERSLY SHOULD THE ALTITUDE RATE EXCEED THE ABILITY OF THE Lt TO NULL IT PRIOR TO
PENETRATION A SUCCESSFUL LANDING OBVIOUSLY CANNOT BE COMPLETED AND AN ABORT ]S REQUESTED
PARTICIPATION
FDO
FO
CAPCOM
DATA SOURCE
H VS H DOT ANALCG
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 LINEs DEVIATIONS AWAY FROM THE NOMINAL THAT WILL CLEARLY

VIOLATE THIS LIMIT LINE MUST BE RECQGNIZED AS REPRESENTING AN ABORT SITUATION AND
APPROPRIATE REACTION'S REWUISITE.

NO TRAJECTORY CONSTRAINTS AFTER CREW TAKEOVER

COMMENTS

THROUGHOUT POWERED DESCENTs 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
CONDITIONSs ONCE THE CREW HAS ASSUMED MANUAL CONTROLs NO INITIALIZATION OR PREDICYIUNS OF
THE RESULTANT TRAJECTORY CHARACTERISTICS CAN BE MADE== AND THUS NO VALID MEANS OF LIMITING
THE CREW'S ACTIONS CAN BE ESTABLISHEDs THE PROBLEM IS FURTHER COMPLICATED BY THE TIME
DELAYS ASSOCIATED WITH THE ACTION/REACTION/ACTION CYCLE NECESSARY TO AVERT- AN UNDESIRABLE
SITUATIONS :

PARTICIPATION
N/ZA

DATA SOURCE
N/A

PROCEDURE

N/A
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ITEM

-

5=101

LM LIFT=OFF DELAY
COMMENT ===

THE ENTIRE RENDEZVOUS SEQUENCE 1[5 DETERMINED 8y THE CONDITIONS AT INSERTIONs THESE
CONDITIONSs THOUGH SOMEWHAT CORRECTABLE VIA A TWEAK MANEUVERS ARE TIGHTLY BOUNDED BY THE
TIME OF L1FT=OFF. IN ORDER TO AVQLID GREATLY DISPERSED OR EVEN ENTIRELY DIFFERENT RENDEZVOQUS
SEQUENCESs EXCESSIVELY LATE LAUNCHES MUST BE PREVENTED. "IN MOST INSTANCES AN EARLIER
DOCKING TIME 1S OBTAINED 8Y DELAYING LIFT~OFF ONE REV AND LAUNCHING ON TIMEs

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

FOR THt SHORT RENDEZVOUS» THE ACCEPTABLE DELAY IS 10 SECONDS, BUT THE CRITERION HERE IS ONE
OF REASONABLENESS RATHER THAN PRECISE NUMBERSe DELAYS GREATER THAN 10 SECONDS BEGIN TO
PRODUGE LARGE TWEAKS AS WELL AS LARGE TP] DELTA V'Se FUTHERMOREs iT IS FELT THAT 10 SECONDS
1S ADEQUATE TIME FOR TRE NECESSARY CREW TROUBLE~SHOOTING AND ANY PROBLEM NOT SOLVABLE IN
THIS TIME FRAME 1S THE TYPE PROBLEM THAT COULD MAKE THE SHORT RENDEZVOUS HAZARDOUS, THUS A

ONE=REV DELAY IN LAUNCH IS WELL ADVISED.

PARTICIPAT ION==~

CREW

PROCEDURES ===

IF LAUNCH 1S NOT AUTOMATICALLY INITIATED CREW WILL PRCCEED THROUGH NO AUTO IGNITION
CHECKLISTe IF NO IGNITION AFTER THATs LAUNCH IS DELAYED ONE REV WHILE THE PROBLEM 13
ATTACKED BY GROUND AND CREWe

MISSION REV | DATE SECTION . | :GROVP PAGE
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ITEM

-

5=102

CRITERIA FOR GUIDANCE SWITCHOVER TO AGS [PGNS FAILURE)

COMMENTS

THE RELIABILITY OF THE LGC AS A CONTROL DEVIGCE IS DEPENDENT ON THE COMPUTATIONAL INTEGRITY
OF THE SOFTWARE. THE LGC 1§ PROGRAMED TO RECOGNIZE INTERNAL FAULTS OR ERRONEQUS CONDITIONS»
AND CONSEQUENTLY ISSUES 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

Q0214 PROGRAM USING IMU WHEN TURNED QFF

20430 ACCELERATION OVERFLOW IN INTEGRATION

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

21103 UNUSED €CS BRANCH EXECUTED

ol197 : PHASE TABLE FAILUREs ASSUME ERASABLE MEMORY DESTROYED

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

21302 . SQUARE ROOT CALLED WITH NEGATIVE ARGUMENT

21501 KEYBOARD AND DISPLAY ALARM DURING USE

PARTICIPATION

DATA

GUIDANCE OFFICER

FLIGHT CREW

CAPCOM

SQURCES

LGC MONITOR-H/S» ASCENT/DESCENT DIGITALSs MSK 1594s MSK 218

PROGRAM ALARM LIGHT

PROCEDURE

A INDICATION

GROUND OR FLIGHT CREW OBSERVES PROGRAM ALARM LI1GHTs AND IDENTIFIES THE ALARM
VIA VOSNO9 (DISPLAY ALARM CODE} OR LGC DOWNLINKED FAILREG'Ss

MISSION REV | DATE SECTION GRoup PAGE
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5-102J CRITERIA FOR GUIDANGE 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 TARGETS. THE PREDICTION CAPABILITY CAN BE USED TO
DETERMINE THE REQUIREMENT FOR GUIDANCE SW]TCH OVER TO THE AGSe IN DOING §0» THE EXPECTED
PGNS PROFILE 1S APPLIED TO ARE PERICYNTHION AND APOCYNTHIAN ALTITUDES AND WEDGE ANGLE.

THE MINIMUM ACCEPTABLE HP 1$ 30,000 FEET TO INSURE CREW SAFETY. THE ACCEPTABLE LIMITS FOR
HA AND WEDGE ANGLE ARE TARGET VALUE PLUS 40 NeMe AND 1.0 DEGREEs RESPECTIVELYs THESE VALUES
ARE ARBITRARILY SELECTED AS A REASONABLENESS LIMITs SINCE SWITCHOVER WILL NOT BE REQUESTED
AFTER T GO DECREASES BELOW 30 SECONDSs A SLIGHTLY DIFFERENT VALUE WILL BE USED FOR CALLING
SWITCHOVER ON HPe PRELIMINARY ERROR ANLYSIS INODICATES THAT 1F HP DECREASES TO 409000 FEET
AT T GO = 30 SECONDSs A 70 PERCENT PROBABILITY EXISTS THAT HP WILL DECREASE BELOW 30,000
FEET AT INSERTIONs ALLOWING LESS THAN A 70 PERCENT CHANCE OF OBTAINING ACCEPTABLE
CONDITIONS SEEMS UNREASONABLE+ THEREFOREs SWITCHOVER WILL BE REWUESTED IF AGS PREDICTED WP
DECREASES 7O 409000 FEETe SINCE THE HA AND WEDGE ANGLE LIMITS ARE STRICTLY ARBITRARYs NO
PROTECTION WILL BE APPLIED FOR THE 30 SECOND EARLY DECISION

PARTICIPATION

GUIDANCE OFFICER

CAPCOM

DATA SOURCES

DELTA VS HP» MSK 217
GUIDANCE ASCENT/DESCENT DIGITALSs MSK 218

PROCEDURE

A INDICATION

GDO OBSERVES HAs HPr OR SIGMA APPROACH LIMIT VALUEs GOOQ DETERMINES WHICH
SYSTEM IS DEGRADING BY COMPARING VELOCITY COMPONENTSs ATTITUDES» AND
SELECTED TRAJECTORY PARAMETERS BASED ON ALL NAVIGATION SOURCES «

B ACTION

IF ERRORS ARE DETERMINED TO BE IN THE PGNS AND T GO IS GREATER THAN 320
SECONDS» GDO DECLARES ''GUIDANCE SWITCHOVERs PGNS NAVIGATION'' OVER FLIGHT
DIRECTOR LOOPs CAPCOM RELAYS SAME TO CREW OVER THE AIR TO GROUND LOOP«

MISSTON [REV | DATE SECTICN GROUP PAGE

APOLLO 14JFNL 12/15/70 | TRAJECTORY AND | ASKENT
GUIDANCE 363




NASA - Manned Spacecraft Center

MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

ITEM
5-1034 CRITERIA FOR GUIDANCE SWITCHOVER TO AGS (PGNS FAILUREI
COMMENTS

SAME AS MISSION RULE 5=102A
PARTICIPATION

SAME AS MISSION RULE 5-102A
DATA SOURCES

SAME AS MISSION RULE 5=102A
PROCEDURE

SAME AS MISSION RULE 5=102A
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—

1TEM

5-1031

CRITERIA FOR GUIDANCE SWITCHOVER TO AGS. {PGNS FAILURE)

COMMENTS

DURING THE POWERED ASCENT PHASE, CONTROL WILL BE SWITCHED TO THE AGS WHEN THE PGNS
NAVIGAT]ON DEGRADES TO THE EXTENT WHERE A SAFE INSERTION ORBIT CAN NQG LONGER BE OBTAINEDe
THE DEGRADATION IN THE NAVIGATION 1§ MONITORED BY COMPARING TRAJECTORY PARAMETERS BASED ON
PGNSs AGSe AND MSFN SOURCESe THE PRIMARY PARAMETERS MONITORED ARE VELOCITY COMPONENT
DIFFERENCESs THE LIMITING VALUES OF THE DIFFERENCES HAVE BEEN RECOMMENDED BY GUIDANCE AND
PERFORMANCE BRANCH/MPAD AS DELTA VX « 24 FPSy DELTA VY = 90 FPSs AND DELTA VZ = 37 FPSs THE
VALUES WERE DETERMINED BY DISPERSION ANALYSIS USING THE MONTE CARLO TECHNIGQUEe THE VALUES
REPRESENT ERRORS WHICH PRECLUDE MAKING A SAFE ORBIT INSERTION. THUSs IF THE PGNS NAVIGATION
IS CONFIRMED AS THE DEGRADED SYSTEM AND ANY PGNS-MSFN VELOCITY DIFFERENCE EXCEED THE
LIMITING VALUE, 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
DIFFERENCESs THE LIMITING DOPPLER/PGNS RESIDUALS ARE DEPENDENT ON THE LANDING SITE GEOMETRY
RELATIVE TO THE EARTH/MOON LINE. FOR H3+ THE LIMIT VALUES MAVE BEEN DETERMINED BY MPAD TO
BE 10 FPS FOR DOWN RANGE ERRORS AND 33 FPS FOR RADIAL ERRORS. A LIMITING VALUE OF DELTA
VY45 FPS WILL BE MAINTAINED FOR DIRECT RENDEZVOUS AND DELTA vY=90 FPS WILL APPLY FOR A
COELLIPTIC SEWUENCEe THIS IS TO PREGLUDE UNDESIREABLE QUT-OF=PLANE CONDITIONS AT TPI FOR
THE DIRECT RENDEZVOUSs IT SHOULD BE NQTED THAT ONLY O3 DEG { 45 FPS) OF WEDGE ANGLE IS
STEERED OUT BY THE AGS DURING ASCENT.

PARTICIPATION
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 GOO MONITORS THE MSFNs PGNS» AGS VELOCITY DIFFERENCESs THE GDO IN COQPERATION WITH FDO
DETERMINES THE ERRONEOUS SYSTEM BY SWITCHING SOURCES ON TRAJECTORY PLOTBOARDSe IF THE PGNS
15 DETERMINED AS THE DEGRADED SYSTEM AND ANY DIFFERENCE VALUE EXCEEDS THE LIMITING VALUVE»
GDO DECLARES OVER THE FLIGHT DIRECTOR LOOPs ''PGNS NAVIGATION NO=GOr AGS SWITCHOVER' '
CAPCOM RELAYS RECOMMENDATION TO CREW OVER AIR TO GROUND LOOQPe FLIGHT CREW PLACES THE GUID
CONTROL SWITCH TO AGSs
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R ITEM

k.103d CRITERIA FOR SWITCHOVER TO AGS GUIDANCE (AGS PREDICTED INSERTION CONCITIONS}
COMMENT
SEE RATLONALE FOR MISSION RULE 5-1028
PARTICIPATION
N/A
DATA- SOURCES
N/A
PROCEDURE
NZA

5=1030 CRITERIA FOR GUIDANCE SWITCHOVER TO AGS (PGNS FAILQRE WITHOUT MSFN CONFIRMATION)
COMMENT
SEE RATIONALE FOR MISSION RULE 5=103B
PARTICIPATION
N/A
DATA SOURCES
N/A
PROCEDURE

N/A
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ITEM

5=104

DECLARATION OF AGS NO=GO FOR NAVIGATI6S ERRORS

COMMENT

SINCE CONSIDERATION MAY BE GIVEN TO UTILIZE THE AGS FOR GUIDANCE CONTROL FOR INSERTION, ITS
NAVIGATION MUST 8 MONITORED TO INSURE THE CAPABILITY FOR REACHING A SAFE ORBIT THE
NAVIGATION 15 INITIALLY MONITORED IN THE SAME MANNER AS THE PGNS BY COMPARING VELQCLTY
COMPONENT DIFFERENCESe ONCE ANY VELOCITY DIFFERENCE IS VIOLATEDs THE PREDICTED AGS
INSERTION CONDITIONS ARE EVALUATEDs THE AGS IS DECLARED NO=-GO WHEN ERRORS RESULT IN
INSERTION CONDITIONS THAT VIQLATE THE FOLLOWING==-~
HP LESS THAN 30000 FEETs HA GREATER THAN THE TARGETED VALUE PLUS 40 NAUTICAL MILES OR A
WEDGE ANGLE GREATER THAN 1 DEGREEs

PARTICIPATION

DATA

GUIDANCE OFFICER

FLIGHT DYNAMICS OFFICER

CAPCOM

FLIGHT CREW

SOURCES

GUIDANCE ASCENT STRIPCHARTS

GUIDANCE ASCENT DESCENT DIGITALSs MSK 218
TRAJECTORY PLOTBOARDS

PROCEDURE

THE GDO MONITORS MSFNs PGNSs AGS VELOCITY DIFFERENCES AND PREDICTOR INSERTION CONDITIONS.
THE GDO AND FDO COOPERATE TO DETERMINE THE ERRONEOUS SYSTEM BY SWITCHING PREDICTOR SOURCES.
IF THE AGS IS OETERMINED TO BE THE DEGRADED SYSTEM AND EXCEEDS THE LIMITSs GDO DECLARES
1 1AGS NAVIGATION NO=GO'' OVER THE FLIGHT DIRECTOR LOOP. CAPCOM RELAYS THE SAME TO CREW OVER
THE AIR TO GROUND LOOPs '

MISSION REV | DATE SECTION - GROUP PAGE
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ITEM,

o

5=105

NO GUIDANCE SWITCHOVER AFTER T GO = 30 SECONDS

COMMENT
GUIDANCE SWITCHOVER IS REQUESTED WHEN THE PRIMARY SYSTEM HAS DEGRADED AWAY FROM NOMINAL TO
AN UNACCEPTABLE EXTENT+ AFTER SWITCHOVERs LARGE STEERING TRANSIENTS ARE INCURREPC AS THE
BACKUP SYSTEM ATTEMPTS TO CORRECT THE DEVIATION. IF SWITCHOVER IS TO BE EXERCISED+ ADEQUATE
TIME SHOULD BE ALLOWED PRIOR TO INSERTION FOR THE TRANSIENTS TO BE DAMPED OUT. 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 SOQURCES
N/A

PROCEDURE

N/A
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ITEM

5=111

RENDEZVOUS MANEUVER SELECTION LOGIC

COMMENTSmm=

DATA

THERE ARE SEVEN ACCEPTABLE. TECHNIQUES WHICH PROVIDE ONBOARD RENDZVOUS NAVIGATIONs EACH OF
THESE SCHEMES WILL PROVIDE CORRECTED STATE VECTORS WITH WHICH ONBOARD COMPUTERS <CALCULATE
RENDEZVOUS MANEUVERSs 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 SOLUTIONS. AGREEMENT HAS BEEN DEFINED BASED ON THE PREDICTED ACCURACIES OF THE
VARIOUS NAVIGATION SCHEMES ANDs WHILE SOME CASEsS MAY REALIZE BETTER AGREEMENT THAN THIS»
THE NUMBERS PROVIDED ARE ADEQUATE FOR ALL RENDEVOUS PROFILES: INCLUDING DESCENT ABOURTS.

IT 1S RECOGNIZED THAT CERTAIN JUDGEMENTS WILL 8E MADE BY THE CREW WHEN NAVIGATION SYSTEMS
PERFORMANCE BECOMES DEGRADED DUE TC ONBOARD MALFUNCTIONS. IN SUCH CASESs WHEN GROUND
ASSISTANCE IS5 UNAVAILABLEs CREW JUDGEMENT IS DEPENDED UPON TO EXECUTE THE MOST CORRECT OF
THE AVAILABLE SOLUTIONS.

SOURCES

CSM

LM

PARTICIPATION

CREW

PROCEDURE

ONBOARD
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ITEM

=112

RENDEZVOUS TARGETING CONSTRAINTS

COMMENTS

DATA

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 Hs FOR THE COELLIPTIC SEQUENCE THIS DELTA He 1S
ESTABLISHED AT GDHs WHILE IN THE SHORT RENDEZVOUS IT 1S ONE OF THE TPl OFFSET CONCITIONS TO
BE ACHIEVEDs 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 DEGe FOR THE COELLIPTIC SEQUENCE
RENDEZVOUSy TPl WILL OCCUR 16 MINUTES PRICR TO SUNRISE AT AN ELEVATION ANGLE OF 2646 DEGe

DATA PRIORITY HAS ESTABLISHED THAT THE SHORT RENDEZVOUS WILL BE ATTEMPTED (FROM A
TRAJECTORY STANDPOINT)s ONLY WHEN THE INSERTION WEDGE ANGLE 1S PREDICTED TO BE ZEROs 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 T0
BE ILL=ADVISEDs THUS+ ONLY AS LONG AS ASCENT YAW STEERING CAN REDUCE THE INSERTION WEDGE TO
ZEROs WILL THE SHORT RENDEZVOUS BE CONSIDERED AN ACCEPTABLE TECHNIQUE.

THE FINAL CONSTRAINT APPLIES ONLY TO THE COELLIPTIC SEQUENCEs SPECIFICALLYs LIFT=OFF WILL
BE ESTABLISHED SUCH THAT CDH SHOULD BE APPROXIMATELY ZERO DELTA V. THIS CRITERION WAS
ESTABLISHED IN DATA PRIORITY AS A DESIRABLE CONSTRAINT SINCE [T MAXIMIZES THE PROBABILITY
OF BEING ABLE TO FOREGO COH THUS AFFORDING A LONG, UNDISTURBED TRACKING ARC FOR THE TPI
SOLUTIONS» IN ADDITION TO ELIMINATING ONE MANEUVER.

SOQURCES

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 PROGRAMy FDO CAN ESTABLISH
THE NOMINAL DELTA H AND TPl TIMESs THE GENERAL TECHNIQUE USED 1S TO VARY BOTH HORIZONTAL
AND RADIAL INSERTION VELOCITY UNTIL THE DESIRED CONDITIONS ARE METe THIS IS NORMALLY DONE
UTILIZING CURVES SUPPLIED BY MPAD. THE FINAL MANEUVER WILL BE TRANSFERRED FROM THE LAUNCH
WINDOW (RPT) TO THE MPTe

SHORT RENDEZVOUS==« ALL SHORT RENDEZVOUS CONSTRAINTS GAN BE MET WITH ONE {TERATION OF THE
LAUNCH TARGETING TABLES ALL CONSTRAINTS ARE MET AUTOMATICALLYs THUS ELIMINATING THE NEED
0R, MANUAL L TERATION, THE, MANE ES LL BE COMPUTED, IN THE LTT» TRANSEERRED TO THE. LAUNCH
O (R e RANAELRgeE 56 rag et - v 1 7 F TR e et
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ITEM

5-113

COELLIPTIC SEQUENCE RENDEZVOUS EXECUTION CONSTRAINTS

COMMENTS

DATA

THE NOMINAL DELTA W 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 IT WILL
HOWEVER» BE THE FIRST CONSTRAINT TO BE SLIPPED IN THE PRESENCE OF REAL TIME ODISPERSIONS,
ETC.

TP1 WILL NOT BE MOVED ANY EARLIER THAN 31 MINUTES PRIOR TO SUNRISE DUE TO CsM_ TRACKING
CONSTRAINTSs NAMELYs 31 MINUTES ALLOWS THE CMP 4 MINUTES AFTER SUNSET IN WHICH TO OBTAIN
SEXTANT TRACKING FOR HIS TPL SOLUTIONs SINCE THE CMC SOLUTION IS INVOLVED IN THE VOTING
LOGIC CONCERNING WHICH TPI TO EXECUTE AND SINCE SEXTANT TRACKING 15 REWQUIRED (ALONG WITH
VHF RANGING) TO OBTAIN A CMC SOLUTIONs TH1$ CONSTRAINT MUST BE OBSERVED. 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 DICTATEs THERE 1S NO CONSTRAINT ON MOVING TPI LATER
THAN NOMINAL+

THE DELTA T.BETWEEN CDH AND TPI IS NOMINALLY 38 MINUTES. THIS PRESENTS A (OMFORTABLE
TIMELINE FOR RENDEZVOUS NAVIGATIONs MANEUVER COMPUTATION AND BURN PREPARATIONs IN THE
PRESENCE OF REAL-TIME DISPERSIONSs THIS DELTA MAY BE SHORTENED TO AS LITTLE AS 30 MINUTES»
BUT THIS 15 UNDESIREABLEs IT WILL BE MAINTAINED ABOVE 32 AS LONG AS 1S FEASIBLE. THIS
CONSTRAINT WILL BE THE LAST GUIDELINE TO BE VIOLATED.

SOURCES

RET (RENDEZUOUS EVALUATION TABLE)

RPT (RENDEZVOUS PLAN TABLE)

MPT (MISSION PLAN TABLE)

PARTICIPATION

FDO
FLIGHT

CREW

PROCEDURES

DURING THE COURSE OF RENDEZVOUS PLANNING» FDO WILL EXAMINE PARAMETERS SUCH AS DELTA Hy TPI
TIME RELATIVE TO SUNRISEs ELEVATION ANGLEs ETCe THE NOMINAL LIFT=OFF WILL MAINTAIN ALL OF
THESE PARAMETERS AT THEIR PREMISSION VALUES. AFTER INSERTIONs» 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 H» AND FINALLY THE DELTA T FROM COH TO TPI.

THESE QUANTITIES WILL BE VARIEDs AS REQUIREDs IN THE ORDER THEY ARE LISTEDe REPRESENTATIVE
VARIATIONS ARE=w= +/= 5 MINUTESs +/= 3 NeMss AND + 3 TO 5 MINUTES. ONLY UNDER THE MOST
EXTREME CIRCUMSTANCES WOULD THE DELTA T FROM CDH TO TP] BE DECRESASED SIGNIFICANTLYs AS THE
DELTA T IS CRITICAL IN OBTAINING GOOD ONBOARD TPl SOLUTIONSs DELTA T IS CRITICAL IN
OBTAINING GOOD ONBOARD TPI SOLUTIONSe IN FACTs DELEYING CDH HAS BEEN SHOWN TO BEs 1IN
CASESs AN ACCEPTABLE ALTERNATE TO SHORTENING THE DELTA T BETWEEN THE TwO MANEUVERS.

ENGINEERING JUDGEMENTs COUPLED WITH SIMULATION EXPERIENCEs MUST TEMPER THE VARIOUS
TRADEOFFS THAT HAVE TO BE MADE DURING RENDEZVQUS PLANNING.
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R ITEM

S=114

TWEAK/BAIL=OUT 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 SEQUENCE TO THE STANDARD COQELLIPTIC
SEQUENCE) WILL BE EXECUTEDs THE PRIMARY CONSIDERATION ls THE DELTA V LIMIT WHICH WAS
ESTABLISHED USING TWO RATIONALE. THE FIRST 1§ THAT RETROGRADE TWEAKS ARE NECESSARILY
LIMITED TO 60 FPS DUE TO LM =X RCS BURN GONSTRAINTS CONSIDERATIONS SINCE THIS LIMIT
EXISTS AND ANY VALUE FOR EITHER POSIGRADE OR OUT=OF PLANE TWEAKS GREATER THAN 60 FPS WOULD
BORDER ON UNREASONABLENESS» THE SECOND RATIONALE IS SIMPLY A REASONABLENESS TESTe THUSs THE
RULE STATES THAT ANY TWEAK LARGER THAN 60 FPS WILL RESULT IN EXECUTION OF THE B8AIL-QUT
MANEUVER.

THE SECONDARY {IN TERMS OF PROBABILITY) CONSIDERATION IS A PURE TRAJECTORY CONCERNy NAMELY
THAT THE BAIL=OUT WILL BE EXECUTED IF THE POST=TWEAK PERICYNTHIAN 1S LESS THAN 5 MINUTES.
ALTHOUGH THIS PERILUNE IS ALWAYS SBEHIND THE SPACECRAFT) AND PROPER EXECUTION OF THE ENSUING
RENDEZVOUS ‘WOULD RESULT IN CONTINUAL INCREASES IN PERILUNEs 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 PROPYLSION

SOURCESm=
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 (PNGS, AGS» MSFN) 1S MOST CORRECT, THE
RULES WILL BE INVOKEDs [F EITHER CRITERIA IS VIOLATEOs HE WILL RECOMMEND EXECUTION OF THE
BAILoOUT MANEUVER TO THE FLIGHT DIRECTORs 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
DECISIONs

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 MINUTESa
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REQUIRED RENDEZVOUS NAVIGATION TECHNIQUES
COMMENT Smmm

DATA PRIORITY HAS ESTABLISHED THAT IN ORDER TO COMMIT TO THE SHORT RENDEZVOUS» TWO
INDEPENDENT ONBOARD NAVIGATION METHODS MUST BE AVAILABLE. THE LISTED TECHNIQUES REPRESENT
THOSE METHODS THAT ARE ADEUUATE TO SUPPORT THIS RENDEZVOUS PROFILE, BASED ON THIS
GROUNDRULE» A MATRIX WAS CONSTRUCTED TO IDENTIFY THOSE COMBINATIONS OF FAILURES WHICH

VIOLATE TH1S CRITERION (SEE RULE 3=81).
THE RATIONALE BEHIND THIS DECISION WAS===

ls DUE TO THE SENSITIVITY OF THE SHORT RENDEZUOUS TRAJECTORY 7O 3G DISPERSIONS» THE
GROUND (UTILIZING MSFN DATA} IS NOT NOMINALLY CONSIDERED AN ACCEPTABLE SOURCE FOR TPl

2 THE GROUND CAN COMPUTE AN ACCEPTABLE CSls CDHs AND TPI SEQUENCE USING MSFN  DATA.
SINCE THIS SEWUENCE IS ONLY SLIGHTLY LESS DESIREABLE THAN THE NOMINAL TECHNIQUEs 1T IS THE
PRIMARY BAGKUP AND WILL BE EAECUTED IN ALL CASES LEXCEPT TIME CRITICAL)S DURING THE
COELLIPTIC SEWUENCE HOWEVER» 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) 15 THE LEAST DESIREABLE OF THE
OPTIONS FOR RENDEZOUSs IN CRITICAL SITUATIONS HOWEVER) BROUGHT ABOUT BY SINGLE OR MULTIPLE
FAILURES POST=TWEAKs THE GROUND WILL PASS TPI FOR ONBOARD EXECUTION HOWEYERs ONBOARD
NAVIGATION IS RECOGNIZED AS MANDATORY FOR MCC 2 COMPUTATION THESE CASES.

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

ANOTHER GO/NO GO OPPORTUNITY 1§ PRESENTED IN THE TIME FRAME BETWEEN INSERTION AND THE
TWEAK/BAIL OUT DECISIONs SINCE THIS TIME FRAME (2=3 MINUTES) IS TQO BRIEF FOR MAJOR SYSTEM
CHECKSe ONLY THE MANDATORY LM COMPUTERS WILL BE VERIFIEDs BASED UPON THEIR ASCENT

PERFORMANCEs 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 MANEUVER.
PARTICIPANTS ===
FLIGHT DIRECTOR
FDo
GUIDANCE
GONTROL
TELMY
G&C
CREW
PROCEDURES=~=
1. PRIOR TO L/Os ALL INVOLVED MOCR POSITIONS MUST IDENTIFY TO FLIGHT ANY FAILED SYSTEMS.
THIS MAY REQUIRE CREW CHECKSs FLIGHT wILL DETERMINE WHICH RENDEZVOUS PROFILE 15 TO BE
EXECUTEDe
2¢  FDO WILL TARGET L/O AS A FUNCTION OF THE PROFILE TO BE FLOWNs

3 AT INSERTIONs STATUS OF ANY MANDATORY LM COMPUTER WELL CHECKED. BARRING FAILURE OF A
COMPUTER» THE NOMINAL RENDEZVOUS TIMELINE WILL PROGEED.

be FOO WILL PASS THE TWEAK OR THE BAIL OUT MANEUVER IN ACCORDANCE WITH THE POST=INSERTION
DECISION.
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5~121

5«122

TEC MCC ENTRY TARGETING

COMMENTS

A

B

THE STEEP TARGET LINE 1S FOR THE CENTER OF THE CORR]JDORa THIS INSURES A SAFE
ENTRY FROM HIGH GS {THE NOMINAL IS ABOUT 6G) AND AT THE SAME TIMEs 1T AVQIDS
FLYING IN A SENSITIVE REGION OF THE CORRIDOR THAT 1S SUSCEPTIBLE TO SKIPPING
OUT,

THE G AND N OPERATES VERY WELL FROM THE S$TEEP 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 253500 FPSs AND THEN THE EMS IS USED FOR RANGING SO ITS OPERATION IS
COMPATIBLE WITH THE STEEP TARGET LINEe

THE SHALLOW TARGET LINE ALLOWS THE G AND N TO FLY ITS MAXIMUM RANGING
CAPABILITY OF 2500 NeMe FOR LUNAR RETURN VELOCITIESs THIS 1S A SKIP=TYPE
ENTRY WHICH 15 A VERY SENSITIVE TYPE OF ENTRYs FOR VELOCITIES EWUAL TO OR
LESS THAN 31:000 FPSy THE STEEP TARGET LINE LIMITS THE G AND N GUIDED RANGE
TO AROUND 1300 NeMs FOR VELOCITIES EQUAL TO OR LESS THAN 314000 FPSs THE
SHALLOW TARGET LINE IS REQUIRED IN ORDER FOR THE G AND N TO FLY GREATER
RANGES e

TEC MCC PHILOSOPHY

COMMENTS
A AND B
THE G AND N 15 THE BEST MODE FOR CONTROLLING A BURNs AND IS DESIREDs 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 IS5 DESIRABLE TO STAY WITHIN
THE CORRIDOR AT ALL TIMES.
Ca AN SPS MINIMUM IMPULSE BURN RESULTS IN A DELTA v THAT 1§ A FUNCTION OF THE
MASS OF THE VEHICLE CONFIGURATION, PREMISSION TRANSEARTH PLANNING RESULTS
IN A DELTA V EWUIVALENT TO A MINIMUM [MPULSE VALUE WHICH REFLELTS NOMINAL
MANEUVERSe BUT MANEUVERS ARE NEVER COMPLETELY NOMINAL»s HENCEs A. PERMISSION
DELTA V BASED ON THE NOMINAL MAY NOT BE RELEVANT TO THE REAL TIME MINIMUM
IMPULSE DELTA Ve IN FACTs IT 1S POSSIBLE TG DEFINE A DELTA V  SMALLER THAN
THE REAL TIME MINIMUM IMPULSE DELTA V WHICH MEANS THAT 7O JUSE THE SP5 FOR AN
MCCs ONE WOULD HAVE TO VIOLATE THE RULE. THEREFOREs IT IS BEST TO DEFINE
THE CELTA V AS THAT INHERENT IN A MINIMUM IMPULSE SPS BURNe
REFERENCE
DATA PRIORITY

OPERATIONAL COPINIONS.
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COMMENTS

TEC MCC FOR LANDING AREA CONTROL

AGBs AN MCC CAM BE USED TO.CONTROL THE LANDING AREA PRIOR TO ElI=-24 HRS FOR

AVOIDING BAD WEATHERs OR FOR RECOVERY ACCESSe

El DELTA V REGQUIRED TO CHANGE LANDING LONGITUDE 1 DEg
60~70 HRS APPROXe 5 FPS

24 HRS APPROXs 25 FPS

15 HRS APPROXs 55 FPS

THE DATA ABOVE SHOW THAT AFTER Elw=24 HRSs IT TAKES QUITE A BIT OF DELTA V T0
CHANGE THE LANDING AREA VERY MWCHe IF A LARGE MCC IS DONE» IT WOULD REQUIRE
SEVERAL HOURS OF TRACKING AND THEN ANOTHER MCC PRIOR TO ENTYRYs BUT PRIOR T0
EI~24 HRSs THE AREA CAN BE CHANGED WITHOUT MUCH DELTA V AND WITH PLENTY OF
TIME TO TRACK AND DO ANY NEEDED MCCs

IT SHOULD BE EMPHASIZED THAT THE LOCATION OF THE CPERATIONAL FOCTPRINT HAS
AS ITS PRIMARY OBJECTIVE THE REGUIREMENT THAT 1T CONTAIN NO LAND MASSESs
BECAUSE OF THE RELATIVELY LARGE NUMBER OF SMALL ISLANDS IN THE MID=PACIFIC
AREAs IT IS NOT ALWAYS POSSIBLE TO MEET THE ABOVE REGUIREMENT IN THESE
CASESs SMALL LAND MASSES ARE ACCEPTABLE WITHIN THE FOOTPRINT, PROVIDED THAT
THEY ARE AWAY FROM THE PRIME AND BACKUF TARGETS WITHIN THE FOOTPRINT» THAT
15+ IN AREAS WHERE OPERATIONAL OPINION DICTATES THAT LAND IMPACT 1S HIGHLY
UNLIKELY BECAUSE THESE AREAS REPRESENT EXTREME GUIDANCE DISPERSIONS WITHIN
SYSTEM LIMITS.

IN REAL TIME FOR REASONS OF WEATHER AVOIDANCEs GUIDANCESs OR TRAJECTORY
ANOMALIESs 1T MAY BECOME NECESSARY TO SHIFT THE FOOTPRINT TO ACCOMMODATE A
RELOCATION OF THE TARGET POINTe IN SUCH CASES» THE SHIFT OF THE FOQOTPRINT
MAY RESULT IN CONTAINING LANO MASSES. IF THIS OCCURSs A REAL TIME AGREEMENT
MUST RESULT BETWEEN FD8 AND LRD TO BUY OFF ON THE ACCEPTABILITY Of THESE
LAND MASSES WITHIN THE FOOTPRINT. .

NOTE===

THE AREA THAT 1S OPERATIONALLY ACCESSIBLE 15 BASED UPGN ENTRY FLIGHT PATH
ANGLES BETWEEN = 643 DEGREE TO = 6¢& DEGREE {MCC=7 EXECUTION CRITERIA} AND
THE DISPERSIONS ASSOCIATED WITH EACH OF THE ENTRY MODESs THE EI POINT AND
THE CONSTANT 4G RANGE POTENTIAL VARY AS THE ENTRY FLIGHMT PATH ANGLE VARIES
ABOUT THE NOMINAL OF =645 DEGREEs THE E1 POINT CHANGES 10 NeM, PER +1 DEGREE
AND THE CONSTANT 4G RANGE POTENTIAL CHANGES 25 NeMs UPRANGE PER =<1 DEGREE
AND 45 NeMs DOWNRANGE PER +s2»

THE G AND N LANDING AREA = THE 70 NeMsTO EITHER SIDE OF THE GROUND TRACK IS
THE CROSSRANGE CAPABILITY OF THE &G AND R AT 1250 NeMe THE 915NsMesUPRANGE 15
THE SHORTEST POSSIBLE RANGE FOR A CONSTANT 4G ENTRY. THE 2000NeMs DOWNRANGE
1S BASED ON FLYING THE G AND N TO THE MAXIMUM OPERATIONAL RANGE OF 1800 NeMe
AND_ALLOWING, AN. ADDITIONAL 200, NeMe BABe . ) o wln s cndi oo Thiip o T

THE EMS LANDING AREA = THE +/= 52 NeMs IN CROSSRANGE 1S THE EMS CROSSRANGE
DISPERSIONe THE 61 NeMs UPRANGE BOUNDARY IS THE SUM OF ww=

As 26 NeMy FROM EMS DISPERSIONe
Bs 10 NeMs FROM =41 DEGREE FLIGHT PATH ANGLE CHANGE.
Ca 25 NeMe FROM 4G RANGE POTENTIAL CHANGE.
THE $1 NeMe DOWNRANGE BOUNDARY IS THE SUM OF~-—=—
As 26 NeMe FROM EMS DISPERSIONs
Be 20 NeMe FROM &42 DEGREE FLIGHT PATH ANGLE CHANGEs
Ce 45 NeMs FROM 4G RANGE POTENTIAL CHANGEs
FOR AN EARLY G AND N FAILURE, THE EMS ENTRY IS TARGETED TQ THE CONSTANT 40

TRAGET POINTy THEREFOREs THE CPERATIONAL FOOTPRINT ASSUMES THAT THE EMS
TARGET POINTS ARE COINCIDENT WITH THE CONSTANT 4G TARGET POINTSs
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THE CONSTANT 4G LANDING AREA = THE +/= 27 NeMes IS THE CROSSRANGE DISPERSION
FOR A CONSTANT 4G ENTRYs THE 110 NeMe UPRANGE BOUNDARY 15 THE SUM QF we=e

As 73 NeMe FROM 4G DISPERSIONs
B 10 NeMs FROM =,1 DEGREE FLIGHT PATH ANGLE CHANGE.
.C-— é5 NsMs FROM 4G RANGE POTENTIAL GHANGE.
THE 140 NeMe DOWNRANGE BOUNDARY IS5 THE SUM OF ===
Ae 73 NeMe FROM 4G DISPERSIONs
Be 20 NeMe FROM ++2 DEGREE FLIGHT PATH ANGLE CHANGEs

Ce 45 NeMs FRCM 4G RANGE POTENTIAL CHANGE.

1

fe——250 NM
-l——152 NM-“ Rol! right constant 49 IP
X 1
54 N

] Nominal G&N target

t
asw—t

1250 NM 2000 NM
Constant 4g entry dispersion area

=
:C
-]
z]

Rotl left

constant EMS dispersion area
49 |P
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BACKUP ENTRY CONSTRAINTS

COMMENTS

Ae

Be

REFERENCE

MEMORANDUMs SUBJECT==~ LOAD FACTOR DURATION ENCOUNTERED DURING LUNAR RETURNS ENTRY WITH THE

THE CONSTANT G ENTRY 15 A BACKUP TO THE G AND N ENTRY MODE. AFTER PEAK G THE
LIFT VECTOR IS5 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 IS5 VERY SENSITIVE AND MAY SKIP OUTe A CONSTANT G MODE OF EWQUAL TO OR
GREATER THAN § G IS DIFFICULT TO CONTROL BECAUSE IT REQUIRES SEVERAL LARGE
CORRECTIONS (30 DEG = 50 DEG} OF THE LIFT VECTOR ORIENTATIONS TO MAINTAIN
THE CONSTANT G.« THERE IS5 ALSO A CREW HAZARD ASSOCIATED WITH SUSTAINED G'S OF
5 G ’

THE EMS IS USED FOR RANGING ONLY WHEN THE G AND N HAS FAILEDs IN THIS CASEs
THERE 1S NOT ANY POSITIVE CHECK ENTRY» IT <COULD CAUSE A TRAJECTORY THAT
WOULD SKIP QUT AND BE CATASTROPHIC== BUTs ONCE THE VELOCITY IS EQUAL TO OR
LESS THAN 259500 FPS AN EMS FAILURE WQULD ONLY CAUSE A MISS OF THE TARGET.
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 VERSA. [IF THEY
DISAGREEs A SEAT-OF-THE~PANTS MEASUREMENT MUST BE USED TO DETERMINE WHICH 18
CORRECT

CONSTANT G BACKUP MODEs» DATED AUGUST T» 196B.
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5=126

WEATHER AVOIDANCE DURING ENTRY

COMMENTS

THE G AND N HAS THE CAPABILITY OF FLYING AN ENTRY FROM 1100 NsMe TO 2500 NeMe RANGE» BUT IT
HAS BEEN AGREED WITH THE CREW IN DATA PRIORITY MEETINGS THAT THE RANGE wILL BE LIMITED TO
1800 NeMs A RANGE OF LESS THAN 1800 NeMe AVOIDS THE WUSE OF P&bs P& TARGETS FOR A
TRAJECTORY THAT SKIPS TO A REGION WHERE THE DRAG LEVEL I8 LESS THAN 042Gs

THEREFOREs THE G AND N ENTRY RANGE CAN BE VARIED FROM 1100 NeMe TQ 1800 NsMe FOR AVOIDING
WEATHER AND THE EMS ENTRY RANGE CAN VARY FROM 1100 NeMe TO 1600 NeMsa FOR WEATHER AVIIDANCE.

REFERENCE

OPERATIONAL OPINIONSs DATA PRIORITY S=PA=9T=040 (TEI» MCC AND ENTRY )
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PREDICTED ENTRY CORRIDOR VIOLATION AFTER THE LAST MCC CPPORTUNITY
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 BURN

o AT EI-3 HRSs IT TAKES APPROXe 8 FPS TO CORRECT 1
DEG OF GAMMA AT Ely BUT AFTER ABOUT El~2 HRSs THE DELTA v REQUIRED TO CORRECT GAMMA AT El
GROWS RAPIDLY.

IF THE UNDERSHOOT LINE 1S EXCEEDEDs FULL LIFT SHOULD BE FLOW UNTIL AFTERPEAK G TOQ AVOID

HIGH GS4 THEN THE CONTROL MAY BE GIVEN TO THE G AND N TO GET AS CLOSE TO THE TARGET AS
POSSIBLES

IF THE OVERSHOOT LINE IS EXCEEDED) NEGATIVE LIFT SHOULD BE FLOWN UNTIL AFTER 2G'S ARE
REACHED TC ASSURE CAPTUREs IN THIS CASE THE G AND N WOULD FLY UP AGAINST THE 106 LIMITER,
TRYING TO HIT THE TARGETs BUT WOULD STILL LAND LONG== THEREFOREs AFTER CAPTURE A CONSTANT

3G ENTRY SHOULD BE FLOWNe THE 4G ENTRY HAS A SHORT RANGE ASSOCLATED W1Tr T AND WOULD AVOID
THE HIGH G'S,
REFERENCE
OPERATIONAL OPINIONs DATA PRIORITY S~PA=9T=040 (TEIs MCCy» AND ENTRY).
mission |rev| pate | section GROUP PAGE

4l FNL J12/15/70] TRAJECTORY AND TRANSEARTH
APOLLO L N GUIDANCE . ENTRY . =79




NASA - Manned Spacecraft Center

MISSION RULES
SECTION 3 = TRAJECTORY AND GUIDANCE

R ITEM

5=130

5«131

G AND N NO=GO CRITERIA DURING ENTRY

COMMENTS

As AND Bo
WHEN THE ENTRY RANGE 15 GREATER THAN 1350 NaMes THE CMC WILL ENTER P65 WHICH
DISPLAYS A TARGET VELOCITY AS Vi AND DL AND CAN BE USED TO WUALIFY THE €MC
NAVIGATION PRIOR TO P65 IN QRDER TOQ COMMIT THE G AND N FOR THE REMAINDER  OF
THE ENTRYs THE CREW 1S VOICED THE G AND N GO/NO=GOs THE LIMITS ARE BASED ON
vARTOUS ERRORS SOURCES {ATMOSPHEREs L/D» G AND N 3 SIGMA ERRORS» ETCe) WHICH
ARE FIXED PREMISSION» HOWEVER» THE LIMITS MUST ALSO INCLUDE A BIAS FOR THE
SPECIFIC ENTRY RANGE AND ENTRY CONDITIONS WHICH CANNOT BE FIXED PREMISSIONe
THEREFOREs THE LIMITS ON VL ANC DL WILL BE ODETERMINED FROM CURVES OURING
REAL TJIME,

Cs AND Ds
THE 6 AND N 1S DESIGNED SUCH THAT IT SHOULD ALWAYS FLY THE ENTRY WITHIN THE
EMS ON=SET AND OFF=SET LIMIT LINESs IF THE G~METER AGRLES WITH THE G
INDICATED BY THE EMSs THERE ARE TWO INDEPENDENT SOURCES THAT INDICATE THE G
AND N 15 NOT PERFORMING PROPERLYs

Ee AND Fu

AT EI-17 MINe A HORIZON MONITOR ATTITUDE CHECK IS5 MADE ON THE G AND Ne THE
CREW ORIENTS THE $/C TO A HEADS DOWNs BLUNT=END FORWARD ATTITUDE WITH THE
31¢7 DEG WINDOW MARK ON THE HORIZON AND COMPARE THE PITCH GIMBAL ANGLE WwI1TH
THE PAD VALUE. IF THE DIFFERENCE IS GREATER THAN +/= 5, THE G AND w15
NO=GQe
G NO RATIONALE REQUIRED.
TEI ABORTS AND RESIDUAL TRIMMING PHILOSOPHY

COMMENTS

THE BURNs THERE SHOULD BE AS MANY MANUAL RESTARTS Al NECESSARY TO COMPLETE ThE BuURine
WHERE THERE IS A PREMATURE SHUTDOWN FOR CAUSES OTHER THAN A MANUAL SHUTDOWN» ACTILIUN
CAPABILITY REMAININGs EXPERIENCE HAS SHOwWN THAT THE COMPUTED TEL MANEUVER PERFORMED
G+N CONTROL HAS NEVER RESULTED IN TEC MIDCOURSES TOTALING GREATER THAN € FPSe 1T CAN
BE SHOWN THAT THE DELTA V NEEDED 7O CORRECT TEI DISPERSIONS AT CUTOFF GROWS T 2a>
REMAINING GREATER THAN RCS DELTA V CAPABILITY LESS 20 FPS THE $PS SHUULD BE KRESTARTED

MIDCOURSES WITHe THE BURN NEED NOT BE TRIMMED SINCE THE CORRECTIVE DELTA vV GROwWTH RATE
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 Vv CAPABILITY

20 FPS THE CREW AT THEIR DISCRETION CAN EITHER RESTART THE SPs OR WSE THE RCS ASAP
COMPLETE THE TARGETED BURNs THE BURN NEED NOT 8E TRIMMED FOR THE ABOVE REASONe IF  THE

BE SUFFICIENTs

ANY ERRORS CAN BE TAKEN QUT IN THE MIDCOURSE. 1T'S BEST TO TRIM THE BURN  ACCUKRATELY
AND Z BECAUSE THEY AFFECT LONGITUDE AND CORRIDOR CONTROL FOR LNTRY.
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CONT!

ALL THE ABOVE 1S APPLICABLE TO A DPS TE! ALSOs WHERE A DPS TEL IS DONE WITH AN OPERATIONAL
SPS AS A BACKUP AND THE DPS SHUTDOWN IN THE MODE 111 REGIONs THE DPS SHOULD BE ABANDONED
AND THE SPS RETARGETED FOR THE NEXT TEl WHICH WILL OCGUR NEAR THE NEXT PERICYNTHIONs ~THIS
IS THE OPTIMUM TIME IN TERMS OF DELTA Ve IF THE SHUTDOWN OCCURS IN THE MODE I REGION THE
DPS SHOULD BE ABANDONED AND TME SPS TARGETED AT TEL + 2 MOURS TO ACHIEVE ENTRY CONDITIONSs
AT LEAST TWO HOURS 1S NEGESSARY TO CONFIRM THE ORIGINAL MANEUVERs BUILD A USABLE VECTOR TO
COMPUTE THE CORRECTIVE MANEUVER, DO THE COMPUTATIONS, READY THE SYSTEMS AND PASS THE DATA
TO PERFORM THE MANEUVERe IT 1S NOT WISE TO WAIT MUCH BEYOND 2 HOURS BECAUSE THE TRAJECTORY
THAT RESULTS FROM A SMUTDOWN IN THE MODE | REGION IS A NON“EARTH ENTERING TRAJECTORY ~AND
THE SOONER THE CREW GETS BAGK ONTO THE CORRECT TRAJECTORY THE BETTER SINCE THE CORRECTIVE
DELTA V REQUIRED GROWS RAPIDLYe
IN THE CASE WHERE THERE NQ SPS OR DPS IGNITION ON THE ORIGINAL TEI MANEUVER IT 1S5 BETTER TOQ
SLIP 1 REVes DO MALFUNCTION PROCEDURES AND TRY AGAIN AT THE NEXT OPPORTUNITYs NO CAPABILITY
IS LOST SLIPPING 1 REV, BECAUSE THE LANDING TIME REMAINS THE SAME FOR ONLY ABOUT A 50 FPS
INCREASE IN TEI DELTA Ve

DATA SOURCES
ONBOARD MONITORING
RETURN TO EARTH DISPLAYS
FDO OREIT DIGITALS
GHECKOUT MONITOR

PARTICIPATION
CREW ‘
FDO
RFQ
FD

PROCEDURE

As NO SPS OR DPS IGNITION
ie RETARGET TEI FOR 1 REVs LATER
2¢ CREW EXECUTE STANDARD MALFUNCTION PROCEDURES
Be PREMATURE SPS SHUTDOWN
le CREW RESTART ASAP AND COMPLETE THE TARGETED
BURN WITH NO TRIM
#1 TRH X AN Z IF SHuTOOMN RESIPUALS LESS TUAN.2. TS
C€s PREMATURE DPS SHUTDOWN WITH opsnAr:oNAL sPS AS BACKUPs
1« MODE II1 REGION
(A} RETARGET SPS FOR NEXT TEl
2+ MODE I REGION
(A) RETARGET SPS FOR TEIl + 2 HRe
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S=1C STAGE L0SS OF THRUST
THE $=IC STAGE ENGINE START SEUWUENCE USUALLY BEGINS AT TBl = 8.9 SECONDS AND SHOULD ATTAIN
90 PERCENT THRUST PRIOR TO LIFTOFFs NOMINAL TIME FOR INBOARD ENGINE CUTGFF 1S TBL + 13446
SECUNDS=~ OUTBOARD ENGINES AT TB2 + 268 SECONDS. TWO ENGINE OUT AUTOC ABORT IS DEACTIVATED
AT TB1 + 120 SECONDSe FOR EARLY ENGINE OUT (APPROXe 20 SECONDS) HIGH=& WILL QCCUR 25 TO 30
SECONDS LATER THAN NOMINAL CONDITIONSs
FAILURE POINTS
ls LOX OR FUEL PREVALVE CLOSES PREMATURELY
2 PREMATURE ENERGIZATION OF ENGINE CONTROL SOLENCID
3 GAS GENERATOR CONTROL VALVE CLOSES PREMATURELY
Ga FUEL CUTOFF SENSOR SENSES PREMATURELY AFTER ARMING
Se BATTERY NOe 1 LOSS OF POWER
6e NO POWER TRANSFER SIGNAL FROM MAIN POWER DISTRIBUTOR
Ta SWITCH SELECTOR FAILURE
Ba PREMATURE THRUST=NOT=0K SIGNAL
D) PREMATURE ENGINE CUTOFF SIGNAL FROM TIMER DISTRIBUTOR
10s GIMBAL DUCT FAILS
11e SLIDING JOINT FAILS

12+ PREMATURE ''TWO ADJACENT OUTBOARD ENGINES OQuT'!' . CUTOFF SIGNAL FROM
PROPULSION DISTRIBUTCOR '

CONSEQUENCES
MALFUNCT 1ONS OCCURRING AT LIFTOFF OR WHEN THE VEHICLE IS IN THE PAD VICINITY CAN CAUSE PAD
FALLBACKy COLLISION WITH HOLDDOWN ARMS OR OTHER PERIPHERAL GROUND EWUIPMENTs OR COLLISION
WITH THE LAUNCH TOWER. 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 781
+ 0 SECOND AND TB1l + 345 SECONDS - ENGINE 2 OR 3 BETWEEN TB1 + 0 SECUND AND TBL + 240
SECONDS) WiLL RESULT IN LOSS OF CONTROL DURING THE INTERVAL TBl + 133 SECONDS AND TBl + 151
SECONDS» ALL OTHER $INGLE ENGINE FAILURES ARE CONTROLLABLE. FOR TWQ 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
SECONDSs 1T 15 AN INFORMATION RULE ONLY AND 15 USED TO INFORM THE RANGE SAFETY OQFFILCER THAT
ENGINE 3 OR 4 15 OUT.

FAILURE POINTS (ENGINE 3 OR 4}
1s LOX PREVALVE CLOSES PREMATURELY
2. GAS GENERATOR CONTROL VALVE CLOSES PREMATURELY
3¢  SWITCH SELECTOR PREMATURE SIGNAL
4a PREMATURE THRUST=NCT-OK SIGNAL
G PREMATURE ENGINE CUTOFF SIGNAL FROM TIME DISTREIBUTURS

CONSEQUENCES
LOSS OF THRUST ON ENGINE 3 OR 49 UNDER CERTAIN WIND CONDITIONS» MIGHT CAUSE THE VEHICLE TO

VIOLATE A RANGE SAFETY DESTRUCT LINEe IN THE EVENT QF ENGINE 3 OR 4 LOUSS OF THRUSTy THE
RANGE SAFETY OFFICER WILL USE AN ALTERNATE DESTRUCT LINE ESPECIALLY FOR THIS UNIQUE CASE.
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6-2 LOSS OF ATTITUDE CONTROL DURING BOOST PHASE

LOSS OF ATTITUDE CONTROL CAUSES LOSS OF GUIDANCE
FAILURE POINTS

1. §T=124 PLATFORM FAILURE

24 LVDC/LVDA FAILURE
3 FLIGHT CONTROL COMPUTER FAILURE
Go SWITCH SELECTOR FAILURE

5e CONTROL EDS RATE GYRO FAILURE

6o CONTROL SIGNAL PROCESSOR

CONSEQUENCES

As $~1C BURN

WILL OCCUR WITH POSSIBLE LOSS OF THE CREWe
Ba S=11 BURN

THESE FAILURES WILL RESULT IN EITHER HIGH

Ca S$=1vB BURN

EFFECTS ARE THE SAME AS FOR S=I1! BURNs

vehicle Rates (R4-602,

AND POSSIBLE LOSS OF VEHICLES

LOSS OF ATTITUDE REFERENCE

L0SS OF ATTITUDE COMMAND OR ATTITUWE

ERROR SIGNAL

ANGULAR RATE SIGNAL LOST OR SATURATED

ATTITUDE ERROR SIGNAL LOST OR SATURATED

INADVERTENT SEWUENCING OR INHIBITING OF

STAGE COMMAND
LOSS OF ANGULAR RATE SIGNALS

LOSS OF ANGULAR RATE SIGNALS

TOWER COLLISION CAN QCCUR AT LIFTOFF.« DURING HIGH=U REGIONs RAPID DIVERGENCE

IN THE POST MIGH=Q REGION» THESE

FAILURES WILL CAUSE EITHER HIGH RATES OR OIVERGENCE FROM THE NOMINAL FLI
PATH WITH NO STRUCTURAL BREAKUP OR LOSS OF CREWs

RATES OR DIVERGENCE FROM

NOMINAL FLIGHT PATH WITH NG STRUCTURAL BREAKUP OR LOSS OF CREWe

LVDC/1.VDA Computational Fallure

Abnornal Attitude Error
Signals

iy

Failure to Initiate Proper or
Guidnance Sequence L”////
Abnormal S-IVB Engine >

Actuator {Actuator Hardover)
PFrior €0 S-1VE Ignition
Tallure of S-IVB Engine
Hydrauliecs

Abnormal S-IC Engine Actuator
(Actuator Hardover)

Implies
“PMan pregent

R5-602, R6-602) -
and
Vehicle Rates {R8-602,
R12-602, R13-602) '
Loss of Attltude o
Control Alert and
and

LOGIC_SCHRME

that all inputs must be
before there is an output

; w. Implies that any single input
- is sufficient for an output

GHT

THE

Log
Aty
Con

s of
itude
trol
o
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Loss of Attitude Control Alert

TLC - EMR D26
MEM A - EMR D24 %——'\_‘
PV ———— | tati 1 Faili
MEM B ~ EMR D25 a“l:’ QLVDC/LVDA Computational Failure
e e

9——'_» ’ ‘ .

P Act., (>+5°) - G1-101 thru G1-104

TLC MC26D9

w
1

w
|
Ot m ot ko Ho» (=]
— e > ?'g—-y ’a‘-{-’? [

\ Abnormal $-IC Enpine Actuator (Actuator Hardover)
Y Act. (>+5°) ~ G2-101 thru G2-104 _y

P Act. (>45°) - 61-403
Y Act. (>+5°) - G2-403

,\Abnomal 8-IVB Engine Actuator (Actuator Hardover)

J Prior to S-IVB Burn

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

wv
]

Hydraulic Reservoir Pressure (Approx. 0) = D42-403 .l out of |Failure of $-IVB Engine Hydraulice
Hydraulic Level (Approx. O Percent) -~ L7-403 '3 '

IGM Indtiate

J Fail to Pitch o
E Fall to Roll -
@ Tall to Step Pitch Fallure to Initiate Proper Guidance Sequence
= or -
g Fail to Stop Roll o /
%‘! Fail to Reconfigure ¥CC
Fi Fail to Change Time Base
xx-6x (>A) H60-603 ) Vote
Roll Ladder (>A) H56-603 2
o
Roll Exrror (>A) H69-603 | 3
xy-0y (>B) H60-603 . v -
ote :

Pitch Ladder (>B) H54-603 2 J\Abnormil Attitude Error Signal
Pitch Error {*B) H71-603 . gf 7;
xz~0z (>B) H60-603 Vote
Yaw Ladder (>B) H55-603 :f
Yaw Error (>B) H70-603 3

A = 5° (5-IC, $~IT Burn)

A = 3.5° (5-IVE Burn)

B = 5° (S-IC, S~II & S-IVB Burn)
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LeVe PLATFORM FAILURE = ACCELEROMETER

THREE PENDULOUS LNTEGRATING GYRO ACCELEROMETERS ARE MOUNTED ON  THE INNER GIMBAL OF THE
$T=124 AND OQRIENTED SUCH THAT EACH INPUT AX1S 1S ALIGNED WITH THE RESPECTIVE X» Ys AND Z
AXES (THRUSTs CROSSRANGE AND DOWNRANGE AXES AT LIFTOFF) OF THE VEHICLEe EACH ACCELEROMETER
15 USED TO CONVERT DYNAMIC ACCELERATION ALONG ITS INPUT AXIS TC A PRECESSION ABOUT ITS
RESPECTIVE OUTPUT AX1Se THIS PRECESSIONs MONITORED BY AN OPTICAL ENCODERy 1§ PROPORTIONAL
TO THE INTEGRAL OF ACCELERATION AND PROVIDES VELOCITY INFORMATION TO THE LWVDA. 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 QR ERRONEOUS OUTPUT AND CONSTITUTES A LOSS OF
PERTINENT VELOCITY DATA REQUIRING SWITCHING TO ALTERNATE CHANNEL OR TCO FAILURE BACKUP
INFORMAT ION«
ls ENCODER FAILURE
24 ACCELEROMETER FAILURE
3. PLATFORM AC POWER SUPPLY FAILURE
4a ACCELEROMETER SERVQ LOOP FAILURE
Se GN2 BEARING SUPPLY FAILURE
CONSEQUENCES
ACCELEROMETER FAILURE IN ONE OR MORE AXES willL RESULT IN THE VEHICLE ACHIEVING A DEGRADED
ORBIT. FAILURE WILL HAVE NO EFFECT ON VEHICLE TRAJECTORY DURING S$=]C BURNe FAILURE N ANY
AX1S WILL RESULT IN UTLILIZING PRESTORED F/M PROFILE DATA FOR THE FAILED AXIS IN THE

GUIDANCE COMPUTATIONs AN LVDC NAVIGATION UPDATE MAY BE REQUIRED T0 PROPERLY INITIATE TBS6
AND FOR ACCEPTABLE TLI BURN NAVIGATION.
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LeVe IMNERTIAL PLATFORM ATTITUDE REFERENCE FAILURE

THE ATTITUDE OF THE VERICLE IS MEASURED IN THE PLATFORM INERTIAL COORDIANTE SYSTEM WUSING
DUAL SPEED RESOLVERS (FINE ANO BACKUP GIMBAL ANGLES) FOR EACH OF THE THREE AXHESs ThE
RESOLVERS MOUNTED ON THE GIMBAL PIVOT POINTS OUTPUT A PHASE SHIFTED SIGNAL WHICH IS
PROPORTIONAL TO THE DIFFERENCE IN POSITION BETWEEN THE VEMICLE BODY AND THE SPACE FIXED
REFERENCE

FAILURE POINTS

FAILURE IN ANY OF THE FOLLOWING AREAS RESULTS IN A 2ERO OR ERRONEOUS GIMBAL ANGLE READINGS
AND WILL REQUIRE BACKUP MODE OF OPERATICN.

le GYRO FAILURE

2 RESOLVER FAILURE

3 POWER SUPPLY FAILURE

b GN2 BEARING SUPPLY FAILURE

S5e GIMBAL SERVQ LOGP FAILURE
CONSEQUENCES

FAILURE OF THE ST=124 INERTIAL PLATFORM ATTITUDE REFERENCE SYSTEM IN ONE QR MORE AXES wliL
CAUSE A FAILURE OF THE GIMBAL ANGLE REASONABLENESS TEST. THE ATTITULE 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 TEST. THE GIMBAL ANGLE REASONABLENESS TEST
FAILURE WILL INDICATE A GUIDANCE REFERENCE FAILURE BY SETTING D4 AND Dé (MODE CODE 26 BIT
DR SET TO ''"ONE'') AND ENABLE CIRCUITRY FOR SPACECRAFT GUIDANCE CONTROL OF THE LAUNCH
VEHICLEs THE CREW SHOULD INITIATE SPACECRAFT GUIDANCE CONTROL WHEN ONBOARD DISPLAYS
INDICATE A LAUNCH VEHICLE GUIDANCE REFERENCE FAILURE.

A FAILURE DURING LAUNCH PHASE WILL RESULT IN THE FOLLUWING CONDITIONS IF SPACECRAFT
GUIDANCE CONTROL 18 NOT INITIATEDww=~

S=1C BURN = ATTITUDE RATES WILL INCREASE AND EXCEED THE EDS AUTC ABORT LIMITS IN HIGH=Q
REGION.

S~11 BURN AND $=IVB BURN PRIQR TO LAST 50 SECONDS OF FLIGHT =~ ATTITUDE ERROR WILL INCREASE
AND THE VEHICLE wWILL FAIL TO ACHIEVE A SATISFACTORY ORBITe

5=IvB BURN DURING LAST 50 SECONDS OF FLIGHT ~ VEHICLE MAY BE INSERTED INTO PARKING ORBIT
BUT WILL ULTIMATELY ABORT DUE TO TUMBLEs NOMINAL S=1vB CUTOFF WILL NOT BE ACHIEVED FOR A
FAILURE PRIQR TO ENTRY OF THE HIGH SPEED LOOP FOR THE ASCENT TQ ORBIT AND OUT OF ORBIT
PHASES OF THE MISSION.

ORBITAL COAST PHASE = VEHICLE DRIFT RATES OF +/= 042 DEGREE/SECOND IN PITCH AND YAW AND +/=~
0s5 DEGREE/SECOND IN ROLL MAY BE EXPERIENCEDs ASSUMING AN OPERATIONAL S~IVB AFPSs

SECOND $-IVB BURN PRIOR TO'ENTRANCE OF THE HIGH SPEED LUGOP = THE ERRONEQUS GIMBAL ANGLE
VALUES MAY CAUSE THE NAVIGATION CALCULATIONS TOQ DIVERGE FROM THE END CONDITIONSs PREVENTING
THE {F/M) C ACCELERATION PROFILE FROM BEING RESOLVEDe. FAILURE TO RES0LVE THE ACCELERATION
PROFILE wilL RESULT IN THE ABILITY TO ENTER THE HIGH SPEED LOOP AND THE VEHICLE FAILURE TO
ACHIEVE PROPER TL].

SECOND S=IVB BURN AFTER ENTRANCE OF THE HIGH SPEED LOOP = THIS FAILURE HAS NU MAJOR EFFECT
ON NOMINAL TLI PARAMETERS.

SPACECRAFT GUIDANCE CONTROL SHOULD BE IMPLEMENTED BY THE CREw ANY TIME THE ATTITUDE
REFERENCE FAILURE OCCURS BETWEEN LIFTOFF AND NOMINAL SPACECRAFT SEPARATIONs IF A GUIDANCE
REFERENCE FAILURE AND AN $=IC ENGINE FAILURE OCCUR BETWEEN LIFTUFF AND LIFTUFF PLUS 50
SECONDS» THE CREW SHOULD ABORT IF THE CREW ABORT LIMITS ARE EXCEELED DURING MaX=4 TO
PRECLUDE LAUNCH VEHMICLE STRUCTURAL BREAKUPe STRUCTURAL BREAKUP wWILL OQCCUR BECAUSE THE
SPACECRAFT GUIDANCE SCHEME DOES NOT 'INCLUDE AN ENGINE QUT CAPABILITY.
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6~17

EXCESSIVE ATTITUDE ERROR IN PITCH OR YAW DURING S=11 BURN

EXCESSIVE ATTITUDE ERROR IN PITCH OR YAW DURING THE S=11 BURN CAN CAUSE FIDO LIMIT LIN
BE CROSSED IN S-11 OR S=1VB FLIGHT» OR POSSIBLE LOSS OF PLATFORM IF FAILURE Is IN THE
PLANE s

FAILURE POINTS
le IV FLIGHT CONTROL COMPUTERs S=I1 PITCH ERROR AMPLIFIER OR FILTER
2a IU FLIGHT CONTROL COMPUTER, S=I1 YAW ATTITUDE ERROR AMPLIFLIER OR FILTER

CONSEQUENCES

A FEW FAILURES OF THE PITCH OR yYAw ATTITUDE ERROR AMPLIFIERS OR FILTERS will RESULT
ZERO SIGNAL TO THE PITCH OR YAW SERVO AMPLIFIERSs THE PITCH OR YAW ACTUATORS WILL
RESPOND TG THE COMMAND. THE ATTITUDE ERROR WILL BUILD UP UNTIL AN ABORT LIMIT 15 REACH
UNTIL S=I1VB STAGINGe AFTER STAGING TO s=1vBy THE RESULTS OF THE FAILURE WILL BE ELIMI
DUE TO THE CHANGE IN FILTER AND THE ADDITION OF A TRIPLE REDUNDANT CIRCUIT.

§=11 STAGE LOSS5 OF THRUST
THE 8-11 STAGE ENGINE START SEQUENCE USUALLY BEGINS AT TB3 + la4 SECONDS AND SHOULD A
‘g0 PERCENT THRUST BY B3 + 5 SECONDSs THE S=11 DEPLETION CUTOFF CIRCWITY IS THE PR
SIGNAL FOR 5=11 ENGINES CUTOFF. THE CIRCUITRY IS ENABLED AT 783 + 3 MINUTES 5540 SE
wITH NOMINAL CUTOFF OCCURRING AT TB3 + 6 MINUTES 341 SECONDS.

FAILURE PQINTS
ls SWITCH SELECTOR FAILURE
2 LOX PREVALVES FAIL CLOSED
3. LH2 PREVALVES FAIL TO OPEN PRIOR TQ ESC
ba LOX OR LH2 VENT VvALVES FAIL QOPEN
Be LUSS OF ENGINE REARY OR START SIGNAL
-0 LOSS OF MAIN BATTERY POWER
Te LOX OR LM2 TANK PRESSURE REGULATOR REGULATES LOW
Ba LOX OR LHZ FILL AND DRAIN VALVES FAIL TO REMAIN CLOSED
G PREMATURE ENGINE CUTOFF SIGNAL FROM ECA

CONSEQUENCES
LOSS OF THRUST ON A SINGLE ENGINE DOES NOT CAUSE LOSS OF CONTROLe PARKING ORBIT INSE
1S POSSIBLE FUR ANY SINGLE ENGINE OUT ANY TIME In S=11 FLIGHTa #ITH ONE ENGINE QUT A
LATER THAN TB3 PLUS 2 MINe 1 SECs» THE SPACE VEHICLE MAS A 50 PERCENT PROBABILIT
ACCOMPLISHING TLI.
TLl CAPABILITY 1S LGST FOR === (A} LOSS OF THRUST OCCURS O THE CENTER ENGINE PRIQR TO
PLUS 1 MiNe 56 SECss (B) LOSS OF THRUST ON AN UPPER ENGINE PRIOR TO TB3 PLUS 2 MIN 31
{C) LOSS OF THRUST ON A LOWER ENGINE PRIOR TO T83 PLUS 2 MIN 36 SECe
LOSS OF THRUST OF =11 ADJACENT ENGINES INDICATES A DECREASE OF CONTROL AUTHORITY
PREVIOUS VEMICLESe THE DECREASE 1§ CAUSED BY THE Cb BEING CLOSER TO THE ENGINE G
PLANE. SMALLER MOMENTS THUS RESULT wHEN THE CONTROL ENGINES ARE DEFLECTED 10 COMPENSAT
THE MOMENT CAUSED BY LOSS OF THRUSTe S5-Il DUAL ADJACENT ENGINE FAILURES RESULT IN LOS
CONTROL FOR EARLY FAILURESe TLI CAPABILITY FOR THESE CASES 15 LOST PRIOR TO TB3 PLUS 4
40 SECe EARLY STAGINu CAN BE SUCCESSFULLY ACCOMPLISHED AS EARLY AS 3 MIN 1 SEC FOR THE

ENGINE OUT CASESs IF SAFE EDS LV SEPARATION RATES ARE NOT EXCELRDED. NO LOss OF CUl
OCCURS FOR A SINGLE S~I1C ENGINE OUT FOLLOWED BY A SINGLE S$~I1 ENGINE OUT.
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S=11 GIMBAL SYSTEM FAILURE (SINGLE ACTUATOR HARDOVER = INBOARD!

THE 5=11 HYDRAULIC SYSTEM PROVIDES ATTITUDE CONTROL 8Y GIMBALLING ONE UR MORE OF THE FOUR
OUTBOARD ENGINES DURING POWERED FLIGHTe THE SYSTEM CONSISTS OF FOUR INDEPENDENT »
CLOSED-LQOPs HYDRAULIC CONTROL SUBSYSTEMSs WHICH PRUVIDE POWER FOR GIMBALLINGs
ELECTRU-HYDRAULIC ACTUATORSs MOUNTED [N PERPENDICULAR PLANES» FURNISH GIMBAL FOURCEsS BY
EXTENDING OR RETRACTING SIMULTANEOUSLY OR INDIVIDUALLY IN ACCURDANCE WITH ELECTRICAL INPUT
SIGNALSs THE PRIMARY COMPONENTS ARE THE MAIN HYDRAULIC PUMPy AUXILIARY PUMPs AUXILIARY PUMP
ELECTRIC MOTORs AGCUMULATCOR RESERVOIR MANIFOLD ASSEMBLY» AND TWO SERVUACTUATORS.

FAILURE POINTS
1. FAILURE OF SERVOACTUATOR
20 FAILURE OF ELECTRICAL CABLE ASSEMBLY
3e ERRONEQUS INPUT SIGNAL

CONSEQUENCES

1IF 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 PRIQR TQ S=I11 INBOARD
ENGINE CUTOFFs S=11 STAGE DAMAGE WOULD OCCUR WITHIN 15 TO 20 SECONDS AFTER ACTUATOR
FAILUREs AFTER 5-11 INBOARD ENGINE CUTOFFs S=II STAGE DAMAGE WOULD OCCUR WITHIN 25 TO 30
SECONDS AFTER ACTUATOR FAILURE. POTENTIAL CONSEWUENCES ARE FAILURE OF AN ENGINE ELECTRICAL
CONTROL PACKAGE WITH SUBSEWUENT LOSS OF THRUST AND OTHER UNDETERMINABLE EFFECTSy COLLAPSE
OF THE THRUST STRUCTURE DUE TO INDUCED THERMAL STRESSES AND LOSS OF ENGINE THRUSTs AND/OR
LOSS OF $=I11/5IVB SEPARATION COMMAND CAPABILITY DUE TO WIRING HARNESS DAMAGE.
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6=9

S=11 SECOND PLANE SEPARATION FAILS TO OCCUR

THE S=I1 AFT INTERSTAGE NORMALLY SEPARATES AT TB3 + 3047 SECONDS.

FAILURE POINTS

FAILURE OF ELECTRICAL CABLE ASSEMBLY 200W1

le
2a FAILURE OF ELECTRICAL CABLE ASSEMBLY Z06ATW4
3 FAILURE OF ELECTRICAL CABLE ASSEMBLY 206Wl4
LT LSC SEPARATION ASSEMBLY FAILURE
Se INADEQUATE OUTPUT OF S=1C/S=11 SECOND PLANE SEPARATION TRIGGER
1) INADEQUATE OUTPUT OF §$=1¢/5-11 ORDNANCE ARM
T SWITCH SELECTOR FAILURE
CONSEQUENCES

SUBSEQUENT LOSS OF VEHICLE DUE TO EXCESSIVE TEMPERATURES, FAILURE TO JETTISON THE §=1C/Ss=-11
INTERSTAGE WILL LEAD TO EXCEEDING THE THERMAL ENVIRONMENT LIMLTS IN THE $=11 BCATTAIL AREA
WITH CROSS. BEAM AND/OR OTHER STRUCTURAL FAILURE DUE TU HEAT FLOW AROUND THRUST CURTAIN FROM
IMPINGEMENT ON INTERSTAGEs EXCESSIVE TEMPERATURES ARE EXPECTED APPROXIMATELY 66 SECONDS
AFTER $-1C OBECO [APPROXIMATELY 35.3 SECONDS AFTER NORMAL INTERSTAGE JETTISONI
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S=IvB LOSS OF ENGINE HYDRAULIC FLUID

THE INDEPENDENTs CLOSED=LOOP S5=~IVB HYDRAULIC SYSTEM GIMBALS THE J=2 ENGINE DURING BOOST»
COAST» AND ENGINE BURN OPERATIONSs A MAIN HYDRAULIC PUMP» AN AUXILIARY MOTOR=DRIVEN
HYDRAULIC PUMPs AN ACCUMULATOR~RESERVOIRs TWO SERVOACTUATORS, AND INTERCONNECTING TUBE AND
HOSE ASSEMBLIES COMPRISE THE S~IVB HYDRAULIC SYSTEMs 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 SERVC VALVE TORWUE MOTOR FROM THE FLIGHT CONTROL COMPUTER IN  THE
Ve

FATLURE POINTS
le PITCH OR YAW ACTUATOR MALFUNCTION
2 MATN HYDRAULIC PUMP FAILURE
3 HYDRAULIC HOSE OR TUBING FAILURE
4 AUXILIARY MOTOR=DRIVEN HYDRAULIC PUMP FAILURE

CONSEWUENCES
IGNITION OF THE $=I1VB STAGE WITHOUT AN OPERATIVE HYDRAULIC SYSTEM WILL JEOPARDIZE CREW
SAFETYe THERE WILL BE A LOSS OF ENGINE GIMBAL CONTROL DURING MAINSTAGE OQPERATIONs WHICH
PROBABLY WILL RESULT IN EXCESSIVE VEHICLE ATTITUDE RATES AND GUIDANCE ERRORs IN THE CASE
WHERE THE AUXILIARY HYDRAULIG PUMP ALONE FAJLS (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 wWOULD NOT
SERIQUSLY AFFECT SYSTEM OPERATIONe THE MAIN ENGINE=-DRIVEN PUMP WlLL DEVELOP SOON ENOUGH

DURING MAINSTAGE IGNITIUN TO MAINTAIN HYDRAULIC PRESSURE REWUIRED FOK FLIGHT CONTROL DURING
$=1vB BURN.
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6=11 S~IVB STAGE LOSS OF THRUST
THE S=IVB $HOULD ATTAIN 90 PERCENT THRUST BY TB4 + 645 SECONDS. APPROXIMAT
OF S=IVB BURN 15 REQUIRED TO REACH A 75 NAUTICAL MILE PERIGEE WITH NOMINAL
PERFORMANCE .« S=IVB ENGINE CUTOFF 1§ SCHEDULED TO OCCUR AT T84 + 2 MINUTES
A VELOCITY CUTOFF FOR A FIRST BURN DURATION OF 14647 SECONDS. FOR SECOND
SHOULD ATTAIN 90 PERCENT BY TBe + 9 MINUTES 40as4 SECONDSs LENGTH OF THE 5=
1S 363+2 SECONDS.

FAILURE POINTS
le FUEL TANK PRESSURIZATION CONTROL MODULE LEAKS EXTERNALLY
2a LHZ TANK VENT AND RELIEF vALVE LEAKS OR FAILS TO REMAIN CLOUSED
3 PREVALVE FAILS CLOSED
LY CONTINUOUS VENT CONTROL MODULE FAILURE
Se AMBIENT CONTROL HELIUM FILL MODULE FAILURE
6 INADEQUATE THERMAL CONDITIONING
Te MAIN OXIDIZER OR FUEL VALVE FAILS CLOSED
B OXIDIZER TURBINE BYPASS VALVE FAILURE
Fe AST OR ASl VALVE FAILURE
10¢ START TANK DISCHARGE VALVE FAILURE
1le MAINSTAGE CONTROL MODULE FAILURE
12« PREMATURE THRUST=NOT=0K SIGNAL

CONSEGUENCES
J=2 ENGINE FAILURES WHICH CAUSE THE S-IvB TO FAIL TO ATTAIN THRUST wiiLL P
EFFECT AS TOTAL LOSS OF THRUST BUT WILL CAUSE NO STRUCTURAL BREAKUP DUE
AERODYNAMIC FORCESs SUBSEWUENT ATTITUDE CONTROL CAN BE MAINTAINED BY THE A
ORBIT CAN BE ACHIEVED FOR LOSS OF THRUST DURING THE LAST 2 SECONDS OF S=
ORBITAL INSERTION MAY BE ACCOMPLISHED WITH SPS BURN FOLLOWING GET OF 8 MIN
FOR SECOND BURNs IF THE S-1vB STAGE FAILS TO ATTAIN THRUSTs THERE WILL BE

LOSS OF A MISSION OBJECTIVEs IF THE S5-IV LOSES THRUST AFTER MAINSTAGE OKs
WILL BE LOSTs

ELY l48e4 SECONDS
_§=1C AND  5=II
27+7 SECUNDS FROM
BURNs» THE $§-1VvB
IVB SECOND BURN

RODUCE THE SAME
TO THE LACK OF
PSs A PERTURBED
IvB FIRST BURN.
UTES 37 SECONDSe

NO RESTART AND

TLI OBJECTIVES
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S=1vB COLD HELIUM SHUTOFF VALVE(S) FAIL OPEN

THE _OX TANK IS PREPRESSURIZED PRIOR TQ LIFTOFF TQ 38 TO 41 PSIA BY A COLD mSLIUM FLOW FRCM
GSEe WELIUM FLOW IS CONTROLLED BY THE NORMALLY CLOSED COLO HELIUM SHUTOFF VALVES« THE
FLIGHT CONTROL PRESSURE SWITCH (SENSING TANK ULLAGE PRESSURE} CONTROLS PREPRESSURIZATION BY
OPENING AND CLOSING THE COLD HELIUM SHUTOFF VALVESs THE COLD HELIUM SHUTOFF VALVES CAN 8E
CLOSED 8Y FOUR SIGNALS===~SWITCH SELECTOR COMMAND=LOX TANK FLIGHT CONTROL PRESSURE SWITCH»
ACTIVATION OF LOX TANK REGULATOR BACKUP- PRESSURE SWITCHs AND ESE  COMMAND. THESE SIGNALS
APPLY POWER TO A SET OF MOMENTARY CONTACTS THAT OPEN AND REMQVE POWER FROM THE SULENOID
OPERATED SHUTOFF VALVES AND ALLOW THEM TO CLOSEs THE ABSENCE OF ALL UF 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 & SECONDS AFTER LIFTOFF TQ 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 FREEZINGs

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

CONSEQUENCES

IF THE SHUTOFF VALVES FAIL OPEN DURING BOOSTs THE LOX TANK ULLAGE PRESSURE WILL RISE 7O THE
VENT RELIEF SETTING ANDG THE HELIUM FLOW WILL BE VENTED OVERBOARDe THIS MAY RESULT IN
INSUFFICIENT HELIUM REMAINING FOR ADEWUATE PRESSURIZATION OF THE LOX TANK DURING BURNSs IN
ADDITIUNs THERE 15 A POSSIBILITY THAT AFTER A TRANSIENT PtRIOD OF PRESSURIZATION SYSTEM
CHILLOUWNY THE COLD HELIUM FLOW COuLD FREEZE OXYGEN IN THE VENT SYSTEM AND CAUSE A BLOCKAGE
OF THE PILOT POPPETS IN THE LOX TANK VENT AND RELIEF VALVES. THE LOX TANK ULLAGE PRESSURE
COULD THEN RISE PAST THE RELIEF SETTING TO A POTENTIALLY HAZARDOUS LEVEL.

PRIOR TU RESTARTs INSUFFICIENT PROPELLANT REMAINS FOR ACHIEVEMENT OF CACCEPTABLE ALTERNATE
MISSIONS

$=-1VB ENGINE FIRST BURN VELOCITY CUTOFF 18 SCHEDULED TO OCCUR AT TB4 + 2 MINUTES 27«7
SECONDS GIVING A FIRST BURN DURATION OF l46+7 SECONDSs $-I1VB ENGINE SECOND BURN WILL INJECT
THE LAUNCH VEHICLE AND SPACECRAFT INTQ AN ACCEPTABLE LUNAR TRAJECTORY BY A GUIDANCE
VELOCITY CUTOFF s

THE RESIDUAL PROPELLENT REMAINING AT TLI CUTOFF OR THE 105,000 ANM APOGEE IS OEFINED BY
REALTIME ANAYSIS CONSIOERING THE FIRST S—=IvB BURN CHARACTERISTICS (THRUST»FLOW RATEs
BURNTIMEy ETCe)s SUFFICIANT PROPELLENT IS5 DEFINED SUCH THAT THE PROPELLENT EVALUATION 1IN
REAL TIME wiLL INDICATE A ONE PERCENT {=2330) PROSBABILITY OF ACHEIVING A 1054000 NM APOGEE
AT CUTOFFe THLIS PROBABILITY 1S 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 PERFURMANCE

FAILURE POINTS

ANY FAILURE WHICH RESULTS IN REDUCED PROPELLENTS FOR SI1VB SECOND BURN

CONSEQUENCES

IF ADDITIONAL PROPELLANT IS5 USED DURING AN EXTENDED S=IVB FIRST BURN OR 15 LOST ODURING
EARTH URBITAL COAST BECAUSE OF A MALFUNCTION PRIOR TO SECOND BURN» 1T IS POSSIBLE THERE
WILL NUT BE ENOUGH PROPELLANT TO PERFORM A GUIDANCE VELOCITY CUTOFF AT TLI. IF SUFFICIENT
PROPELLANT DOES NOT REMAINs THE STAGE wILL BE CUT OFF BY A DEPLETION CUTQFF CAUSING THE
LAUNCH VEHICLE AND SPACECRAFT TO BE [NJECTED INTU AN EXTREMELY QF F=NOMINAL LUNAR
TRAJECTORY
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ITEM

-

LOSS OF ONE APS MUDULE DURING TB5» TB& PRIOR TC RESTART» OR TB7

THE APS PROVIDES ATTITUDE CONTROL OF THE $=1vB IN THE ROLL AX1S DURING J=2 EHGINE BURN AND
IN ALL THREE AXES DURING COAST FLIGHTs THE APS ENGINES ARE LOCATED IN TwQ MODULES 180
DEGREES APART ON THE AFT SKIRT OF THE §=IVBe EACH MODULE CONTAINS FOUR ENGINES=-== THREE 15V
POUND THRUST ENGINES AND ONE 70 POUND THRUST ENGINE==-AND CUNTAINS 1TS UWN OXIDIZERy FUEL»
AND PRESSURIZATION SYSTEM THAT UTILIZES NITROGEN TETROXIDE AS THL OXIDIZER AND MOUNOMETHYL
HYDRAZLNE AS THE FUELs THE 150-POUND THRUST ENGINES UTILIZE EIGHT CONTROL VALVES [FOUR FOR
FUELs FOUR FQR OXIDIZER) IN A FAIL-SAFEs SERIES=PARALLEL ARRANGEMENTs THE ENGINE FIRING
COMMANDSs WHICH COME FROM THE IU» ACTUATE THE QUAD=REDUNDANT ENGINE VALVESs ALLOWING THE
PROPELLANT TO FLOW INTO THE THRUST CHAMBER. NO IGNITION SYSTEM 15 REWUIRED» SINCE THE FUEL
AND OXIDIZER ARE HYPERGOLIC. AN ABLATIVE MATERIAL IN THE THROAT OF THE NOZZLE ABSORBS HEAT
AND SLUWLY BURKS AWAY DURING MOTOR OPERATION, THEREBY COQLING THE MOTUK.

FALLURE POINTS
le PROPELLANT SYSTEM LEAK
2a MIGH AND LOW HELIUM SYSTEM LEAK

3. EXCESSIVE USAGE OF PROPELLANT OR HELIUM DUE TO COMMANDS

CONSEWUENCES

LOSS OF ONE APS MODULE DURING s-IvB COAST PERIOQDS WILL RESULT IN THE LO0SS OF ATTITUDE
CONTROL OF THE VEHICLE UNLESS ACTION 1S TAKEN TO REMOVE PITCH ANU YAw CONTROL FROM THE APS
MODULESe BY GROUND COMMANDING !'15-IVB BURN MODE A AND B ON''y APS PITCH AND YAw CONTROL
COMMANDS WILL BE SENT TO THE S=1VvB J=2 ENGINE GIMBAL SYSTEMe HBY CUMMANDING TFCC POWER UFF
A AND Be' POWER TO THE IU FLIGHT CQOMPUTOER 1S TURNED OFFs WHICH ASSURES REMUVAL OF ALL
CONTROL SIGNALS TO THE APS MODULESs DURING COAST PERIODSs THE CREW WOWLD CONTROL THE
VEHICLE IN PITCH AND YAW WITH THE CSM RCSs DURING s=jVB SECOND BURNs THE S=IVB GIMBAL
SYSTEM CAN MAINTAIN PITCH AND YAW CONTROL. ONE OPERATIVE =~ APS MODULE CAN MAINTAIN ROLL
CONTROL DURING S~IVB BURNe LOSS OF EITHER AP$ MODULE PRIOR TO OR DURING PROPELLANT DuMP MAY
RESULT LN LOSS OF ATTITUDE CONTROL AND FAILURE TO MAINTALIN PROPER LUNAR IMPACT ATTITUDE.

MISSION REV | DATE SECTION GROUP PAGE
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ITEM

7e3

J=2 ENGINE MAIN FUEL VALVE FAILS TO CLOSE

THE MAIN FUEL VALVE 15 A BUTTERFLY=TYPE VALVEs» SPRING LOADED TQ THE CLOSED POSITION
PNEUMATICALLY OPERATED TO THE OPEN POSITION» AND PNEUMATICALLY ASSISTED TO THE <CLOSED
POSITIUNs THE PURPOSE OF THIS VALVE IS TO CONTROL THE FLOW OF FUEL TO THE THRUST CHAMBER.
THE MFY 18 CLOSED DURING THE ENGINE CUTUFF SEQUENCE BY OEENERGIZING THE IGNITION PHASE
CONTROL VALVE WHMICH ROUTES HELIUM CONTROL SYSTEM PRESSURE THRUUGH. THE NORMALLY OPEN PORT TO
THE CLOSING ACTUATOR OF THE MFVe OPENING CONTROL PRESSUKE FROM THe MFV IS VENTED THROUGR
THE NORMALLY CLOSED PORT OF THE IGNITION PHASE CONTROL VALVEs THE VALVE 15 SPRING LOAGED Tu
THE CLOSED POSITION AND STARTS TO CLOSE AS SOON AS OPENING PRESSURE 1S VENTED.

FAILURE POINTS

ls LOSS 0? ENGINE CONTROL PNEUMATICS

2e MAIN FUEL VALVE FAILS CPEN

3 MAIN IGNITION PHASE SOLENOID AND MAIN HMELIUM CONTROL SOLENQID FAIL OPEN
CONSEQUENCES

IF THE MAIN LH2Z VALVE FAILS TO CLOSE AT FIRST BURN CUTOFF AND CANNCT BE COMMANDED CLOSEDe
LH2 WILL BE DUMPED OVERBOARD AND wWILL RESULT IN PROPULSIVE VENTING DURING ORBITAL <COASTe
LOSS OF FUEL CUULD JEOPARDIZE THE MISSION BECAUSE OF INADEWUATE PROPELLANT REMAINING FOR A
NOMINAL TLI CUTOFFs THE COMMAND ACTION AFTER FIRST BURN SHOULD BE TO CLOSE THE Ns Os
{NORMALLY OPEN) FUEL PREVALVE AND RECJRCULATION SHUTOFF VALVES TU CONTAIN THE FUELe THE LHZ
FEED HARDWARE AND ENGINE CHILLDOWN WwILL BE ACCOMPLISHED BY THE ONBOARD SEQUENCED
18+6=SECOND FUEL LEAD WHICH STARTS WHEN THE PREVALVES ARE OPENEDe NO LOX HARDWARE CHILLDOWN
WILL Bk ACCOMPLISHED AND IS CONSIDERED SATISFACTORY FOR A SAFE ENGINE START. AN LH2 LEAD
EXCEEDING 1846 SECONDS IS5 CONSIDERED AS UNDESIRABLE BECAUSE THE ENGINE WILL BE OVERCHILLED
AND WILL EXPERIENCE A HARD START AND PROBABLY EXPERIENCE COMBUSTION INSTABILITY.

THE LOX AND LH2 PREVALVES AND RECIRCULATION SHUTOFF VALVES ARE CLOSED AT TLI CUTOFF BY AN
ONBOARD SEQUENCE. FOR A MAIN LH2 vALVE FAILURE TO CLOSEs THERE WILL BE A SIMULATANEOUS LHZ
AND LOX DUMP AT THE TIME OF LOX DUMP INITIATIONe :

MISSION |REV | DATE SECTION GROUP PAGE
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R ITEM

| ———

T4 J-2 ENGINE MAIN OX1DIZER VALVE FAILS TO CLOSE

POSITION. THE PURPCSE OF THIS VALVE IS5 TO CONTROL THE FLOW
CHAMBER. THE MOV IS CLOSED DURING THE ENGINE CUTOFF SEWUENCE

FAILURE POINTS
ls LOSS OF ENGINE CONTROL PNEUMATICS

2 MAIN LOX VALVE FAILS OPEN

CONSEWUENCES
IF THE MAIN LOX vALVE FAlILS TO CLOSE AFTER A BUﬁN PERIOD)

DURING ORBITAL COASTs LOX WILL BE DUMPED THROUGH THE J=2

BURN LOX=RICH CUTOFF CANNOT BE ASSESSED IN REAL TIME.

CONTROL VALVE WHICH ROUTES HELIUM CONTROL SYSTEM PRESSURE THROUGH T
THE CLOSING ACTUATOR OF THE MOVe OPENING CONTROL PRESSURE FROM THE MOV
THE NORMALLY CLUSED PORT OF THE MAINSTAGE CONTROL VALVEs THE VALVE IS SPRING LOADED TQO THE
CLOSED PUSITION AND STARTS TO CLOSE AS SOON AS OPENING PRESSURE 1S5 VENTED.

THE MAIN LOX VLAVE IS A BUTTERFLY~TYPE VALVEs SPRING LUADED TO
PNEUMATICALLY OPERATED TO THE OPEN POSITIONs AND PNEUMATICALLY

THE CLOSED PUSITION®

OF OXIDIZER
ERLIZING THE MAINSTAGE

BY ODEEN

THERE W

ENGINE

IwL

AND

e MAINSTAGE CONTROL SOLENCID AND THE HELIUM CONTROL SOLENOID FAILS WPEN

BE

DAMAGE BECAUSE OF A H1GH MIXTWRE RATIO AT CUTOFFe THERE WILL BE A LOsS OF

PROPULSIVE VENTING [F THE PREVALVE AND RECIRCULATICN VALVE ARE NUT CLOSED.
SHOULD NOT BE ATTEMPTED WITH THIS FAILURE BECAUSE ENGINE DAMAGE RESULTING

T0

ASSISTED TO THE CLOSED

THE THRUST

HE NOURMALLY OFEN PURT TO
15

VENTED THROUGH

SEVERE ENGINC

LOX
WIiLL

OVERBOARD
RESULT IN

A SECOND BURN

FROM

THE FIRST
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FAILURE TO SAFE THE RANGE SAFETY RECEIVERS AFTER INSERTION

THE RANGE SAFETY SYSTEM 1§ THE SYSTEM wHICH PERMITS THE RANGE SAFEYY OFFICER TO DESTROY THE
VEHICLE IF IT BECOMES A SAFETY HAZARD DURING POWERED FLIGHTe THE SYSTEM 1S SAFED UPON CRBIT
INSERTION BY GROUND COMMAND FROM THE RANGE SAFETY OFFICER (RSO)e THE SAFE COMMAND DISARMS
THE SYSTEM 8Y REMOVING POWER FROM THE DECODER AND EBW FIRING UNIT.

FAILURE POINTS

1. CONTROLLER ASSEMBLY FAILURE
2e DECODER FAILURE

3 RELAY FAILURE

CONSEQUENCES

FAILURE TO SAFE THE RANGE SAFETY RECEJVERS AFTER INSERTION wITH THE PROPELLANT DISPERSION
SYSTEM NOT ARMED DOES NOT POSE A PROBLEMs IT 15 OESIRABLE TO HAVE THE RANGE SAFETY
RECEIVERS DISABLEDe INADVERTENT ARMING OF THE PROPELLANT DISPERSION SYSTEM {EBW FIRING
UNITS) IS5 A POTENTIALLY EXPLOSIVE SITUATION. SHOULD THIS CONDITION EXISTs IMMEDIATE ACTION
SHOULD BE TAXKEN TO SEPARATE THE SPACECRAFT TO A SAFE OISTANCE. IF THE PROPELLANT DISPERSION
SYSTEM IS INADVERTENTLY ARMEDs ATTEMPTS TO SAFE SYSTEM SHOULD NOT  BE MADE UNTIL THE
SPACECRAFT 15 AT A SAFE DISTANCE.
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ITEM

§=IVB COLD HELIUM SHUTOFF VALVES FAIL TO CLOSE

AT S~IVB ENGINE SHUTDOWN (TBS5 AND TBT)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) PLUS 9 MINUTES 3844 SECONDS. THIS
PROVIDES SUFFICIENT NPSH FOR SAFE ENGINE RESTART AND 1S USEL TO PRESSURIZE THE LOX TANK
DURING MAINSTAGE OPERATIONs

FAILURE POINTS
ls SWITCH SELECTOR FAILURE
Ze MAGLATCH RELAY FAILS TO SET
3e DIODE FAILS OPEN
bGa RELAY FAILS TO ACTUATE
5e 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 TANK« FAILURE TQO DISABLE THE LOX TANK PRESSURIZATION SYSTEM QR OF A LOX VENT
TU OPEN COULD LEAD TO AN EXCESSIVE DELTA P LOAD ON THE S=IVB COMMON BULKHEADs 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 NQT BE MAINTAINED AT
A LEVEL SUFFICIENT TO PROVIDE THE REQUIRED J-2 ENGINE LOX WNPSH DURING SECOND BURN. THE

PARTIAL LOSS OF COLD HELIUM CQULD MEAN INSUFF ICIENT GAS AVAILABLE FOR LOX AND/OR LHz TANK
BURNER REPRESSURIZATIUN PRIOR TO S~IvH RESTART AND THE USE OF THE AMBIENT REPRESSURIZATION

SYSTEM WOULD BE REWUVIRED.
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1TEM

5~-IVB AUXILIARY HYDRAULIC PUMP FAILS

THE ELECTRICALLY DRIVENs VARIABLE DELIVERYs FIXED ANGLEs CONSTANT DISPLACEMENT
SUPPLIES OPERATING PRESSURE HMYDRAULIC FLUID FOR PREFLIGHT ENGINE GIMBALLING CHECKOUTSs NULL
POSITIONING DURING BOOST PHASE» AND FLUID CIRCQULATION TO MAINTAIN DESIRED TEMPERATURE
DURING BOOST AND COAST PHASE.

FAILURE POINTS

Ao FAILURE TO TURN ON
le SWITCH SELECTOR FAILURE
2 EAILURE OF MAGLATCH RELAY TO SET
4. LOSS OF SEQUENCER POWER
Ge FAILURE OF RELAY TO ACTUATE
Se AFT BATTERY NQ. 2 DEPLETED
6 FAILURE OF HPY MOTOR=DRIVEN SWITCH TO TURN ON
Te FAILED PUMP OR MOTOR
8e FROZEN PUMP SUCTION LINES

Be FAILURE TO TURN QFF
le SWITCH SELECTOR FAILURE
ry MAGLATCH RELAY FAILS TO RESET
3 FAILURE OF GROUND CONTROL RELAY TO REMAIN DEACTUATED
b FAILURE OF RELAY TC DEACTUATE
S LOSS OF AFT BUs NO. 1
B FAILURE QF HPU MOTOR=DRIVEN SWITCH TO TURN OFF

CONSEWUENCES

Ae FAILURE TG TURN OFF
FAILURE TO TURN OFF THE HYDRAULIC PUMP WILL DEPLETE AFT NQs 2 BATTERY IN
APPROXIMATELY 90 MINUTES AND OVERHEAT THE SYSTEM IN 70 MINUTESs WHICH MEANS
A PARTIAL LOSS OF HYDRAULIC FLUIDs AN INCREASE IN HYDRAULIC TEMPERATURE
CAUSES AN INCREASE IN FLUID VOLUMEs AND IF THE PUMP [S SUCCESSFULLY TURNED
CFFy ANY FLUID VOLUME GREATER THAN THE RESERVOIR CAPACITY WILL BE VENTED
OVERBOARD.

Be FAILURE TC TURN ON

FAILURE OF THE HYDRAULIC PUMP TO TURN ON DURING THE THERMAL CYCLE PRIOR TO
RESTART COULD LEAD TO FREEZING OF THE HYDRAULIC OIL AND FAILURE OF THE MAIN
HYDRAULIC PUMP AT RESTART., FOR A LOSS PRIOR TO ENGINE RESTART THERE WILL BE
NG SYSTEM PRESSURE TO FILL THE ACCUMULATOR AND CENTER THE ENGINE. THIS COULD
DELAY TIME FOR EFFECTIVE GUIDANCE CONTROL DURING RESTARTs HOWEVERs ATTITUDE
CUNTROL WCULD NOT SERIQUSLY BE AFFECTED OURING THE STARTING TRANSIENT SINCE
FULL HYDRAULIC SYSTEM PRESSURE wouLb 13 DEVELOPED BY THE MATN
(LNGINE=DRIVEN) PUMP BY THE TIME THE ENGINE IS UP TQ 90 PERCENT THRUST. FOR
THE CASE DURING Tsé&s THE PUMP OFF COMMAND SHOULD BE SENT (ASAP) TO PRECLUDE
THE POSSILILITY OF PUNMP START WHILE THE CHILLDOWN PUMPS ARE OQPERATING»
BECAUSE THE INRUSH SURGE CURRENT MIGHT POSSIBLY DAMAGE THE INVERTER CURCUITs
FOR LOSS OF THE PumMP PRIUR TO PASSIVATIONs THERE WILL BE NO SYSTEM PRESSURE
TC CENTER THE ENGINEs THIS WILL RESULT IN LOSS OF THRUST VECTOR CONTROLe

WHEN FLUID IS NOT CIRCULATEDs €50-403 AND C51=403 wWILL REVERT TO A LOCALIZED
TEMPERATUREs WlTh C50-403 AT A HIGHER TEMPERATURE DUE TO ITS LOCATION NEAR
THE LOX TURBINE. DURING CIRCULATION THE SYSTEM TEMPERATURES WILL CONVERGEs

PUMP
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ITEM
-7
CONT
Ce 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 GREATEK THAN 50 PERCENT
M22=404 GREATER THAN 20 AMPS M22=4U4 APPROXIMATELY ZERU AMPS
D42=403 GREATER THAN 137 PSIA De2~403 LESS THAN 89 PSIA
¥
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ITEM

7=t L0SS OF ATTITUDE CONTROL

Vehicle Rates
(R4-602, R5-602, ®6-602)

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

Loss of Attitude Control During Orbit

Loss of Attitude Control Alert

v

ATTITUDE CONTROL OF THE ENTIRE SATURN VEHICLE 15 CUNTROLLED THROUGH THE INSTRUMENT UNIT.
THIS CONTROL IS NECESSARY TO KEEP THE VEHICLE IN THE CORRECT LAUNCH TRAJECTORY FOR PROPER
ORBIT [NSERTION AND FOR MAINTAINING THE CORRECT VEHICLE ATTITUBE WHILE IN ORBIT.

FAILURE POINTS
le SWITCH SELECTOR FAILURE
2e LVDC FAILURE
3. $T=124 PLATFORM FAILURE
bGe APS FAILURE

CONSEQUENCES

LOSS OF ATTITUDE CONTROL DURING ORBIT WILL EVENTUALLY RESULT
AFFECTZD AXIS AND AN INABILITY TO PERFORM REQUIRED MANEUVERS.

UNCONTHRULLABLE AND WILL DIVERGE.

IN  EXCESSIVE RATES IN  THE
THE LV/CSM ATTITUDE WILL BE
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R ITEM

- ————

7-8
CONT.

TLC - EMR D26
1 1 and
1 MEM A - EMR D24 .
T .
¥ MEM B - BMR D25 °
¢
,L TLC MC26D9 and
.

_N\\\Failure to Tnitiate Proper Guidance Seguence

5-TV8 Burn Mode On (K20-602)
Pitch APS Firing lnactive 2
(K133-404, K135-404) of
$w Sel Functions "FCC S-1VB Burn | 3
Failure to
" Vote
Mode Off A&B" not issued > Reconfigure TCC
Failure to Change jor
Time Base
Sw Sel Sequencing in New Time
Base not issued
Time in Previous Time Base 2
Continues to Count of
Time Base Mode Code Dt 3
Remains Zero* - Vote
% MC2502 Zero Indicates Not in TB5
MC25D1 Zero Indicates Not in TB6

xx=0x (>4) H60-603

Loss of Artitude Coatrol Alert During Orbit

Vote
Roll Ladder (>A) H56-603 2
Roll Frrar (>A} 169-603 gf

xy=0y (»B) H60-503

Piteh Ladder (»B) H54-603

Pitch ¥rror (»B) H71-603 gf

xz=0z (>B) H60-603

Yaw Ladder (»B) H35-603 "3“’-
of

Yaw Error (>B) H70-603

ES

w2

Vote Abnormal Attitude Error S§i
gnal
2 ————NS—-—»-

3,5° (TB5, TB6 to TB6 + 583 sec,

TB7 + 0 to TB7 + 600 sec)

4.5° {Afrer TBT + 900 sec)
2.5° (TB5, TH7 + O to TB7 + 900 sec)
3.5° (TB6 to TB6 + 583 sec)
4.5° (After TBR7 + 900 gee)

MISSICN
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ITEM

CONTI

FAILY

CONSE

24
23
22

21

N
o

NUOUS 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.

RE POINTS

le SWITCH SELECTOR FAILURE

24 SEQUENCE FAILS TO INITIATE LH2 CONTINUQUS VENT SHUTOFF VALVE OPEN

3 10 AMP- MAGLATCH RELAY FAILS

bLa ACTUATION CONTROL MODULE {(LH2 CONTINUQUS VENT SHUTOFF VALVE) FAILS TO OPEN

QUENCES

IF THE REGULATOR (CONTINUOUS VENT RELIEF VALVE) FAILS TO OPEN AND THE ORIFICE (CONTINUOUS
VENT ORIFICE SHUTOFF VALVE! DOES OPEN» PROPELLANT CONTROL WitL BE MAINTAINED BUT THE LIWUVID
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 BE MET THROUGHOUT

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

R IHE

Pressure (psia)
= -
[ O

(=)
-~

16 . -
e e Note: Blowdown to the pressure
T e e indicated by the curve
15 - : guarantees tank pressure |
a : ! Seigicts between 15 and 23 psia |L
x ., W
13 ' : : :
HA 1
12 SHESE
-01:30:00 -01:00:00 -00:30:00 . 786

Time from end of blowdown to TBé6 {hr:min:sec)
Maximum ailowable LH2 tank ullage pressure following blowdown.

MISSION REV | DATE SECTION GROUP PAGE

APOLLO 14| FNL J12/15/70) SLV SYSTEMS
4=21




NASA - Manned Spacecraft Center

MISSION RULES
SECTION 4 = SLV SYSTEMS

ITEM

7=10

FAILURE TO TERMINATE APS ULLAGE ENGINE(S) THRUST

THE ULLAGE ENGINES ARE USED TQ PROVIDE A POSITIVE G FORCE TQ THE STAGE PRIOR AT
BURN» AND TO PROVIDE PROPELLANT SETTLING DURING TANK VENTINGa

FAILURE POINTS
1. SWITCH SELECTOR FAILURE
2e SEQUENCER FAILURE
Ao ULLAGE ENGINE NOe 1 PROPELLANT VALVE(S) FAIL OPEN
Be QLLAGE ENGINE NOs 2 PROPELLANT VALVE(S) FAIL OPEN
3 MAGLATCH RELAY FAILS TO RESET
CONSEQUENCES
FAILURE TO TERMINATE THE APS ULLAGE ENGINE(S} THRUST wILL RESULT IN DEPLETION

SECOND

OF APS

PROPELLANTS [N A MATTER OF MINUTES. THE DEPLETION OF APS PROPELLANTS WILL CAUSE LOss OF
ATTITUDE CONTROLe APRPS PROPELLANT 15 DEPLETED SOONER FOR THE SINGLE APS ULLAGE ENGINE
VIONt' DUE TO THE REWUIREMENT TO BURN THE PITCH ENGINE 1IN THE SAME MODULE TO MAINTAIN

ATTITUDE CONTROL.
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ITEM

o

U STATE VECTOR DIFFERS FROM THE MSFN STATE VECTOR BY 6 SIGMA IU ERRORS AND Cv$§
UNCERTAINTIES AND IS CONFIRMED BY A COMPARISON OF IMU TO MSFNs

THE ALLOWABLE MIDCQURSE SHOWLD BE THE NORMALLY ALLOTTED LAUNCH VEHICLE 3 SIGMA U ERRORS
PLUS SOME PERCENTAGE OF THE SPS END OF MISSION RESERVES.

FAILURE POINTS
le LVDC/LVDA FAILURE
2 ACCELEROMETER FAILURE
CONSEQUENCES .
THESE FAILUYRES COULD AFFECT THE SUCCESSFUL ACHIEVEMENT OF THE PRIMARY MISSION OBJECTIVES.
IF THE IU STATE VECTORs AS COMPARED TC 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.
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e | - avan o

Iu ECS WATER VvALVE FAILS TO CYCLE OPEN AND CLOSED

THE ENVIRONMENT CONTROL SUBSYSTEM {ECS) MAINTAINS ACCEPTABLE THERMAL UPERATING CONDITIONS
FOR IU AND S-1vB ELECTRICAL COMPONENTS DURING PREFLIGHT AND FLIGHT OPERATIONS THE ECS
CIRCULATES COOLANT TO THE ELECTRICAL EQUIPMENT RACKS AND ABSORBS HEAT GENERATED BY THE
EQUIPMENT. THE COOLANT IS COOLED BY CIRCULATION THROUGH A SUBLIMATOR THAT USES WATER TO
COOL THE COCLANT SOLUTIONs 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 WitL RESULT IN OVERCOOLING OF THE ELECTRJCAL COMPONENTSe

FAILURE POINTS

ls ELECTRICAL FAILURE TO SOLENOID
2¢ VALVE FAILURE

3 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,. HOWEVER» SENDING THE
ECS LOGIC INHIBIT COMMAND AND WATER YALVE OPEN OR CLOSED COMMAND» AS THE CASE MAY BEs MAY
REMEDY THE FAILURE. IF THIS IS UNSUCCESSFULy THE FOLLOWING wiLL RESULT==-

OVERHEATING = THE §T=127 INERTIAL PLATFORM AND THE LVDA'S TWO POWER SUPPLY TEMPERATURES
wILL INCREASE BUT WILL NOT REACH THEIR UNACCEPTABLE TEMPERATURES B8Y THE END OF THE 7=HOUR
MISSION FOR THE LAUNCH VEHICLEs THE LVDC MEMORY TEMPERATURE WILL REACH ITS UNACCEPTABLE
TEMPERATURE OF 123.8 DEGREE F AT APPROXIMATELY 43 HOURS AFTtR FAILURE«FOR THE 7=HOUR
LAUNCH VEHICLE MISSIGN, THERE WILL BE NEGLIGIBLE DEGRADATION OF THE LAUNGH VEHICLE
NAVIGATION AND GUIDANCE SYSTEM DUE TO THE TEMPERATURE INCREASE OF THE S5T=l2a4 INERTIAL
PLATFOKM. HOWEVERs ASSUMING A CRITICAL PORTION OF MEMORY §§ LOST OWUE TO LvDC MEMORY
OVERHEATINGs THE LVDC MAY NOT BE ABLE TO SATISFACTORILY PERFORM ITS NAVIGATIONS GUIDANCE

AND SEUWUENCING FUNCTIONS.

OVERCOOLING = THE §T~124 INERTIAL FLATFORM» LVDC MEMORYs AND THE LVDA'S TWO POWER SUPPLY
TEMPERATURES #]LL DECREASE BUT WILL NOT REACH THEIR UNACCEPTABLE TEMPERATURES BY THE END OF
THE 7=HOUR MISSION FOR THE LAUNCH VEHICLEs THERE WILL BE NEGLIGIBLE DEGRADATION OF THE
LAUNCH VEHICLE NAVIGATION AND GUIDANCE SYSTEM DUE TO OVERCOOLING FOR, THE 7=HOUR PRIMARY

MISSTONS
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ITEM

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

As MINUS 20 PSID B PLUS 30 PSID Ce MINUS 26 PSID==PLUS 36 PSID

THE CUMMON BULKHEAD WILL STRUCTURALLY FAIL AT THE ULTIMATE LIMITS QF MINUS 3245 PSIu OR
PLUS 424G PSID LF CORRECTIVE ACTION [S NOT TAKEN. PLUS DELTA PRESSURE [s  DEFINED AS  LOX
TANK ULLAGE PRESSURE GREATER THAN THE FUEL TANY UiLAuik PRESSUREs. MINUS DELTA PRESSURE 15
DEFINED AS A FUEL TANK ULLAGE PRESSURE GREATER .THAN THE Lux TANK ULLAGE PRESSURE.

FAILURE POINTS

le LH2 PRESSURIZATION VALVE{S) FAILING OPEN = (RIGH LH2 ULLAGE PRESSURE!
2 Lt PRESSURIZATION VALVE(S) FAILING CLOSED -~ (LOW LHZ ULLAGE PRESSURE]}
3e COLD HELIUM SHUTOFF vALVELS) FAILS CLOSED = (LOW LOUX ULLAGE PRESSURE)
G COLD HELIUM SHUTOFF VALVE(S) FAILS OPEN = (HIGH LOX ULLAGE PRESSVRE)
Se LHZ2 VENT VALVE FAILS CLOSED = (MIGH LHZ ULLAGE!}

be LHZ VENT VALVE FAILS OPEN = (LOW LH2 ULLAGE)

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

8e LOX VENT vALVE FAILS CLOSED = {(HIGH LOX ULLAGE)

CONSEQUENCES

THEORETICALLYs THESE LIMITS SHQULD NCT BE REACHED VURING S~IvB BURNe IF A VENT VALVE FAILS
OPENs PRESSURE witlL DRUP TO SATURATION LEVELS AND REMAIN UNTIL ENGINE START. WUNDER NORMAL
CONDITIONS THE LOX TANK ULLAGE PRESSURE WILL BE APPRCAIMATELY 7 P$I HIGHER THAN THE LHZ
TANK ULLAGE PRESSUREs SHOULD A FAILURE OCCUR IN THE LH¢ OR LOX PRESSURIZATION SYSTEM OR
SHOULD A LOX VENT VALVE FAILs THE NORMAL CONDLITIONS CQULD BE CHANGED== J.Ees LHZ TANK
PRESSURE HIGHER THAN LOX TANK PRESSURE OR HIGH LOX TANK PRESSURE ANL LUW LHZ TANK PRESSUREs
DURING THE BOOST PHASE THE $=1VB BURN» NPSH LIMITATIONS woulD BE EXCEEDED BEFURE BULKHEAL
RESTRAINTS ARE JEOPARDIZED.
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R

LOSS OF $=1VB STAGE PNEUMATICS

THE STAGE PNEUMATIC SYSTEM MUST BE MAINTAINED AT A PRESSURE OF %0 PSIA TO PROPERLY ACTUATE
PNEUMATIC VALVES AND SUPPLY PURGES.

ENGINMNE PUMP PURGE FAILS ON
THE ENGINE PUMP PURGE CONTROL== WHICH 1S5 CONTROLLED BY A PRESSUKE SWITCH== 1S UPENED FOR 10
MINUTES FULLOWING S~I1VB ENGIME SHUTDOWNS ALLOWING THE TURBOPUMP SEAL CAVITY AND THE GAS
GENERATOR T4 B BURGED GF HAZARDOUS MIXTURE OF LHZ AND  LOXe AN AMBIENT HELIUM SUPPLY

5HEUTOFF VALVE 15 LOCATED AFTER THE REGULATOR AND CAN BE CLUSED 8Y GROUND COMMAND IF THE
PURGE CANKOT BE TERMINATED OR A LEAK DEVELOPS DOWNSTREAM OF THE VALVE.

FAILURE POINTS
LOSS OF S=1vB STAGE PNEUMATICS
le PNEUMATIC REGULATOR FAILS CLOSED
2 AMBIENT HELIUM SHUTOFF VALVE FAILS CLOSED
3 PNEUMATIC REGULATOR BACKUP PRESSURL SWITCH FAILS IN ENERGIZED PUSITION
be LOSS OF PNEUMATIC BOTTLE PRESSURE
ENGINE PURGE CONTROL SCLENOID VALVE FAILS OPEN
le PRESSURE SwiTCH FAILURE
Ze sw1TCH SELECTOR FAILURE
2 SEUUENCER FAILURE
[ AFT PRESSURE SWITCH POWER FAILURE

CONSEQUENCES

IF THE STAGE PNEUMATICS 15 LOST» THE VALVE ACTUATIUN SEWUENCES AND PURGE SEQUENCES CANNOT
BE COMPLETED A5 PROGRAMMED OR BY GROUND COMMAND. PRIMARY VALVE ACTUATIUN SEUUENCES THAT
WOULD BE LUST  ARE CONTINUOUS VENT SYSTEM AND PROFELLANT  TANK VENTS OPERATION  AND
CONF IGURATION FU CHILLOOWNS

A KEGULATOR LISCHARGE PRESSURE OF AT LEAST 320 PSIA IS REWJIRED TO HOLD THE LOX ANV CHZ
PREVALVES CLOSED DURING CHILLDOWNS

|F THE EARGINE PJUMP PURGE CANNOT 8E TERMINATEDs THE STAGE PNEUMATIC HELIUM wILL BE DEPLETED
Ao PNCUMATIC VALVE ACTUATION CAPABILITY WwILL BE LOST IN TB7 WHICH WILL RESULT IN AN
INABILITY TG Metl THE STAGE SAFING REWUIREMENTS.
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ITEM

T=11 LOW LHZ2 TANK ULLAGE PRESSURE

DURING ORBITAL COAST» LH2 ULLAGE PRESSURE 15 MAINTAINED BETWEEN 19¢5 AND 21e0 PSIA 3Y
HAVING THE CONTINUQUS VENT SYSTEM OPEN. THE CONTIMNUOUS VENT SYSTEM ALLOWS CUNTROLLED
VENTING OF THE BOILOFF GH2 FROM THE LH2 TANKs THE VENTING PROVIDES A PROPULSIVE FORCE TO
ASSIST IN PROPELLANT SETTLING AND THERMAL CONODITIUNING BY PREVENTING THE BULK TLMPERATURE
FROM INCREASINGs A PRESSURE DROP BELOW 1945 ©Sla IS INCICATIVE OF A CONTINUOUS VENT
REGULATOR MALFUNCTION OR A VENT SYSTEM LEAKs

THE LH2 TANK 15 PREPRESSURIZED 8Y THE CRYOQGENIC REPRESSURIZATION SYSTEM (02/HMH2 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 1§ IMPARED BECAUSE OF TANK LEAKAGE OR A RLPRESSURIZATIUN SYSTEM FAILUKE.
DURING MAINSTAGE OPERATIONSs THE LH2 TANK IS5 PRESSURIZED BY GASEOUS HYDRUOGEN BLEED FROM THE
J=2 ENGINEs THE FLIGHT CONTROL PRESSURE SWITCH MAINTAINS THE ULLAGE PRESSURE BETWEEN 28
AND 21 PSIA SY CYCLING VALVES IN THE LH2 TANK PRESSURIZATION CONTROL MODULE.

FAILURE POINTS
le LH2 VENT AND RELIEF VALVE FAILS OPEN OR PARTIALLY OPEN
2 LH2 LATCHING VENT AND RELIEF VALVE FAJLS OPEN OR PARTIALLY OPEN

3. LH2 CONTINUCUS VENT SYSTEM REGULATOR FAILS OPEN QR REGULATES TO A LOW
PRESSURE DURING COAST

ba CRYUGENIC AND AMBIENT REPRESSURIZATION FAIL TO INITIATE
S LH2 TANK CVS REGULATOR FAILS TO CLOSE FOR REPRESSURIZATION

CONSEQUENCES

THE LH2 TANK ULLAGE PRESSURE DURING CRBITAL COAST MUST BE MAINTAINED ABOVE THE REQUIRED
LIMIT 50 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 WITn A SUBSEJUENT
CREW=SAFE SHUTDOWYN, A LOW ULLAGE PRESSURE DURING COAST wOULD ALSO RESULT IN ADDITIUNAL
PROPELLANT LOSSES DUE TG THE LOWER THAN EXPECTED SATURATIUN PRESSURE OF  THE PROPELLANT.
THE 02/H2 BURNER MAY MOT 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, IF THE BURNER DUES OPERATE ANU  THE ULLAGE
PRESSUKE 1S LOW BECAUSE OF LEAKAGEs THE EFFECTIVENESS CF CRYDGENIC REPRESSURIZATION wllL bt
IMPAIRED AND AMBIENT REPRESSURIZATION wILL ALSO BE REWUIRED. IF THE OVERBOARD LEAKAGE IS
GREAT ENOUGH» THE ULLAGE PRESSURE INCREASE FROM AMBIENT REPRESSURIZATION WILL NOT  u&
SUFFICIENT

MISSTON REV | DATE SECTION GROUP PAGE

APOLLO 14]FNL J12/15/70]8LY SYSTEMS




NASA - Manned Spacecraft Center

MISSION RULES
SECTION 4 = SLV SYSTEMS

ITEM

LOW COLD HELIUM SUPPLY PRESSURE
DURING RESTART PREPARATIONS» COLD HELIUM HEATED BY THE ©2/HZ BURNER IS USED TO

PRESSURIZE

THE LH2 AND LOX TANKS TO THE PROPER RESTART PRESSURESs FOLLOWING BURNER OPERATIONs AMBIENT
HELIUM 15 USED TC PRESSURIZE THE TANKS IF THE BURNER SYSTEM WAS NOT SUFFICIENT. CuLD

HELIUM IS ALSO USED DURING $=-1VB ENGINE BURN TO PRESSURIZE THE LOX TANK.

FAILURE POINTS
le COLD HELIUM DUMP MODULE {(VENT AND/OR RELIEF) FAILS OPEN

2 LGX TANK PRESSURIZATION SHUTOFF VALVES FAIL OPEN

3 REPRESSURIZATION PLENUM AND VALVE ASSEMBLY (LOX AND/OR LH2) SOLENQID FAILS OPEN

CONSEQUENCES

IF THE COLD HMELIUM SPHERE PRESSURE DECREASES BELOW 1000 PSIA PRIOR 7O 0O¢
JIGNITIUNs THERE WiLL NOT BE ENOUGH COLD HELIUM REMAINING AFTER LOX AND LHZ TANK
REPRESSURIZATION TO PRESSURIZE THE LOX TANK DURING BURN TU MEET THE J=2Z
VIUOLATION OF LOX J=2 ENGINE SPEC NPSH WILL CAUSE CAVITATION CF THE LOX TURB
FAILURE TO START OR ENGINE PERFORMANCE DEGRADATION WiTH A CREwW=SAFE SHUTDOWNs I
HELIUM PRESSURE 1S BELOW 300 PSIA, THERE MAY NOT BE SUFFICIENT COLD HELIUM FOR
PRESSUKIZATION QURING THE BURNs 1F THE BURNER IS ALLOWED TO CUNTINUE TO OPERATE
COLD HELIUM PRESSURE DECREASES BELOW 450 PsIAs THERE MAY NOT BE SUFFICIENT COLD
LOX TANK PRESSURIZATION DURING THE BURN

/H2 BURNER

CRYQGENIC
SPEC  NPSHe
OPUMP  WI1TH
F THE <CULD

LOX  TANK

AFTER THE
HELLuUM  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 SEQUENCE TO
PROVIDE THE LOX HEAD (NPSH! CONDITIONS REWUIRED FOR J=2 ENGINE START. THE 02/H2 BURNER 1§
USED FOR HEATING COLD HELIUM FOR PREPRESSURIZING THE LOX TANKe AN AMBIENT HELIUM
REPRESSURIZATION SYSTEM WILL AUTOMATICALLY PREPRESSURIZE THE LOX TANK SHOULD THE 0Q2/H2
BURNER FALL QR BE LNHIBITEDs DURING MAINSTAGE THE LOX TANK PRESSURIZATION IS MAINTAINED
BETWEEN 38 AND 41 PSIA BY THE FLIGHT CONTROL PRESSURE SWITCHs PRESSURIZATION GASES DURLING
MAINSTAGE OPERATION CONSIST OF COLD HELIUM FLOWING THROUGH THE J=2 ENGINE HEAT EXCHANGER.

FAILURE PQINTS
la COLD HELIUM SUPPLY SHUTOFF VALVE FAILS CLOSED
2 LOX TANK VENT AND RELIEF VALVE FAILS OPEN
3 LOX AMBIENT HELIUM REPRESSURIZATION SYSTEM FAILS
4a FLIGHT CONTROL PRESSURE SWITCH FAILS
Se 02/H2 BURNER FAILS
CONSEQUENCES

LOW LOX TANK ULLAGE PRESSURES MAY RESULT IN UNACCEPTABLE ENGINE PERFORMANCE AND/OR
PREMATURE CREW=SAFE ENGINE SHUTDOWN DURING SECOND BURN DUE TO CAVITATING HEAD LOSSES,
MAXTMUM 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 CONDITIONS: THE LOX TANK
PRESSURIZATION SYSTEM 1S UNABLE TO MAINTAIN A POSITIVE PRESSURE RISE RATE ANDs» THEREFORE
AN INITIAL TANK PRESSURE IS REQUIRED TO ASSURE COMPLIANCE WITH J=2 ENGINE LOX NPSH
REQUIREMENTS THROUGHOUT BURNe IF THE CRYOGENIC REPRESSURIZATION SYSTEM 1§ [NMIBITEDs 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 NP$H REWUIREMENT PRIOR TO
CUTQFFs THE COMMAND ACTION WILL INHIBIT BURNER OPERATIUN TO SAVE <C(OLD HELIUM FOR BURN
INSTEAD OF CONSUMING IT FOR REPRESSURIZATION,

o REQUIRED LOX TANK ULLAGE FRESSURE PRIOR TO BURNER START
FOR VARIOUS ULLAGE PRESSURE DECAY RATES

-1D0179-406, DO180-406 : -0 TO 50 PSIA

LT KO A O A A O D B
| BURNER INHIBIT |7 | " L:" SW LIMIT
. 44y , , P [ > 2N i
WiwaA A L

P REQD - REQUIRED ULLAGE PRESSURE (PSIA)

PRESSURE. | '+
DECAY RRTE CBS1/miN

e ey
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7=20 S=IVB J=2 ENGINE START BOTTLE PRESSURE QUTSIDE RESTART LIMITS

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

CONSEQUENCES

COULD RESULT IN DAMAGE TO THE FUEL TURBINE AND ASSOCIATED OFF

DAMAGE SUSTAINED DURING ENGINE STARTs

THE START BOTTLE 1S FILLED WITH GHZ AND IS STORED UNDER A NOMINAL PRESSURE QF 1250 PSlA.
THE GH2 1§ USED TO GIVE THE INITIA% SPIN TO THE TURBINE DURING THE START SEQUENCE.

EXCESSIVE ﬁRESSURE IN THE START TANK COULD RESULT IN ELEVATED OXIDIZER SYSTEM POWER BUILDUP
CAUSING HIGH LOX PUMP DISCHARGE PRESSURES DURING THE START TRANSTENT »

THIS HIGH PRESSURE

=NOMINAL ENGINE MIXTURE RATIO

PERFORMANCEs THE FAILURE WOULD RESULT IN A CREW=SAFE SHUTDOWN DURING TR
ENGINE OBTAINS MAINSTAGE TRERE WOULD BE PROBABLE OFF=NOMINAL PERFORMANCE DUE TU ENGINE

ANSITION OR IF THE
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ITEM

-

T=-22

5«IVvB LOSS OF ENGINE HYDRAULIC FLUID

THE INDEPENDENT» CLOSED LOOP S~IVB MYDRAULIC SYSTEM GIMBALS THE J=2 ENGINE DURING B
COASTy» AND ENGINE BURN OPERATIONS. A MAIN HYDRAULIC PUMPs AN AUXILIARY MOTOR=D
HYDRAULIC PUMPy AN ACCUMULATOR-RESERVOIR, TWO SERVUACTUATORS, AND INTERCONNECTING TUBE
HOSE ASSEMBLIES COMPRISE THE S$=IVB HYDRAULIC SYSTEMe EACH OF TWO IDENTICAL SERVOACLT
'ASSEMBLIES PROVIDES MECHANICAL FORCE TO GIMBAL THE u=2 ENGINE. THE SERVO VALVE WITHIN
ACTUATOR DIVERTS FLUID TO ONE SIDE COR THE QTHER OF THE ACTUATOR PISTONS IN ACCORDANCE
SIGNALS RECEIVED BY THE SERVO VALVE TORWUE MOTOR FROM THE FLIGHT CONTRUL COMPUTER IN
1Use

FAILURE POINTS
le PITCH bR YAW ACTUATOR MALFUNCTION
e MAIN HYDRAULIC PUMP FAILURE
3 HYDRAULIC HOSE OR TUBING FAILURE
bGe AUXILIARY MOYOR=DRIVEN HYDRAULIC PUMP FAILURE
CONSEQUENCES
1GNITION OF THE S=1VB STAGE WITHOUT AN OPERATIVE HYDRAULIC SYSTEM WILL  JEOPARDIZE
SAFETYe THERE WILL BE A LOSS OF ENGINE GIMBAL CONTROL DURING MAINSTAGE OPERATION

PROBABLY WILL RESULT IN EXCESSIVE VEHICLE ATTITUDE RATES AND GUIDANCE ERROR. IN ADD
THE VEHICLE WILL BE UNABLE TQO EXECUTE REQUIRED TRAJECTORY CORRECTIONS

00ST»
RIVEN
AND
WATOR
EACH
WiTH
THE

CREwW
WHICH
ITION
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ITEM

T=25

LOX NON=PROPULSIVE VENT FAILS TO OPEN

DURING ORBITAL VENTING OF THE LOX TANKs THE VENT GAS 15 DIRECTED OVERBUARD BY MEANS OF A
NON=PRUPULSIVE VENT SYSTEM DESIGNED TO MINIMIZE THE VEMICLE ORIENTATION PERTURBATIONS
CAUSED BY VENTING, THE TANK 1S VENTED AFTER THE SECOND BURN TO PREVENT NON=PROPULSIVE
RELIEF VENTING DUYRING TDEEs» AND TO PREVENT UNACCEPTABLE COMMON BULKHEAD POSITIVE
DEFFERENT1AL PRESSURE DURING LH2 TANK NON=PROPULSIVE VENTINGe AFTER LOX LUMP IN T83 THE
VENT IS LATCHED OPEN TO SAFE THE TANK AND TO PREVENT BULKHEAD BIFFERENTIAL PRESSURE DURING

LHZ2 TANK SAFING.

FAILURE POINTS
le ACTUATION CONTROL MODULE = LOX TANK NPV VALVE =~ FAILS TO ACTUATE
0 SEQUENCER = NPY OPEN COMMAND =~ FAILS TO ACTUATE ACTUATION CONTROL MODULE
3 10 AMP MAGLATCH RELAY FAILS
4 LOX NPV FAILS CLOSED

CONSEQUENCES

IF THE LOX TANK NPV 1§ NOT OPENED AT T87s 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 ADDITIONs DUE TO THE
BLOWDOWN OF THE LH2 TANKs THE COMMON BULKHEAD POSITIVE DIFFERENTIAL PRESSURE MAY INCREASE
TO A VALUE IN EXCESS OF 36 PS1Ds

IF THE LOX NPV IS NOT LATCHED OPEN AT TB8 AFTER LOX DUMPs THE RISE IN LOX TANK ULLAGE
PRESSURE DUE TU ULLAGE AND LIWUID HEAT INPUTS WILL RESULT IN EVENTUAL NON=PROPULSIVE RELIEF
VENTINGe 1IN ADDITIONs DUE TO THE BLOWDOWN OF THE LH2 TANKy THE COMMON BULKHEAD POSITIVE
DIFFERENTIAL PRESSURE MAY INCREASE TO A VALUVE IN EXCESS OF 36 PSIDs SINGE THIS MAY OCCUR
AT A TIME BEYOND THE LIFETIME OF THE STAGEs THE COMMON BULKHEAD ULIFFERENTIAL PRESSURE
MISSTON RULE MAY NOT BE APPLICABLE FOR FURTHER CORRECTIVE ACTION.
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ITEM

T=26

LHZ LATCHING VENT VALVE FAILS TO OPEN

THE LH2 LATCHING VENT VALVE IS LATCHED OPENED FOR 15 MINUTES AT TB7 + 0G+8 SECONDS AND AGAIN
AT TB7 + &0 MIN Oe4 SEC TO VENT THE LHZ TANK PRIOR TO AND AFTER SPACECRAFT SEPARATION-

VALVE IS PERMANENTLY LATCHED OPEN AT TB8 + 23 MINUTES 27 SECONDS.
FAILURE POINTS

le LH2 LATCHING RELIEF VALVE LATCH

24 LH2 LATCHING RELIEF VALVE FAILS CLOSED
CONSEQUENCES

FAILURE TO VENT THE LH2 TANK PRIOR TO AND AFTER SPACECRAFT OPERATIGNS
UNDESIRABLE LHZ TANK VENTING THAT MAY RESULT IN PERTURBATIONS DURING TDGE.

MAY RESULT

THE

IN
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e rnm——

T2 7 ENGINE START BOTTLE DUMP FAILS TO INITIATE

VENTING. OF EXCESS PRESSURE THROUGH THE START BOTTLE VENT‘AND RELIEF VALVE.

THE GHZ START BOTTLE WILL BE DUMPED BY QPENING THE VENT AND RELIEF VALVE.
FALLURE POINTS

le START BOTTLE VENT VALVE FAILS CLOSED

2 STAGE PNEUMATIC POWER CONTROL MODULE FAILS CLOSED

3. ELECTRICAL COMMAND FAILURE

CONSEQUENCES

OR IF THE PRESSWRE 1S NOT BELOW 14200 PSLA AT 70 DEGREES Fes

THE S=IvB STAGE WILL NOT BE IN A SAFE CONDITION IF THE START BOTTLE DUMP Is NOT

AT THE COMPLETION OF THE PRIMARY S§=1VB MISSIONs THE ENTIRE STAGE WILiL BE PASSIVATED OR
SAFED BY BLEEDING DOWN PNEUMATLIC BOTTLES AND SYSTEMS AND DUMPING REMAINING PROPELLANTSe a8y
THE END OF SECOND BURN THE START BOTTLE WILL HAVE BEEN RECHARGED TO A PRE
APPROXIMATELY 3+150 PSIA. THE PRESSURE SHOULD NOT INCREASE SIGNIFICANTLY AfH
SINCE START BOTTLE DUMP IS INITIATED IMMEDIATELY AFTER SECOND BURN CUTOFF AT §
BASE 7e ANY INCREASE IN PRESSURE ABOVE THE RELIEF SETTING OF 19300 +/= 25 PSIA WILL CAUSE

LEVEL ©OF
OVE THIS VALUEs
TART OF TIME

INITIATED
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FAILURE TO INITIATE COLD HELIUM DUMP

AT THE END OF THE S$=IVB SECOND BURNs SAFING OF THE STAGE WILL BE INITIATED, INCLUDING <COLD
HELIUM DUMPe COLD HELIUM 15 DUMPED THROUGH THE Ln2 TANK VENT WHEN THE REPRESSURILZATION
SYSTEM MODE SELECT. OFF (CRYGGENIC MODE) AND REPRESSURIZATION CONTROL VALVES OPEN COMMAND 1S
,GIVEN BY THE CNBOARD SEQUENCE S

FAILURE POINTS
1s LH2 CRYOGENIC REPRESSURIZATION VALVES FAIL TO OPEN
2e ELECTRICAL OR COMMAND FAILURE
3 LOX PRESSURIZATION MODULE REGULATOR FAILS CLOSED

CONSEQUENCES

IF THE COLD HELIUM SPHERES FAIL TO DUMP THROUGH THE LH2 CRYOGENIC REPRESSURIZATION S5YSTEM»
IT CAN BE DUMPED THROUGH THE LOX TANK BY OPENING EITHER THE LOX CRYOGENIC REPRESSURIZATION
VALVES OR LOX PRESSURIZATION VALVESe IF THESE ALTERNATIVES FAIL, THE COLD HELIUM CANNOT  BE
DUMPED AND THE S=IVB CANNOT BE SAFEDe THE SPHERE PRESSURE COULD INCREASE TO 3500 PSIA AS
THE TEMPERATURE INCREASES FROM 50 TO 400 DEGREES Re THIS 1S5 UNACCEPTABLY CLOSE TO THE
AMBIENT TEMPERATURE SPHERE BURST PRESSURE AT 3950 PSIA.
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-

§-IVB STAGE 02/H2 BURNER FUEL PROPELLANT VALVE FAILS CLOSED

THE 02/H2Z BURNER USES LOX AND LH2 FROM THE MAIN PROPELLANT TANKS TO HEAT <COLD HELIUM FOR
REPRESSURIZATION OF THE OXIDIZER AND FUEL TANKS. A THERMAL VOTING GURCUIT THAY SENSES THE
TEMPERATURE IN THE GH2 LINE UPSTREAM OF INJECTOR NO. 2 PROVIDES AN INDICATION OF A BURNER
NO=LIGHT OR FLAMEOUT. THE CIRCUIT WILL AUTOMATICALLY SHUT DOWN THE. BURNER WHEN THE
TEMPERATURE 1S BELOW =409 TO =411 DEGREES Fo THE CIRCUIT WILL NOT DETECT A BURNER
MALFUNCTION DUE TO THE LH2 PROPELLANT VALVE FAILING CLOSED (1) AT BURNER $TART BECAUSE THE
TEMPERATURE WILL REMAIN ABOVE THE VYOTING CIRCUIT SETTINGS AND (2). DURING BURNER QPERATION
BECAUSE THE LOX=RICH MIXTURE WILL CAUSE HIGH BURNER TEMPERATURES.

FAILURE POINTS
1. LH2 PROPELLANT VALVE FAILS CLOSED
20 ACTUATION CONTROL MODULE {LH2 PROP VALVE} FAILS CLOSED
3 SWITCH SELECTOR FAILURE
b MAGLATCH RELAY FAILS TO SET

CONSEQUENCES

IF THE LH2 PROPELLANT VALVE FAILS CLOSED DURING BURNING OPERATIONS THE BURNER VOTING
CIRCUIT WILL NOT DETECT THE MALFUNCTION AND HIGH BURNER TEMPERATURES WILL RESULT. ALSO LOX
WiLL BE DUMPED QUT OF THE BURNER DUE TQ THE LOX MANIFOLD SHUTOFF VALVE REMAINING OPENe THE
COLD HELIUM REPRESSURIZATION SHUTCOFF VALVES WOULD REMAIN OPEN UNTIL THE AMBIENT
REPRESSURIZATION SYSTEM 1S INITIATED DURING TB& OR UNTIL THE BURNER SHUTDOWN COMMAND 1S
GIVENs IF THE <OLD HELIUM SHUTOFF VALVES REMAIN CPEN FOR THE ENTIRE BURNER
REPRESSURIZATIONs THE RESULTANT COLD HELIUM BOTTLE PRESSURE WOULD BE INSUFFICIENT TO MEET
THE LOX TANK PRESSURIZATION REWUIREMENTS 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 7O RESTART TO ENSURE THE INLET CONDITIONS
ARE ACCEPTABLE FOR STARTe LH2 1§ CIRCULATED FROM THE TANK THROUGH A LOW PRESSURE FEED DUCT»
THE J=2 ENGINE LH2 TURBOPUMP, AND BACK TO THE TANK THROUGH A RETURN LINE. THE LH2 CHILLDUWN
CPUMP IS TURNED ON AND THE Ne O« LHZ PREVALVE IS5 CLOSED AFTER INITIATION OF TIME BASE 6. LH2
FLOWS TO THE INLET OF THE TURBOPUMP THROUGH THE Ne Qs CHILLDOWN VALVE THAT REMAINS IN THE
OPENED CONDITION AND BACK TO THE TANK THROUGH THE Ne Qs BLEED VALVEs JUST PRIOR TQ ENGINE
START THE PREVALVE 1S OPENED. AFTER ENGINE START THE BLEED VALVE IS CLOSED AND THE
CHILLDOWN PUMP TURNED OFF.

FAILURE POINTS
ls LH2 CQILLDOWN PUMP FAILS OFF
24 LH2 CHILLDOWN VALVE FAILS CLOSED
e LH2 BLEED VALVE FAILS CLOSED
4. LH2 PREVALVE FAILS OPEN

CONSEQUENCES

IF THERE 1S A FAILURE AT ONE OF THE FAILURE POINTSs LH2 RECIRCULATION WILL NOT BE
ACCOMPLISHEDs THE ONBOARD SEQUENCED LH2 FUEL LEAD DURING THE ENGINE START SEWUENCE WILL
PROVIDE LM2 FEED SYSTEM AND J=2 ENGINE CHILL FOR RESTARTs THERE IS A POSSIBILITY THAT LHZ
PUMP CAVITATION wWILL 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 IS PRECONDITIONED PRIOR TO RESTART TQ ENSURE
THE INLET CONDITIONS ARE ACCEPTABLE FOR STARTs LOX IS CIRCULATED FROM THE TANK THROUGH A
LOW PRESSURE FEED DUCTs THE J-2 ENGINE LOX TURBOPUMPs AND BACK TO THE TANK THROUGH A RETURN
LINEs THE LOX CHILLDOWN PUMP IS TURNED ON AND THE MNs O, LOX PREVALVE 15 <CLOSED AFTER
INITIATION OF TIME BASE 6. LOX FLOWS TO THE INLET OF THE TURBOPUMP THRQUGH THE Ne Co
CHILLDOWN VALVE THAT REMAINS IN THE OPENED CONDITION AND BACK TO THE TANK THROUGH THE Ne Qs
BLEED VALVEe JUST PRIOR TO ENGINE START THE PREVALVE IS5 OPENED. AFTER ENGINE START (ENGINE
HELIUM CONTROW SOLENOID ENERGIZED) THE BLEED VALVE IS CLOSED AND THE CHILLDOWN PUMP  TURNED

OFF o
FAILURE POINTS
1. LOX CHILLDOWN PUMP FAILS OFF
24 LOX CHILLDOWN VALVE FAILS CLOSED
3 LOX BLEED VALVE FAILS CLOSED
ha LOX PREVALVE FAILS OPEN

CONSEQUENCES

IF THERE 1S A FAILURE AT ONE OF THE FAILURE POINTSs LOX CHILLDUWN wiLl BE ACCOMPLISHED BY A
GROUND COMMANDED SEQUENCED LOX LEAD OF APPROXIMATELY 8 SECONDS(ALTERNATE SEQUENCE 6 D). THE
LOX LEAD WILL IMPROVE CHANGES OF A SUCCESSFUL ENGINE STARTe HOWEVER» A LOX LEAD EXCEEDING B
SECONDS 15 UNDESIRABLE BECAUSE THE ENGINE INJECTOR WILL BE OVERCHILLED WHEN <COMBINED WITH
THE NORMAL 8 SECOND LH2 LEADs DUE TO COMBUSTION INSTABILITY NOTED ON AS 5049 A TLI INHIBIT
WILL BE CALLED FOR A LOX LEAD LARGER THAN 20 SECONDS.
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S-1vB CONFIRMED HARDOVER ACTUATOR

DURING ORBITAL COASTs NO HYDRAULIC POWER 15 SUPPLIED TO THE ACTUATORS EXCEPT WHEN THE
AUXTLIARY HYDRAULIC PUMP 1S TURNED ON FOR THERMAL CYCLE. IN THE POWER OFF CONDITION, ENGINE
POSITION WILL VARY +/= 3 DEGREES DEPENDING ON DUCT LEADS» GIMBAL BEARING FRICTIUNs ETCe
"DURING THE ENGINE IGNITION STARTING TRANSIENT» MOMENTARY PITCH OR YAW ACTUATOR EXCURSIONS
AS HIGH AS +/=~ 3 DEGREES ARE NORMALLY EXPERIENCEDe LARGE ACTUATOR DEFLECTIONS MAY OCCUR AT
THIS TIME DEPENDING ON VEHICLE ATTITUDEs THE ACTUATORS MAY BE OFFSET FROM NULL ODURING
ENGINE BURN AS MUCH AS +/= ie5 DEGREES DUE TO THRUST MISALIGNMENTs ENGINE INSTALLATION=
TOLERANCES)» UNCOMPENSATED GIMBAL CLEARANCES AND THRUST STRUCTURE COMPRESSION EFFECTS. AFTER
THE INATIAL ENGINE BURN STARTING TRANSIENTSs THERE SHOULD BE VERY LITTLE MOVEMENT OF ThE
ACTUATORS DURING POWERED FLIGHTs

FAILURE POQINTS
le SERVOACTUATOR VALVE

CONSEQUENCES

DURING SECOND S=IVB BURNs AN ACTUATOR HARDOVER FAILURE PRODUCES RAPID DIVERGENCE OF
ATTITUDE ERROR AND BOPY RATEs TUMBLINGs AND IMMEDIATE LOSS OF CONTROL. THIS IS THE MOST
LIMITING CASE FOR MANUAL ABORT TIMING AND ANY DELAY MUST BE MINIMIZED TQ PREVENT EXCEEDING
THE SPACECRAFT PLATFORM TUMBLE LIMITSs EDS STUDIES SHOW THAT FOR EVEN A 2=SECOND BURN OF
THE J=2 THE VEHICLE WOULD COMPLETE ABOUT 3 1/2 REVOLUTIONS BEFORE A RECOVERY COULD BE MADE
WITH THE APSa
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CONTINUOUS VENT SYSTEM REGULATOR FAILS TO CLOSE DURING RESTART SEWVENCE

THE CVS 15 CLOSED DURING RESTART PREPARATIONS $O THAT THE LH2Z TANK CAN BE REPRESSURIZED TO
AN ACCEPTABLE LEVEL FOR RESTART, DURING ENGINE BURN, THE VENTS MUST BE CLOSED IN ORDER THAT
THE LH2z TANK PRESSURIZATION SYSTEM CAN PROVIDE ADEQUATE NPSP.

DURING J=2 ENGINE OPERATIONs ULLAGE PRESSURE 15 PROVIDED BY GH2 BLEED FROM THE J=2 ENGINEs
THE GASES FLOW TO THE TANK THROUGH THREE ORIFICED FLOW PATHS. ONE PATH 1S ALWAYS OPENs AND
NORMALLY OPEN SOLENQID VALVES CONTROL THE QTHER TWO. AFTER J=2 ENGINE STARTy A SWiTCH
SELECTUR COMMAND CLOSES ONE SOLENOID VALVE AND ENABLES THE FLIGHT CONTROL PRESSURE SWITCH

TO CONTROL THE OTHER VALVEs
FAILURE PCINTS
le CONTINUOUS VENT REGULATOR FAILS OPEN
2 SWITCH SELECTOR FAILURE
34 MAGLATCH RELAY FAILS TO SET

CONSEQUENCES

IF THE CVS REGULATOR FAILS OPEN AT INITIATICN OF RESTART PREPSs THE REGULATOR WILL VENT GAS
AT A RATE EQUAL TO THE CRYOGENIC REPRESSURIZATION RATE. HOWEVER 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 REWUVIRED.

MISSION REV | DATE SECTION GROUP PAGE

APOLLG 14|FNL L2/15770|sLy sysTEMS
4=40




NA$A - Manned Spacecraft Center

‘ MISSION RULES
SECTION 4 = SLV SYSTEMS

B-8 LOSS OF ATTITUDE CONTROL DURING §=I1VB SECOND BURN

_ Vahicle Rates
(R4-602, R5-602, R6-602)

and

Vehicle Rates
{r8-602, R12-602, R13-5602)
"

Loss of Attitude Control Durimg Oxbit

loss of Attitude{Control Alary
AR—

— )

KNor»

THE INSTRUMENT UNITa

ATTITUDE CONTROL OF THE ENTIRE SATURN VEHIGLE 1S CONTROLLED THROUGH
FCR PROPER

THIS CONTROL IS NECESSARY TO KEEP THE VEHICLE IN THE CORRECT LAUNCH TRAJECTORY
ORBIT INSERTION AND FOR MAINTAINING THE CORRECT VEHICLE ATTITUDE WHILE IN ORBIT.

FAILURE POINTS
ls SWITCH SELECTOR FAILURE
- LvDC FAILURE
34 $T~124 PLATFORM FAILURE
b4 APS FAILURE

CONSEQUENCES

LOSS OF ATTITUDE CONTROL DURING ORBIT wlkL EVENTUALLY RESULT 1IN EXCESSIVE RATES IN THE
AFFECTED AXIS AND AN INABILITY TO PERFORM REWUIRED MANEUVERSe THE LV/CSM ATTITUDE WilLL BE

UNCONTROLLABLE AND WILL DIVERGEs
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R ITEM

88
CONT»
Losa of Attitude Contrsl Alert During Orbit

YRT - MC24D15 & 16
XRT - MG24D17 & 18

$ ZRT - MC24D19 & 20
GO0 CTR - MC24D13&

Guid, Ref. Fail - MC26D8

1 TLC - EMR D26 -
L MEM A - EMR D24 and
v
or f
[(_); e h LVDC/IVDA Computational Failure
l TLC MC26D9 . hind
Lem P = D4l- } 2
~-IV8  Hydraulic Syst (<1700 PSIA) = D41-403
) Ig e e 0) = Dé2-403 out of | pasiure of S-IVB Engine
¢ Hydraulic Reservoir Pressure {Approx. 3 Fodaiice During e
g Hydraulic Level (Approx. 0 percent) - L7-403 .
re e ¥CC :
g Failure to Reconfifer -\ Failure to Initiate Proper Guidance Sequence
1 r
C  Fail to Change Time Base o

Loss of Attitude Control 5-IVB Second Burn

=

6D10 Amps(<104)-M16-601 >Io
Gyro Pickups(=0)-H40, 41, 42~603 g
wx~0x (>A) H0-603

“{Vote
Roll Ladder (>A) H56-683. ol 2
Roll Error (>a) H69-603 of

xy~@y (>B) H60-603

; : \ Attitude Reference Failure
Platform GN2 (<5 PSID)-D11-603 any or
6D11 Volts(<26v)-412-601 ‘

Vote ' Y
Pitch Ladder (>B) H54~603 2 Abnormal Attitude Error Signal
O _ , .

Pitch Brror (>B) H71-603 3
xz=0z (>B) H60-603
. Vote’ A= 3,5
Yaw Ladder (>B) H55-603 . o] 2 8= 5.0°
Yaw Error (>B) H70-603 gf
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S=IVB AMBIENT HELIUM DUMP FAILS TO INITIATE

AS A PART OF THE AS$=507 MISSION» THE S-IvB STAGE WILL GO THROUGH A PASSIVATION SAFING
PROCEDURE» 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 » .

FAILURE POINTS

1. ENGINE PUMP PURGE CONTROL VALVE FAILS CLOSED

F ELECTRICAL COMMAND FAILURE

CONSEQUENCES

THE S$~IVB STAGE WILL NOT BE IN A ''!'SAFE''t CONDITION IF THE PRESSURE iS5 BELOW 2,000 PSIA AT
210 DEGREES F (1/4 BURST PRESSURE}s THE AMBIENT HELIUM SPHERE PRESSURE wWILL NOT INCREASE
SIGNIFICANTLY FROM THE PRESSWRE AT THE TIME OF THE FAILUREe IN THE EVENT OF FAILURE TO DUMP
THIS BOTTLE., THE CONTINUOUS BLEED PROVIDEL BY THE LOX CHILLDOWN PUMP  PURGE AND NORMAL
LE?KAGEEfiLL RESULT IN MEETING THE 4,000 PSIA AT 210 DEGREES F CONTINGENCY CASE (1/2 BURST
PRESSU .
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R ITEM

R

LOX DUMP FAILS TO INITIATE
AT THE TERMINATION OF S=1vB SECOND BURN» THE S-1vB STAGE WILL BE PASSIVATED=~ le Ees LOX
DUMPEDs LHZ VENTED» AND PRESSURE BOTTLES BLOWN DOWNe THE LuX DUMP IS ACCOMPLISHED BY
OPENING THE J=2 ENGINE MAINSTAGE CONTROL SOLENOID AND THE ENGINE HELIUM CONTROL SULENOIULY
RESPECTIVELY. THIS ALLUWS LOX TO BE DUMPED THROUGH THE ENGINE THRUST CHAMBER.
FAILURE PQINTS
la DEPLETED ENGINE CONTROL HELTUM SUPPLY
2 LOX PREVALVE FAILS CLOSED
EN SEQUENCING FAILURE
4a MAIN LOX VALVE FAILS CLOSED (ENGINE]
5e MAINSTAGE CONTRUL SOLENCQID FAILS CLOSED
b ENGINE HELIUM COMTROL SOLENOLID FAILS CLOSED
CONSEQUENCES
LOSS OF LUX DUMP AND ITS RESULTING THRUST OF APPROXIMATELY 70U POUNDS <OULD PREVENT THE

S~1VE 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 FAlLS TO INITIATE

AT THE TERMINATION OF SECOND BURNs THE S=IVB WILL BE PASSIVATED-- 1. Eey THE PROPELLANTS
DUMPED AND PRESSURE BOTTLES BLOWN DOWNe THE STAGE AMBIENT REPRESSURIZATION SPHERES ARE
CONNECTED TO THE ENGINE CONTROL BOTTLE AND THUS SUPPLY MELIUM TO CONTINUOUSLY REPLENISH THE
ENGINE CONTROL BOTTLEs THE AMBIENT REPRESSURIZATION SPHERE ARE DUMPED TO APPROXIMATELY 1500
PSIA AT THE INITIATION OF DUMPs THE ENGINE CONTROL SPHERE PRESSUREs DURING LOX AND LHZ
DUMPs WILL THEN ALSO BLOW POWN TO APPROXIMATELY 1500 PSlA. FROM THIS RCINT» THE FLOW IS A
COMBINED AMBIENT AND CONTROL BOTTLE HELIUMe

FAILURE POINTS
le ENGINE HELIUM CONTROL SOLENOID VALVE FAILS CLOSED
2 ELECTRICAL COMMAND FATLURE
CONSEQUENCES
IF THE ENGINE CONTROL BOTTWLE DUMP FAILS TO INITIATEs, THE STAGE WILL NOT BE COMPLETELY

SAFEDe IF THE PRESSURE IS5 NOT BELOW THE 29700 PSI {AMBIENT) MAXIMUM SAFE OPERATING PRESSURE
THE BOTTLE IS NOT CONSIDERED SAFEe
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Te

{MS EECOM MISSION RULE RATIONALE
{BASED ON MISSION RULES EFFECTIVE THIS DATE)

INTRODLZTION = APOLLO 12 CSM EECOM MISSION RULES HMAVE BEEN DEVELOPED TO PROVIDE FOR CREW SAFETY
ANG A HIGH PROBABILITY OF SUCCESSFUL ACCOMPLISHMENT OF MISSION OBJECTIVES. TO ACHIEVE THIS THE
FOLLOWING CRITERIA HAVE BEEN USEP~=--

As

Be

Ce

MAXIMUM UTILIZATION OF LM SYSTEMS AS BACKUP TO CSM SYSTEMS. THE LM SYSTEMS Wikl NUT  BE
USED UNTIL A FAILURE OR A PROGRESSION OF FAILURES HAS DEPRIVED 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 COMPUNENT OR SYSTEM WHICH LEAVES THE CSM
WITH ONE REMAINING CAPABILITY TO PERFORM AN ESSENTIAL FUNCTIONs WHERE THIS FUNCTION I8 NOT
REQUIRED TO MAINTAIN CAPABILITY TO PERFORM TEI WITH THE CSM» AND WHERE THE LIKELIHOOD OF
FAILURE OF THE REMAINING COMPONENT OR SYSTEM IS ASSOCIATED WITH THE MEAN TIME BEFORE
FAILURE PROBABILITYs THE MISSION WILL NORMALLY BE CONTINUED. THE RATIONALE IS=-~ FROM
LUNAR ORBIT THE RETURN TO EARTH TIME 1§ AT LEAST 2 DAYS AND FROM SOME POINTS EVEN LONGER s
THUS SITUATEDY THE SPACECRAFT AND CREW ARE ALREADY COMMLITTED 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 EQUAL TO THE REMAINING
SCHEDULED TIME IN LUNAR ORBITs AND THE INCREASE IN TIME» THOUGH SIGNIFICANT» POEs NOT
EXCESSIVELY INCREASE THE TOTAL MISSION TIMEs RELATIVELY SPEAKINGe BECAUSE OF THIS» THE
OBJECTIVES WHICH CAN BE ACHIEVED 8Y CONTINUING THE MISSION WITH SUCH A CONDITION ARE
CONSJOERED WORTH THE SLIGHT INCREASE IN RISK.

THERE ARE NO CSM EECOM SYSTEMS FAJLURES FOR WHICH POWERED DESCENT WiLL BE TERMINATED»
POWERED DESCENT REQUIRES APPROXIMATELY 12 MINUTES FROM INITIATION TO TOUCHDOWN AND RELJABLE
RECOGNITION OF PROBLEMS IN THIS TIME FRAME IS UNLIKELYs ADDITION OF THE CSM AUX  BATTERY
WILL ALLOW LIFTING OFF AT T3 WHICH WILL PERMIT ADDITIONAL SYSTEM ANALYSIS TIME.

MISSION RULES RATIONALE

As

BY MISSION PHASE===~
ls LAUNCH = THE ONLY REASONS FOR WHICH LAUNCH WILL BE ABURTED ARE-==

(Al 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 (IeEes LOSS OF SUIT INTEGRITY» BOTH MAIN REGULATORS OR  DEMAND
REGULATORS FAILED CLOSEDs LOSS OF BOTH SUIT CUMPRESSORSy OR LOSS OF THE o2
MANIFOLDs) SINCE THE CREW CANNOT SURVIVE UNDER THESE ENVIRUNMENTAL CONDITIONS»
IT 15 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 OQF ALL 5SM POWER
SOURCES AND OME ENTRY BATTERYs) SINCE CUNTINUATION CAN  ONLY HAVE DISASTEROUS
RESULTSy AN IMMEDIATE ABCRT IS NECESSARY.

2 POWERED DESCENT- THERE ARE NO CSM EECUM SYSTEM FAJLURES FOR WHICH POWERED
DESCENT wILL BE TERMINATEDs LIFTOFF FROM THE LUNAR SURFACE WILL BE PERFORMED
NU SOOMER THAN T3 FOR ANY CSM EECOM $YSTEM FAILURES. THE AUX BATTERY IS
CAFABLE GF PROVIDING SUFFICIENT ELECTRICAL ENERGY TO SUPPORT TEL AND A Low
POWER RETURN TQ EARTHe

3a ALL OTHER POWERED FLIGHT = THERE ARE NO FAILURES FOR WHICH THESE WILL BE
TERMINATEDs NOMINAL COMPLETION OF THESE POWERED PHASESs IN EACH CASEs WILL
PLACE THE SPACECRAFT ON AN EXPECTED AND REASUNABLY WELL KNOWN TRAJECTORY
FROM WHICH A PREPLANNED RETURN MANEUVER CAN BE MADEs EARLY TERMINATION OF A
MANEUVER LEAVES THE SPACECRAFT ON AN UNKNOWN TRAJECTORY WHICH WILL REQUIRE
TIME TO DETERMINEes IN THE MOST PROBABLE FAILURE CASESs IT 1S5 SAFER TO
COMPLETE THE MANEUVERs IN THOSE OTHER CASES WHERE THE CREW 1S IMMEDIATELY
ENDANGEREDs TERMINATION OF THE MANEUVER WILL NOT IMPROVE THE SITUATION
SIGNIFICANTLY «

4 TRANSPOSITIONs DUCKINGs AND EXTRACTION = THE ONLY FAILURE FOR WHICH TD&E
WILL BE INHIBITED IS FAILURE OF THE DOCKING LATCHES Tu THE EXTENT THAT LESS
THAN THREE LATCHES LOCATED 120 DEGREES APART OR THE STRUCTURAL EQUIVALENT
EXISTe WITH THIS CONDITIONs THE DOCKED CONFIGURATION 1S ' STRUCTURALLY®
UNSOUND AND DAMAGE TO THE SPACECRAFT MAY RESULTe ALTHQUGH TDGE AS OUTLINED
HERE CAN BE PERFORMED WITH A MULTITUGE OF FAILURESs THIS DOES NOT IMPLY THAT
THE MISSION WILL BE CONTINUEDs NOR DOES [T MEAN THAT TD&E WILL BE PERFORMED
~ JUST THAT IT COULD BE PERFORMED IF DESIREDe 1T SHOULD BE NOTED THAT SUIT
INTEGRITY IS NOT REQUIRED FOR TD&Es FOR MISSION RULE PURPOSES AND FOR
PRACTICAL PURPOSESs CABIN INTEGRITY IS NOT CONSIDERED A SINGLE POINT

FATLURE s
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ITEM

-

B

Se POST DOCKING/LM JETTISON = THE LM» WITH OR WITHOUT THE DESCENT STAGE WILL BE
RETAINED THROUGH TED {WITHIN DELTA v CONSTRAINTS) FOR THOSE CSM SYSTEMS
FALLURES WHICH LEAVE THE CSM WITH ONE REMAINING CAPABILITY TO PERFORM AN
ESSENTIAL FUNCTION AND WHERE SUBSEWVENT LOSS UF THE REMAINING CAPABILITY

WwILL BE SUPPLEMENTED AND/OR REPLACED 8Y THE LM SYSTEMS.

BY SPACECRAFT SYSTEM OR COMPONENT = MISSION PHASES DISCUSSED IN THE PREVIOUS SECTION

(SECTIUN A) ARE NOT COVERED IN THIS SECTIONe
L ENVIRONMENTAL CONTROL SYSTEM

(A1 CABIN INTEGRITY = CABIN INTEGRITY IS REWUIRED 70 INITIATE AND CON
MISSION PHASESe THE LOSS OF CABIN INTEGRITY NECESSITATES THE RELIANG
SUITS TO PROVIDE THE CREW WITH A VIABLE ENVIRONMENT » THE S
UNCOMFOURTABLEs ARE EXTREMELY FATIGUING WHEN CREW ACTIVITY IS5 REQUIRED»
CAPABILITY TU PERFORM ROUTINE CREW FUNCTIONS, AN CAN PLACE ONE OR ALL
A HAZARDOUS ENVIRONMENT AS A RESULT OF ONLY A SINGLE FAILUREe FOR THES
T IS CONSIDERED UNSAFE AND IMPRACTICAL TO CONTINUE THE MISSION WITH
CABIN INTEGRITYe

(Bl FIRE OR SMUKE IN CABIN ~ TO INITIATE AND CONTINUE ALL MISSION PHASESS
MUST BE FREE COF FIRE UR SMOKEs ASIDE FROM THE OBVIOUS IMMEDIATE HAZAR
CREwWs FIRE WILL DAMAGE EWUIPMENT IN THE SPACECRAFT, THE EXTENT OF WHIC
LIKELIHOOD wILL NOT Bk KNOWNs CONSEQWUENTLYs EVEN IF THE FIRE
CONTROLLEDs ALL MISSION PHASES WILL BE TERMINATED IF A FIRE HAS OCCURRE

(C) 02 MANIFOLD LEAKS = THE 02 MANIFOLD IS DEFINED AS THAT PORTION OF THE
SYSTEM DOWANSTREAM OF THE S§M SUPPLY VALVEs ARND THE 100 PSIA SYSTEMs 02
LEAKS RESULT IN EXCESSIVE 02 USAGE AND OVERPRESSURIZATION OF THE CAB
LOSS OF CAPABILITY TO PRESSURIZE WATER TANKS {RESULTING IN POSSIBLE LOS
DUMP CAPABILITY W1TH ITS POTENTIAL EFFECT ON FUEL CELLS)s LOSS OF WATE
FROM THE CABIN (WITH RESULTING HIGH HUMIDITY AND EXCESSIVE FREE WATE
CABINI» AND LUSS OF AUTOMATIC CABIN PRESSURE CUNTRULe IF THE LEAK R
EXCESSIVE DEPLETION OF THE OXYGEN SUPPLYs 1T WILL BE NECESSARY T0 I3
MANIFOLDs CAdIN PRESSURE CAN BE MAINTAINED BY MANUALLY INTRODUCING OX
THE CABIN THROUGH THE RUPTURED MANIFOLD UR THROUGH THE REPRESS 02 VALV
THE EXISTENCE OF COLD CABIN WALLS AND COLD GLYCUL LINESs 1T IS UNLI
EXCESSIVE HUMIDITY WILL RESULT FROM LOSS OF sUIT LOOP WATER REMOvAL <
ALTHOUGH CONSIDERABLE FREE WATER WILi UNDOUBTEOLY EXIST IN THE CABINe T
COLLECTED FROM ITS CONDENSATION POINTS USING THE VACUUM CONKECTIOQ
OVERBOARD DUMFSe. IF NECESSARYs FORCED EVAPORATION CAN BE USED TO D
EXCESS FUEL CrlLL WATER ONCE THE WATER TANKS ARE FULLe IT wiulh BE NEC
CHEGK THE CO2 CANNISTERS PERIUGDICALLY TU INSURE THAT SWELLING DOES NOLT
RESULT OF THE ADDITIONAL WwATER IN THE CABIN ATMOSPHERE BECA
CAPABILITIES DO EXISTs THE MISSION WILL BE CONTINUVED ONCE UNDOCKING
PERFURMEDs (UNDOCKING WELL NOT BE PERFURMED WITH THIS CUNDITION BE
BACKUP MEANS OF CREW TRANSFER FRUM THE LM TO THE CS5My LleEey EVTy IS5 L
INCREASE IN MISSION TIME RESULTING FROM CONTINUING THE NOMINAL MISSION
SLIGHT INCREASE IN RISK wHICH IS CONSIDERED ACCEPTABLE IN LIGHT OF THE
WHICH CAN BE ACHIEVEDs HOWEVER» BECAUSE THls PRUBLEM wltL REGUIRE €O
CREW ATTENTION AND BECAUSE IT DOES REPRESENT S5SOME INCREASE IN RISK
SAFETYs ALL MISSION PHASES PRIOR TO UNDUCKING WILL BE TERMINATEDS

(U] MAIN U REGULATURS = TLI WILL BE INMIBITED IF ONE MALN 02 REGULATUR H
CLOSED BECAUSE FAILURE OF THE REMAINING REGULATOR IN THE <LOSED POSI
RESULT I[N LUSS OF THE CAPABILITIES DISCUSSED IN VIgtt ABOVE  (FOR 02
LEAKS WHICH REWUIRE I1SOLATION OF THE MANIFOLD). BECAUSE OF THE (€
INVOLVED AND THE INCREASE IN RISK TO TnE CREWs TLI WILL NOT BE PERFORME
MALN D2 REGULATOR HAS FAILED UPEN AND THE OTHER 18 FUNCTIONING NORMALLY
BE PLRFORMED. FULL CAPABILITY REMAINS BY MANUAL REGULATION UF THE FA
REGULATOR IN THE EVENT THE OTHER REGULATCR FAILS CLOSED. ONCE  TL1
PERFORMEDs THE MISSION WILL BE CONTINUED AS LUNG AS ONE MAIN  REGULATOR
NORMALLY BECAUSE FULL CAPABILITY REMAINSs [¥ THE REGULATOR FAILS
UNDUCKINGs THE LOSS CF CAPABILITY ASSOCLATED wITH THIS FAIWURE REWUIRE
TERMIKXAT]GN== HUWEVER» THE REMAINING CAPABILITY AS DESCRIBED IN "!'C'! A
ALLUW SATISFACTURY TLRMINATION OF THE MISS1UNe UNDUCKING wliLL NOT BE
IF BCTH MAIN REGJLATORS HAVE FAILED BECAUSE THE BACKUP CAPABILITY T7Q TR
CREw FROM THE LM TO THE CSM IS LOST. AFTER UNDUCKING HAS gEEN PERFO
MISSIUN wWILL BE CONTINUED BLCAUSE ADDITIUNAL RISK ASSUCIATED WITH CUNTI
THE ADDITIOUNAL TIME INVOLVEL WITH BOTH MAIN REGULATURS FAILED I8
ACCEPTABLE IN LIOMT OF THE OBJECTIVES wHICH CAN BE ACHIEVED.
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(E)

{1

ECS CUOOLANT LOOPSs ECS RAUIATORS, AND ECS EVAPORATORS - NEITHER ECS EVAPORATOR IS
REQUIRED TO INITIATE OR CONTINUE ANY MISSION PHASE. EARTH ORBIT WiLL BE
CONTINUED AS LONG A5 EITHER COCLANT LOOP WITH ITS ASSOCIATED RADIATOR IS
AVAILABLE AND AS LONG AS IT 1S5 PRACTICALe THIS CAN BE DONE BECAUSE BY POWERING
THE $PACECRAFT DOWN AFTER FAILURE OF THE REMAINING COOLANT LOOP. AT LEAST 4 HOURS
OF POWERED DOwWN ORBIT LIFETIME FULLOWED BY le5 HOURS PUWERED UP CAN BE ACHIEVED
AFTER LOSS OF ALL COOLINGs WHICH WILL ALLOW A SATISFACTORY ENTRYs TO COMMIT 70O
TL1 OR LOI OR TO CONTINUE TLC REWVIRES BOTH COOLANT LQUPS AND BOTH RADIATORSe. IF
EITHER LOOP I5 LOST» AN ADDITIONAL FAILURE WItL RESULT IN L0SS OF Ank COOLING.
IN PARTICULARs LOSS OF THE PRIMARY LOOP WILL RESULT IN LOSS OF THE G&N SYSTEM
WHICH WILL MAKE MISSION CONTINUATION IMPRACTICAL. SINCE LOSS OF EITHER RADIATOR
MAKES THE RESPECTIVE LOOP DEPENDENT UPON ITS EVAPORATOR WHICH 1S LIMITED N
CAPABILITY 8Y THE WATER AVAILABLE» THE LUOP 1S LOST ALTHOUGH ULTIMATE LOSS WilLL
BE EXTENDED UNTIL THE WATER SUPPLY IS EXPENDEC. CONSEWUENTLYs LOSS OF THE
RADIATOR 1S TREATED AS LOSS OF THE RESPECTIVE LOGOP AFTER TLl. AFTER LUI» THE
MISSIUN WILL BE CONTINUED IF THE SECONDARY LOOP IS LOST AS LUNG A5 THE PRIMARY
LOOP 15 AVAILABLE. THE SUBSEGUENT LOSS OF THE PRIMARY COOLANT LOOP 1S ASSCCIATED
WITH MEAN TIME BEFORE FAILURE CRITERIA ESTABLISHED IN THE INTRODUCTIONe ALSO»
CONSIDERATIGN WILL BE GIVEN TO CONTINUING THE MISSION IF THE PRIMARY RADIATORS
ARE LOST AS LONG AS THE SECONDARY LOUP AND THE PRIMARY LQOP WITH EVAPORATIVE
COOLING ONLY ARE STILL AVAILABLEs 1IN TRIS CONFIGURATION FULL CAPABILITY REMAINS
AND THE OBJECTIVES MAKE IT WORTHWHILE TO CONTINUE.

AFTER PDI HAS BEEN INITIATEDs THE MISSION WILL BE CONTINVED TG 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 CUOLINGs SINCE A POWER DOWN
WILL BE REWUIRED PRICR TO COMPLETION OF RENDEZVOUS IN ANY CASE» THE LUNAR LANDING
MAKES IT WORTHWHILE TO CONTINUE.

AFTER TOUCHDOWNs THE NOMINAL MISSION WILL BE CONTINWED IF THE PRIMARY LOOP 1§
LOST AS LUNG AS THE SECONDARY LOOP REMAINS. SINCE THE G&EN WOULD HAVE TO BE
POWERED DOWN PRIOR TO COMPLETING A RENDEZVOUS» KOTHING IS LOST BY CONTINUING THE
NOMINAL LUNAR STAYs THE PROBABILITY OF FAILURE OF THE SECONDARY LOOP IS
ASSOCIATED WITH THE MEAN TIME BEFORE FAILURE <CRITERIA DEVELOPED IN THE
INTRODUCTIONS

SUIT INTEGRITY = SWIT 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 FUNCTICNSs FQR MISSION RULE
PURFPOSESs CABIN INTEGRITY IS NOT CONSIDERED A SINGLE POINT FAILURE ITEMs

GLYCOL LEAK IN COMMAND MODULE = TO INITIATE AND CONTINUE ALL MISSION PHASESs THE
COMMAND MODULE MUST BE FREE OF GLYCOL LEAKSs GLYCOL IS TOXIC AND ITS PRESENCE IN
THE CM ATMOSPHERE 1S HAZARDOUS TO THE CREWs IT IS NECESSARY TC MINIMIZE EXPUSURE
TO THIS ENVIROMNMENT== CONSEQUENTLY, 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=TOX1C ENVIRONMENT FOR TRANSEARTH COAST FOR AS MUCH TIME AS POSSIBLE.

EXCESSIVE CABIN HUMIDITY ~ TO INITIATE AND CONTINUE ALL MISSION PHASES, THE
COMMAND MODULE MUST BE FREE OF EXCESSIvE CABIN HUMIDITY. EXCESSIVE HUMIDITY
RETARDS THE GREW'S CAPABILITY TO REJECT BODY HEAT. THE CAPACITY OF THE HUMAN
BODY TO RETAIN HEAT wWITHOUT A REDUCTION 1IN PHYSICAL CAPABILITY 1S LIMITED
(APPROXIMATELY 400 BTU)e IT IS NECESSARY TO MINIMIZE EXPOSURE TO THIS
ENVIRUMMENT== CONSEGQUENTLYs ALL MISSION PHASES WwILL BE TERMINATED - IF EXCESSIVE
CABIN HUMIDITY OCCURSs THE LM WILL BE RETAINED FOR TEIl TO PROVIDE THE CREW WITH A
SATISFACTORY ENVIRONMENT FOR TRANSEARTH COAST.
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(1) POTABLE H20 TANK AND WASTE H20 TANK = NEITHER THE POTABLE TANK NOR THE WASTE TANK

15 REWUIRED TO INITLATE OR TO CONTINUE ANY MISSION PHASE EXCEPT EARTH URg
WHERE THE POTABLE TANK IS NECESSARY FOR DRINKING WATERs NEITHER EVAPUKATUR
REWUIRED FOR ANY MISSION PHASE=~ THEREFOREs THE WASTE TANK IN NOT NECESSARY s
THE POTABLE TANK 15 LOSTs THE LM WATER SUPPLY CAN BE USED FOK CREW CONSUMPTI
ALTHOUGH IT MAY BE NECESSARY TO AMEND THE LM TIMELINE BECAUSE OF DEPLETION OF
WATER BY THIS MEANS. THE AMOUNT OF WATER AVAILABLE IN THE ASCENT STAGE AFTER
NOMINAL LUNAR STAY AND RENDEZVOUS WILL BE APPROXIMATELY 25 POUNDSe WHILE THIS
LESS THAN NOMINAL CREW CONSUMPTION, [T 1S ADEWUATE TO ALLLW A SAFE RETURN
EARTH

{J4)  SUIT COMPRESSORS — ONE SUIT COMPRESSOR OR  THE VACUUM CLEANER IS5 REQUIRED
CONTINUE EARTH ORBIT SINCE ENTRY CAN BE PERFORMED IN A TIME FRAME COMPATIBLE W
COZ BUILDUP IN THE CM AND USE OF THE 02 FACE MASKS. BOTH SUIT COMPRESSORS M
BE AVAILABLE TO PERFORM TLI. IF ONE SUIT COMPRESSOR MAS BEEN LOST BETWEEN LAU
AND TLI» THE OTHER GOMPRESSOR WILL NATURALLY BE SOMEWHAT SUSPECT. IN ADPITI
IT IS CONSIDERED UNDESIRABLE TO COMMIT Tu A LUNAR MISSION wITH ONLY ORNE S
COMPRESSORs AFTER TLIs ONLY ONE SUIT COMPRESSOR IS REQUIRED TO [INITIAYE
CONTINUE ALL MISSION PHASESe IF THE REMAINING COMPRESSOR AND THE VACUUM CLEA
ARE LOSTs AN ARRANGEMENT CAN BE MADE USING THE SUIT HUSES AND THEIR INTERCONNE
TO ALLOW THE LM SUIT FANS TO PUMP 02 THROUGH THE CM SUIT LOOP FOR €02 AND WA
REMOVALs CSM POWER OR LM POWER MAY BE USED TU PUWER THE LM SUIT FANS UNDER T
ARRANGEMENT 1F THE LM DESCENT STAGE 15 STILL ATTACHEDs THIS CONFIGURATION SHO
PROVIDE ADEQUATE COZ REMOVAL TO ALLOW SAFE TERMINATION OF THE MISSIONs FOR L
OF 80TH SUIT COMPRESSORS AND THE VACUUM CLEANERy THE LM DESCENT STAGE WILL
RETAINED FOR TEI IF PGSSIBLE. 1F THE DrSCENT STAGE CANNOT BE RETAINEDs
ASCENT STAGEL wiLL BE RETAINEDs

(k) SUIT CLRCUIT = THE $SUIT CIRCUIT IS REQUIRED TO INITIATE AND CONTINUE ALL MISS
PHASESs IF THE SUIT CIRCUIT 15 LOSTs THE CAPABILITY TO PROVIDE €02 REMOVAL
WATER REMOVAL 1§ LUST. LOSS OF C02 REMOVAL PLACES THE CREW IN A HAZARD
ENVIRONMENT» AND CONSEQUENTLY THE MISSION MUsT BE TERMINATED. (IT MAY
DESIRABLE TO UTILLIZE LM SYSTEMS IN A MANNER SIMILIAR TO THAT DESCRIBED IN !
ABOVEe)} IF POSSIBLEs THE LM WILL BE RETAINED FOR TEI TO JUTILIZE THE LM 5
CIRCUIT DURING TRANSEARTH COASTe AN EVALUATICN UF THE CaAPASILITY REMAINING
THE LM ASCENT STAGE AND THE FAILURE WHICH CAUSED LOSS OF THE SUIT CIRCUIT WILL
MADE TG DETERMINE WHETHER OR NOT 1T 15 ADVANTAGEQUS TU RETAIN THE LM ASCENT ST
ONLY FOR TEL.

VOVERBOAKD LUMPS= AT LEAST ONE OVERBOARD DUMP 1S REQUIRED TU CONTINUE EARTH
ORBITy TG INITIATE TLls TO CONTINUE TLC AND TO INITIATE LOlL. THESE PHASES
WwilLL BE TERMINATED BECAUSE ONE DUMP 1S NECESSARY TO ALLOW DUMPING OF WASTE
WATER {INCLUDING FUEL CELL WATER PRODUCTION} AND TO ALLOW DISPUSAL OF URINE.

AFTER LOI HAS BEEN PERFORMED»s THE NOMINAL MISSION WILL BE CONTINUED WITH
LUSS OF ALL OVERBUARD DUMPSs THE FLUID STORAGE CAPACITY CF THE CSM  {WHICH
INCLUDES FIVE=OME GALLON BAGSs 3 UTS'S ANL 3 wCTA'S) COUPLED wliTH FORCED
WATER BOILING TO MANAGE FUEL CELL WATER PRODUCTION» SHOULD ALLOW
ACCOMPLISHMENT UF A NOMINAL LUNAR STAY.
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CRYQGENIC STORAGE SYSTEM

OXYGEN STORAGE TANKS~= HYDROGEN STORAGE TANKS = FOR EARTH ORBIT THE MISSION
WILL BE CONTINUED WITH A MINIMUM OF ONE 02 TANK AND ONE H2 TANK»s SO LONG AS
SUFFICIENT QUANTITY REMAINS IN THE TANK TO ALLOW MISSION CONTINUATION. THIS
CAN BE DONE BECAUSE ENTRY AREAS ARE ALWAYS READILY AVAILABLE IF THE
RLMAINING TANK 15 LOST (WITHIN 1 OR 2 HOURS)s

ALL OTHER MISSION PHASES = HYDROGEN = BOTH H2 TANKS ARE REWJIREDC TO
INITIATE AND CONTINUE ALL MISSION PHASES [(EXCEPT PDIJe THIS REQUIREMENT
EXISTS BECAUSE = (1) LOSS OF THE REMAINING TANK RESULTS IN LOSS OF THE FUEL
CELLS PLACING ALL POWER REQUIREMENTS ON THE 5M AWX BATTERY ARD ENTRY
BATTERIES (THESE POWER SOURCES ARE SUFFICIENT FOR LOW POWER LEVEL RETURNS)
ONLY)s (2) ALTHOUGH SUFFICIENT H2 I5 MAINTAINED IN EACH TANK TO ALLOW AT
LEAST A POWERED DOWNs SAFE RETURN TQ EARTHs SUFFICIENT WUANTITY 15 NOT
AVAILABLE TO PERMIT MISSION CONTINUATION. ONCE POWERED DESCENT HAS BEEN
INITIATEDs THAT PHASE WILL BE CONTINJUED TO ALLOW A LUNAR LANDING WITH A
LUNAR 5TAY FOR A DURATION OF ONE CSM REVOLUTION (T3)» THE POWERED DESCENT
FHASE IS TOO SHORT TO PERMIT ADEWUATE SYSTEMS ANALYSIS AND THE ADDITIONAL
TIME INVOLVED IN LANMDING WITH A T2 LIFTOFF DOES NOT SIGNIFICANTLY INCREASE
THE TOTAL MISSION TIMEs

ESSENTIALLY+ 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 REWUIREMENTS. SINCE TWC TANKS (TANKS 1+2) CAN MEET
MISSION OXYGEN REQUIREMENTS WITH AMPLE MARGINS» IT IS APPARENT THAT LOSS QF
ONE TANK (PARTICULARLYs TANK 3) COULD BE SUSTAINED WITHOUT SIGNIFICANTLY
AFFECTING THE CAPABILITY TO PERFORM THE NOMINAL MISSION. FOR THESE REASONS
CONSIDERATION WILL BE GIVEN TO CONTINWING THE MISSION AFTER TL1 WITH THIS
FAILURE IF SYSTEM INTEGRITY REMAINS.

IN BOTH H2 AND 02 SYSTEMS» REDLINES ARE BASED ON LOSS OF A SINGLE TANK =
THUSs THE OXYGEN REDLINES ARE BASED ON THE TwQ LOWEST TANKS HOWEVER»
NGMINALLY 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 CRBITs TWO FUEL C
ARE ADEQUATE TO PROVIDE ALL NOMINAL FUEL CELL FUNCTIONS=~ HOWEVER» ONE FUEL
CAN ONLY SUPPLY A SEVERELY POWERED DOWN OPERATIONs ELSE BATTERY SUPPLEMENT
BE REWUIREDs ADDITIONALLY, 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 BATTERIESs

ALL THREE FUEL CELLS ARE REWUIRED TC INITIATE TLI. EVEN THOUGH TwO FUEL «
CAN SUSTAIN ALL NOMINAL FUEL CELL REQUIREMENTS» IT I$ CONSIDERED UNDESIRABLE
COMMIT TO A LUNAR MISSION WITHOUT FULL ELECTRICAL FOWER CAPABILITY.

FROM TLI THROUGH PD1 INITIATION CONSIDERATION WILL BE GIVEN TO CONTINUING

MISSION IF ONE FUEL CELL HAS BEEN LOSTe IF THE FAJLURE [5 A RANDOM FAILUREs

MISSION WILL BE CONTINUED SINCE TwWO FUEL CELLS CAN SUSTAIN NOMINAL REWUIREME
IF THE FAILURE 18 A TYPE WHICH WOULD LEAD TO SERIQUS SUSPICION OF THE INTEG
OF THE TWO REMAINIMG FUEL CELLSs THE MISSION WILL BE VERMINATED.

ONCE POWERED DESCENT HAS BEEN INITIATED, 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 ORBIT.
15 NECESSARY BECAUSEs ALTHOUGH EARTH ORBIT CQULD BE CONTINUED ON ONE BATTERY
A SAFL ENTRY PERFORMEDy FAILURE OF THE REMAINING BATTERY WILL LEAVE
SPACECRAFT INCAPABLE OF PERFORMING AN ENTRY.

THREE ENTRY BATTERIES ARE REQUIRED TO INITIATE TLI. ALTHQUGH TWO BATTERIES
THE BATTERY CHARGER CAN PROVIDE ALL BATTERY HKEWUIREMENTSe IT 1S CONSID
UNDESIRABLE TO COMMIT TO A LUNAR MISSION WITHOUT FuULL ELECTRICAL P
CAPABILITY.

ONCE TLI HAS BEEN PERFORMEDs CONSIDERATION wWILL BE GIVEN TO CONTINUING
MISSION PHASES WITH TWQO ENTRY BATTERIES. IF THE FAILURE 1S5 JUDGED TO BE A RA
FATLUREs THE MISSION WlLL BE CONTINUED SINCE ALL MISSION REQUIREMENTS CAN
SUPPLIED BY TWO BATTERIES AND THE BATTERY CHARGERe IF THE FAILURE 1§ SUCH
THE INTEGRITY OF THE OTHKER TWQ BATTERIES [S SUSPECTs THEN THE MISSION WILL
TERMINATED TO MINIMIZE THE REMAINING MISSION TIME AND REDUCE THE RISK OF LO
THE TWO REMAINING BATTERIES PRIOR TO ENTRY.
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MAIN BUSES~~ BATTERY BUSES== AC BUSES==~ ANL PHASE A OF AC BUSES = +ALTHOUGH -ALL
ESSENTIAL FUNCTIONS DERIVE POWER FROM REDUNDANT SOURCESs LOS5S OF ANY ONE OF THESE
BUSES WILL RESULT IN LOSS OF SOME VERY USEFUL FUNCTIONS AND» MORE IMPORTANT» WILL
RESULT IN A SPACECRAFT CONDITION SUCH THAT ONE ADDITIONAL FAILURE WILL RENDER THE
SPACECKAFT INCAPABLE OF RETURNING THE CREW TO EARTH. IT SHOULD BE NCTED THAT THE
ADDITIONAL FAILURE NECESSARY FOR THIS CONDITION 1S NOT LIMITED TO LOSS OF ThHE
REMAINING BUS SINCE SOME OF THE SPACECRAFT CONTROL PRUPULSION SYSTEMS ARE
REDUNDANT BUT EACH OF THE REDUNDANT SYSTEMS HAS A SINGLE ELECTRICAL POWER SUURCE.
CONSEQUENTLYs ALL MISSION PHASES WiLL BE TERMINATED IF aNY ONE OF THE LISTED
BUSES 15 LOSTe IF POSSIBLEs THE LM DESCENT STAGE wILL BE RETAINED FOR TEI AND THE
DESCENT PROPULSION SYSTEM WILL BE USED TO PERFORM THE TEI BURNs THIS IS DONE. TO
PROTECT AGAINST THE EFFECT OF A SINGLE FAILURE DURING THE TEL BURN wHICH WOULD
EITHER LEAVE THE SPACECRAFT [INCAPABLE OF COMPLETING THE BURN OR LEAVE THE
SPACECRAFT IN AN UNCONTROLLABLE CONCITIONe THE LM ASCENT STAGE wWILL BE RETAINED
FOR TEl FOR LOSS OF A MAIN BUS QR AC BUS AS A BACKUP ELECTRICAL POWER SOURCE AND
FOR TRACKINGs COMMUNICATIONSs ATTITUDE CONTRUL FOR ENTRY AND MCC  CAPABILITIES
WHICH WOULD BE LOST [N THE CSM IN THE EVENT OF ANOTHER BuS FAILURE.

BATTERY RELAY BUS - THE BATTERY RELAY BUS 1S REWUIRED TO CONTINUE EARTH ORBIT» TO
INITIATE AND CONTINUE TRANSLUNAR COAST» TO INITIATE ANU CONTINVE LUNAR ORBITs TO
INITIATE PDIs AND TO CONTINUE LUNAR $TAYe If THE BATTERY RELAY 8US [S LOSTs THE
CAPABILITY TO SWITCH FUEL CELLS» INVERTERS AND THE AUX BATTERY ON AND OFF BUSES
AND THE OVERCURRENT/OVERVOLTAGE PROTECTION IS LOST. TO CONTINUE THE MISSION WITH
THIS CONDITION 1S CONSIDERED UNSATISFACTORY» PARTICULARLY IN LIGHT OF PROBABLE
FUEL CELL SWITCHING REQUIREMENTS AS DEMONSTRATED BY TME FUEL CELL ANOMALIES
DURING APOLLO 7s 93 AND 10 MISSIONSs ALSO» 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 SUSES» CAN RESULT In LOSS OF AN AC BUS» A MAIN DC
BUSs AND TWO FUEL CELLSs

INVERTERS = ALk 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 TwQ AC BUSES. [F ONE ADDEITIONAL INVERTER IS LODST» THE
REMAINING INVERTER CAN SUPPLY ALL AC LOALS ON BOTH AC BUSES NECESSARY FOR A SAFE
RETURN TO EARTHs CONTINUING THE MISSION ON A SINGLE INVERTER 1S NOT CONSIDERED
DESIRABLE BECAUSE AFTER LOSS OF TWO INVERTERS THE REMAINING INVERTER BECOMES
SUSPECTs AND LOSS OF THE THIRD INVERTER WILL RENDER THE SPACECRAFT [INCAPABLE OF
PERFORMING A SAFE RETURN TO EARTHs IF TwQ INVERTERS ARE LOUST  THE LM DESCENT
STAGE WILL BE RETAINED FOR TEl [F POSSIBLEs AND THE DESCENT PROPULSION SYSTEM
WILL BE USED TC PERFORM THE TEI BURNs THIS IS DONE TO PROTECT AGAINST THE
POSSIHILITY OF LOSS OF THE REMAINING INVERTER DUKING THE TEI BURNe THE LM ASCENT
STAGE WILL BE RETAINED FOR TEl FOR THE SAME REASONS IN (C) ABOVE.

B DOCKING SYSTEM

(A)

1-1]

DOCKING LATCHES = TO REMAIN DOCKED FOR INACTIVE MISSION PrASES REQUIRES AT LEAST
THREE GOOD DOCKING LATCHES LOCATED 120 DEG. APART OR THE STRUCTURAL EQUIVALENT.
INDICATIONS ARE THAT THREE LATCHES SO LOCATED CAN MAINTAIN TUNNEL PRESSURE AND
SUSTAIN THE LOADS ASSOCIATED WITH RCS MANEUVERS AND ATTITUDE CONTROL.

TO PERFORM ANY DOCKED SPS BURN OR DPS BURN KEWUIRES AT LEAST NINE GOOD DLCCKING
LATCHES,. 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 BQTTLES = TO UNDOCK REQUIRES THAT AT LEAST TwO GNZ2 BOTTLES IN THE DOCKING
SYSTEM BE AVAILABLE FOR REDOCKING. TO PERMIT UNDOCKINGes HEASONABLE ASSURANCE
MUST BE AVAILABLE THAT REDUCKING CAN BE ACCOMPLISHEDs BASED ON THE FAILURE MODE»
CONSIDERATION WILL BE GIVEN TU UNDOCKING WITH ONE GN2 BOTTLEs THAT 1Sy [IF THE
FAILURE WHICH HAS RESULTER IN A ONE-BOTTLE REDOCKING CAPABILITY IS THE RESULT OF
AN ELECTRICAL FAILURE IN ONE SYSTEM (DISCOVERED AT TDGEs THUS REQUIRING THE ULSE
OF A THIRD BOTTLE)s THEN UNDOCKING wWOULD BE PERFORMED WITH ONLY ONE BOTTLE
REMAININGs CONVERSELY» 1F THE FAILURES wHICH RESULT IN ONE=BOTTLE CAPABILITY ARE
THE RESULT OF SEPARATE FAILURES OF TWwO GN2 BOTTLESs UNDUCKING  WILL NOT  BE
PLRFORMED HECAUSE THE REMAINING BOTTLE [5 SUSPECT.
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SEQUENTIAL SYSTEM

(A}

(B)

SMJC NOT ACTIVATED = IF THE SERVICE MODULE JETTISON CONTROLLER (SMJC) ACTIVATES
PREMATURELYs IT WILL SHUT DOWN AUTOMATICALLY IN 25 SECs THE MISSION wlLL BE
CONTINUED IF THE SOURCE OF ACTIVATION CAN BE DETERMINED AND ISOLATEDe IF THE
SOURCE OF ACTIVATION CANNOT BE ISULATEDs THEN THE RATIONALE OF (B) APPLIES.

SEWUENTIAL SYSTEMS = TO CONTINUE EARTH ORBITy TO INITIATE TLIs» TO CONTINUE TLCe
AND TO INITIATE LOI REQUIRES THAT BOTH SEWUENTIAL SYSTEMS BE OPERABLE. 0
CONTINUE THE MISSION INTRODUCES THE RISK OF A SINGLE FAILURE LEAVING THE
SPACECRAFT INCAPABLE OF PERFORMING ENTRYs ONCE LUNAR ORBIT HAS BEEN ACHIEVED»
THE MISSTON WItL BE CONTINUED WITH FAILURE OF ONE SEWQUENTIAL SYSTEM. THIS wWILL
BE DONE BECAUSE THE LIKELIHOOD OF A FAILURE IN THt REMAINING SYSTEM IS ASSUCIATEDL
WITH THE MEAN TIME BEFORE FAILURE PRUBABILITY DEVELOPEL IN THE INTRODUCTIUN, AND
THE SEWUENTIAL SYSTEM IS INACTIVE IN LUNAR ORBIT EXCEPT FOR DOUCKING AND LM FINAL
SEPARATION, SINCE THE RETURN TQ EARTH TIMES ARE LENGTHYs THE SLIGHT ADDITIONAL
RISK ASSOCIATED WITH CONTINUING THE MISSION wiTH THIS CONDITION 18 OFFSET BY THE
VALUE OF THE OBJECTIVES WHICH CAN BE OBTAINED.

INSTRUMENTATION SYSTEM

(A)

(8}

CRITICAL INSTRUMENTATION = CRITICAL INSTRUMENTATION IS DEFINED AS THAT
INSTRUMENTATIONy EITHER TELEMETERED OR ONBOARDy REWUIRED TO DETERMINE THE
GO/NO=GO STATUS OF THE SPACECRAFTe CRITICAL INSTRUMENTATION INCLUDES THE PRIMARY
INSTRUMENTATION WHICH 1S THE DIRECT MEANS OF DETERMINING THE STATUS OF A
PARTICULAR FUNCTION AS WELL AS SECONDARY INSTRUMENTATION wHICH 1S THE INDIRECT
MEANS OF DETERMINING THE S$TATUS OF A FUNCTIONe TO LOSE CRITICAL INSTRUMENTATION
REWUIRES THE LOSS OF MORE THAT ONE PARAMETER. ALTHOUGH 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 FAILURESe
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 TLls LOIs» CIRC OR CONTINUE LUNAR ORBIT AND LUNAR
STAY KEQUIRES THAT CRITICAL INSTRUMENTATION BE AVAILABLEe THIS Is DONE BECAUSE
IT 1S CONSIDERED UNSAFE TO CONTINUE THE MISSION WITHOUT THE ABILITY TO DETERMINE
SYSTEMS STATUS. :

ONCE TLI HAS BEEN PERFORMEDs TLG WILL BE CONTINUED TO PERFORM A FLYBY AND RETURN
TO EARTHe CONTINUING THE MISSION IN THIS CONFIGURATION 1S CONSIDERED MORE
DESIRABLE THAN A DIRECT ABORTs 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 [MPUSED ON SPACECRAFT SYSTEMS
8Y THE DIRECT ABORT SPS BURN.

"ONCE DOl HAS BEEN PERFCRMED THE MISSION wlILL BE CONTINUED TO ALLOW A LUNAR

LANDING WITH A LUNAR STAY OF THE DURATION OF ONE CSM LUNAR ORBIT. THIS 1S5 ODONE
BECAUSE THE LOSS OF INSTRUMENTATION ITSELF DOES NOT PRESENT A HAZARD TO THE (REW
EXCEPT WHEN COMPOUNDED B8Y ACTUAL SYSTEMS FAILURESe. THE LIKELIHOOD ULF A
COMPOUNDING SYSTEM FAILURE IS ASSOCIATED WITH THE MEAN TIME BEFORE FAILURE
PROBABILITY DEVELOPED IN THE INTRODUCTIONe

CsM TELEMETRY =~ CSM TELEMETRYs EJITHER HIGH BIT RATE OR LOW BIT RATE» IS REWUIRED
FOR ALL MISSION PMASESy EXCEPT THAT ONCE CIRC HAS BEEN PERFORMED THE MISSION WILL
BE CONTINUED TO INCLUDE A LUNAR LANDING AND A LUNAR STAY OF THE DURATION OUF ONE
CSM LUNAR ORBIT« TELEMETRY 1S NECESSARY TU CONTINUE THE MISSION (EVEN THOUGH
MOST CRITICAL PARAMETERS ARE DISPLAYED ONBCARD) HECAUSE IT 18 NECESSARY TOQ
RELIEVE THE CREW OF THE CONTINUOUS DUTY OF MONITURING SPACECRAFT SYSTEMSs DURING
HIGH ACTIVITY PERICDS AND SLEEP PERIODS THE CREW CANNOT REASONABLY PERFORM THESE
TASKSs HOWEVER#~ ONCE GIRC HAS BEEN PERFORMED» A RENDEZVQUS IS NECESSARY. TO
ALLOW A LUNAR LLANDING WITH A LUNAR STAY WITH DURATION OF ONE CSM LUNAR ORBIT ADDS
LITTLE TO TOTAL MISSION TIME AND THE OBUECTIVES wHICH CAN BE ACHIEVED BY A LUNAR
LANDING MAKES 1T WORTHWHILE TO CONTINUE.
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CSM G&EC AND PROPULSION RATICNALE

THE FOLLOWING 1§ THE RATIONALE FOR THE CSM G6C AND PRUPULSION MISSION- RULES. THIS INCLUDES
SECTIONS 15s ib6s 17» AND 18 OF THE APOLLO 14 MISSION RULES.

LAUNCH

THE MOST IMPORTANT FUNCTION OF THE GUIDANCE AND CONTROL SYSTEM IS TO PROVIDE FOR SAFE RETURN OF
THE CREW. THIS INVOLVES THE CAPABILITY TO EFFECT A DEORBIT. THERE 1§ WO SINGLE FAILURE NOR
REASONABLE COMBINATION OF FAILURES IN THE GUIDANCE AND CONTROL SYSTEM WHICH PRECLUDE A DEORBIT.
THERE ARE FAILURES WHICHM wILL CAUSE A DEGRADED METHOD OF CONTROL FOR THE DEORBIT MANEUVER AND
SUBSEQUENT ENTRY== HOWEVERs THIS SUBJECTS THE CREW TO LESS OVERALL POTENTIAL HAZARD THAN A
LAUNCH ABORT« [N ADDITION» THE MAJURITY OF THE GUJDANCE AND CONTROL SYSTEM IS8 IN A PASSIVE OR
MONETORING STATE DURING THE LAUNCH PHASEs THUS MAKING IT DIFFICULTs AND IN SOME CASES
IMPOSSIBLE TO DETECT AND 1SOLATE FAILURES.

EARTH ORBIT

TO REMAIN IN ORBIT» THE GUIDANCE AND CONTROL SYSTEM MUST ALWAYS PROVIDE A MINIMUM OF THREE BASIC
THINGS~== ADEQUATE ATTITUDE CONTROL OF THE SPACECRAFT» SPS DEORBITs AND ONE BACK=YP DEORBIT
METHOD (SM UR HYBRID)s ADEQUATE ATTITUDE CONTROL CONSISTS OF DIRECT RCS AND RATE DAMPING IN
EACH AXIS AS A MINIMUM, DIRECT RCS IS THE REDUNDANT BACKUP RCS COUNTROL MODE OPERATED FROM
PARALLEL HARD STOP SWITCHES IN ELTHER RHCe 1T CONTROLS AN INDEPENDERT SET OF RCS VALVE CONTROL
COILSs THUS PROVIDING A CONTROL PATH TO THE THRUSTERS THAT IS INDEPENDENT OF ANY AUTO  CONTROL
IT 1S THE PRIMARY (AND FOR CERTAIN FAILURES THE ONLY! METHOD OF RECOVERY FROM AUTOMATIC CONTROL
SYSTEM MALFUNCTIONSs RATE DAMPING IS COMSIDERED THE MINIMUM ACCEPTABLE CAPABILITY FOR EXTENDED
OPERATION OF THE CONTROL SYSTEMe OPERATION OF THE CONTROL SYSTEM WITH NO RATE INPUTS DUES NOT
PROVIDE A WELL BEHAVED VEHICLEs GENERALLY REWUIRES CONSIDERABLE GREW ATTENTIONs AND [N THE
PRESENCE OF DISTURBING FORCES CAN CAUSE EXCESSIVE PROPELLANT CONSUMPTION. RATE DAMPING IS NOT
MANDATORY FOR VEMICLE ATTITUDE CONTROL (EeGe SCS MINIMUM IMPULSE IS ADEWUATE AND WUSES LITTLE
PROPELLANT!» BUT 5 A PREREWVISITE FOR MOST MISSION ACTIVITIES REWUIRING ATTITYDE CONTROL. RATE
DAMPING CAN BE PROVIDED 8Y EITHER THE SCS USING REDUNDANT BMAGS AS THE RATE DATA SOURCE Ok THE
CMC RCS DAP USING THE 155 AS THE RATE DATA SOURCE.

THERE AKE THREE 2ASIC TECHNIWUES AVAILABLE FOR DEORBIT=~= SPSs SM RCS AND HYBRICD. THERE ARE
REASUNS OTHER THAN GUIDANCE ANL CONTROL PROBLEMS FOR NOT BEING ABLE TV ACCOMPLISH A PARTICULAR
DLURSIT METHCDs HOWEVERe AT LEAST SPS DEORBIT AND ONE OF THE OTHER TWO DEORBIT METHODS MUST BE
AVAILABLE TU STAY IN ORBIT== AND WHICHEVER ARE APPLICABLEs THE @UIDANCE AND CONTROL SYSTEM MUST
SUPPORT«

THE PRIFARY METHOL OF DEORBIT IS THE S$PS. TC BURN THE SPS» THE CONTROL SYSTEM MUST PROVIDE A
SERV(F LUOP IN PITCH AND YAW TO GIMBAL THE ENGINE AND A CONTROL MODE TU PROVIDE INPUTS TO THE
SERVC LOOP. THERE AXE TwQ COMPLETELY REDUNDANT (INCLUDING POWER SUPPLIES) SERVO LOOPS IN EACH
Ax1S. THERE ARE FOUr METHODS OF PROVIDING INPUTS TO THE SERVO LOOPS==- CMC (TVC DAPls SCS AUTOS
MTVC RATE COMMAND AND MTVC ACGEL COMMAND, MTVC ACCEL CUMMAND IS NOT AN ACCEPTABLE MODE OF Tv(C
DUE TO THE LACK OF RATE DAMPING CIRCUITRY. THE WUNACCEFTABILITY OF THIS MODE HAS BEEN
DEMONSTRATED IN CS¥ SIMULATORS AND MISSION EVALUATORS.
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THE PRIMARY METHOD OF BACKUP DEORBIT 1S THE SM RCSs THE SECONDARY METHOD 1S A HYBRID USING SM
RCS FIRST» AND THEN €M RCSe. BOTH METHODS REQUIRE THE ABILITY TU DO RATE DAMPED TRANSLATIONS
WITH THE SM RCS. THE THC IS NECESSARY FOR THE TRANSLATION COMMANDSs AND THE RATE DAMPING MAY BE
PROVIDED BY EITHER THE SCS OR THE CMC (RCS DAP)s DIRECT ULLAGE AND ATTITUDE HOLD WITH OIRECT
RCS IS NOT CONSIDERED AN ADEWUATE METHOD OF ACCOMPLISHING TRANSLATIONS DUE TQ MIGHER PROPELLANT
CONSUMPTION AND PILOT VARIABILITY AFFECTING THAT CONSUMPTIONs BOTH METHODS ALSO REWUIRE AN
ONSOARD ATTITUDE REFERENCE. FOR MOST RCS DEORBITSs A LIGHTED HORIZON IS NOT AVAILABLE FOR
SEVERAL REASONSe THE BURN ARC IS EXTREMELY LONGs THE ENTRY FLIGHT PATH ANGLE IS SMALLOW, 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 PROVIDED BY IMU OR THE GuC
AND ON EITHER FDAls RATES AND ATTITUDRE ERRORS ARE DESIRABLEs BUT NOT MANDATORY. THE HYBRID
METHOD REQUIRES SEVERAL ADDITIONAL EWUIPMENTSs ALL CONNECTED WITH THE CM PUGRTION OF THE
MANEUVERs THE RATE DAMPING MUST BE SCS BECAUSE THERE 15 NO RCS DAP FOR THE CM (NOTE THE SM RCS
DAP COULD BE USED=- HOWEVERy ITS KNOWLEDGE OF THE MASS AND INERTIA 15 RESTRICTED TQO THE CSMs AND
HENCEs ITS ABILITY TO PROVIDE RATE DAMPED ATTITUDE HOLD 1S SLOPRY AT BEST)e THE TECHNIQUE DOES
NOT CONTINUALLY APPLY THRUST IN A CONSTANT DIRECTION.

TO DETERMINE THE DELTA v TO APPLYs A CMC DISPLAY OF PERIGEE ALTITUDE 1§ MUNITOREDs AND THE BURN
1S TERMINATED WHEN PERIGEE IS NeMe THIS» IN TURN» REQUIRES THE IMU TO SENSE THE DELTA Vs
THE CMC TO NAVIGATEs AND EITHER DSKY (BOTH ENCODER AND DECODER) TU PRUVIDE CONTROL OF AN
DISPLAYS FROM THE CMCe IT IS POSSIBLEs PROVIDED THE PRESCRIBED ATTITUDES ARE MAINTAINED, TO 0Q
THE €M PORTION ON TIME ONLY., THE PREFERRED METHOD USES THE CMC» HOWEVERs BOTH RHC'S ARE
REQUIRED TO MAINTAIN PITCH ATTITUDE WHILE FIRING THE OPPQOSING PITCH JET TO OBTAIN THE DELTA Ve
AGAINy AN ALTERNATE TECHNIWUE EXISTS USING ONLY 1 RHC AND ''WOBBLING!'! THE S/C ACROSS THE
DESIRED PITCH ATTITUDE BY FIRING FIRST PLUS THEN MINUS PITCHe THE 2 RMC METHOD IS PREFERABLE.

THERE ARE TWO INDEPENDENT WAYS TO OBTAIN ULLAGE== ONE USING THE SCS OR CMC (RCS DCAP)s» AND THE
OTHER USING THE DIRECT ULLAGE PUSHBUTTGNe THE FORMER USES THE THC (+X) FOR THE ULLAGE COMMANDS
AND THE AUTO RCS COILSs WHILE THE LATTER USES THE DIRECT ULLAGE PUSHBUTTON AND THE OIRECT RCS
COILSs ALL NON=CRITICAL SPS BURNS AFTER THE STORAGE TANKS ARE EMPTY REUUIRE THE GUIDANCE AND
CONTROL SYSTEM PROVIDE AN ULLAGE TO SETTLE PROPELLANTS IN THE SUMP TANKS» THEREBY PRECLURING
HELIUM INGESTION INTO THE BALL VALVE/ENGINE DISCUSSION OF THIS SUBJECT!.

THE TLI GO/NO GO DECISION IS ESSENTIALLY A COMMITMENT TO ALLOw THE SPACECRAFT TO BE SUBJECTED TO
A HIGH SPEED ENTRY+ AND TO SUSTAINED SYSTEMS OPERATIQN. SPS CONTROL REDUNDANCY IS REWIRED TO
ASSURE THAT ABORT AND MCC CAPABILITY IS AVAILABLE FOR THE TRANSLUNAR AND TRANSEARTH COAST
PHRASESe LM CAPABILITY 1S NOT CONSIDERED IN THE Til COMMITMENT BECAUSE IT COULD POSSIBLY NOT BE
AVAILABLE IF TD&E IS NOT ACCOMPLISHEDs AND BECAUSE THE LM IS NOT CHECKED OUT PRE=TLI. THE
GUIDANCE AND CONTROL SYSTEMS MUST THEREFORE PROVIDE TWO GOUD SEKVU LQUPSs AND TVC CONTROL VIA
BOTH THE CMC (DAP) AND THE SCSe BOTH CMC AND SCS TvC ARE REWUIREDs BECAUSE THE SCS Tve MODES
ARE NOT ENTIRELY INDEPENDENT OF SINGLE POINT FAILURES (EsGe LOSS OF AC2 PHI A CAUSES LOSS OF
RATE CMDy ACCEL CMDs AND SEVERELY DEGRADES 8CS AUTO TVC).

DIRECT RCS AND RATE DAMPING ARE NEEDED FOR THE SAME REASONS A5 LISTED IN THE EARTH ORBIT PHASES.
THE ABILITY TO MAINTAIN AUTOMATIC PASSIVE THERMAL CONTROL SHUULD ALSDO BE AVAILABLE (ATTITUDE
HOLD IN PITCH AND YAW)s EITHER CMC (DAP) OR 5G5S PTC 1S ACCEPTABLES

THE GEN 15 THE PRIME NAVIGATION AND CONTROL SYSTEMy ANDs 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 CBTAINED BY THE 1S5S« OPTICSs 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 CONTRGLe THE MDC DSKY 15 REWUIRED TO PROCESS
CREW INSTRUCTIONS TO THE CMC. AN OPERATIONAL FLIGHT DIRECTOR ATTITUDE INDICATOR 1S REWUIRED TO
PROVIDE TLI MONITORING CAPABILITY TO THE CREW.

TWO SOURCES OF ATTITUDE INFORMATION MUST BE AVAILABLE FOR THE HI1OH SPEED ENTRY IN ORDER ¥0Q
COMMIT TO THANSLUNAR COASTe. FOUR DISPLAYS (NOT CUMPLETELY INDEPENDERT) ARE AVAILABLE In  THE
SPACECRAFT=== THE RSIs TWO FDAI'S AND THE 0SKYes THE FOUR DISPLAYS ARE DRIVEN BY THREE SOURCES
OF ATTITUDE INFORMAT[ON==~ EITHER BMAG PACKAGE OR THE [MU. FAILURES OR COMBINATIONS OF FAILURES
THAT CAUSE LOSS OF REDUNDANT MEANS TO DERIVE AND DISPLAY ATTITUDE INFORMATICN ARL CAUSE TQ
INHIBIT TLILs APOLLO & CREW REPORTS ARE THAT AN QUT=THE~WINDUW KEFERENCE IS5 NOT AVAILABLE FOR

ENTRY s
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TRANSLUNAR COAST

ONCE TLI HAS BEEN PERFORMED» THE MINIMUM REQUIREMENT OF THE G&N 15 TO PROVIDE REDUNDANT
CAPABILITY TO MAINTAIN A FREE RETURN TRAJECTORY AND PASSIVE THERMAL CONTROLe THIS CAPASILITY IS
MET BY REQUIRING RATE DAMPING AND DIRECT RCS IN EACH AXIS PLUS A METHOD OF PROVIDING A PLUS X
MANEUVER FOR ULLAGE OR TRANSLATION. THE ATTITUDE CONTROL REQUIREMENTS ASSURE  REDUNDANT
CAPABILITY TO POSITION THE SPACECRAFT FOR MIDCOURSE CORRECTIONS. DIRECT RCs IS REWUIRED TO
PROVIDE BACKUP CONTRUL IN THE EVENT OF AUTO COIL MALFUNCTIONSS

LOIs LUNAR CRBIT

THIS RULE 1S WRITTEN TO BE APPLIED WHENEVER CRITICAL SYSTEMS REDUNDANCY 1S REQUIRED TO ASSURE
SAFE SPACECRAFT RETURNe THE REDUNDANCY REWUIRED BY THIS RULE (EsGs REDUNDANT SPS CONTROL,
REDUNDANT ATTITUDE CONTROLs AND NON-CRITICAL BURN CAPABILITY) ASSURES THAT AN ADDITIONAL SINGLE
POINT FAILURE WILL NOT COMPROMISE TEls THE ATTITUDE CONTROL REQUIREMENTS ARE THE MINIMUM TQ
ASSURE PROPER GG&N THRUST VECTOR POSITIONINGs TWO SERVO LOUPS AND TwWwO CONTROL MODES FOR TVC
ASSURE REDUNDANCYs OF COURSEs ULLAGE CAPABILITY WILL BE REQUIRED FOR THE TEI BURN SINCE THE
STORAGE TANKS WILL BE EMPTY AFTER LOI. ULLAGE VIA THE THC OR DIRECT ULLAGE 15 ACCEPTABLE. THE
CMC AND 155 ARE REWUIREG FOR PROPER LOI AND TEI CONTROL. THE CAPABILITY TO ALIGN THE PLATFURM
MUST BE AVAILABLE IN ORDER TO COMMIT T0Q LOT<ALIGNING SPECIFICALLY WITH <SM OPTICS 1§ NOT
REQUIREDs AS COAS ALIGNMENTS AND TRANSFERRED AL LGNMENTS FROM LM ARE ACCEPTABLE. ONE FDAI AND ONE
DSKY ARE REWUIRED FOr CREw MONITORING OF LOI AND TEI BUKNS TQ VERIFY SYSTEMS PERFORMANCE.

L0S5 OF THE ABOVE REDUNDANCY REWUIREMENTS {1sEe SPS CONTROL AND REDUNDANT ATTITUDE CONTROL}Y N
THE LUNAR ORBIT PHASE WILL REUUIRE PLANNING FOR A DPS TEI MANEUVER, UNDOCKING SHOULD BE
INHIBITED AND LM RETAINEDs IF L¥ DPS IS AVAILABLE AND CHECKED UUTs AN EARLY TEI NEED NOT BE
ACCOMPLISHED »

UNDOCKED

70 UNDOCK THE C5M MUST PROVIDE A STABLE PLATFORM FOR REDOCKING PURPGSES THIS IMPLIES THE
GUIDANCE AND CONTROL SYSTEM MUST PROVIDE RATE DAMPED ATTITUDE #OULDs IN CASE THE €SM HAS 10
PARTICIPATE IN THE DOCKING» THE CONTROL SYSTEM MUST ALSO BE ABLE TO TRANSLATE IN ALL THREE AKESs
DIRECT RC$ [5 AGAIN REQUIRED FOR RECOVERY FROM AUTO GCONTROL SYSTEM MALFUNCTIONS.

THE GUIDANCE AND CONTROL SYSTEM MUST PROVIDE THE CAPABILITY TO PERFORM A LM RESCUE PRICR TO
COMMITTING OR CONTINUING THE UNDOCKED AND SUBSEQUENT PHASESe LM RESCUE INVOLVES THE C5M
TRACKING THt LMs COMPUTING ITS CWN MANEUVERS AND EXECUTING THEMe. THE CS1 AND CDH MANEUVERS WILL
Bt TARGETED FROM THE OROUNDe HOWEVERs THE SMALL TIME INTERVAL BETWEEN TPls EACH MIDCOURSEs AND
THE BRAKING MANEUVERS REWUIRE THE CSM TO DO IT5 OWN TRACKINGs STATE VECTOR UPDATES AND MANEUVER
SOLUTIONSs TO TRACK THE LM THE C5M SCT OR SXT MUST BE OP&RABLE. THE CSM MUST BE ABLE TO TRACK
LM WITH EITHER AUTC OPTICS»s MANUAL OPTICSy VHF RANGINGs OR MINIMUM IMPULSE ATTITUDE CONTROL {OR
SOME COMBINATION OF THESE). THE OPTICS DATA (SHAFT» TRUNNION AND MAKK REWUEST) MUST BE INPUT TO
THE CMC EITHER AUTOMATICALLY OR MANUALLY s ALTHOUGH CUMBERSOMES THE DATA MAY 8 INPUT THROUGH
THE DSKY 1F NECESSARYs USING AN ALTERNATE LINE OF SI1GHT MARK ROUTINEe TO BE OPERATIONAL FOR LM
RESCUEs THE LM MUST BE VISIBLE IN EITHER THME SCT OR THE SCT== THEY MUST BE ABLE TO TRACK THE Ms
AND THERE MUST BE A wAY TO GET THE OPTICS DATA INTQ THE CHMCe

A DSKY 1S REQUIRED TO QPERATE THE CMCe EITHER DSKY IS 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 0OBVIOUS
REASONSe EITHER RHC IS SATISFACTORY. THE £DAl 1S REWUIRED SINCE RESCUE MANEUVERS MAY NOT  HAVE
AN EXTERNAL ATTITUDE REFERENCE AVAILABLE. THE CMC AND PLATFORM ARE REWUIRED FOR NAVIGATICN
PRETHRUST TAKGETINGy TPI AND MIDCOURSE RENDEZVOUS SOLUTIONS s AND MANEUVERSS THE GUIDANCE AND
CONTROL SYSTEM HMUST ALSD PROVIDE  THE PREVIOUSLY DEFINED MINIMUM SPS NON=CRITICAL BURN
CAPABILLTY. .

ASCENTs DESCERNT

THE CS% 1§ A PASSIVE vERICLE DURING THE DESCENT AND ASCENT PHASES RENDEZVOUS AND LM RESCUE
RATIONALE [5 COVERED I[n RULL 15=5s
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LUNAR STAY PHASE

THIS RULE 1S A RELAXATION OF ATTITUDE CONTROL REQUIREMENTS IN THAT TWO AXIS ATTITUDE HOLD  AND
RATE DAMPING ARE SUFFICIENT TQ PERMIT CONTINUATION OF THE LUNAR STAY PHASE. LOSS OF ATTITUDE
CONTROL IN AN AXIS REWQUIRES MANUAL CONTROL IN THAT AXIS. MANUAL CONTROL OF ONE VICE 3 AXIS AUTO
CONTROL DUES NOT SEVERELY HAMPER CREW ACTIVITIES AND DOES WOT AFFECT THE ABILITY TO POSITION THE
SPS FOR THE TEI BURNs THIS L0OSS DOES CONSTITUTE A REDUCTION IN LM RESCUE CAPABILITY, HOWEVER
TERMINATION OF THE LUNAR STAY PHASE WILL NOT RELIEVE THE REWQUIREMENT FOR ONb AX1S MANUAL CONTROL
FOR TE] POSITIONING.

REDUNDANT SPS CONTROL 1§ THE ONLY CSM CONSTRAINT WHICH REWUIRES TERMINATION OF THE LUNAR STAY
PHASE, LOSS OF DPTICS AND THE NAV DSKY ARE NCT CONSIDERED CRITICAL IN THAT VHF RANGING ARD
BACKUP AL]GNMENT TECHNIQUES ARE AVAILABLE FOR PLATFORM ALIGNMENTS AND LM RESCUE.
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ATTITUDE CONTROL

LF AT ALL AVOIDABLE, THE LM AND CSM SHOULD NEVER BOTH BE IN ACTIVE ATTITUDE CONTROL AT THE SAME
TIMEs If ONE IS IN CONTROLs THE OTHER SHOULD BE IN FREE DRIFTe . THE NON=CONTROLLING VEHICLE MAY
OR MAY WOT BE POWERED UPe IF IT 1S POWERED UP» NO ATTEMPT WiLL BE MADE TO ELECTRICALLY 1SOLATE
ITS CONTROL SYSTEM=— RATHERs IT WILL BE KEPT FROM ANY AUTOMATIC CONTROL BY PRUCEDURE (E«Ge
CMC/FREEs WHEN LM 1S CONTROLLING}e THE ONLY TIME SIMULTANEOUS ATTLTUDE CONTROL BY BOTH VEHICLES
IS COMTEMPLATED 1§ JUST PRIQR TO LM JETTISON. IN THIS CASEs THE CSM SHOULD ALWAYS BE IN. A
TIGHTER DEAGBAND THAN THE LMs THUS INSURING THE MANNED VEHICLE MALNTAINS CONTROL OVER THE
COMBINATIONe THE LENGTH OF TIME IN THIS CONF IGURATION SHOULD BE MINIMIZED TO AVOID THE CONTROL
SYSTEMS FIGHTING EACH OTHER DUE TO INERTIAL REFERENCE DRIFTSy ETCs

UPDATING PIPA/IRIG BIAS

THE REWUIREMENT FOR UPDATING PIPA BIAS WHENEVER THE AGTUAL VALUE DIFFERED FROM THE PRELAURCH
VALUE BY MORE THAN +/= 04003 FT/SEC 2 WAS STATED IN THE G&C DIVISION MEMO DATED 2T JUNE 1969
THIS REQUIREMENT IS5 STILL VALID WITH THE FOLLOWING QUALIFECATIUNS (BASED ON APOLLO 1L DATA) .
P1PA BIAS UPDATE SHOULD BE ATTEMPTED ONLY AFTER THE CSM/LM SEPARATES FROM THE $=IVB AND Is ON
COASTING FLIGHTs SHOULD ANY PIPA EXHIBIT NULL COINCIDENCEs NO UPDATE SHOULD BE ATTEMPTED SINCE
THE INDICATED BIAS 1S ZERC AND THE ACTUAL BI1AS VALUE 15 NOT KNOWNe THE PRELAUNCH VALUE WILL BE
USED UNTIL A VALID PIPA BIAS DRIFT NUMBER 15 EMPIRICALLY DETERMINED DURING THE MISSTON THIS
ACTION 1S BASED ON THE FACT THAT THE PIPAS WILL ORIFT AT A CERTAIN RATE UNDER ''G'' LOADS.

THE RATIONALE FOR COMPENSATING THE ISS TO ALLOW FOR IN FLIGHT IRIG DRIFTS IS BASED ON THE G&C
DIVISION MEMO DATED 27 JUNE 1969 WHICH REQUIRED 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 CQOMPENSATION ACCURATE TO 1e5 MERU AND WITHIN THE +/= 3,0 MERU REQUIRED.
TME PRESENT UPDATE CRITERITA WERE ARBITRATED VIA THE DATA PRIORITY PANEL OF 15 SEPTEMBER 1969.

DELTA V COUNTER DRIFT

THE DELTA V COUNTER IS A BACKUP METHOD FOR SHUTTING DOWN G&N CONTROLLED BURNS. BOTH METHODS HAVE
A THIRD TOOL FOR SHUTOFF» THAT BEING BURN TIME (PROVIDING NOMINAL THRUSTs BURN IS5 NOT TOC SHORT:»
ETCe}s THE COUNTER RELIES ON A SINGLE ACCELEROMETER. MOUNTED ALONG THE X=AXISs THE ACCELEROMETER
ORIFT WILL BE MEASURED AND USED IN THE COMPUTATION OF THE DELTA VC ENTRY TO THE MANEUVER PADs
FOR 5PS BURNS» THE ACCELEROMETER DRIFT 1S ONLY APPLICABLE DURING THE PERIOD AFTER THE EMS MODE
SWITCH 15 PLACED IN THE NORMAL POSITION AND BEFORE SPS THRUST ONs NOMINALLY THIRTY SECONDSe FOR
RCS BURNSs THE ACCELEROMETER DRLIFT 1S APPLICABLE FOR THIRTY SECONDS PLUS THE BURN TIMEe THE
PHYSICAL PROPERTIES OF THE ACCELEROMETER SUSPENSION ARE SUCH THAT UNDER SPS TYPE ACCELERATIONS
THME BIAS DETERMINED FOR NO OR LOW ACCELERATIONS IS NOT APPLICABEL (lsEs DIFFERENT PORTIONS OF
THE BEARING SURFACES ARE [N CONTACT AT HIGHER ACCELERATION LEVELSs IN ADDITIONs THE VIBRATION
RESULTING FHOM SPS THRUSTING TEND TO REDUCE THE DRIFT)e :

PERFORMANCE CHARACTERLISTICS OF THE ACCELEROMETER WILL ALSC BE USED TO DEFINE A BROKEN SYSTEMs A
MEASURED» HKEPEATABLEs ZERO=G BIAS OF Qe1 FT/SECZ I8 REPRESENTATIVE OF AN INOPERATIVE
ACCELERUMETER (REFERENCE NR INTERNAL LETTER FT/EP=68=127+ DATED 12 DECe 1969)e A STANDARD
PROCEDURE EXISTS FOR DETERMINING THE ZERO=-G BIAS. SINCE THE ACCELEROMETER IS ALSO USED AS THE
BASIC INPUT DEVICE FOR THE ENTRY MONITORING SCHEME# THE SAME BIAS TESTS ARE WUSED TO DETERMINE
THE SYSTEMS PERFORMANCE FOR ENTRYs

DAP INITIALIZATION

THE COLOSSUS TvC DAP KEEPS MUCH BETTER TRACK OF GIMBAL TRIMS AND WEIGHTS THAN TS PREDECESSUR»
SUNDISKs GNCE PROPERLY INITIALIZEDs PACTOFF AND YACTOFF ARE UPDATED EVERY PITCH=DAP/YAW~DAP
CYCLE (40 OR 80 MS}s HENCEs AT CUTOFF» THEY WILL BE CURRENT TO WITHIN 40 OR 80 MS QF THE EXACT
CoGae LOCATIUNs WEIGHTS ARE ALSO UPDATED. EVERY 10 SECONDS DURING A BURNy AND AT CUTOFF.
CONSEQUENTLY» AS LONG AS THE CMC 1S5 CONTROLLING BURNS» THE ONLY NEED TO UPDATE TRIMS - SHOULD BE
WHEN THE LM 15 UNDOCKEDs HOWEVER»s SHOQULD AN SCS BURN TAKE PLACE» THE DAF WILL HAVE NO KNOWLEDGE
OF THE TRIM CHANGEs AND THE TRIMS SHOULD BE OBTAINED FRUM TELEMETRY JuST PRIOR TQ CUTOFF THE
DATA PRIGRITY PANELS HAVE SPECIFIED THAT NO ADVERSE EFFECTS ON GUIDANCEs CONTROL OR MANEUVER
ACCURACY wlLL BE EXPERIENCED FOR TRIM ERRORS UP 1O 0e5 DEGe/AX1S AND WEIGHT ERRORS UuP TO 10
PERCENT OF ACTUAL WE1GHTe WEJGHTS AND TRIMS WILL 8E PROCEDURALLY PASSED TO THE CREW wITH EACH
MANEUVERe SMALL DELTAS BETWEEN GROUND AND ONBOARD {CMC STORED) VALUES NEED NOT BE UPDATEDL== ANY
TRIM OR WEIGHT ERROR LARGER THAN 05 DEG. OR 10 PERCENT RESPECTIVELY MUST BE UPDATED IF THE &N
IS TO PERFORM THE MANEUVER.
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LOSS OF EITHER BMAG 1 OR 2 IN EITHER PITCH OR YAW CHANNEL

BMAG 1 IS REQUIRED 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 UF TVC AND ATTITUDE CONTROL ARE AVAILABLEs THIS MALFUNCTION DOES NOT PRECLUDE
CONTINUING THE MISSIONe IF THE LCSS IS IN YAW BMAG 2y THE RSI IS USABLE IF RATE 1 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
FATLURE

IF THE YAW BMAG 1 IS LOST, THEN THE SCS FDAI ROLL ATTITUDE WILL BE ERRONEOUS AFTER ,05 G SINCE
BOTH ROLL AND YAW BMAG 1 OUTPUTS ARE CROSS—COUPLED TO DRIVE THE FDAI AFTER 05 G.

LOSS OF BOTH BMAG 1 AND 2 IN EITHER PITCH OR YAW CHANNEL

WITH THIS COMBINATION OF FAILURES, THE ENTIRE G6C CAPABILITY IS CONTINGENT UPON SINGLE FAILURES
IN THE G&N SYSTEMs SCS ATTITUDE HOLD AND RATE DAMPING, $CS TvCs AND THE SC8 AS AN ATTITUOE
SOURCE FOR ENTRY ARE ALL LOST. ALL PHASES REQUIRING REDUNDANT SPS CONTROL ARE THEREFORE
INHIBITEDS

MTVC=ACCEL CMD IS THE ONLY CONTROL MODE AVAILABLE FOR MODE IlI OR Iv SPS CONTROL» BECAUSE THE
G&N CAN NOT BE TARGETED FOR THE LAUNCH CONTINGENCY MANEWVERSs IT Is OBVIOUSLY SAFER TO CONTINUE
INTO ORBIT AND DEORBIT USING THE G&N THAN 1T WOULD BE TQ ABORT THE LAUNCH PHASE FOR THESE
FAILURESs (EVEN THOUGH ACCEL CMD IS CONSIDERED A POOR CAPABILITYs)

IN LUNAR ORBITs AND LUNAR STAY PHASES EARLY TEI IS ACCOMPLISHED 7O PRECLUDE POSSIBLE G&N
FAILURES FROM NEGATING THE ABILITY TO CONTROL AND MONITOR TEI.

EVEN THOUGH REDUNDANT ATTITUDE REFERENCES FOR ENTRY ARE LOSTs THE TRANSLUNAR COAST FPHASE IS
COMTINUEDs THE ALTERNATIVE 1§ TO ABORT USING THE G&N WITH NO ACCEPTABLE BACKUP CONTROL MUDES.

LGOSS OF ROLL BMAG

LOSS OF ROLL 8MAG 1 OR 2 WOULD REQUIRE MANUAL ROLL ATTITUDE CONTROL‘IN ALl SCS MODES SINCE ROLL
AUTO CONTROL IS LOSTs $CS 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 ls THE SCS FDAI ROLL ATTITUDE wlLL BE ERRONEOUS SINCE BOTH
ROLL AND YAW BMAG 1 ARE REQUIREDs THE RSI WILL BE VALID SINCE IT IS ORIVEN BY BMAG 2.

LOSS OF ROLL BMAG 2 MEANS LOSS OF REDUNDANT SCS ROLL RATEe IF THE FAILURES 1S A '1HARDOVER''»
THE USE OF ATT +/RATE 2 AND LIMIT CYCLE CONFIGURATION 1S5 POSSIBLE IF BMAG & IS POWERED DOWhe
THIS WOULD REWUIRE ALL THREE AXES TO BE IN A RATE DAMPED (LIMIT CYCLE} ATTITUDE HOLD. IF  ANY
RCS MANEUVERS ARE REQUIREDs THE LIMIT CYCLE MUST BE REMOVED. IF RATE 1 1S SELECTED FOR THE ROLL
BMAGs BOTH RSI AND SCS FDAI ROLL ARE USABLE FOR ENTRY. IF THE FAILURE OCCURRED AFTER 405Gy THE
RS1 WOULD MAVE 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 SC$ THRUST VECTOR CONTROL DOES NOT PRECLUDE USE OF THE SCS TO CONTROL BURNSe
THRUST DURATION CAN BE TIMED AND €s0 EFFECTED BY MANUALLY PLACING THE DELTA V A AND B TARUST
SWITCHES TO OFF, THE CMC 15 PRIME FOR ALL TVC ANYWAY. FOR ENTRY CONSIDERATIONSs THERE 1S NG wWAY
TO IMPROVE THE SITUATIONe THE CMC IS PRIME FOR ENTRYs AND THERE ARE THIRD ORDER B8ACKUP
TECHNIQUES {E+Gs BANK REVERSE BANKs ZERO LIFTs CONSTANT G ETCe) NOT DLPENDENT ON EITHER THE CMC
CR THE EMS.

THE EMS IS WNOT INSTRUMENTED VIA T/M BUT DELTA Vv TESTS ARE NORMALLY PERFORMED BEFORE TLI AND SPS
MANEUVERS TO VERIFY ITS OPERATIONs A COMPLETE SET OF EMS TESTS IS MADE PRE-ENTRY.
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15=24

15=-25

15=26|

15=27

LOSS OF EITHER SERVO LOOP IN PLITCH OR YAW

WITH LOSS OF A SERVO LOOPs TVC CAPABILITY [S AVAILABLE USING THE REMAINING SERVO LOOP IN THE
FAILED AX]5~= HOWEVER, REDUNDANCY FOR THAT AXIS 1S LOSTe

RCS PROPELLANTS MUST BE MAINTAINED FOR RECOVERY FROM A HARDOVER ENGINE SITUATION IN THE AXIS
wiTHOUT THE REDUNDANCYe. THE PROPELLANT REUVIRED WILL VARY IN THE DOCKED AND UNDOCKED CASESe IF
THE LM HAS BEEN CHECKED OUT AND DETERMINED CAPABLE OF SUPPURTING TEIes ONE S$ERVO LOOP FAILUKE IN
LUNAR ORBIT WOULD NOT REQUIRE TERMINATION OF THIS PHASE. THE LUNAR STAY PHASE MUST BE
TERMINATED FCR LOSS UF REDUNDANT SPS CONTROLs DESCENT MUST BE INHIBITED FOR CONFIRMED LOSS OF
REDUNDANT S5PS CONTROL,

L0S$S OF BOTH Tv( 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 I1l OR IV 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 CF AL SP5 CAPABILITY.

LOSS OF RHC'S

WITH A LOSS OF EITHER RHC PROPORTIONAL CONTROLs THERE ARE NO MINIMUM REQUIREMENTS THAT HAVE BEEN
VIOLATEDs AND THE REMAINING RHC CAN BE USED WHEN PROPORTJONAL CONTROL 1§ REWUIRED FOR MTVC OR
RCS CONTROLe

WITH A LOSS OF PROPORTIONAL CONTROL FROM BOTH RHC'Ss THE MINIMUM REQUIREMENTS FOR_SPS ARE NOT
VIOLATEDs THERE IS NO MTvC RATE OR MTvC ACCEL CMD CAPABILITYs BUT SCS AUTO TVC IS AVAILABLE AND
IS AN ACCEPTABLE BACKUP TO G&N TvCe RATE DAMPING 1S5 A MINIMUM REQUIREMENT AND 15 AVAILABLE.

THERE WiLL BE NO MTVC RATE OR MTVC ACCEL €MD CAPABILITY USING THE FAILED RHC BECAUSE' THE
PROPORTIONAL CONTRUL TRANSDUCER IN THE RHC 15 USED TO FURNISH THE NECESSARY COMMAND SIGNALS  FOR
BOTH RATE AND ACCEL CMD MODES OF #MTVCe

MANUAL MANEUVERS USING RCS WOULD HAVE TO BE MADE USING ACCEL €MD OR DIRECT SWITCHES IF  ALL
PROPORTIONAL CONTROL IS LOST.

THIS CAPABILLITY USES THE BREAKOUT SWITCHES AND THE DIRECT SWITCHES OF THE RHC AND IS COMPLETELY
INDEPENDENT OF THE TRANSDUCER WHICH IS REWUIRED FOR PROPORTICNAL 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 DESIRED. THERE ARE TWO SETS OF DIRECT SWITCHES IN THE RHCe IF ONE SET SHOULD FAIL s
THE REMAINING SET WILL PERMIT MANUAL DIRECT RCS CONTROL» BUT WITH HALF THE AUTHORITYs BECAUSE
EACH SET OF SWITCHES DRIVES DIFFERENT JETSe

WITH THE LOSS OF DIRECT RCS CONTROUL FROM BOTH RHC'S THE MINIMUM REWUIREMENT FOR ATTITUDE CONTROL
MAS BEEN VIOLATED EXCEPT FUR LUNAR STAYe THE DIRECT RCS CONTRUL [S THE ONLY MEANS OF CONTROL
OVER THE RCS COMPLETELY INDEPENDENT FROM THE AUTO RCS SYSTEMe ALL SCS5 LOGIC 1S BYPASSED IN
GIRECTs INCLUDING THE SOLENOID DRIVERSs THERE 15 NO CORRECTIVE ACTION TO IMPROVE THE SITUATION.
FURTHER DEGRADATION OF THE DIRECT RCS SYSTEM SHOULD NOT OCCURy THUS THE STAY PHASE NEED NOT &E
TERMINATED. STRICT ATTITUDE CONTROL VIA DIRECT RCS 15 NOT REGWUIRED FOR.TEI SPS CONTROL AND IS
NOT APPLICABLE TO THE LUNAR STAY PHASEs THIS FAILURE DOES NOT PRECLUUE THE USE OF AUTO ATTITUDE
CONTROL VIA SCS AND G&N SYSTEMSs
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LOSS OF AUTO ATTITUDE IN PITCH OR YAW CHANNELS

THIS RULE IS WRITTEN TO -COVER A SINGLE POINT FAILURE MODE [N THE RJEC WHEREBY PITCH AND YAW AUTO
ATTITUDE HOLD 15 LOST. PROCEDURALLY, FOR THESE FAILURES, CONTROL MIGHT BE REGAINED 8Y SWITCHING
TO CMC CONTROL OR OPENING THE EMS CIRCUJT BREAKERS THUS REMOVING POWER FROM THE AUTO ATTLITUDE
CONTROL DISABLE CIRCUITRY, [IF CONTROL 1§ NOT REGAINED BY OPENING THE EMC CE'S OR BY SWITCHING
TO CMCy» AN UNCORRECTABLE FAILURE(S) IN THE RJEC EXISTS.

IF CONTROL 1S REGAINED BY SWITCHING TO CMC CONTROLs ALL G&N BURN CAPABILITY AND AUTO CONTROL IN
PITCH AND YAW WILL BE AVAILABLE. IF CONTROL IS NOT REGAINEDs AN UNCCRRECTABLE FAILURE EXISTS IN
BOTH CMC AND SCS AND WILL REWUIRE TERMINATION OF ALL MISSION PHASES EXCERT LUNAR STAYs ULIRECY
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 FDAL

WITH LUSS OF ONE FDAls THE REMAINING FDAI CAN BE USED AND RECONFIGURED FOR DISPLAY AS NECESSARY
AND THE MISSION CAN BE CONTINUEDs WITH THE LOSS OF BOTH FDAI'Ss AN ONBOARD ATTITUDE REFERENCE
SYSTEM IS NUT AVAIWABLE TO MONITOR BURNSs THE REMAINING ATTITUDE REFERENCE SOURCE (DSKY) I§
SUBJECT TO SINGLE FAILURES IN THE GEN AND 15 NOT CONSIDERED ADEUUATE AS AN ATTITUDE REFERENCE
FOR MONITORING MANEUVERS BECAUSE IT 1S USED TO DISPLAY OTHER PARAMETERS CRITICAL TO MANEUVERS
{UMsTGO ETCe ) .

AT LEAST ONE FDAI 15 REQUIRED TO MONITOR LO! BECAUSE LOI IS ESPECLALLY CRITICAL 1IN TERMS OF
PITCH ATTITUDE AND OUT=THE=WINDOW REFERENCE IS NOT ACCEPTABLE AS A PRIME ATTITUDE SOURCE. THE
LUNAR HORIZON IS NOT AVAILABLE UNTIL LATE IN THE MANEUVER AND BORESIGHT STAR AVAILABILITY 1S A
FUNCTION OF LIGHTING AND LAUNCH WINDOWs THE SAME CONSIDERATIONS APPLY TO THE TEI MANEUVER.

FOR LOSS OF BOTH FDAI'S» THE LM DPS SHOULD BE USED FOR TEIs [F POSSIBLEs» AND TEI SHOULD BE
ACCOMPLISHED AS SOON AS POSSIBLE TO PRECLUDE G&N FAILURES FROM DESTROYING THE ONLY REMAINING
CAPABILITY TO MONITOR TEI AND ENTRY ATTITUDES.

FAILURE OF BOTH FDAI'S DURING THE LUNAR STAY PHASE WILL REWUIRE USE OF THE DSKY FOR ATTITULE
READOUTs 1IN ANY EVENT» TERMINATION OF THE LUNAR STAY WOULD NOT IMPROVE THE ONBOARD READOUT
CAPABILITYs THESE FAILURES WOULD REQUIRE RETENTION OF THE LM ASCENT STAGE TO PROVIDE AN ONBOARD
ATTITUDE REFERENCE TU INSURE AN ATTITUDE REFERENCE FOR TEI (REWUIRES A SINGLE GbN FAIL OR  Two
DSKY FAILS)e

LOSS OF AC1 PHASE A

LOSS OF AC1 PHI A CONSTITUTES A LOSS OF SCS RATE DAMPINGs ANDs THEREFOREs ELIMINATES THE HYBRID
DECRBIT CAPABILITYs SP5 CONTROL WOULD BE LOST BY A FURTHER SINGLE POINT FAILURE OF ACZ PHI As

THE FOLLOWING SUMMARI2ZES AVAILABLE CAPABILITY==~
Ae AUTO ATTITUDE CONTROL USING DAP
Be RATE DAMPING USING DAP
Ce TVC USING DAP
Do ATTITUDE REFERENCE WITH FDAI NO. 2 AND CMC SOURCE
E. ONLY ONE TvC SERVO LUOP POWER SCURCE
Fe MTVC FROM RHC NOe £ IN RATE AND ACCEL COMMAND
Ge MANUAL CONTROL OF RCS USING DAPs OR DIRECT RCS FROM BOTH RHC!S.

He GPI PITCH=YAW DRIVE NOs 2

1. RsI
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15=30
CONT

15=31

15-32

15=33

THE EARTH ORBIT PHASE 1S TERMINATED BECAUSE BOTH REMAINING DEQRBIT METHODS ARE SUBJECT TO THE
ACZ PHI A FAILUREs

ALL OTHER PHASES ARE TERMINATED FOR LACK OF $PS CONTROL REDUNDANCY AS THEY ARE ALSQOy OF CUURSEs
SUBJECT TO THE AC2 PHI A FAILURE. TRANSLUNAR COAST 1§ CONTINUED EVEN THOUGH REDUNDANCY
REWUIREMENTS FOR AN ENTRY  ATTITUDE REFERENCE ARE VIOLATED BECAUSE IT IS CONSIDERED MORE

CONSERVATIVE TO ACHIEVE/MAINTAIN FREE RETURN THAN TO ABORT WITHOUT REDUNDANT SPS CONTROL. LOSS
OF ENTRY ATTITUDE REFERENCE REDUNDANCY 15 A FURTHER REASON TO NO QU TLIs

LOSS OF AC2 PHASBE A

LOSS OF AC2 PHI A CONSTITUTES A LOSS OF ALL SCS TyC AND SUBJECTS CONTROL OF THE SPS AND RCS Tu A
SINGLE=POINT CMC FAILURES OR AC 1 PHI A FAILUREs REFs MR RATIONALE 15-30.

COMMENTS

THE FOLLOWING SUMMARIZES THE AVAILABLE CAPABILITY===

As  AUTO ATTITUDE CONTROL USING DAP

Bs RATE DAMPING USING DAP

Ce TVC USING DAP

De ATTITUDE REFERENCE WITH FDAI NOs 1 AND CMC SOURCE

Ee ONLY ONE TVC SERVO LOOP POWER SOURCE

Fe MANUAL CONTROL QF RCS. USING DAP OR DIRECT RCS FROM BOTH RHC'S

Ge GM] PITCH=YAW DRIVE NOe 1

He TVC USING GPI THUMBWHEELS (NGT 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 KEINITIALIZE THE SCS INTEGRATOR FUR
BURNS OVER APPROXs 3 MINUTES).

LOSS OF ORDEAL

THE ORDEAL IS A CONVENIENCE TOOL NOT MANDATORY TO THE ACCOMPLISHMENT OF ANY MISSION ACTIviTY.
THEREFORE, 1TS LOSS WARRANTS NO SIGNIFICANT MISSION ALTERATIONSe

LOSS OF ENTRY MONITOR SYSTEM

LOSS OF THE EMS FGR $CS THRUST VECTOR CONTRQL DOES NOT PRECLUDE USE OF THE SC5 TO CONTROL BURNSs
THRUST DURATION CAN BE TIMED AND C€/0 EFFECTED BY MANUALLY PLACING THE DELTA V A AND B THRUST
SWITCHES TO OFFs THE CMC 5 PRIME FOR ALL TVC ANYWAY. FOR ENTRY CONSIDERATIONSs THERE IS5 NO
WAY TO IMPRUVE THE SITUATIUNe THE CMC 1S PRIME FOR ENTRY+ AND THERE ARE THIRD ORDER BACKUP
TECHNIWUES (€ +Gs BANK REVERSE BANKs ZERO LIFT» CONSTANT G ETCs) NOT DEPENDENT ON EITHER THE CNMC
OR THE EMSe

ELIMINATING THE 24=HOUR LUNAR ORBIT ACTIVITIES POST RENDEZVOUS ~PROVIDES THE POSSIBILITY OF
REACHING Eels 24 TO 48 HOURS EARLIER IN THE TIME LINE» THUS DECREASING THE TIME IN WHICH THE
MISSION IS EXPOSED TU AN ENTRY ENTIRELY WITHOUT GUIDANCE (SHOULD THE CMC FAILIe

THE EMS IS NOT INSTRUMENTED VIA T/M BUT DELTA V TESTS ARE NORMALLY PERFORMEDL BEFORE TLI AND SPS
MANEUVERS TU VERIFY 175 OPERATIONs A COMPLETE SET OF EMS TESTS IS5 MADE PRE-ENTRYs
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ITEM

156=3¢4

15=35

GROUND AT EITHER SPs SOLENOID DRIVER

THE MAJOR CONCERN 1S TO PROTECT AGAINST INADVERTENT FIRING OF THE 5PS. THERE ARE THREE FAILURE
MODES WHICH COULD CAUSE INDICATION OF A GROUNDED SOLENOID DRIVERe THESE ARE=== AN ACTUAL SHORT
OR ON COMMAND AT THE SQLENOID DRIVERs A GROUND OR SHORT UPSTKEAM OF THE PROPELLANT CONTROL PILOT
VALVE SULENOIDSs AND SHORTS [N THE EMS OR GEN LOGICs

GROUNDED SOLENOID ORIVERS CAN BE IDENTIFIED BY MALFUNCTION PROCEDURES AND CAN BE HANDLEDL BY
MANUALLY OPERATING THE DELTA ¥ THRUST SWITGHES PRECISELY AT IGNITION TIMEe FOR THIS CASEs
INADVERTANT OPERATION OF THE SPS 1$ GUARDED AGAINST BY OPENING THE SPS PILOT VALVE CIRCUIT
BREAKERS » .

A GROUND UPSTREAM OF THE PROPELLANT CONTROL PILOT VALVES WOULD ISOLATE ONE SET OF BALL VALVES
AND COULD ONLY BE CONFIRMED BY ENGINE OPERATION AND WOULD RESULT "IN A SINGLE BANK  BURN
CAPABILITYs MISSION RULE 16~22 WOULD BE APPLICABLE ONCE SINGLE BANK OPERATION IS CONFIRMED.

SHORTS TO GROUND IN THE EMS OR GBN LOGIC ONCE CONFIRMED BY PRUPER ENGINE OPERATION AWND NOT
AFFECTING REDUNDANT SPS CAPABILITY ARE NOT SUFFICIENT REASON TO CURTAIL OTHER MISSION PHASES.
FOR THESE CUNDITIONS MANUAL ENGINE CUTOFF 1S ACCEPTABLE.

SINCE PROPER ANALYSIS OF THIS MALFUNCTION REWUIRES ENGINE OPERATIONs THE FAILURE MODE MAY NOT BE
DETERMJNED PRE TLI OR PRE LOIs SINCE THE PRIME CONCERN IS TO PREVENT PREMATURE IGNITION» BOTH
TLI AND LOI ARE NOT INHIBITEDs THE WORST CASE SINGLE FAILURE WOULD INHIBIT ONE SET OF BALL
VALVES AND SUBJECT CONFIRMATION OF THE FAILURE TO LO[=1 IN WHICH CASE MISSION RULE 1e=22 WOULD
APPLYs

LOSS OF TRANSLATION HAND CONTROLLER

THE ONLY WAY TO CONTROL THE +X (OR =X} TRANSLATION MANEUVERS USING AUTO COILS (leEse WITH RATE
DAMPED ATTITUDE HOWD) IS WiTH THE THCe THE CAPABILITY TO PERFORM A TRANSLATION MANEUVER IS
REQWUIRED FOR BOTH BACKUP DEORBIT TECHNIWUESs TDGEs LM RESCUE TERMINAL PHASEs WUNPOCKING AND
DOCKINGs

COMMENTS

THE THC CONTAINS COMPLETELY REDUNDANT RELAYS (INCLUDING SEPARATE POWEé SUPPLIES}) FOR EACH
TRANSLATION DIRECTION IN ALL THREE AXESe
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15=50

15=51

LOSS OF COMMAND MODULE COMPUTER

THERE ARE NUMEROUS SPECIFIC FAILURES THAT CONSTITUTE LOSS OF THE CMCe SOME OF THEM (EeGe POWER
LOSS) WILL COMPROMISE THE CMC FOR ALL FUNCTIONS== OTHERS (E.Gs LOSS OF CHANNEL 5 ) Wikl RESULT
IN LOSS OF A SINGLE FUNCTIGNs IN EACH CASE, THE PARTICULAR FAILURE MUST HE EVALUATED IN  LIGHT
OF MISSION DEMANDS AND REMAINING CAPABILITY TO MEET THOSE DEMANDS. RATHER THAN WRITE NUMERUUS
MISSTON RULES COVERING A MULTITUDE OF DEGRADED AND FAILED CMC SITUATIONSs ONE RULE WAS WRITTEN
TO COVER THE PRIMARY CMC FUNCT[ON=-== PROVIDE GUIDANCE AND CONTROLe

THE CMC I3 REQUIRED TQ MONITOR PERIGEE ALTITUDE FOR THE CM PORTION OF THE HYBRID DEORBIT-=
CONSEQUENTLY» ITS LOSS EQWUALS LOSS OF HYBRIDe THE TWO REMAINING DEORBIT METHODS CAN BUTH BE
ADEQUATELY HANDLED BY THE SCS» AND NO SINGLE SC$ FAILURE WILL PRECLYDE BOTH OF THEMe

THE CMC IS USED TO PERFORM RETURN~TO=EARTH NAVIGATION FOR THE COASTING PHASESs A COMMUNICATIONS
LOSS WOULD SEVERLY DEGRADE RETURN=TO=EARTH CAPABILITY WITHOUT THE CMCe. THE CMC IS ALSO REWUIRED
TO EFFECT THE LM RESCUEs. 1TS LOSS PRECLUDES CSM ACTIVE RENDEZVOUS.

THE EMS PROVIDES A BACKUP TO THE CMC FOR ENTRYs THE EMS 15 FURTHER BACKED UP BY MANUAL REENTRY
TECHNIWUES .

LOSS OF THE CMC IS ALSO CONSIDERED LOSS OF REDUNDANT SPS  CONTROL» BECAUSE ALL REMAINING
ACCEPTABLE $CS TVC MUDES ARE SUBJECT TO A SINGLE POINT FAILURE {AC 2 PHI Ale LOSS OF THE CMC
AFFECTS REDUNUANT 5PS CONTROL AND AS SUCH WOULD REQUIRE TERMINATION OF LUNAR STAY PHASES. IF
FATILURE OCCURRED PRIOR TO DESCENT IN LUNAR ORBITs AN EARLY TEI USING THE DPS WOULD BE PLANNEDS
IF NO DPS AVAILABLEs EARLY TEI WOULD BE ACCOMPLISHED USING THE SC5 TU CONTRUL THE SPSe {MC LOSS
PRIOR TO LM JETTISON NECESSITATES RETAINING THE ASCENT STAGE FOR COMMUNICATIONS BACKUP SINCE
GUIDANCEs NAVIGATIONs AND CONTROL DATA MU$T BE VOICED UP FROM MCC=Hos

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
tE)  RUPT LOCK
(F}  TC TRAP
[G) NIGHT WATCHMAN ALARM I
(H) VOLTAGE FAIL
(1) OSCILLATOR FAIL
{2) FAILURE 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 {EaGe PIPA FALL} BUT NONETHELESSs STILL
REPRESENTS A NO/GO FOR THE CMC.

LOSS OF DSKY

LOSS OF A SINGLE DSKY IS NOT CAUSE FOR ANY SIGNIFICANT MISSION ALTERATIONs TO COMMUNICATE wITH
THE CMC» THERE MuST BE 1 ENCODER AnD 1 DECODERs EITHER DSKY CAN FURNISH EITHER ~OR BOUTH
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 1S 08VIQUSLY INCONVENIENT
TO PERFURM LM RESCUE WITHOUT THE NAV DSKY» OR SPS MANEUVERS wlTHOUT THE MDC DSKY.

LOSS OF BOTH DSKY'S (ENCODER AND DECODER FUNCTIONS) 1S EQUIVALENT TO LOSS UF THE CMC  SINCE  THE
COMPUTER IS5 ESSENTIALLY USELESS IF THE CREW CANNOT CONTROL ITe THE RATIUNALE FOR LOSS OF CMC
(15=50) APPLIES IN TOTAL HERLe
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15=52

15-63

15=54

LOSS OF INERTIAL SUBSYSTEM

THERE ARE NUMEROUS SPECIFIC FAILURES THAT CONSTITUTE LOSS OF THE PLATFORM. IN EACH CASEs THE
PARTICULAR FAILURE MUST BE EVALUATED IN LIGHMT OF MISSION DEMANDS AND REMAINING CAPABILITY TO
MEET THUSE DEMANDSe AS WAS THE CASE WITH THE CMCy RATHER THAN WRITE NUMERQUS MISSIUN KRULES
COVERING A MULTITUDE OF DEGRADED AND FAILED 1S5 SITUATIUNSs UNE RULE WAS WRITTEN TO COVER THE
PRIMARY 15§ FUNCTION-== PROVIDE THE CMC WITH VELOCITY MAGNITUDE AND DIRECTION IN ORDER THAT IT
{THE CMC)} CAN PROVIDE GUIDANCE AND CONTROLe FOR MISSION RULE PURPOSESs L0S$ OF THE PLATFORM'S
ABILITY TO PROVIDE THE CMC wITH THE NEEDED DATA IS EQUIVALENT JO LOSS OF THE <MCe THE RATIONALE
FOR LOSS OF CMC (15=-50) APPLIES.

LOSS OF OPTIC SUBSYSTEM

THE BASIC CAPABILITY REWUIRED 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 PROVIUES AN
ADEQUATE MEANS FOR OBTAINING INERTIAL REFERENCES TO ALIGN THE IMU AND 1S COMPLETELY INDEPENDENT
OF THE OPTICSs LOSS OF OPTICS 1S DEFINED AS THE INABILITY TO SEE A STAR THROUGH THE OPTICS.
ALTHOUGH AUTO DRIVE CAPABILITY IS ADMITTEDLY CONVENIENTs OPTICS POSITIONING CAN BE DONE MANUALLY
VIA THE DRIVE ASSEMBLYs THE UNIVERSAL TOOL OF OR SPACECRAFT ATTITUDE CONTROL.

LOSS OF CPTICS COUPLING DATA UNITS
THE OPTICS COU'S (SPECIFICALLYs THE DIGITAL TO ANALOG CONVERTER PORTION) LINK THE MC TO  THE
SERVO LOOPS FOR DAP TVC PURPUSES. LOSS OF THIS CAPABILITY IN THE OCDU PRECLUDES ALL CMC CONTROL
OF THE SPSs THIS FAILURE VIOLATES THE TvC REDUNDANCY REQUIREMENTS FOR LOI AND TEIs 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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ITEM

A.  SPS PRUBLEMS HAVE BEEN DIVIDED INTO THREE CATEGORIESw== THUSE WHICH CAUSE THE SPs TO BE
UNSAFEs THOSE WHICH PROMIBIT THE USE OF THE SPS»s AND THUSE WHICH DEGRADE THE CAPABILITY OF
THE 5PSa o

{1} THERE ARE ONLY TWO PROBLEMS 1IN THE FIRST CATEGORY=== PROPELLANT LEAKS AND
OVER=PRESSURE PROBLEMSs A PROPELLANT LEAK INSIDE THE SM (LIWVID OR  VAPOR»
OX OR FUEL) SETS UP A HAZARDQUS SITUATION DUE TO THE OBVIOUS EXPLOSIVE
POTENTIAL PLUS THE CORRQSIVE EFFECTS OF THE PROPELLANTS ON OTHER SM
COMPONENTS. AN OVERPRESSURLZATION SITUATION IS EXTREMELY REMOTE SINCE IT
INVOLVES MULTIPLE FAILURES INCLUDING TWO REGS IN SERIESs A RELIEF VALVEs AND
PROGABLY THE HE VALVE IN SERIES WITH THE REGULATORS: WITH THE EXCEPTION OF
TRANSLUNAR COASTs THE ACTION FOR EITHER CASE 15 TO TERMINATE THE PHASE ASAP
AND ENTER NEXT BEST PTPe A LUNAR FLY-BY IS CONSIDERED SAFER THAN ABORTING
THE TRANSLUNAR COAST PHASEs :

(2] THE MAJORITY OF SPS PROBLEMS FALL INTO THE SECCND CATEGORY., THESE INCLUDE
SUCH CONDITIONS AS FLANGE TEMPERATURE GREATER THAN 480 DEw F DURING THE
PREVIOUS BURNs A FUEL/OX PELTA P GREATER THAN 20 PSID» ET CETERA» AND ALL
RESULT IN THE SPS BEING INOPERAHLEs OR AT BEST» UNSAFE TO CPERATE» FOR
THESE FAILURESs ALL PHASES EXCERT TRANSLUMAR COAST AND LM DESCENT PHASES
WILL BE TERMINATED. THIS WILL BE FOLLOWED BY ENTRY INTO THE NEXT BEST PTPs
OBVIOUSLYs TLC WILL NOT BE ABORTED USING AN INOPERABLE SPS. SINCE THE
PROPELLANT TANK LEAK IS THE ONLY CASE WHERE SPS CAPABILITY 1S DECREASING
WITH TIMEs THE DESCENT PHASE WILL NOT BE ABORTED FOR THE SECOND <CLASS OF
FAILURKESe A NORMAL LIFTOFF FROM THE LUNAR SURFACE 1S PREFERABLE TO ABORTING
POWERED DESCENT.

{31 IN THE THIRD CATEGORY ARE THQSE SP5 PROBLEMS WHICH CAUSE THE SPS TO BE
CAPABLE OF ONLY ONE MORE START (Ee¢Ges NO ULLAGE AFTER THE STORAGE TANKS ARE
EMPTY) OR CAPABLE OF DEGRADED PERFORMANCE (EsGaes LOW GN2 PRESSUREs IN A
BLOWmDOWN MODEs ET CETERAJe IN THIS SITUATIONs THE ENGINE will BE USED FOR
CRITICAL BURNS ONLYe NO COMMITMENT WILL BE MADE TO A PHASE REUUIRING SPS
BURNSs FOR THE SPS HELIuUM SOURCE LOSS CASEs THE LUNAR STAY PHASE wILL NOT
Bk TERMINATED SINCE THE SPS HAS SUFFICIENT BLOWDUWN CAPABILITY FOR TEI AND
TEC MIDCOURSE CORRECTIGMSs FOR ALL OTHER FAILURES IN THIS CATEGORYs ALL
PHASES EXCEPT TLC AND LM DESCENT WILL BE TERMINATEDs THIS wiLL BE FOLLOWED
BY ENTRY INTQ NEXT BEST PTPe THE RATIONALE FOR CONTINUING TLC AND DESCENT
PHASE HAS BEEN STATED ABOVE.

Be ULLAGE MANEUVERS ARE REWUIRED PRIOR TO SPS BURNS WHEN THE STORAGE TANKS ARE EMPTY THE
ULLAGE SETTLES THE $PS PROPELLANTS AND- REDUCES HELIUM INGESTION INTO THE ENGINE WHICH CAN
HRESULT IN ROUGH COMBUSTION AND/OR LOW THRUSTs LACK OF ULLAGE CAPABILITY IS5 NOT  CAUSE FOR
INMHIBITING CRITICAL BURNSs BUT NO COMMITMENT WILL BE MADE T@ A PHASE REWUIRING SPS BURNS IF
ULLAGE CAPABILITY DOES NOT EX18Te AS SHOWN ON APOLLO 7-13s TWO-JET OR FOUR=JET ULLAGE IS
ADEQUATE== TwQ=JET 1§ PREFERRED FOR PURPOSES QF RCS MANAGEMENT e

Ce THERE ARE NQ SPS ANOMALIESs CONDITIONSs OR MALFUNCTIONS THAT ARE CAUSE FOR SHUTTING DOWN A
CRITICAL BURNe.

16=2 LAUNCH PHASE

THE REWUIREMENT FOR AN SPS BURN DURING LAUNCH I§ PREDICTED ON A FAILURE OF THE LAUNCH VEHICLE.
IF AN §PS FAILURE OCCURS RESULTING IN THE SYSTEM BEING NO=GQ FOR A BURNs THE SM RCS WILL BE USED
FOR DEC<BIT== THIS 1S CONSIDERED LESS HAZARDOUS THAN A LAUNCH ABURT.

COMMENTS
THE ONLY $PS FAILURE WHICH COULD BE CONSIDERED A LAUNCH ABORT SITUATION I5 A SIMULTANEQUS

LEAK OF FUEL AND OXIDIZER IN AN AREA WHERE MIXING OF PROPELLANT COULD OCCURe IF PROPELLANT
IGNITIUN DOES NOT OCCUR 8Y THE TIME A LEAK IS VERIFIED» IGNITION IS IMPROBABLE.
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ITEM
16=4
16=5
16=6

16=7

l6-8
16~-9
16=10

lé=11

NO RATIONALE REQUIRED
NO RATIONALE REQUIRED
NO RATIONALE REWUIRED
DESCENT PHASE '

FOR THE CASt UF CONFIRMED S5PS FAILURESs 1T 15 DESIREABLE 70 RENDEZVOUS WiTH AS  MUCH LM
PROPELLANT AS POSSIBLEe THUS» PDI SHOULD BE ABCRTED ANYTIME FOR SP$S LEAKSe

COMMENTS

ASSUMING A NOMINAL MISSION TO THIS POINTs THE §PS HAS BLOWDOWN. CAPABILITY TO COMPLETE THE ENTIRE
MISSIONe

NO RATIONALE REQUIRED
NO RATIONALE REWUIRED
NO RATIONALE REQUIRED

NO RATIONALE REWUIRED
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le-12

PROPELLANT GAGING

FOR ALL SPS BURNSs THE 'IMU DELTA V OBTAINED! METHOD WILL BE THE PRIME METHUD OF DETERMINING SPS
PROPELLANT WUANTITIESs THIS METHOD USES THE INITIAL WEIGHT OF THE SPACECRAFT PRIOR TO A BURNy
THE DELTA v OBTAINED FROM THE IMU» AND THE NOMINAL i1SPe THE VALUE OF THE DELTA v OBTAINED IS
ACCURATE TQ +/= 002 FPS WHICH CONVERTS TO & LBS OF PROPELLANT I[N THE wORST CASE. BY VARYING THE
ISP BY 1TS 3=SIGMA DISPERSIONs THE VALUE OF THE PROPELLANT USED VARIES BY 150 LBS IN THE WORST
CASEs THE TOTAL INACCURACY 1§ +/= 152 LBS OR Q.4 PERCENT»

FOR SPS BURNS LESS THAN 25 SECONDSs THE 'FLOA RATE TIMES BURN TIME' METHOD (ACCURACY +/= 3
PERCENT) 1S SECONDARY, ON BUKNS LESS THAN 5 SECONDS» THE PUGS 1S NOT POWERED=w== PROPELLANT SLOSH
PRECLUDES 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  TIME.
THE 3 PERCENT ACCURACY FIGURE WAS DERIVED USING 3~SIGMA DISPERSION FIGURES FOR FLOW RATEs AND
ASSUMING BURN TIME CAN BE DETERMINED WITHIN 045 SECONDSs THME ACCURACY INCREASES AS THE BURN TIME

DECREASES .

FOR BURNS OVER 25 SECONDS N DURATIONs THE ONBOARD GAGING SYSTEM WILL BE CONSIDERED THE
SECONDARY METHOD OF DETERMINING SPS PROPELLANT WQUANTITIES. THE 25 SECOND PERIOD 1S TIME REWUIRED
FOR THE PRCPELLANTS TO SETTLE AFTER IGNITION. THE ACCURACY OF THE TOTAL SYSTEM INCLUCING SENSOR»
PCM CONVERSIONs AND TRANSMISSION 5 1 PERCENT (REFs NR TDR G8=003 REV Ay DATED 6=15=681s

MISSION REV] DATE SECTION GROUP PAGE
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16=14

PU VALVE UTILIZATION

TWO CONTRIBUTING FACTORS RESULT IN AN OXIDIZER UNBALANCE BEFORE $P5 CROSSOVER-- THESE ARE HELJIUM
ABSORPTION IN THE OXIDIZER TANK AND A BIAS IN THE OX]DIZER GAUGING PROBE.

THE PHENOMENON OF HELIUM ABSORPTION OCCURS IN THE OXIPI1ZER TANKS DUE TO THE CHEMICAL STRUCTURE
OF THE OXIDIZER. THE INTERSTICES (SPACE BETWEEN MOLECULES) OF NITROGWEN TETROXIDE ARE SUGH THAT
HELIUM MOLECULES CANs IN EFFECT» GO INTO SOLUTIONS THIS IS NOT A CHEMICAL REACTION» BUT
[NVOLVES HELIUM MOLECULES MOVING INTO THE SPACES BETWEEN OXIDIZER MOLECULES. UDMH (FUEL) HAS A
STRUCTURE SUCH THAT HELIUM ABSORPTION 1S PRACTICALLY NIL. SINCE THE SUMP TANK CONTAINS MOURE
OXIDIZER THAN THE STURAGE TANKs MORE HELIUM CAN BE ABSORBED IN THE SUMP TANKe THE NET EFFECT 1%
A GREATER DECREASE IN PRESSURE IN THE SUMP TANK=~ ABOUT 150 PGUNDS OF OXIDIZER TRANSFERS FROM
THE STORAGE TANK T® THE SUMP TANK DUE TO A DELTA PRESSURE BETWELN THE SUMP AND STURAGE TANKS o
THIS QUANTITY OF OXIDIZER 1S ABQVE THE GAUGING STILLWELL AND IS NOT GAUGED BY THE SYSTEMs

AFTER CROSSUVER) THE CAPACITANCE PROBE IN THE OXIDIZER STQRAGE TANK INDICATES A WUANTITY OF
OXIDIZER REMAINING LAPPROX 0+3 PERCENTIe AFTER PAD LOADINGs A UCIELECTRIC CUMPENSATOR IS SET TU
BIAS OUT THE ERRUNEOUS READINGs THE NET EFFECT OF THIS PRUCEDURE IS5 A SMALL NEGATIVE PERCENT
{(~0al PERCENT) SUMMED INTO THE STORAGE PROBE QUTPUT.

SUMMATION OF THE TRANSFERRED OXIDIZER AND THE GUAGING COMPENSATION RESULTS IN A NET BIAS PRIOR
TO CROS$SCVER (APPROX 200 LBS DECREASE}s THE PU VALVE SHOULD BE OPERATED TO MAINTAIN THE
UNBALANCE THAT 1S INDICATED AFTER THE SYSTEM SETTLES QUTs AT CROSSOVERs THE BIAS COMPENSATION
GOES TO ZERU (NO NEGATIVE OUTPUT!=- AFTER THE OXIDIZER LEVEL REACHES THE TOP OF THE GAUGING
PROBEs THE UNBLANCE METER WILL HAVE MOVED IN A CLOCKWISE DIRECTION (ENGINE PERFORMANCE WILL
DETERMINE WHETHER THE NEEDLE MOVES TO ZERO== IF THE FUEL FLOW RATE 1S HIGHs THE UNBALANCE MAY BE
SUCH THAT AN INCREASE IN PU VALVE POSITION 1§ ALWAYS REWQUIRED)s 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 PERIQDs THE SLUSH
SHOULD BE SETTLED OQUT AND THE PUGS READINGS CAN BE USED.

DUAL BANK vS SINGLE BANK QPERATION

PRJOR TO THE FIRST SPS IGNITION+ THE FEEDLINES DOWNSTREAM OF THE BALL VALVES ARE UNWETTED THE
ARRANGEMENT OF INJECTOR FEEDLINES 15 SUCH THAT A DUAL BANK 1GNITION CAN RESULT LN A FUEL LEAD IN
THE INJECTOR HUBs 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 WETTEDs BUT TO PRECLUDE
THE POSSIBILITY AND TO STANDARDIZE IGNITION PROCEDURESs ALL IGNITIONS WILL BE SINGLE BANK.
BANK A IS5 USED FOR THE FIRST START== THAT BANK IS CLOSER TO THE INJECTORs RESULTING IN A
SMQOTHER START

missjon |rev | cate - [section . | GRowP "] pace
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l6=15%

16-16

1617

PROPELLANT MANAGEMENT

A THE PROPELLANT REDLINE TO COMMIT TG LUNAR ORBIT 1S BASED ON A NOMINAL MISSION PROFILE FOR
LOls DULs TE! (NORMAL RETURN) AND AN ALLOWANCE FOR TEC MIDCOURSE CURRECTIOUNS (160 FPS»
3-5IGMA SCS CUTOFF ON TEI)e LM RESCUE 1§ NOT INCLUDED IN THE GO/NO=GU FOR LUNAR ORBIT SINCE
AN ALTERNATE LUNAR MISSION MAY BE SUBSTITUTED. :

Ba THE PROPELLANT REDLINE TO COMMIT TO UNDOCKING 1S BASED ON NOMINAL CIRC» LOPC LM RESCUEs TEI
{SLOW RETURN). AND TEC MCC'Se

COMMENTS
NOMINAL DELTA VELOCITY VALUES WERE USED FOR THE S5PS MANEUVERS. ALTERATIONS MAY BE MADE TO
THE FLIGHT PLAN BASED ON SPS DELTA VELOCITY CAPABILITY PRIOR TO A GIVEN MANEUVER.

PROPELLANT FEEDLINE TEMPERATURE MANAGEMENT

FEEDLINE AND ENGINE VALVE TEMPERATURE MANAGEMENT I5 NECESSARY TO PRECLUDE POSSIBLE FREEZING OR
VAPORIZING OF PROPELLANTSs 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 1IN AN IMPROPER MIXTURE
RATIO.

COMMENTS
FUEL FREEZES AT 19 DEG F» OXIDIZER AT 12 DEG Fe OXIDIZER VAPORIZES AT 150 DEG Fa THE

LIMITS FOR CYCLING THE LINE MEATERS ARE OBVIOUSLY WELL PADDED WITH RESPECT TO <CRITICAL
LIMITS ON PROPELLANT TEMPERATURE.

ULLAGE MANAGEMENT

TWO=JET ULLAGES HAVE BEEN PRUVEN SATISFACTORY ON APOLLO 7 THRU 13 FOR PURPQSES OF PROPELLANT
SETTLINGs THE TWO=JET MANEUVER PROVIDES MORE LATITUDE FOR RC$ MANAGEMENT.

COMMENTS

S0DB CURVES ARE AVAILABLE SHOWING ULLAGE TIME REWUIRED AS A FUNCTION OF 5PS PROPELLANT
REMAINING AND SPACECRAFT WEIGHTe

MISSION REV | DATE SECTION - GRQUP PAGE
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16=20

l6=21

16=22

16=~27%

l6=24

SECTION § = CSM SYSTEMS

PRESSURE DECAY IN FUEL OR OXIDIZER TANK

A PRESSURE DECAY IN EITHER PROPELLANT TANK INDICATES EITHER HELIUM OR LIQUID OR VAPORIZED
PROPELLANT IS5 LEAKING [NTO THE SM. 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 LEAKs THE MOST SERIOUS CONSEQUENCES 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 ATTEMPTED PRIOR TO ANY REQUIRED SPS BURN. THE
PROBABILITY OF TANK RUPTURE DUE TO REPRESSURIZATION IS CONSIDERED LOW (REF MEMU FROM
SYSTEMS ENGINEEKING DIVISION DATED OCTOBER 8» 1968~= SUBJECT~=- CONSTRAINTS ON MANUAL
PRESSURIZATION OF SPS PROPELLANT TANKS!)e

LOSS OF ONE GNZ 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 WwouLL
NOT BE USED FOR SPS BURNS,s THUS» LOSS OF A GN2 TANK CONSTITUTES LOSS OF SPS REDUNDANCY. NO
COMMITMENT WILL BE MADE TO A PHASE REUWUIRING SPS BURNSs LUNAR STAY AND LUNAR ORBIT (IF LM bLPS
NOT AVAILABLE FOR TEI) WOULD BE TERMINATED SINCE THE MEAN TIME TO FAILURE OF THE REDUNDANT GNZ
SCURCE WOULD NOT BE AN ACCEPTABLE RISK. .

COMMENTS

THE GN2 PRESSURE MEASUREMENT IS A SINGLE POINT OF INSTRUMENTATIONe LOSS OF GNe2 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 TG A PHASE REQUIRING SPS BURNSe LUNAR ORBIT (IF DPS NOT AVAILABLE) AND
LUNAR STAY PHASES WOULD BE TERMINATED DUE TO THE LAGK OF REDUNDANCY TU PERFURM TEl.

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 GEARS.

LOSS OF BOTH GN2 TANK PRESSURES

THE LOSS OF BOTH GNZ TANKS PRECLUDES WSE OF THE SPS EXCEPT FOR EMERGENCIES. THE SPS MAY BE
INCAPABLE OF PERFORMING A BURNe== OR .WORSEs AN EXPLOSION MAY OCCUR AT IGNITION DOUE TO IMPROPER
MIXTURE RATIOs

PROPELLANT FEEDLINE TEMP LESS THAN 40 DEG

A TEMPERATURE OF &0 DEG F 15 THE LIMIT BELOW WHICH NON=CRITICAL MANEUVERS WILL BE INHIBITED.
THE TEMPERATURE BELOW WHICH THE $PS 1§ CONSIDERED LOST IS <45 DEG Fe WHEN THE TEMPERATURE DRCPS
BELOW 40 DEG Fs NO COMMITMENT WILL BE MADE TO A PHASE REQUIRING SPS BURNSe ADDITIONALLYy A
PHASE WILL BE TERMINATED TO PRECLUDE REACHING THE CRITICAL TEMPERATURE LIMIT (ALL, UNDOCKED
OPERATIONS EXCEPT DESCENT)s IF THE LM DPS 1S AVAILABLE» AN ALTERNATE LUNAR ORBIT MISSION MAY 3E
SUBSTITUTED. 'TEI WOULD BE PERFORMED PRIOR TO THE 25 DEG F LIMIT== THE LM LPS WOULD BE AVAILABLE
AS BACKUP IN THE DOCKED CONFIGURATIONe T :

COMMENTS

REFERENCE RATIONALE FOR RULE 16=14 {PROPELLANT FEEDLINE TEMPERATURE MANAGEMENT )
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16=25

16=26

16=27

16=28

16=29

FLLANGE 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 CHAMBER, THIS CONSTITUTES LOSS OF THE
SRS, ’

COMMENTS

THE CREW HAS NG ONBOARD INDICATION OF SPS FLANGE TEMPERATURE. GROUND TELEMETRY 15 THE ONLY
MEANS AVAILABLE FOR DETERMINING THAT THE FLANGE TEMPERATURE CUNSTRAINT HAS BEEN VIOLATED.

CHAMBER PRESS LESS THAN 70 PSI

ENGINE OPERATION AT A CHAMBER PRESSURE BELOW 70 P§! CAN RESULT IN UNSTABLE CUMBUSTION WHICH MAY
DAMAGE OR DESTROY THE ENGINEs THE SPS 15 CONSIDERED NO=GO FOR SUBSEWUENT BURNS.

COMMENTS

ACTUAL TEST DATA HAS SHOWN STABLE COMBUSTION BETWEEN 60 AND 70 PEI. THIS AREA 15
CONSIDERED MARGINAL AND SHOULL BE AVOIDEDe

LACK OF ULLAGE CAPABILITY

LACK OF ULLAGE CAPABILITY WITH EMPTY STORAGE TANKS CAN RESULT IN HELIUM INGESTION INTO THE
ZERO-G CAN AND ENGINE FEEDLINES AT IGNITION. THE WORST CASE RESULT OF HELIUM INGESTION WOULD BE
THE PRESENCE OF A HELIUM BUBBLE AT THE OXIDIZER BALL VALVESe THE POSSIBILITY THEN EXISTS THAT A
FUEL LEAD» AND CONSEJUENTLY ROUGH COMBUSTION+ WOULD OCCUR UN A SUBSEUUENT STARTs ONE NO  ULLAGE
SPS BURN CAN BE PERFORMEDs THE SPS IS CAPABLE OF INGESTING SMALL AMOUNTS OF HELIUM THROUGH THE
ENGINE WITHOUT ADVERSE EFFECTSe

COMMENTS

NO COMMITMENT WILL BE MADE TO A PHASE REWUIRING SPS BURNS.

DELTA £ 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 RANGEe. ROUGH COMBUSTION COULD RESULT. '

COMMENTS

MANUAL REPRESSURIZATION WOULD BE CONSIDEREP PRIOR TO A BURN TO BRING TME DELTA P AITHIN THE
20 PSI LIMIT.

LEAK OR COMPLETE LOSS OF HELIUM

0S5 OF THE HELIUM SOURCE DUE TO A LEAK OR MULTIPLE VALVE FAILURE IMPOSES BLOWDOWN OPERAflUN ON
THE SP%, THE DELTA v CAPABILITY OF THE 8PS WILL BE DETERMINED FROM BLOWDOWN CURVES FURNISHED IN
THE SODB.

COMMENTS

OPERATION OF THE SP5 IN A BLOWDCWN MODE IS ACCEPTABLES PROVIDING ALL OTHER CONSIDERATIONS
ARE MET {l¢Eer INLET PRESSURESy DELTA P LESS THAN 209 ET CETERA)e BLOWDOWN CAPABILITY IS A
FUNCTIUN OF PROPELLANT WUANTITY AND TANK PRESSURE AT IGNITION.
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17-2

17=3

17-4

LAUNCH

LOSS OF A SINGLE SM RCS WUAD DOES NOT PRECLUDE ROTATION OR TRANSLATION CAPABILITYs — TRANSLATION
It THE Y OR Z AXES WILL BE SINGLE JET (IN THE AFFECTED AXIS)== THE ROLL JETS IN THE OTHER AXIS
WILL COUNTERACT THE ROLL TORWUE OF THE SINGLE TRANSLATION JETe THIS 1S AN EXPENSIVE MeANS OF
FRANSLATION FROM A PROPELLANT STANDPOINT.

LSS OF A WUAD REDUCES BY OWE~HALF THE RCS DELTA v CAPABILITYs [F RCS DEORBIT CAPABILITY DOES
NOT EXIST AT INSERTIONs THE $P§ IS STILL AVAILABLE FUR DEORBITe DEORBIT FROM EARTH ORBIT IS
LESS HAZARLOUS THAN A LAUNGH ABORTs THE PROBABILITY OF MULTIPLE FAILURES LEADING TO THE LOSS OF
TWO OR MORE QUADS DURING THE RELATIVELY SHORT SPAN OF LAUNCH 15 CONSIDERED LOW. 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 UEORBIT CAPABILITYs SINCE SM RCS
DEORBIT DELTA v IS5 DEGREASED ON THE ORDER OF §0 PERCENT BY LUOSS OF A WUADs URBIT SHAPING MAY BE
NECESSARY TO PRESERVE SM RCS DEORBIT CAPABILITYs

LOSS OF TwWQ ADJACENT QUADS PRECLUDES ALL TRANSLATION CAPABILITY. SINCE BOTH SM AND HYHRIL
DEORBITS ARE DEPENDENT UPOM TRANSLATIONS, THE MISSION WILL BE TERMINATED WITH THE ONLY REMAINING
DEORBIT TECHNIUWUEs S5PSe

LOSS OF TWO OPPOSITE WUADS PRECLUDES PRECISE ATTITUDE CONTRUL IN EITHER +/=~ PITCH OR +/= YAW AND
TRANSLATION IN EITHER +/= Y OR +/= 2o EVEN THOUGH +/« X TRANSLATION CAPABILITY REMAINS, IT IS
IMPOSSIBLE TO PERFURM EXTEKDED TRANSLATIONS $INCE ROTATIONAL MUTION (INDUCED BY CG UDISPLACEMENT
FROM THE X AX1S)1 GANNOT BE CONTROLLED IN THE AFFECTED AXISe MISSION TERMINATION IS REWUIRED FOR
THE SAME REASONS STATED ABQOVE FOR L0SS OF TWO ADJACENT WUADSe

TRANSLUNAR COAST

THE CAPABILITY WITH LOSS OF ONE QUAD IS GIVEN IN THE RATIONALE FOR MR 17-1s SUBSEQUENT LOSS OF
AN ADJACENT WUAD PRECLUDES ALL TRANSLATION CAPABILITYe THE RCS WOULD THEN BE UNAVAILABLE FOR
MCC'Sy TRIMMING AFTER SPS BURNSs AND ULLAGES AFTER THE SPS STORAGE TANKS WERE EMPTY. LOSS OF
THE OPPOSITE UWUAD WOULD PRECLUDE PRECISE ATTITUDE CONTRUL IN ONE AXIS AND TRANSLATION CAPABILITY
IN ONE AXIS (+/= Yo +/= 2)e

COMMENTS

TERMINATION OF THE TRANSLUNAR COAST PHASE WILL BE OEPENDENT ON CAPABILITY OF THE LM RCS TO
PROVIDE ATTITUDE CONTROL FOR A FLY=-BY MISS5I1O0N.

LUNAR ORBIT

THE LOSS OF A SINGLE QUAD 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
FALLURE 15 CONSIDERED UNLIKELY=~ HOWEVER+s 1IN THE EVENT OF SUCH A FALLUREs THE LM ASCENT STAGE
WOULD BE RETAINED FOR ATTITUDE CONTROL PRIOR TO AND POST TEle THUS THE LUNAR ORBIT AND LUNAR
STAY PHMASES WILL NOT BE TERMINATED FOR LOSS OF A SINGLE WUADe UNDOCKING WILL BE INHIBITED DUE
TO LOSS OF THREE=~AXIS TRANSLATION {WHICH PRECLUDES CSM ACTIVE DOCKING)e DOI wILL BE INHIBITED
SINCE THE CbM RESCUE GCAPABILITY IS GREATLY DEGRADEDe ONCE PDI HAS BEEN PERFORMEDs COMMITMENT
HAS BEEN MADE TO A RESCUE SITUATIONe THE NOMINAL MISSION WlLkL Bt CONTINYED FOR GUAD LOSS AFTER
DOl

FOR LOSS OF TWO GQUADSs THE LUNAR STAY WILL Bt TERMINATEDs EITHER TRANSLATION CAPABILITY OR THREE
AXIS ATTITUBE CONTROL WILL BE LCST FOR LUSS CF TwO WUADSe THE LM ASCENT STAGE w#ILL BE RETAINED
FOR TRl
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1715

17~16

17-17

PROPELLANT GAGING

RCS GAGING CAN BE ACCOMPLISHED TwO WAYS. OBVIOUSLY» THE MOST ACCURATE OF THE Two IS PRIME,
THERE ARE SEVERAL REASONS WHY THE RTCC EWUATION IS MORE ACCURATE THAN THE ONBOARD P/T TECHNIWUES
BASIC TO THE UNBOARD GAUGE IS THE P/T TRANSDUCER AND ASSOCIATED CIRCUITRY WHICH [S NUTHING MORE
THAN SOME HAROWARE REPRESENTING A GAS EQUATIONs AT BEST, IT APPROXIMATES THE EQUATION» GIVING
RISE TO A SIGNIFICANT ERRUR AT THE OUTSET {5 PERCENT!» 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
RAT10s EVEN THROUGH SOME UF THESE FACTORS ARE TAKEN INTO ACCOUNT IN THE NUMOGRAPH TO CORRECT
THE ONBOARD READINGs THE ACCURACY CANNOT BE IMPROVED TO THAT OF THE GROUND EQUATION. THE
PRESENT ACCURACY FIGURES FOR THE TWO TECHNIQUES WERE OBTAINED FROM NR ANALYTICAL STUDIES OF THE
THO METHODSe THESE STUDIES ARE DOCUMENTED IN SD=68~167» REV As AUGUST Lléey 1968+ SUBJECT=-=
CERTIFICATIUN ANALYSLS = SM RCS PROPELLANT QUANTITY GAUGING SYSTEMS

QUAD PROPELLANT BALANCE

THE DESIRED PROPELLANT DIFFERENCE BETWEEN WUADS 15 ACTUALLY DETERMINED BY EACH QUAD'S
RELATIONSHIP TO 175 VARIOUS REDLINE VALUES. HOWEVER, EXPERIENCE HAS SHOWN THAT AN UNBALANGE IN
EXCESS OF 30 TO 50 PUUNDS SHUULD NOT NORMALLY EXISTe ANY UNBALANCE IN EXCESS OF THAT CAN RESULT
IN LATER PRUBLEMS, ESPECIALLY IF IT 1S DESIRED TO CHANGE CONTROL TECHNIQUES FOR A LARGER
MANEUVERs SUCH AS CHANGING FROM G&N TO S5CSe

COMMENTS

PROP ISOLATION VALVES SHOULD NOT BE USED FOR WUAD BALANCE TO PRECLUDE INADVERTANT
EVACUATICN OF THE PROPELLANT LINES. IF THE JETS ARE FIRED WHILE THE PROP VALVES ARE CLOSED»
AN OFF=NOMINAL MIXTURE RATIO WILL RESULTs ENGINES MAY THEN BE DESTROYED BY EXPLOSIONS DUE
TO UNSTABLE BURNINGe

IF PROPELLANT 1S TRAPPED BETWEEN THE ISOLATION VALVES AND ENGINE VALVESs THERMAL EXPANSION
OF THE TRAPPED LIWJUID MAY RUPTURE THE PROPELLANT LINESs PRESSURE WILL INCREASE 100 TO 200
PS] FUR EVERY 1 DEG F TEMPERATURE INCREASEs BEFORE ELECTRICAL ISOLATION OF THE QUADL» THE
JETS SHOULD BE FIRED TO DECREASE THE PRESSURE UF THE TRAPPED PROPELLANT» AFTER THE PROP
[50 VALVE 1S REOPEMEDs THE FIRST JET FIRING SHOULD BE AT LEAST 1 SECOND IN DURATION TO BURN
OUT THE KESIDUE WHICH MAY MAVE FORMED DUE TO UNSTABLE BURNINGe

THE CASE OF TRAPPED PRUGPELLANT IS CONSIDERED MORE HAZARDOUS THAN FIRING THE JETS WITH THE
PROP 150 VALVES CLOSED. NEITHER CASE IS AN ACCEPTABLE MODE OF OPERATLIONe

SECOMDARY PHOPELLANT FUEL PRESSURE VALVE

CRUSSOVER INTCG THE SECONDARY RCS FUEL TANKS OCCURS AT A USABLE PROPELLANT WUANTITY OF 119 LB.
DUE TO THE ACCURACY OF THE RTCC PVT PROGRAM» CROSSOVER WOULD OCCUR AT 119 +/=- 20 LB USABLE
PROPELLANTe A BIAS QF 20 LB IS INTRODUCED INTO THE CALCULATION TO INSURE THAT THE WUANTITY
REMAINING [S NOT LESS THAN THE VALUE CALCULATED BY THE RTCC THUS» CROSSOVER OCCURS AT A
DISPLAYED VALUE GF 99 +/= 20 LB+ ALLOWING THE MANIFOLD PRESSURE TO REACH 150 PSIA IS THE
PREFERKED METHOD OF DETERMINING CROSSOVERs UNLESS AN UPCOMING PERIGD OF HIGH USAGE (ULLAGEs E£TC)
wWiLL 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=-23

17=23

SUSTAINED LEAK IN HELIUM TANK

A HELIUM SOVRCE LEAK IMPOSES BLOWDOWN OPERATION IN A QUAD WHEN THE SOURCE PRESSURE DROPS BELOW
400 PSl. THE QUAD 15 CAPABLE OF NORMAL OPERATION ABOVE 40C P$I-~ BLOWDOWN OPERATION RESULTS IN
DEGRADED PERFORMANCE., .

FOR LOSS OF A SINGLE QUADs COMMITMENT WILL NOT BE MADE TO A SUBSEWUENT 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 PRESSUREs A WUAD
REMAINS GPERATIVE UNTIL HE MANIFOLD PRESSURE DROPS BELOW 75 P51

SUSTAINED LEAK BELOW HE [SOLATION VALVE

PRESSURE LOSS BELOW THE HEL]UM ISOLATION VALVES MAY OR MAY NOT CAUSE LOSS OF THE GUAD» DEPENDENT
ON LEAK RATE AND LOCATIONs IN ANY CASEs THE PROBABILITY OF HAVING BOTH A FUEL AND OXIDIZER
LEAKs THUS CREATING A HAZARDOUS SITUATION IN THE SM» 15 LOWs IF THE LEAK CAN BE STOPPED WITH
THE PROPELLANT ISOLATION VALVES» THE QUAD MAY BE USED IN AN EMERGENCY SITUATION. THERE 1Is A
POSSIBILITY THE LEAK MAY BE AT THE ENGINE VALVE AND ON THE OXIDIZER SIDEs THUS SETTING UP A
POTENTIALLY EXPLOSIVE SITUATLON [F THE WUAD WERE TO BE USED. IF THE LEAK IS NOT STOPPED WITH
THE PROPELLANT ISOLATION VALVES» THERE IS5 A REPRESS PROCEDURE WHICH CAN BE USED IN AN ATTEMPT TQ
IDENTIFY WHETHER THE LEAK IS HELIUM OR PROPELLANT. IF THE LEAK 1S5 PROPELLANT, THE REPRESS
PROCEDURE ITSELF WILL FORCE MORE PROPELLANT INTO THE SM WHICH 1S NOT A DESIRABLE SITUATION.
AGAINs THE WUAD MAY BE USABLE IN AN EMERGENCY SITUATIONs IF THE MANIFOLD PRESSUYRE CAN BE KEPT
UPe LIF THE LEAK IS HELIUMs THE QUAD IS5 ALSO USABLE IN AN EMERGENCY SITUATIONs AGAIN AS LONG AS
THE MANIFOLD PRESSURE IS5 KEPT UPs. THE POINT HERE IS THAT EVEN THOUGH THE WUAD MAY OR MAY NOT BE
USABLE IN AN EMERGENCY SITUATION» IT SHOULD BE CONSIDERED UNUSABLE FOR ANY FURTHER MISSION
ACTIVITIESs INCLUDING THE CURRENT ACTIVITYs REF RATIONALE FOR RULES 17=1+ 29 39 4 FOR LOSS OF
ONE QUADe

COMMENTS
THE RATIONALE FOR RULE 17-16 DISCUSSES THE EFFECTS OF CLOSING PROPELLANT ISOLATION VALVES.

PACKAGE TEMP

A PACKAGE TEMPERATURE OF 55 DEG CORRESPONDS TO A TEMPERATURE OF 30 DEG F ON THE ENGINE NOZZLE
BELL NUTs THIS IN TURN CORRESPONDS TO A TEMPERATURE AT THE INJECTOR wHICH COULD RESULT IN
OXIDIZER FREEZINGs THIS 15 PARTICULARY TRUE FOR A PERIOD OF SHORT DURATION THRUSTER FILIRINGS=-
SHORT IMPULSE FIRINGS GAUSE EVAPORATIVE COOLINGs THUS INCREASING THE RISK OF OXIDIZER FREEZINGe
THE QUAD 15 CONSIDERED UNUSABLE FOR A PACKAGE TEMP LESS THAN 55 DEG Fe REF RATIONALE FOR RULES
17=1» 2+ 34+ & FOR LOSS OF ONE QUAD,

COMMENTS

OXIDIZER FREEZES AT 12 DEG Fe

LOSS OF INDIVIDUAL THRUSTERS

INDIVIDUAL THRUSTERS CAN BE ELECTRICALLY [SOLATEDs USING THE AUTO RCS SELECT SWITCHES» P1TCH
AND YAW ROTATIONAL MOTION 1S AVAILABLE THROUGH TWO THRUSTERS PER AXIS PER CIRECTION AND ROLL BY
FOUR THRUSTERS PER AXIS PER DIRECTIONe Y AND Z TRANSLATIONS ARE AVAILABLE THROUGH ONE THRUSTER
PAIR PER AXIS PER DIKECTION AND X TRANSLATIONS THROUGH TWO THRUSTER PAIRS PER , AXiS PER
DIRECTIONS
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R I[TEM

18~1

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 RINGs 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 REQUIRE USING THE VICONT INGENCY 8M RCS. SPIN=UP!'Y METHOD (ORIENT §/C IN
ENTRY ATTITUDE AND ESTABLISH A ROLL RATE WITH ThE SM RCS PRIOR TO CM/SM SEP}e EVEN THOUGH THIS
15 CONSIDERED A MARGIMAL METHOD OF SAFE ENTRY CONTROLy IT 1S THE ONLY OPTION REMAINING.

LOSS OF BOTH CM RCS RINGS IN THE MODE 1 ABORT REGION IS JUSTIFICATION FOR AN ABORT» SINCE CM RCS
CONTROL 1S KOT REQUIRED FOR MODE i ABORTSs A MODE | ABORT (S CONSIDERED OPERATIONALLY
PREFERABLE TO PERFORMING A CONTINGENCY sSM RCS SPIN=UP WHICH IS THE ONLY REMAINING TECHNIQUE IF
THE S/C 1S ALLOWED TO GO INTO ORBITe AFTER TOWER JETTISONs LOSS OF BOTH CM  RCS RINGS 1S5 NOT
CAUSE FOR ABORT SINCE THE ABILITY TO PERFORM A SAFE ENTRY INTO THE ATLANTIC AT THE END OF THE
FIRST REV STILL EXIST$ BY USING THE CONTINGENCY SM RCS SPIN=UP PRIUR TO CM/SM SEPARATION. THIS
METHOD OF ENTRY 1S CONSIDERED OPERATIONALLY PREFERABLE TO PERFORMING A MODE 11 OR MOLE 11l
ABORTs SINCE BOTH OF THESE MODES REWUIRE CM RCS ATTITUDE CONTROL TO ENTER SAFELY. ENTKY WOULD
BE ACCOMPL ISHED- AS SOON AS PRACTICALs SINCE ADDITIONAL FAILURES COULD PRECLUDE PERFORMING THE SM
RCS SPIN=UP.

COMMENTS

HELIUM SUPPLY LDSSES CAN BE CONFIRMED BY USING INDEPENDENT INSTRUMENTATION (PRESSURE AND
TEMPERATURE TRANSDUCERSs 1eEss LOSS OF PRESSURE RESULTS IN CORRESPONDING TEMPERATURE DROP).
HELIUM MANIFOLD LEAKS CAN BE CONFIRMED BY REDUNDANT PRESSUKE TRANSDUCERSs ONE  TRANSDUCER
1S TELLMETEREDs AND THE OTHER IS ON AN ONBUARD METERe LN ADDITIONs BOTH TRANSOUCERS IN
EITHER RING Wlik. TRIGGER A CG&W LIGHT IF A PRESSURE DROP (S SENSED AFTER SYSTEM
PRESSURIZATIONW

LUNAR ORBIT» LUNAR STAY PHASESs LM DESCENT PHASE

THE RATLONALE FOR LOSS OF ONE OR BOTH RINGS IS STATED IN THE RATIONALE FOR MISSION RULE 18=l,
IT SHOULD BE NOTED THAT A RING FAILURE IN ORBIT ALSO SEVERLY REDUCES THE DELTA V AVAILABLE FOR A

- HYBRID DEORBIT (80 FPS=130 LBS).

EARLY ARMING OF THE CM RCS CAN RESULT IN TWO PRTENTIAL PROBLEMS==-

(1) AFTER ARMINGs THE HELIUM SUPPLY IS OPEN To THE RELIEF VALVES. SMALL
VARIATIONS IN THE HELIUM TEMPERATURE (10 DEG! CAN RESULT IN A PRESSURE
INCREASE SUFFICIENT TO UNSEAT THE RELIEF VALVES (30 PS1 INCREASE IN THE
LINES CAN CRACK THE VALVES)s CRACKING A RELIEF VALVE ALwAYS RAISES THE
POSSIBILITY OF ITS NOT RESEATING PROPERLYs THUS LOSING THE HELIUM SUPPLYs

(2) If HEATING OF THE M RCS THRUSTERS IS REWUIREDs AN IMPROPERLY SEATED
PROPELLANT ISOLATION VALVE COULD RESULT IN A MONOPROPELLANT  SITUATION
Ex15TING 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 INDICATIONS

FOR LOSS UF A SINGLE RINGs LUNAR OPERATIONS WILL CONTINUE-- alL OTHER PHASES wILL BE TERMINATED,
THE MEAN TIME TO FAILURE (A§ MUCH AS 56 HRS) OF THE SECOND RING 1§ A RISK THAT 1S ACCEPTED
DURING LUNAR OPERATIONSs WITH LOSS OF A SINGLE RING AND DEGRADATION IN THE SECONDs "ALL PHASES
EXCEPT LY DESCENT WOULD BE TERMINATED AS THE CM RCS CAPABILITY 15 DECREASING wiTH TIMEe THERE
15 PRESENTLY NO KMOW!H 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 [N A RINGe AN
OPENEDs UNUSEDs STABLE KING HAS ABOUT 3500 PSI SUURCE PRESSUREs TO ARM THE RINGS===

(1) BLTH THE SEu ARMING BuS AND THE PYRO BUS MUST BE POWERED FOR MANUAL
ACTIVATION OF THE CM RCS PRESS SWUIB VALVES O FUR A SHORT ACROS5S THE CM RCS
PKESS SWITCH TO CAUSE ARMING.

(2) THE SEu ARMING puUSy THE SEWQ LOGIC BUS» AND THE PYRO BUS MUST BE PUWERED FOR

. ANY INADVERTENT AUTOMATIC ACTIVATION OF THE CM RCS PRESSURIZATION Suwulb
VALVES, THESE BUSSES ARE ONLY POWERED DURING =~ LAUNCHy SLA  SEP» LM
«] THDRAWALs LM FINAL SEPs AND ENTRYs HENCEs THE PROBABILITY OF INADVERTENT
AKMING 1S FAIRLY REMOTEs = ALSOs THE CM RCS PRESSURIZATION SWITCH IS GUARDEDe
IT SHCULD ALSO BE POINTED QUT THAT THE RINGS CANNOT BE INDIVIDUALLY ARMEDs
ALL MELIUM [SOLATION SQUIB VALVES ARE ACTIVATZD IN PARALLEL

MISSION REV ] DATE SECTION GROUP PAGE

APOLLO 18] FNL {12/15/70J CSM SYSTEMS CM=RCS




NASA: - Manned Spacecraft Center

MISSION RULES
SECTION 5 = CSM SYSTEMS

ITEM

i8-10

18«11

THRUSTER TEMP CONTROL

M RCS THRUSTERS wWilL BE HEATED WHEN REQUIRED TO PRECLUDE THE PUSSIBILITY OF OXIPIZER FREEZING

AT THE ENGINEs

COMMENTS

OXIDIZER FREEZES AT 12 DEG F PROPELLANT TEMPERATUREs HEATING 1$ RECOMMENDED WHEN  ANY
INJECTOR TEMP 15 BELOW 28 DEG Fe ONLY 851X THRUSTERS HAVE TEMPERATURE MEASUREMENTS OoN
THEM=== NUMBERS 12y 149 1é6¢ 21y 24 AND 25 ! :

HELIUM INTERCONNECT

INTERCONNECTING BOTH RINGS wILL RESULT IN THE INTERCONNECTION OF HELIUMy FUELs AND OXIDIZERY
SINCE ONE SWITCH ACTIVATION SIMULTANEOUSLY FIRES ALL SQUIB [SOLATION VALVES. HENCEs THIS
PROCEDURE SHOULD ONLY BE USED WHEN BOTH RINGS ARE INOPERATIVEs OBVIUUSLYs WHEN INTERCONNECTINGs
ONE RING MAY BE DUMPED THROUGHM THE OTHER'S LEAK: BUT THERE LS NO QTHER ALTERNATIVE.

COMMENTS

INTERCONNECTING THE RINGS REQUIRES THAT THE CREW POWER THE SEW ARMING BUSs THE PYRO oUs AND
THE RCS LOGIC BUSs AND THEN DEPRESS THE €M PRPLNT DUMP SWITCH FOR ABOUT 2 SECONDS.
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18-21

18=-22

LOSS OF HELIUM SUPPLY PRESS

LOSS OF THE HELIUM SUPPLY PRESSURE RESULTS IN.BLOWDOWN UPERATION IN THE AFFECTED RINGe THE TwO
RINGS CAN BE INTERCOMNECTED SO THE GOOD SOURCE CAN BE MADE AVAILABLE FOR BOTH RINGSs ONE SOURCE
CAN EXPEL APPROXIMATELY 65 PERCEMNT OF THE TOTAL PROPELLANT {BOTH RINGS? BEFURE BLOWDOWN STARTS.
TOTAL BLOWDOWN CAPABILITY wOULD EXIST IN BOTH RINGS AFTER SOURCE DEPLETIONs.

COMMENTS

THE MEAN TIME BETWEEN FAILURE -OF THE SECOND SOURCE Is A RiSK THAT 15 NOT CONSIDERED
ACCEPTABLEs IF TERMINATICN OF A PHASE WILL DECREASE BY 24 HOURS THE TIME THE SECOND SOURCE
MUST REMAIN INTAGTs THE PHASE WILL BE TERMINATED.

LOSS OF HELIUM MANIFOLD PRESS

LOSS OF THE HELIUM MANIFOLD PRESSURE CONSTITUTES LOSS OF A RINGe FOR A SMALL LEAK» THE RING MAY
BE USABLEs THE RINGS SHOULD NOT BE INTERCONNECTED TG PRECLUDE THE PUSSIBILITY OF DUMPING THE
GOOD SOURCE THROUGH THE LEAK.

COMMENTS

A PHASE WILL BE TERMINATED IF THE TIME REWVIRED FOR THE SECOND MANIFULD TO FUNCTION IS
DECREASED BY &4 HOURS.

CM RCS ARMED

ARMING UF THE CM RCS REWUIRES ARMING THE SEWUENTIAL AND LOGLIC BUSES AND ACTIVATION OF A GUARDEL
SWITCHs ACTIVATION OTHER THAN BY THE CREW WOULD BE A RESULT OF MULTIPLE ELECTRICAL FAILURES.
THE RATIONALE FOR INADVERTENT ARMING IS COVERED IN THE RATIONALE FOR RULE 18=4s
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- e

19=-1

EMU/EVA

TO INITIATE AND CONTINUE LUNAR SURFACE EVAs THE EMU  MUST PROVIDE THE FOLLOWING MINIMUM
CAPABILITIES===

As

CRITICAL INSTRUMENTATION

la

2e

3

DEFINITION (REF MR 19=42)

CRITICAL INSTRUMENTATION IS CONSIDERED LOST IF THE FOLLOWING INDICATORS FAIL
TO PROVIDE (8Y GROUND OR CREW READOUT) DATA NECESSARY TO DEFINE SYSTEM
GPERATION 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 ouT
TEMPERATURE

GENERAL OPERATIONAL IMPACT

LOSS OF CRITICAL INSTRUMENTATION WOULD RESULT IN AN INABILITY TG MONITOR
LIFE SUPPORT SYSTEMS PERFORMANCE FOR CREWMAN SAFETYs THE PLSS5.02 PRESS OR
THE PLSS 02 GTY INDICATOR IS REQUIRED TO SAFELY MONITOR AND MANAGE THE PLSS
OXYGEN SUPPLYe THE PGA PRESS GAGE» |.OW PGA PRESS TONE OR PGA PRESS IS
REQUIRED TO SAFELY MONITOR PGA PRESSURE. THE LOW VENT FLOW TONE OR PLSS
BATTERY CURRENT OR SUBLIMATOR 02 OUT TEMPERATURE 1S REQUIRED TO DETECT 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 19~1B8s 19=33)
{A) NOMINAL EVA {TWO~MAN)

L0S§ OF THE TM CAPABILITY ALONE WOULD REQUIRE THE ONBOARD CRITICAL

INSTRUMENTATION IN ADDITION TO PERIODIC READOUTS FROM THE CREWMAN IN ORDER

TC

SATISFY THE INSTRUMENTATION REQUIREMENTs LOSS OF THE CREWMAN'S INSTRUMENTATION

WOULD REQUIRE PERIODIC CONFIRMATION OF SYSTEMS OPERATION BY THE GROUNDs

THE

INABILITY TO VERIFY CRITICAL SYSTEMS PERFORMANCE WOULD RESULT IN TERMINATION OF

THE EVA AND/OR INITIATING A ONE=MAN EVA.

{8) 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 !ET-“
tA)  LCG/LTL CIRCULATION IS5 LOST.

(B} THE LCG H20 TEMPERATURE AND SUBLIMATOR 02 OUTLET TEMPERATURE ARE 50 PDEG F
INCREASING AND THE LCG H20 DELTA T 15 LESS THAN 5 DEG F AND DECREASING WITH
DIVERTER VALVE IN *'MAXI' POSITION (THIS CONSTITUTES A FAILED SUBLIMATOR).

(C} UNABLE TQ SUPPLY H20 TO THE SUBLIMATORe

A LOSS OF LCG/LTL COOLING WOULD BE INDICATED BY NON=CORRELATION OF THE LCG
H20 TEMP AND LCG H20 DELTA 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 1§ A DIRECT
INDICATION OF A SUBLIMATOR FAILUREs INABILITY TO SUPPLY HEO TO ThHE
SUBLIMATOR WOULD RESULT FROM BLOCKAGE IN EITHER THE FEED H20 SUPPLY LINE OR
THE GAS SEPARATORs BLADDER RUPTUREs H20 SUPPLY LINE LEAK» OR FEED HZQ
DEPLETICNs

AND
THE
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CONT

Cs

Da

ry

3.

GENERAL OPERATIONAL IMPACT

THE PRIME METHOD FOR THERMAL CONTROL OF THE EVA CREWMAN 15 BY HEAT TRANSFER
VIA THE LCG/LTLs SHOULD THIS CAPABILITY BE LOST» THE BACKUP SYSTEM AVAILABLE
WOULD BE THE B5LSS OR THE OPS (HI PURGE FLOW MODE) DUE TO LIMITED LIFETIME
OF EITHER THE 8SL5S OR THE OPSs EVA WILL NOT BE INITIATEDs OR IF "IN
PROGRESS»s WIlLL BE TERMINATED IF THERMAL CONTROL 15 LOST.

SPECIFIC OPERATIONAL IMPACT (REF MR 19=1Bs 19=3» 19=301}

NOMINAL OR ALTERNATE EVA

L0S$S OF THERMAL CONTROL WOULD PRECLUDE COMMITTING TOs» QR CONTINUATION OF THE

EVA.

1F THE LOSS OCCURS DURING THE EvAs 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=THROWGH» THE CREWMAN MAY
ATTEMPT A WET SUBLIMATOR RESTART.

PRIMARY 02 SUBSYSTEM

la

2e

3

PLSS

le

DEFINITION (REF MR 19-2)

THE
(A}
1:2]
19

THE

PRIMARY OXYGEN SUBSYSTEM IS CONSIDERED LOST 1F~==

THE SOURCE PRESSURE READING IS LESS THAN 135 P$IA {TM} OR 5 PERCENT (GAGE)
IT 1S UNABLE TO SUPPLY 02 TO THE OXYGEN VENTILATION LOOP
EMU PRESSURE REGULATION 15 IMPROPER (LESS THAN 3475 OR GREATER THAN 405 PSID)

MINIMUM SOURCE PRESSURE CRITERION CONS1STS 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 ADEQUATE MAKEUP OXYGEN

7O SUSTAIN THE EXPECTED METABOLIC LOADS. EMU PRESSURE REGULATION IS
CONSIDERED LOST IF PGA PRESSURE CANNOT BE MAINTAINED AT 349 +/= «l5 PSIAs A
SUSTAINED PGA PRESSURE. OF LESS THAN 3,75 PSIa. AND DECREASING WOULD BE
UNACCEPTABLE AS 1T MAY FAIL TO PROVIDE ADEQUATE 02 PARTIAL PRESSURE TO
SAFELY SUSTAIN THE CREWMANs A SUSTAINED PGA PRESSURE OF GREATER THAN 405
PSIA AND INCREASING WILL RESULT IN REDUCED PGA MOBILITY AND EVENTUAL LOSS OF
THE PRIMARY OXYGEN SUPPLY THROWGH THE PGA RELIEF VALVEs

GENERAL OPERATIONAL IMPACT (REF MR 19=11ls 19-l4)

LOSS OF THE PRIMARY 02 SUPPLY wOULD NECESSITATE THE USE OF THE OP$ TO SUPPLY
OXYGEN FOR PRESSURIZATION AND METABOLIC CONSWMPTION REDUNDANCY OF OXYGEN
SCURCES 1S LOST. LOSS OF EMU PRESSURE REGULATION COULD RESULT IN THE USE OF
THE OPS (MAKEYP MODE) TO PROVIDE PROPER PRESSURE REGULATIONs

SPECIFIC OPERATIONAL IMPACT (REF MR 19=1Bs 19=2y 19=16» 19=31}

NOMINAL OR ALTERNATE EVA

LOSS OF THE PLSS 02 PRESSURE REGULATOR PROHIBITS USE OF THAT PLSS FOR EVAs
SHOULD A PLSS 02 PRESSWURE REGULATOR LOSS OCTUR DURLNG THE EVAs THE OPS WILL
Bt ACTIVATED AND THE EVA TERMINATED. ‘ Y

LUSS OF A PRIMARY 02 SUPPLY DURING CHECKOUT PRECLUDE COMMITTING THAT PLSS TO

EVA,

L0SS OF THE PRIMARY 02 SUPPLY DURING EVA WOULD REQUIRE ACTIVATION. OF

THE OPS IN A MAKEUP MODE TO PROVIDE 02 FOR PRESSURIZATION AND METABOLIC
CONSUMPTION. EvVA WILL BE TERMINATED FOR LOSS COF 02 SUPPLY REDUNDANCY s

FANLS)

DEFINITION

THE PLSS FAN IS CONSIDERED LOST IF IT CANNOT MAINTAIN A MINIMUM OF 543 ACFM
02 FLOW THROUGH THE OXYGEN VENTILATION LOOP AND PGA.

AN 02 FLOW OF LESS THAN 53 ACFM. 18 [INADEQUATE .TO REMOVE <02 FROM THE
ORAL=NASAL AREA OF THE CREWMAN FOR NOMINAL METABOLIC PROFILESe
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CONT
24 GENERAL CPERATIONAL IMPACT

LOSS OF THE PLSS FAN WOULD REQUIRE UTILIZATION OF THE OPs [PURGE MODE) TO
PROVIDE ADEQUATE VENTILATION

3 SPECIFIC MISSION IMPACT {REF MR 1$-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 WQULD REQUIRE ACTIVATION OF THE OPS {PURGE
MODE) TO PROVIDE CO2 WASHOUT AND WOULD REQUIRE IMMEDIATE TERMINATION OF THE

EVAe
€.  PLSS POWER SWPPLY
le  DEFINITION (REF MR 19-2)
THE PLS5S POWER SUPPLY 15 CONSIDERED LOST [F===-
(A} THE PLSS BATTERY VOLTAGE 1S LESS THAN 160 VDC AND DECREASING

{B) THE PLSS BATTERY CURRENT DRAIN IS GREATER THAN 30 AMPS AND INCREASING
(DOES NOT INCLUDE CHECKOUT).

A PLSS BATTERY VOLTAGE OF LESS THAN 160 VDG AND DECREASING INDICATES A
DEPLETED BATTERY OR THE LOSS OF ONE OR MORE CELLS» EJTHER OF WHICH WILL
RESULT IN DEGRADED OPERATION OF THE PLSS ELECTRONICS. A PLSS BATTERY
CURRENT DRAIN OF GREATER THAN 340 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 PLS$ BATTERY.

24 GENERAL MISSION IMPACT (REF MR 19~10)

LOSS OF THE PLSS BATTERY RENDERS THAT PLSS USELESS UNLESS THE BATTERY CAN BE
REPLACED»

3, SPECIFIC MISSION IMPACT (REF MR 19-1B» 1§5=32)
NOMINAL OR ALTERNATE EVA
LOSS OF A PLSS BATTERY DURING CHECKOUT PROMIBITS USE OF THAT PLSS FOR EVAs
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 EVAs

Fe EMU PRESSURE INTERGITY

1. DEFINITION (REF MR 19-2)
EMU PRESSURE INTEGRITY IS CONSIDERED LOST 1F===
. . P e e e l'-“.l~..x|--.'. T N i T .
A rHe eMU ts unasle 76 MeeT THe Less THAN Bi4 psi/MIN PBRessUre DeCAY CRITERION

DURING THE EMU PRESSURE INTEGRITY CHECK

(8] EMU REGULATED PRESSURE 15 EGUAL TO OR LESS THAN 3.75 PSID AND DECREASING ON THE
LUNAR SURFACE WHICH REPRESENTS AN 02 USAGE RATE GREATER THAN 047 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 3475 P$ID AND DECREASING REPRESENTS AN 02
USAGE RATE OF GREATER THAN 007 LB/HRs

2e GENERAL OPERATIONAL IMPACT
LOSS OF EMU PRESSURE INTERGITY PROHIBITS THE EvA ACTIVITIES IF THE LEAK 1S

IN THE PGAs IF THE FAILURE CAN BE ISOLATED TO THE PLSS THEN TRAT PLSS
CANNOT BE USED FOR EVA:

MISSION REV | DATE SECTION GROUP PAGE
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Ge

3

SPECIFIC OPERATIONAL IMPACT (REF MR 19~1Bs 19=201}

(A}

(8}

NOMINAL OR ALTERNATE EVA

LOSS OF A SINGLE EMU'S PRESSURE INTEGRITY DURING THE EMU PRESSURE INTEGRITY
CHECKS WOULD RESWLT IN ONE OF THE FOLLOWING===

t1) IF THE FAILURE CAN BE ISOLATED TO THE PLSSy ONE CREWMAN WOULD REMAIN ON THE
LM ECS WHILE THE OTHER CREWMAN WOULD ATTEMPT THE ALTERNATE (ONE=MAN)} EVAs

{2) IF THE VIOLATION OF PRESSURE INTEGRITY 1S IN THE PGA» IT WOULD PRECLUDE THE
POSSIBILITY OF ANY DEPRESSURIZED CABIN ACTIVITIES.

If THE LOSS OCCURS DURING EITHER THE NOMINAL OR ALTERNATE EVAs 1T WILL. REWJIRE
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 GOODs LOSS OF EMU PRESSURE INTEGRITY IN THE PGA WOULD RESULT
IN A SHORTER OPS LIFETIME AND WOULD PLACE SERIOQUS TIME CONSTRAINTS ON THE ABILITY.
TG PERFORM A CEVTe

CPS 02 BOTTLE(S)

1. DEFINITION
THE GPS Oz BOTTLE(S) IS CONSIDERED LOST IF THE OPS 02 SOURCE PRESSURE 1s
LESS THAN 5380 PSIA AND THE OPS HAS NOT BEEN PREVIOUSLY USED OR THE OPS 02
SOURCE PRESSURE 1S LESS THAN 4900 PSIA IF THE OPS HAS BEEN USED.
AN OPS 02 SOURCE PRESSURE OF LESS THAN 5380 PSIA WITHOUT 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 QPERATION REQUIRED
FOR A CEVA.
2e  GENERAL OPERATIONAL IMPACT
LOSS OF AN OPS 02 BOTTLE RESULTS IN THE LOSS OF AN OXYGEN BACKUP SYSTEM AND
CONSTRAINS EXTRAVEHICULAR ACTIVITIES TO A SINGLE EVA CREWMAN
, 3, SPECIFIC OPERATIONAL IMPAGT (REF MR 19=1A» 19=1Bs 19=4» 19=14)
{A)  UNDOCKING
LOSS OF AN OPS 02 BOTTLE PRIOR TO UNDOGKING PROWIBITS UNDOCKING UNTIL THE PRIMARY
02 SUPPLY PRESSURE OF ONE PSS IS VERIFIED.
(B} NOMINAL OR ALTERNATE EVA
Loss OF AN opé 02 Borrle prior To THE VA Woulb Redult IN THE ALTERNATE (ONELMAN
EvAe THE FAILED OPS COULD BE UTILIZED AS A BACKUP TO THE PLSS SHOULD THE CREWMAN
IN THE LM BE REQUIRED TO AIDP THE EVA CREWMAN.
{C) LUNAR LIFTOFF
LOSS OF AN OPS 02 BOTTLE PRIOR TG LUNAR LIFTOFF WOULD REQUIRE OFF=LOADING OF THE
FAILED OPS AND RETENTION OF AN OPERATIONAL - PLSS IN ORDER TO FULFILL THE
REQUIREMENT FOR TWO GOOD LIFE SUPPORT SYSTEMS FOR A POSSIBLE CEVT.
(D) RENDEZVOUS/DOCKING
LOSS OF ONE OR BOTH OP$ 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 TRANSFERs
MISSION {REV | DATE SECTION GROUP PAGE
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He OPS 02 PRESSURE REGULATION

la  DEFINITION
OPS 02 PRESSURE REGULATION IS CbNSIQERED LOST IF A REGULATED PRESSURE BAND
OF 347 +/= Q43 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 4.0 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 SITUATION. '
2e GENERAL OPERATIONAL IMPACT
LOSS OF AN OPS5 PRESSURE REGULATOR RESULTS IN THE LOSS OF AN OXYGEN PRESSURE
BACKUP AND CONSTRAINS EXTRAVEHICULAR ACTIVITIES TO A SINGLE EVA CREWMAN.
3 SPECIFIC OPERATIONAL IMPACT (REF MR 19=1A» 19=1By 1l9=44 19-14)
tA)  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) EvAs THE FAILED OPS CANNOT BE USED EITHER BY ITSELF OR AS A BACKUP TO
THE PLSS SHOULD THE CREWMAN IN THE LM BE REQUIRED TO AID THE EVA CREWMAN.,
fC)  LUNAR LIFTOFF
LOSS OF AN OPS PRESSURE REGULATOR PRIOR TO LUNAR LIFTOFF WOULD REQUIRE
OFF=LOADING OF THE FAILED OPS AND RETENTICN OF AN OPERATIONAL PLSS IN ORDER TO
FULFILL THE REQUIREMENT FOR TwO GOOD LIFE SUPPORT SYSTEMS FOR A POSSIBLE CEVA.
(D} RENDEZVOUS/DOCKING
LOSS OF ONE OR BOTH OPS PRESSURE REGULATORS PRIOR TO RENDEZVOUS/DOCKING WOULD
ELIMINATE THE CAPABILITY OF SAFELY PERFORMING A CEvVA IN THE EVENT THE CREWMAN
WERE UNABLE TO EFFECT A NORMAL TRANSFERe
MISSION -~ |REV | DATE. SECTION - GROYP . PAGE
APOLLO 14|FNL 12/15f70 LM SYSTEMS * EMU/EVA ©
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Ie

aSLSS/0PS TRAVERSE LIMITATIONS (REF MR 19=1Bs}9=2)

le THE BSLS5 PROVIDES LCG COOLING TQ THE FAILED PLSS AND CAN REJEGT APPROXIMATELY 1400
BTU'S/HR WHEREAS THE OPS CAN ONLY. PROVIDE FOR HEAT REMOVAL IN THE RANGE OF 800=-1000
BTU'S/HR. METABOLIC ACTIVITY ABOVE THIS RATE BECOMES HEAT STOREDs ASSUMING A  WORSE CASE
FAILURE OF THE PLSS (leEes» POWER SUPPLY FAILURE) THE BACKUP SYSTEM MUST SUPPLY PROPER 02
VENTILATIONs G2 PRESSUREs AND METABOLIC COOLINGs THE B5LSS/0PS COMBINATION CAN PROVIDE THIS
FUNCTION USING THE OPS LOW FLOW RATE {4e0 LB/HR}. FOR THIS CASEs AS LONG AS SUFFICIENT
WATER IS AVAILABLE TO SUPPORT BOTH CREWMEN'S RETURN TRAVERSE, THE OPS 02 AT THE & LB/HR
RATE BECGMES THE CONSTRAINTs AN EXAMINATION OF WALKING RATES FOR CONTINGENCY TRANSLATION BY
THE MROD HAS REVEALED THAT APPROXIMATELY 343 KM/HR LIS THE MOST CPTIMUM RATEe ASSUMING THIS
RATE AND USING THE 1425 HRs OPSs DEDUCTING 13 MINUTES INGRESS TIME AND 5 MINUTES B5LSS
ACTIVATION TIME YIELDS AN APPROXIMATE 3 KM MAXIMUM RADIVUSs AS THE FEED WATER SUPPLY OF EACH
CREWMAN'S PLSS S 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 TRAVERSEs THE ACTUAL WATER REMAINING IS A FUNCTION OF THE METABOLIC RATE
IN REAL TIMEs

2 FOR LIMITED EVA EXCURSIONSs THE QOPS BY ITSELF AT THE 8 LB/HR RATE» PROVIDES SUFFLCIENT
METABCLIC COOLING» PROPER OXYGEN VENTILATION AND PRESSURE REGULATION SINCE THE OPS IS
STRICTLY A GASEOUS COOQLING SYSTEM» THE TIME CONSTRAINT BECOMES NOT STRICTLY A FUNCTION OF
CONSUMABLES REMAININGs BUT OF CREWMAN MAXIMUM HEAT STORAGEe THE MROD HAS GIVEN A MAXIMUM
CREW HEAT STORAGE CAPABILITY OF 300 BTU'S.« BASED ON TH1S HEAT STORAGE CONSTRAINTs A 3e3
KM/HC WALK RATE» AND DEDUCTING A 13 MINUTE INGRESS TIMEs THE MAXIMUM DISTANCE FOR OPS USAGE
(HI FLOW RATE) IS 140 KMs THIS IS BECAUSE OF THE RELATIONSHIP BETWEEN CREW HEAT STORAGE AND
METABOLIC RATEs

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
19-16
15-20

19~21

l9~22

19=30

19~3]

REF RATIONALE FOR MR 19-1

REF

RATIONALE FOR MR 19=1

REF RATIONALE FOR MR 19«1

CREW SAFETY

NO RATIONALE REGQUIRED

REF RATIONAL FOR MR 19=1

" NO RATIONALE REQUIRED

NGO 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

1

2

3.

CEFINITION

CONTAMINATION IN THE VENTILATION SYSTEM IS DEFINED AS THE PRESENCE OF ANY FOREIGN SUBSTANCE
IN SUFFICIENT QUANTITY TO PROVE UNCOMFCRTABLE OR NOXIOUS TO THE CREWMAN.

THE PRIMARY SOURCE OF CONTAMINATION IN THE VENTILATION SYSTEM IS LIOH AND/OR ITS
DERIVATIVES FROM THE CONTAMINANT CONTROL ASSEMBLY LIOH/CHARCOAL CARTRIDGE RESULTING FROM
LHANNEL ING . OR BREAKTHROUGH» . . -

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 MODEs

SPECIFIC OPERATIONAL IMPACT (REF MR 19=13s 19-15
NOMINAL OR ALTERNATE EVA
CONTAMINATION IN THE VENTILATION SYSTEM DURING EVA WOULD REQUIRE ACTIVATION OF THE OPS IN A

PURGE MODE TO CLEAR THE MELMET AREA OF THE CONTAMINATION AND TO PRQVIDE BREATHABLE OXYGENe
TERMINATION OF THE EvA WILL RE REQUIRED IF THE OPS 15 ACTIVATED.

REF RATIONALE FOR MR 19=1

REF RATIONALE FOR MR 19=1

“M1SSION REV | DATE . ] SECTION . GROUP PAGE
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15=32| REF RATIONALE FOR MR 19=1

19=-33| REF RATIONALE FOR MR 19=l

MISSION REV ] DATE SECTION GROUP

PAGE
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20=45

20~46

20~50

LM INSTRUMENTATION

T0 BE SUPPLIED

Ae

Ce
De
Ee
Fa
Ge

ALL COMMANDS CAN BE UPLINKED VIA VOICE

THE MISSION WILL BE ALLOWED TO CONTINUE WITH LOSS OF THE CAUTION AND WARNING SYSTEM DUE TO
THE FACT THAT L0SS OF THAT SYSTEM wILL NOT REMOVE CREW OR GROUND CAPABILITY OF MONITORING
SYSTEMS PARAMETERS,

NO MISSION IMPACT.

REF RATIONALE FOR MR 19=l.

RESULTS IN LOSS OF Tv ONLY-WHICH IS ONLY DESIRABLEs

RF DOPPLER IS SUFFICIENT

REMAINING CAPABILITIES (OPTICS AND RR! ARE ADEQUATE.

LM USB/TM MANAGEMENT

As

Be

FOR NORMAL. LM POWERED UP PHASESs THE LM STEERABLE ANTENNA WITH THE POWER AMPLIFIER wILL BE
USEDs DURING LUNAR STAYs IF THE ERECTABLE ANTENNA IS USEDs THE POWER AMPLIFIER MAY BE
TURNED OFF IF HBR TM AND VOICE CIRCUIT MARGINS ARE ADEQUATE.

RATICNALE

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 OQPERATIONSs CIRCUIT MARGINS
MAY ALLOW TURNING OFF OF THE POWER AMPLJFIER WHEN THE ERECTABLE ANTENNA IS IN USE.
FAVORABLE CIRCUIT MARGINS FROM LARGE GROUND ANTENNAS MAY ALSO ALLOwW HBR TM FROM THE
STEERABLE ANTENNA WITH NO POWER AMPLIFIER.

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 8 EXCEPT DURING VHF RANGING
{WHICH REQUIRES VHF A TRANSMITTER) AND PERIODS OF CRITICAL VOICE COMMUNICATIONS.

RATIONALE

BY SWITCHING THE BIT RATE TO LOW WHILE BEHIND THE MOONs THE CSM CAN RECORD LM DATA AND PLAY
1T BACK WHEN IN LINE OF SIGHT OF EARTHs THIS ENABLES GROUND CONTROLLERS TO MONITOR LM
PERFORMANCE WHEN THE LM 1S NOT IN SIGHT OF THE MSFNe OTHER MISSION PERIODS REWVIRE THAT
THE VHF SYSTEM BE USED FOR VHF RANGING OR THAT THE vHF B DATA XMTR BE WUSED AS A VOICE
BACKUP TO VHF Aes DUE TO THE EQUIPMENT CONFIGURATION REQUIRED FOR THESE FUMNCTIONSs LOW BIT
RATE DATA TRANSFER |5 PRECLUDED DURING THESE CPERATIONS.

FOR ALL LUNAR STAY OPERATIONS IN WHICH THE PGNS 15 POWEREDs HBR M oWILL BE ySED7

RATIONALE

WHEN THE PGNS 1S POWERED IT IS DESIRABLE TO REMAIN IN HBR 50 THAT ITS STATUS MAY BE
CONTINUOUSLY MONITOREDe THE LBR TELEMETRY FORMAT DOES NOT CONTAIN THE LGC DOWNLINK AND
MANY OTHER PGNS PARAMETERS THAT ARE ON THE HBR FORMAT.

MISSION JREV { DATE SECTION GROUP PAGE
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[P,

20~55

20=56

LM TELEMETRY

Ae

Ce

DEFINITION OF LOSS

LM TELEMETRY 1S CONSIDERED TO BE LOST IN THE EVENT THAT VSEABLE TELEMETRY CANNOT BE
RECEJVED AND RECORDED BY THE REMOTED SITE AND TRANSMITTED TQ HOUSTON FOR REAL=TIME FLIGHT
CONTROLLER EVALUATION AND THIS TM CAPABILITY CANNCT BE RESTORED WITHIN A REASONABLE PERIOD
OF TIME.

OPERATIONAL IMPACT OF LOSS

THE LOSS OF HBR TM PRECLUDES THE MONITORING» BY GROUND CONTROLLERSs 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 ANG 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 s
SPECIFIC OPERATIONAL IMPACT (REF MR 20=551

1 NOMINAL MISSION

{A) UNDOCKINGs DESCENT ORBITs POWERED DESCENT = IN ORDER TO ADEQUATELY MONITOR THE
POWERED FLIGHT PHASES OF THE MISSION AND TO INSURE CREW SAFETY AND SYSTEM
COGNIZANCE DURING POWERED DESCENT» HBR TM 1S 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 GATES ABORTING DUE TO LOSS OF HBR
TM WOULD BE MORE HAZARDOUS THAN CONTINUING TO LANDs

(B} LUNAR STAY = MBR 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 REGAROLESS OF TMe SHOULD ALL TM BE LOSTs LUNAR STAY
WILlL BE ABBREVIATED DUE TO DEGRADED VEHICLE MONITORING CAPABILITIESs FOR A LOSS
OF ALL TM» ONLY A ONE=MAN EVA MAY BE PERFORMED

(C) RENDEZVOUS AND DOCKING - THE LOSS OF TM DOES NOT AFFECT THE ABILITY QF THE LM TO
RENDEZVOUS AND DOGKs BUT ONLY PROHIBITS GROUND CONTROLLER AID IN THE MONITORING
OF $YSTEM PERFORMANCE., IN THIS EVENTs A LM=ACTIVE RENDEZVOUS WILL BE PERFORMED
SINCE THIS 1S THE NOMINAL RENDEZVOUS PLANs

Ze ALTERNATE MISSIONS

UNDOCKING AND STATION KEEPING WILL BE PERFORMED IF ALL TM I5 LOST SINCE THE
LM WOULD NOT BE COMMITTED TO LONG PERIODS INDEPENDENT OF THE CSM. EITHER
HBR OR LBR DATA 1S ADEQUATE FOR A RENDEZVOUS ALTERNATE MISSION.

CRITICAL INSTRUMENTATION

Ae

-

DEFINITION OF LOSS

CRITICAL INSTRUMENTATION 15 CONSIDERED LOST WHEN INFORMATION PROVIDED BY TELEMETRY AND/OR
QNBOAS%HDISPLAYS 1S NOT ADEQUATE TO _MONITOR. THE . PERFORMANCE OF . ANY CRITICAL ONBOARD
FUNETIONG : ' ' ' ‘ v '

GENERAL OPERATIONAL IMPACT

LOS5S OF CRITICAL INSTRUMENTATION COULD JEOPARDIZE CREW SAFETY IF A CRITICAL ONBOARD
FUNCTION COULD NOT BE MOMITORED EITHER BY THE CREW OR THE GROUND.

MISSION REV | DATE SECTION GROUP PAGE
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20-56
CONT

Ce MISSION RULE RATIONALE (REF MR 20=56)

1.

24

NOMINAL MISSION

(A}

(8

(C)

UNDOCKINGs DESCENT ORBITs LUNAR STAY = THE MONITORING OF ALL CRITICAL ONBOARD
FUNCTIONS 1S NECESSARY TO INITIATE ANY CRITICAL MISSION PHASE. L0SS OF THIS
CAPABILITY COULD AFFECT CREW SAFETY. '

POWERED DESCENT = CREW SAFETY 1S JEOPARDIZED 1IF INSTRUMENTATION CRITICAL 70O
PERFORMING A SAFE DESCENT AND LANDING OR TO MONITORING SYSTEMS ESSENTIAL FOR A
SAFE ASCENT AND RENDEZVOUS IS LOSTs

RENDEZVOUS = CSM RESCUE WILL BE REQUIRED ONLY WHEN LM INSTRUMENTATION ESSENTIAL
TO PERFORMING A LM=ACTIVE RENDEZVOUS 1S5 LOSTs

ALTERNATE MISSION

THE LOSS OF CRITICAL INSTRUMENTATION PRECLUDES THE CONSIDERATION OF ANY
ALTERNATE MISSIONs

MISSION REV | DATE SECTION GROUP PAGE
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LM SEQUENTIAL AND PYROTECHNIC

TO INITIATE MANNED LM MISSION PHASES»s THE PYROTECHNIC SYSTEM MUST PRUVIDE THE FOLLOWING MINIMUM
CAPABILITIES (REF LM TELMU GO CRITERIA IN SECTION 3 OF MR)awu=

PYROTECHNIC SYSTEM

le

2a

DEFINITION (REF MR 21=2)

A PYRO SYSTEM 1S CONSIDERED LOST IF A PYRO BATTERY OPEN CIRCUIT VOLTAGE LESS THAN 35 vDC OR
IF THE SYSTEM 1S INCAPABLE OF BEING ARMED» A PYRO BATTERY OPEN CIRCUIT VOLTAGE IS
NOMINALLY 3742 VDC AND THERE 1S NO REASON FOR THE VOLTAGE 70 EVER FALL BELOW 35 VDC OPEN
CIRCUITs IF IT SHOULD IT WOULD INDICATE A DEGRADING BATTERY OR LOSS OF CELLS [1e86 VOLTS
PER CELL}s [IF THE MASTER ARM RELAY»s Kls CANNOT BE CLOSED THEN THE PYRO BATTERY CANNOT BE
CONNECTED TO THE PYRC BUS AND NO PYRO FUNCTION CAN BE PERFORMED WITH THIS SYSTEMe

GENERAL OPERATIONAL IMPACT (REF MR 21-12)

LOSS OF ONE PYRO SYSTEM MEANS LOS$S OF ALL REDUNDANCY FOR PYRQTECHNIC FUNCTIONS THE MOST
CRITICAL IMPACT 15 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 IN 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 TG
COMMIT TO MISSION PHASES IN WHICH STAGING IS MANDATORYs [F ONE "$YSTEM IS LOST
PRIOR TO PDI+5+30 {AFTER THAT POINTs THE LM MUST STAGE TO RETURN)s THE NOMINAL LM
MISSION WILL BE ABORTED. THE LM WILL NOT BE STAGED WITH THE REMAINING PYROQ
SYSTEM UNLESS CREW SAFETY DICTATES (SEE MANAGEMENT RULE 21=~12),

(2) PDI+5+30 TO TOUCHDOWN = THE LM 15 NOW COMMITTED TO STAGING FOR EITHER AN ABORT OR
LUNAR SURFACE LAUNCHe IF A PYRO SYSTEM WERE LOST DURING THIS PERIODy THE LM
WOULD MAVE TO STAGE WITH ONLY ONE PYRO SYSTEM SOONER {ABORT} OR LATER (LUNAR
SURFACE LAUNCH AFTER A ONE=REV STAY)e THEREFQRE» THERE IS NO SIGNIFICANT
ADVANTAGE TO ABORTINGs

(3) LUNAR STAY ~ IF ONE PYRO SYSTEM 1§ 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,
{8) 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 LEAKSs ETCe) IS LOST. LOSS OF ONE SYSTEM
PRECLUDES A RENDEZVOUS MISSION BECAUSE THE LM MUST HAVE THE REDUNDANT
CAPABILITY TO STAGE BEFORE COMMITTING TO A LM~ACTIVE RENDEZVOUS.

MISSION REV | DATE SECTION GROUP PAGE
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REF RATIONALE FOR MR 2l~-1

REF RATICNALE FOR MR 21=12 AND 21=22
MO RATIONALE REQUIRED

NO RATIONALE REQUIRED

THE CONDITIONS REQUIRING A NEXT BEST OPPORTUNITY LIFT=OFF(LOSS OF A PYRO SYSTEM OR UNABLE TO
DISARM A SYSTEM)ARE NOT OF SUFFICIENT TIME CRITICALITY TO REWUIRE A T1 OR T2 LIFT OFF.

M1SSION REV | DATE SECTION - ] GROUP PAGE
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1TEM

21=10

21=11

21=12

21=13

APS PRESSURIZATION

APS WILL NORMALLY BE PRESSURIZED IMMEDIATELY PRIOR fO STAGING. APS WlLL NOT NORMALLY BE
PRESSURIZED MORE THAN 24 HOURS PRIUR TO THE LAST APS BURN=- MOWEVER» IN A CONTINGENCYs THE APS
MAY BE PRESSURIZED UP TO 3=1/2 DAYS PRIOR TO THE LAST APS BURNs

BY WAITING UNTIL IMMEUDJATELY PRIOR TO STAGING TOQ PRESSURIZE APSs THE OPTION TO PRESSURIZE ONE OR
BOTH TANKS EXISTS IF AN APS HELIUM LEAK HAS DEVELOPED. THE TIME CONSTRAINT OF 24 HOURS AND
3=1/2 DAYS IS5 DUE TO THE AMOUNT OF TIME THE PROPELLANTS CAN BE IN CONTACT WITH THE WUAD CHECK
VALVES AFTER PRESSURIZATION WITHOUT DAMAGE TC THEM.

LANDING GEAR DEPLOY
IF UNABLE TO DEPLOY ONE OR MORE LANDING GEARs A LANDING WILL NOT BE ATTEMPTED. DESCENT  eNGINE

BURNS WILL BE CONTINUED SINCE CONTROL PROBLEMS ARE NOT EXPECTED TO EXIST AND DAMAGE Tu THE
LANDING GEAR FROM THE BURN WILL NOT AFFECT NON-LANDING MISSIONS»

SELF EXPLANATCRY,

ONE PYRO SYSTEM STAGING

UNDOCKED STAGING WITH ONE PYRC SYSTEM wilLL BE PERFORMED ONLY IF ABSOLUTELY NECESSARY TO MAINTAIN
CREW SAFETYe

WITH ONLY ONE PYRO SYSTEM THERE ARE MANY SINGLE POINT FAILURES WHICH COuLD CAUSE INCOMPLETE
STAGING.

RELAY Kl=K6&6 FAILURE

FOR A K1 THROUGH K& FAILUHes THE.GOOD SYSTEM wiLl BE DISABLED AND A PYRO FUNCTIONs OTHER THAN
STAGINGs ATTEMPTED TO DETERMINE IF K1 (PYRO SYSTEM ARM RELAY) HAS FAILED CLOSED.

AN EXTRA SET OF CONTACTS ON EACH RELAY K1 THROUGH Ké IN BOTH PYRO SYSTEMS "ARE WIRED IN
SERIES/PARALLEL TO MAKE UP A DAISY CHAIN WHICH 15 MONITORED VIA TM ANC ONBUARDs AN INADVERTENT
CLOSURE OF ONE OF THESE RELAYS CAN BE DETECTED. HOWEVER» THE PARTICULAR FAILED RELAY CANNOT BE
ISOLATED EXCEPT IN THE CASE OF THE MASTER ARM RELAY. If A RELAY CLOSURE IS5 ©DETECTEDs A PYRO
FUNCTION wiILL BE ATTEMPTED WITHOUT ARMING EITHER SYSTEMe FAILURE TO PERFORM THE PYRO FUNCTION
WILL INDICATE THAT THE FAILED RELAY wAS NOT Kl. THE RELAYS OF THE CHAIN MAKE WP THE STAGING
SYSTEM AS FOLLOWS—==

K1 = MASTER ARM

K2 = STAGE RELAY

K3 AND K& = INTERSTAGE UMBILICAL GUILLOTINE

KG AND K5A = INTERSTAGE BOLTS (SYSTEM A) AND NUTS (SYSTEM B)

%6 = ELECTRICAL CIRCUIT INTERRUPTERS
AFTER ISOLATING K1 AS NOT BEING THE FAILED RELAY» THIS PYRO SYSTEM MUST BE DISABLED BY PULLING
THE APPLICABLE LOGIC POWER BREAKER BECAUSE THE FUNCTION CONTROLLED BY THE FAILED RELAY witL BE

PERFORMED SHOULD THIS SYSTEM BECOME ARMEDe. IN THE CASE WHERE K2 MAY HAVE FAILEDs THE SYSTEM
WOULD BE IN A CONFIRMATION WHERE THE SUBSEGUENT FAILURE OF K1 WOULD CAUSE AN INADVERTENT STAGING

- WHICH WOULD NGRMALY BE CAUSE FOR ABORTs HOWEVER»s A K2 FAILURE CAN NOT BE CONFIRMEDs 1T CAN ONLY

8E DETERMINED THAT ONE OF THE RELAYS K2 THRU K& HAS FAILEDs ON THE BASIS THAT A K2 FAILURE CAN
NOT BE CONFIRMED THE MISSION SHOULD BE CONTINUED.
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21-20

21=21

ARMED PYRO SYSTEM

AN ARMED PYRO SYSTEMIS) THAT CANNOT BE DEARMED IS CONSIDERED WUNSAFE FOR THE VIBRATION/SHOCK
ENVIRONMENT ASSOCIATED WITH LUNAR TOUCHDOWNe

SUBSEQUENT CLOSURE OF ANDTMER éYRO RELAY WOULD RESULT IN THAT PYRU FUNCTION BEING PERFORMED«
THE WORST CASE WOULD BE INADVERTENT STAGING WHICH COULD BE CATASTROPHIC DURING THE LANDING
PHASE

REF RATIONALE FOR MR 21-1 ITEM 3
UNABLE TO DISARM
1. DEFINITION

(A) PYRO SYSTEM CANNOT BE DISARMED IF THE PYRO BATTERY CANNOT BE DISCONNECTED
FROM THE PYRO BUSs THIS WILL BE CETECTED BY ATTEMPTING A PYRO FUNCTICN
OTHER THAN STAGING WITH THE SUSPECT SYSTEM(S) AFTER ALL ATTEMPTS HAVE BEEN
MADE TO DISARM THE FAILED SYSTEM. I# THE PYRO FUNCTION OCCURSs THE
SYSTEM(S) IS CONSIDERED ARMED.

2o GENERAL OPERATIONAL IMPACT

WITH AN ARMED PYRC SYSTEMIS)» SUBSEQUENT CLOSURE OF ANY OTHER PYRQ RELAY wILL RESULT 1IN
EXECUTION OF THAT PYRO FUNCTIONs MOST CRITICAL WOULD BE A CLOSURE OF ONE OF THE STAGING
RELAYS CAUSING INADVERTENT STAGING (PARTIAL OR COMPLETE) »

3e SPECIFIC OPERATIONAL IMPACT {REF MR 21=144 21=3)

{A) NOMINAL MISSION

(1) UNDOCKING THROUGH TOUCHDOWN = THE NOMINAL MISSION WILL BE ABORTED IF WUNABLE TO
DISARM EITHER OR BOTH PYRQ SYSTEMS. OF MUST CONCERN 15 I[NADVERTENT STAGING wHICH
WOULD BE GATASTROPHIC DURING POWERED DESCENTW ALSOs  THE SHOCK AND VIBRATION
ASSOCIATED WITH LANDING COULD CAUSE A PYRO RELAY TO SET AND INITIATE A PYRO
FUNCTION.

(2) LUNAR STAY = EVA WILL NOT BE INITIATED WITH EITHER OR BOTH PYRO SYSTEMS ARMED.
INADVERTENT STAGING WOULD ENDANGER ANY EVA CREWMAN IN THE NEAR VICINITY OF THE LM
DUE TQ SCHRAPNEL FROM THE PYRQTECHNIC DEVICESs WITH THE CREW INSIDE INADVERTENT
STAGING 15 NOT SERIOUS SINCE THE LM WOULD REMAIN IN PLACE ON THE DESKCENT STAGE
EVEN THOUGH ALL CONNECTIONS BETWEEN THE STAGES MAY BE SEVERED. HOWEVERs A NEXT
BEST OPPORTUNITY LIFTOFF WILL BE REQUIRED TO MINIMIZE THIS POSSIBILITY.

{B) ALTERNATE MISSIONS
DOCKEDs UNDOCKEDs DESCENT ORBIT = THE MISSION WILL BE CONTINUED WITH AN

ARMED PYRO SYSTEM OR SYSTEMS ASSUMING THE CREW CAN RECOVER FROM INADVERTENT
STAGINGs STAGING WILL BE PERFORMED NORMALLY IN ORBIT.
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2i=-22

21=-23

K7=K15 CLOSED

1.

3.

DEFINITION (REF' MR 21=3B)

A PYRO SYSTEM IS CONSIDERED UNUSABLE AND WILL BE DISABLED UNTIL AFTER DPS CRYOGENIC
PRESSURIZATION AND THE DES FUEL AND OX VENTS ARE CLOSED FOR AN INADVERTENT CLOSURE OF A K7

THROUGH K15 RELAY.
GENERAL OPERATIONAL IMPACT

AN INADVERTENT CLOSURE OF ANY RELAY»s K7 THROUGH K15s IN EITHER PYRO SYSTEM CAN BE DETECTLD
vIA TM BUT THE PARTICULAR RELAY FAILED CANNOT BE 1SULATED. THESE RELAYS PERFORM THE
FOLLOWING FUNCTIONS==-=

K7 = RCS PRESS

K8 & KBA = LAND GEAR DEPLOY

K$ = 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 HME VALVES

K15 ~ DPS FU & OX COMP VALVES
PREMATURE OPERATION OF ANY OF THE RELAYS IS NOT SERIOUS EXCEPT FOR DPS CRYQGENIC HE PRESS
(K9) AND DPS FU AND OX VENT VALVES (K13}e IF THE DPS CRYQGENIC HELIUM VALVE 1S OPENED
PRIOR TO FIRST IGNITION OF THE DPSs 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 PRJOR TO TOUCHDOWNs
THE FU AND OX WOULD VENT OVERBOARD SINCE THE SOLENOID VENT VALVES ARE NORMALLY TO BE LEFT

OPENa
SPECIFIC OPERATIONAL IMPACT

(A} NOMINAL MISSICN

INDICATION OF A K7 THROUGH K15 RELAY CLOSURE IN EITHER PYRO SYSTEM REQUIRES
OFENING THE CORRESPONDING LOGIC POWER CIRCUIT BREAKER TO DISASLE THAT PYRO
SYSTEM FOR ALL SUBSEWUENT PYRO FUNCTIONS UNTIL AFTER OPS CRYOGENIC HELIUM
PRESSURIZATION AND THE DES FU & OX SOLENOID VENT VALVES ARE CLOSED. THIS
WwILL PREVENT INADVERTENT FIRING (OPENING) OF THE CRYOGENIC HELIUM VALVE OR
THE DES FU & OX SQUIB VENT VALVES. [F BOTH PYRO SYSTEMS SHOW INDICATIQNS 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 PDI

(B) ALTERNATE MISSIONS
SAME RATIOMALE AS FOR NOMINAL MISSIONS.

UNABLE TO STAGE (REF MR 21=4!

le

2a

DEFINITION

THE LM 15 CONSIDERED UNABLE TO STAGE IF EITHER STAGING CANNOT BE INITIATED DUE TO LOSS OF
BOTH PYRO SYSTEMS OR DOUBLE FAILURES WITHIN THE PYRO SYSTEMS RESULT IN INCOMPLETE
SEPARATION OF THE ASCENT AND DESCENT STAGESe

GENERAL OPERATIONAL IMPACT

FAILURE TO STAGE ON THE LUNAR SURFACE IS CATASTROPHIC. FAILURE TO STAGE IN ORBIT REWIRES
THE LM TO ATTEMPT TO COMPLETE A RENDEZVOUS UNSTAGED IF THE DESCENT STAGE 1S RIGIDLY
ATTACHEDs IF THE DESCENT STAGE 1S NOT RIGIDLY ATTACHED» THE LM MUST BE RESCUED.

SPECIFIC OPERATIONAL IMPACT

{A)  NOMINAL MISSION

FOR THE NOMINAL MISSIONs KNOWN INABILITY TO STAGEs PRIOR TO PDI+5s WOULD BE
CAUSE TO ABORT THE NOMINAL MISSIONs AFTER PDI+5+ THIS SITUATION IS

CATASTROPHIC
MISSTON REV | DATE SECTION GROUP PAGE
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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
ATTACHEDs CSM RESCUE WILL BE REQUIRED FOR THE TERMINAL PHASE OR IF RCS
REDLINES ARE VIOULATEDe SHOULD PARTIAL STAGING OCCUR SUCH THAT THE STAGES
ARE NOT RIGIDLY ATTACHEDs MANEUVER CAFABILITY OF THE LM I5 LOSTe THE LM
wlLL GO TO DRIFTING FLIGHT AND CALL FOR A CSM RESCUEs
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LM ELECTRICAL POWER

TO INITIATE MANNED LM MISSION PHASESs THE ELECTRICAL PUWER SYSTEM MuST PRUVIDE THE

MINIMUM CAPABILITIES (REF LM TELMU GO CRITERIA IN SECTION 3 JF FMR DUCUMENT t===

A CDR/LMP BUS

la DEFINITION (REF MR 22-2)

FOLLOWING

THE COR OR LMP BUS [S CONSIDERED LOST 1F TnE BUS VOLTAGE CANNOT  8E
MAINTAINED GREATER THAN 2645 VDC OR IF THE BuUs CURRENT 15 GREATER THAN 90
AMPSs A BUS VOLTAGE LESS THAN 2645 VDC WILL PRUVIDE GUT uF SPEC VOLTAGES

FUR SEVERAL CRITICAL LM EQUIPMENTS (EsGe COMMy £CS» PGNSs 505 ETC,
CURRENTS GREATER THAN 90 AMPS INUICATE A SHORT ON THE BUS ARD WOULD
THE SPEC WIRE RATING OF THE FEEDER LINESe

24 GENERAL OPERATIONAL IMPACT

e BUS
EXCEED

LOSS OF EITHER BUS RESULTS IN LOSS OF LM EQUIPMENT REDbNUANCY AND  SERILUSLY
DLGRADED ELECTRICAL POWER SUBSYSTEMs SUBSEWUENT FAJLURE OF  THE CTHER BUS

WOULD RESULT IN THE INABILITY TG PUWER ANY SPACECKAFT EQUIPHENTS
3. SPECIFIC OPERATIONAL IMPACT {(REF MR 22=20)

[A) NOMINAL MISSION

{1) UNDOCKING THROUGH LUNAR STAY = LOS: OF A BUS MEANS LUSS OF CAPABILITY TO
LAND AND LOSS OF REDUNDANCY OF CRITICAL SYSTEMSe DURLING POWERED DESCENTs LUSS OF

THE COR OR LMP BUS WILL CAUSE THE DESCENT ENGINE TO THROTTLE TO

100 PERCENT WrilCH

WILL PREVENT ANY ATTEMPT TO LAND AND CAUSE AN ABURT TO BE INITIATED. IMMEDIATE

RETURN TO THE CSM IS NECESSARY TO REDUCE THE TIME IN WHICH
REMAINING CRITICAL SYSTEM OR THE REMAINING BUS CAN OCCUR.

A FAILLRE OF A

t2) LM=ACTIVE RENDEZVOUS = ONCE COMMITED TV RENDEZVUUSs THE LM SHUULD REMAIN THE
ACTIVE VEHICLE BECAUSE IT CAN STILL COMPUTE AND EXECUTE ALL RENDEZVOUS MANELVERS

AND IT 18 BEST TO REMAIN WITH THE NOMINAL RENDEZVOUS PLAN

{5}  ALTERNATE MISSION(S)

NO UNDOCKED MISSION IS ACCEPTABLE IN VIEW OF THE RISK INVOLVED
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Be DESCENT FEEDER(S}

le

2e

3e

FIGURE 1= EPS FEEDER CONFIGURATION
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DEFINITION (REF MR 22=2 AND FIG 1)

LOSS OF A DESCENT FEEDER IS DEFINED AS THE INABILITY TO USE AS A POWER PATH
THE ELECTRICAL CONNECTIONS FROM THE OUTPUT TERMINAL OF THE DESCENT ECA TO
THE DEADFACE RELAYs FROM THE DEADFACE RELAY TO THE BUSs THE DESCENT  AND
ASCENT BATTERIES USE THE SAME MAIN FEED LINES AND THIS PORTION OF THE MAIN
FEED LINES IS CONSIDERED PART QF THE ASCENT FEEDER ONLY.

GENERAL OPERATIONAL IMPACT

AN OPEN DESCENT FEEDER IS NOT A SERIOUS MALFUNCTION AS THE SUBSEQUENT
FALLURE OF THE OTHER DESCENT OR ONE OF THE ASCENT FEEDERS WILL NOT RESULT IN
INABILITY TO POWER THE SPAGEGRAFT. THERE ARE TWO SINGLE POINT FAILURES THAT
CAN CAUSE AN OPEN FEEDERs (A) THE INADVERTENT OPENING OF ONE OF THE TwWO
DEADFACE RELAYS AND (B) AN OPEN ECA ONBOARD CONTROL CAPABILITY EXISTS ONLY
TG OPEN OR CLOSE BOTH OF THE DEADFAGE RELAYS SIMULTANEOUSLYs AN OPEN
DESCENT FEEDER RESULTS IN THE LOSS OF CONSUMABLE CAPABILITY OF TWO DESCENT
BATTERIESs CONSUMABLE GRITERIA THEN DICTATE THE EFFECT ON THE MISSIONs

A SHORTED DESCENT FEEDER CAN RESULT FROM A SINGLE POINT FAILURE { SHORT )
ANYWHERE ALONG THE POWER FLOW PATHe ISOLATION OF THE SHORT REQUIRES
DEADFACING  AND THUS  THE LOSS. OF CONSYMABLE CAPACITY OF ALL OESCENT

BATTERIES, 71O MAINTAIN A polered Up &PacecRAFT BbTH AdeeNt BATTERIES WILL
BE PLACED ON THEIR NCRMAL FEEDPATHSs IT SHOULD BE NQTED THAT SPECIFIC
PROCEDURES MUST BE FOLLOWED TO DETERMINE WHERE ALONG THE BATTERY~TO=BUS
POWER FLOW PATH THE SHORT EXI1S$TSe IF INSUFFICIENT TIME IS AVAILABLE TO
TROUBLESHOOTs A SHORT MUST BE ASSUMED TO BE ON THE BUS (WORST CASE) AND THE
MISSION ABORTED.

SPECIFIC OPERATIONAL IMPACT (REF MR 22-21)

{A)  NOMINAL MISSION (ALL PHASES)
THE NOMINAL MISSION WILL BE CONTINUED IF CONSUMABLE REDLINES ARE NOT VIOLATED AND
SUFFICIENT CONSUMABLES REDUNDANCY REMAINS. FOR AN OPENs CONSUMABLE CRITERIA
NOMINALLY PERMIT CONTINUATION OF THE LUNAR LANDING MISSION WITH AN ABBREVIATED
LUNAR STAYs FOR A SHORT» ALL DESCENT ELECTRICAL CONSUMABLES ARE LOST [(SEE
22=1¢B+2 ABOVE AND THERE ARE INSUFFICIENT ASCENT CONSUMABLES TO COMPLETE THE
NOMINAL MISSIONe
(B) ALTERNATE MISSIONS
ANY ALTERNATE MISSION THAT DOES NOT VIOLATE CONSUMABLES CRITERIA 1S ACCEPTABLES
MISSION REV | DATE SECTION GROUP PAGE
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le

3

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 COUNNECTIONS FROM THE OUTPUT TERMINALS OF THE ASCENT ECA'S TO
THE BAT FEED TIE CIRCUIT BREAKERSs SINCE NU LINGLE UPEN FAILURE CAN RESULT

in

LOSS OF AN ASCENT FEEDERs ONLY SHORTED FELDEKS ARE CONSIDEREL.

GENERAL OPERATIONAL IMPACT

THE AFFECTED BUS CAN ONLY BE POWERED VIA THE BUS CRGSSTIE CIRCUIT BREAKEKRS
MAK1NG EACH BUS SUSCEFTIBLE TO A SHORT ON THE UTHER. IN THIS CONFIGURATIONY
LUSS OF THE REMAINING FEEUER 1S CATASTROPHIC. ALSQs A SHORTED ASCENT FEEDER
KESULTS IN £.0SS UF THE CORRESPONDING DESCENT FEEDER (IF UNSTAGED)  AND  TwO
DESCENT BATTERIZGe THE ASCENT BATTERY THAT PUWEXED THE LUST BWS VIA ITS
NORMAL FEEDPATH CAN BE USED CN IT3 BACKUP FEEULPATH TU POWER ThE REMAINING
OO BUS.

SPECIFIC OPERATIONAL IMPACT (REF MK 22-21})

(A}

(81

NOMINAL MISSION

ALL PHASES = LOSS OF AN ASCENT FEEDER WILL REQUIRE AN ABORT AND IMMEDIATE RETURN
TO THE CSM BECAUSE THE SUBSEWUENT FAILURE OF THE OTHER ASCENT FEEDER WOULOC RESULT
IN THE IMNARILITY TO POWER THE SPACECRAFT. DOCKED SYSTEMS EVALUATION CAN  BE
PERFORMED wITH THE HATCH CPEN AND THE TUNNEL CLEAR. THE CREW COULD SAFELY RETURN
TC THE CSM IF ALL POWER WwAS LUST DUE TU A SUBSEUWUENT SHURT.

ALTERNATE MISSICNS

MO UNDCCKED ALTERNATE MISSION WILL BE CONSIDERED BECAUSE OF THE [IMPACT OF A
SUBSEWUENT LPS FAILURE,

De DESCENT BATTERY(S)

le

DEFLNITION (REF MR 24=2}

b DESCENT BATTERY 1S CONSIDERED LOST [F=--

(A)

(8)

(19

)

(B}

THE BATTERY OUTPUT 15 EQUAL TO OR LESS THAN 2 AMPS WHEN CONNECTED TO A BUS = THIS
INDICATES THE BATTERY IS INCAPABLE OF DELIVERING POWER AND 1S A REASUNABLE Limir
1O DIFFERENTIATE BETWEEN A NORMAL AND A REVERSE CURRENT. A LUW QUTPUT SHOULDL ALSQ
BE ACCOMPANIED BY A LOW BATTERY VOLTAGE.

BATTERY TEMPERKATURE EQUAL TO OR GREATER THAN 145 DEG F WITH VOLTAGE AND  CURRENT
HIGHER THAN NUMIMAL = DETECTED 8Y A BATTERY MALFUNCTION AND WARNING LIGHT wITHOUT
THE BATTERY AUTOMATICALLY BEING TAKEN OFFLIKEs AT TEMPERATURES GREATER THAN 45
JEG Fs PERMANEMT DAMAGE TO THE BATTERY OCCURS.

INASILITY TO MEET REGUIRED VOLTAGE REGULATION UNDER LUAD = SELF EXPLANATORY »

INABILLITY TU BE CONNECTED TO A FEEDER 0QUE TU A MALFUNCTIONED ECA = SELF
EXPLANATORY .

BATTERY OPEN CIRCUIT LESS THAN 31.8 VDC STEADY STATE = THE NUMINAL OPEN CIRCUIT
VOLTAGE wHEN UPERATING IN THE PEROXIDE REGIULN (LESS THAN 2V AMP=HQURS REMOVED) OF
THE DISCHARGE CURVE S 37v (le85 V/CELL)e THE MINIMuM OUPEN CIRQUIT VOLTAGE WHEN
GPERATING 1IN THE MONOXIDE REGION (GREATER THAN 20 AMP=HOURS REMQVED) OF THE
DISCHARGE CURVE 1S 2Lle8 v (Leb9 V/CELLYe A LOWER VOLTAGE INDICATES A DEPLETED
BATTERY OR LUSS OF CELLS WITHIN THE BATTERY (L.86 VOLTS/CELLI.

CENERAL UPERATIUNAL IMPACT

LUSS OF UNE OR TwO DESCENT BATTERIES WwILL HAVE NO EFFECT Un THE MissION FROM
A SYSTEMS STANLPOINT. AS DEFINEL ABOVE, TWO DESCENT BATTERIcS COULD BE LOST
FUR COMPLETELY UNKRKCLATED REASONSs AND NOT CAUSE LOSS UF  CUNFIDENCE IN THE
BATTERIESs FOR EXAMPLEs ONE BATTERY <COULD BE LOST DuE TO AN -INTERNAL
BATTEKY PROBLEM AND ANOTHER LOST DUE TG AN ECA  MALFUNCTION. IF BOTH
BATTERIYS WERE LOST DUE TO ICENTICAL MALFUNCTIONS» SYSTEMS CONFIDENCE WOULD
HE WEAKEAED BUT THE MISSION wOuLD BE CONTENUED UNLESS A CEFINITE PROPAGATING
FALILURE ELEVENT IS FOUND. DESCENT POWER KEDUNDANCY STILL KEMAINSG  AND BOTH
ASCENT BATTERIES ARE AVAILABLE. 0SS OF THREE OR MORE DESCENT BATTERIES
InDICATES A SERICULSLY DEGRADING ELECTRICAL SYSTeM KREGARDLESS OF  THE REASON
FOR THE LUSS AND THE LM SHGULD RETURN TO THE VICINITY OF THE CS5Me
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3 SPECIFIC OPERATICONAL IMPAQT (REF MR 22-23)

(A)

8

NOMINAL MISSION

{1) ALL PHASES EXGEPT LO GATE TO TOUCHDOWN =~ LOSS OF ONE OR TWO DESCENT
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 ASAPs SERIQUS ELECTRICAL SYSTEM
PROBLEMS ARE SUSPECTED AND EVEN WITH A COMPLETELY NOMINAL ASCENT SYSTEMs THE
ELECTRICAL SYSTEM SHOULD NOT BE REWIED UPONe DOCKED SYSTEMS EVALUATION CAN BE
PERFORMED WITH THE CONNECTING HATCHES OPEN AND THE TUNNEL CLEAR.

{2} LO GATE TO TOUCHDOWN = THE TIME TO RETURN TC DOCK WITH THE CSM 1§ 4 HOURS
WHETHER THE MISSION 1S ABORTED DURING THIS PHASE OR THE LM LANDSs AND THEN LIFTS
OFF AT Tls AFTER LO GATE THE RECOMMENDED PROCEDURE IS TO LAND AND LIFTOFF AT 11
OR T3e THIS PROCEDURE 15 CONSIDERED SAFER THAN ABORT STAGING AT A LOW ALTITUDE.

ALTERNATE MISSIONS

THE SAME RATIOMALE AS FOR NOMINAL MISSIONS APPLIES (REF PARA De3s(A))e SEE ALSO
ASCENT BATTERIES = ALTERNATE MISSIONS.

ASCENT BATTERY(S!

1. DEFINITION

SAME AS FOR DESCENT BATTERY (REF PARA Del)

29 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 SPACEGRAFT FOR STAGE OPERATIONS.

3 SPECIFIC OPERATIONAL IMPACT (REF MR 22=22)

tAY  NOMINAL MISSION

{1} UNDOCKING THROUGH PDI+5+30 = THE NOMINAL MISSION wlllL BE ABORTED FOR THE
LOSS OF ONE ASCENT BATTERY TO AVOID COMMITTING TO STAGED OPERATIONS WITH ONLY ONE
ASCENT BATTERYs STAGING SHOULD NOT BE PERFORMED UNLESS NECESSARY FOR CREW SAFETY
AND THE LM SHOULD DOCK ASAP.
{2) PDI +5+30 TO TOUCHDOWN = THE LM SHOULD LAND TO PREVENT A ONE BATTERY/ONE BUS
ABORT AND STAGING ON ONE PYRO SYSTEM.
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SEVERAL OPTIONS ARE AVAILABLE===

ONE BATTERY/ONE BUS ABORT STAGING =~ THIS IS NOT CONSIDERED TO BE A GOOD SOLUTION
SINCE THE LOSS OF A 8US MEANS A LOSS OF REDUNDANGY AND/OR LIMITED CAPABILITIES IN
PYRO SYSTEM» GUIDANCE SYSTEMS» ECS» ETC,

ONE BATTERY/TWO BUS ABORT STAGING =~ THIS IS NOT CONSIDERED TO BE A SOLUTION SINCE
THE REMAINING ASCENT BATTERY WOULD NOT BE CONDITIONED TO SUPPORT THE CURRENT STEP
ASSOCIATED WITH ABORT STAGINGs HENCE IT COULD RESULT IN A LOSS OF GUIDANCE
SYSTEMS AND REQUIRE A MANUAL ASCENT.

ONE BATTERY/TWO BUS MANUAL SEQUENCING OF DESCENT TO ASCENT POWERe» STAGINGs 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 DISCONNECTED)s ALSO ADEGUATE TIME MAY NOT BE
AVAILABLE TO COMPLETE THIS PROCEDURE.

LANDs CONFIGURE FOR A ONE BATTERY/TWO BUS T1 L/0 USING NORMAL L/O PROCEDURES =
THIS IS A REASONABLE SOLUTION SINCE IT RETAINS THE TwQ BUS REDUNDANCY» AND THE
REMAINING ASCENT BATTERY SMQULD BE ADEQUATELY CONDITIONED WITH 5 AMP  HOURS
REMOVED INSURING THAT THE GUIDANCE SYSTEMS WILL NOT BE ADVERSELY AFFECTED. IT
ALSO SHOULD PROVIDE ADEWUATE TIME TO PROPERLY CONFJGURE THE- SPACECRAFT FOR THE
L/0e THE RENDEZVOUS AND DOCKING TIME FOR A /0 AT Tl 1S 4 HOURS=~ WHEREASs = THE
TOTAL TIME FOR LUNAR STAY RENDEZVOUS AND DOCKING IS 6 HOURS FOR A L/0 AT T2 CR_ 1
REV LATER AT T3, THE ADVANTAGE OF A T3 L/0 1§ THAT DESCENT POWER CAN BE USED FOR
THE LUNAR STAY TIME«— THEREBY» REDUCING THE ASCENT POWER REQUIREMENTS. THE
ADVANTAGE OF A T2 L/0 1§ THAT THE LM I§ IN ORBIT ALMOST IMMEDIATELY AND THE TIME
FOR THE REMAINING ASCENT BAT TO FAIL ON THE LUNAR SURFACE 1§ REDUCED. 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 RENDEZVOUS. THE RENDEZVOQUS AND DOCKING
TIME FOR A L/0 AT T1 IS & HOURSs WHEREAS THE TOTAL TIME FOR LUNAR STAYs
RENDEZVOUSY AND DOCKING IS 6 HOURS FOR L/0 AT T2 QR ONE REV LATER AT T3« THE
ADVANTAGE OF A T3 L/0 IS5 THAT DESCENT POWER CAN BE USED FOR THE LUNAR STAY TIME==
THEREBYs REDUCING THE ASCENT POWER REWUIREMENTSs THE ADVANTAGE OF A T2 L/0 IS
THAT THE LM IS IN GRBIT ALMOST IMMEDIATELY AND THE TIME FOR THE REMAINING
ASCENT BATTERY TO'FAIL ON THE LUNAR SURFACE 1§ REDUCED« THE DISADVANTAGE OF A T2
L/0 IS THAT THE LM MUST BE POWERED DOWN SINCE ONE BATTERY IS5 NOT ADEQUATE TO
PERMIT A 6 HOUR POWERED UP RENDEZVOUSe

{3) LUNAR STAY = L0SS OF AN ASCENT BATTERY WHILE ON THE LUNAR SURFACE REWUIRES A
LIFTOFF AT THE FIRST OPPORTUNITY BEGCAUSE FAILURE OF THE REMAINING ASCENT BATTERY
WOULD RESULT IN THE INABILITY TO POWER THE SPACECRAFT AFTER STAGINGe
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(4) RENDEZVOUS = LM=ACTIVE RENDEZVOUS WiLL BE PERFORMED AS LONG AS
SUFFICIENT ELECTRICAL. POWER TO SUPPORT RENDEZVOUS EQUIPMENT REMAINS,

{H) ALTERNATE MISSIONS
UNDOCKING AND THE DESCENT ORBIT PHASES MAY BE INITIATED WITH LOSS OF ONE ASCENT
BATTERY BUT WOT POWERED DESCENT. ANY ALTERNATE MISSION MAY BE PERFORMED WHICH
WILL NOT NOMINALLY COMMIT THE LM TO STAGINGs
LX) LOSS OF BOTH ASCENT BATTERIES
ALL PHASES = CONSTITUTES AN ABORT AND RENDEZVOUS WITH THE CSM ASAPe IF

DUCKEDs THE LM WILL NOT UNDOCK BECAUSE ANY FAILURE WHICH COULD FORCE THE LM
TO STAGE WQULD RESULT IN THE INABILITY TO POWER THE SPACECRAFT.
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INVERTERS

le

2

3

DEFINITION (REF MR 22-2}

AN INVERTER IS CONSIDERED LOST IF THE AC BUS VOLTAGE CANNOT BE MAINTAINED
EQUAL TO OR GREATER THAN 110,5 VAC AND LESS THAN 120 VAL OR THE AC BUS
FREWUENCY CANNOT BE MAINTAINED EWUAL TO OR GREATER THAN 390 HZ AND EQUAL TO
OR LESS TMAN 410 HZe A FUNCTIONAL INVERTER SHOULD OPERATE wELL WITHIN THESE
RANGESs AN OUT OF SPEC CONDITION EXISTS FOR ALL AC EQUIPMENT AT OR BEYOND

THESE LIMITS.

GENERAL OPERATIONAL IMPACT

LUSS OF EITHER OF BOTH INVERTERS DOES NOT PRESENT ANY CREW SAFETY PROBLEMs
LOSS OF ALL AC POWER DOESs HOWEVER» SERIOUSLY HANDICAP MISSION PHASES WHERE

LUSS OF EWUIPMENT LISTED IN THE AC BUS LOADS/EUUIPMENT TABLE AFFECTS LM
CAPABILITY.

SPECIFIC QPERATICNAL IMPACT (REF MR 22=~24)
(A] ALL PHASES = FOR LOSS OF OGNE INVERTER THE MISSION wlLL BE CONTINUEDS

(B) DOCKEDs UNDOCKED = WITH BOTH INVERTERS LOST» CIRCULARIZATION WwILL NOT
PERFORMED BECAUSE THE LM wILL NOT BE COMMITTED TO A RENDEZVOUS wWITHOUT
RENDEZVOUS RADARS

(€)  CIRC TO TOUCHDOWN = WITH BOTH INVERTERS LUSTs THE LM wILiL NOT BE CUMMITTED

B8E
THE

T0

POWERED DESCENT ORs IF PDI HAS ALREADY OCCURREDs WILL ABORT IF PRIOR TO LO GATE.
LOSS OF ALL AC REDUCES TOTAL SPACECRAFT CAPABILITY 70 THE EXTENT THAT FURTHER
PROGRESS BECOMES HAZARDOUSs FUNCTIONS LUST INCLUDE~=- RENDZ RDRs RNG/ALT METER,
BOTH FDAL'Ss THE S=BAND STEERABLE ANTENNAs DEDA ONBUARD READOUTSs NUMERIC =~ AND

INTEGRAL LIGHTINGy DPS READOUTS AND THE TIMERSe AFTER LO GATE» HUWEVER» IT
PREFERABLE TC ATTEMPT TO LANDs

(D) LUNAR STAY = THE MISSION WILL BE CONTINUED wWiTH LOSS CF BOTH INVERTERS SINCE
SITUATION CANNOT WORSEN INSOFAR AS AC 15 CONCERNED AND IT IS NOT CRITICAL
THESE PHASESs '
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22=3

Ge AC BUS(ES)

e

20

3

DEFINITION (REF MR 22=2)

AN AC BUS 1S CONSIDERED LOST IF POWER CANNOT BE SUPPLIED TO IT» IF THE BuUS
VOLTAGE CANNOT BE MAINTAINED EQUAL TQ OR LESS THAN 120 AND EWUAL TO OR
GREATER THAN 11045 VACy OR THE BUS FREQUENCY EQUAL TO OR LESS THAN 410 AND
EQWUAL TO OR GREATER THAN 3%0 HZe

GENERAL OQPERATICONAL 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 RADAR?»
RNG/RNG RT ALT/ALT RT METERs GASTAs AND INTEGRAL LIGHTINGs THE MAJOR IMPACT
OF LOSS OF AC BUS B WOULD BE LOSS OF THE HBR TM IF A 2l0 FOOT ANTENNA 1S NOT
AVAILABLE~= THUS HANDICAPPING SYSTEMS ANALYSIS AND CAUSING LOSS OF
TRAJECTORY INFORMATIONe LOSS OF BOTH AC BUSES WOULD CAUSE LOSS OF ALL OF THE
ABCVE» PLUS BOTH FDAI'S AND THE AOT.

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 RAUARe
LOSS OF ONLY AC BUS B WILL NOT INHIBIT GIRCULARLZATION SINCE NO CRITICAL
FUNCTIONS ARE LOST.

{2) PDI THROUGH TOUCHDOWN = WITH THE LOSS OF EITHER BUS A OR BUS B THE MISSION
WILL BE CONTINUED SINCE TOTAL SPACECRAFT CAPABILITY IS NOT SEVERELY HANDICAPPED
WITH LOSS OF ONE AC BuUSe SHOULD BOTH BUSES BE LOSTs ALL AC 18 LOST AND POWERED
DESCENT» UNTIL LC GATEs WiLL BE ABORVED (SEE PARA Fa3alClls

{3) LUNAR STAY = AFTER TOUCHDOWN» LOSS OF AC POWERED EWUIPMENT IS NOT CRITICALs
ALSOs IF ONE AC BUS I8 LOST» EARLY LIFTOFF WILL NOT COMPENSATE FOR THE LOSS.
MOREOVER, THERE IS NO REASON TO EXPECT FAILURE OF ONE BUS TO AFFECT RELIABILITY
OF THE REMAINING BUSs

NO RATIONALE REWQUIRED

NO RATIONALE REQUIRED
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OVERCURRENT PROTECTION

THE MISSION WILL BE CONTINUED WITH LOSS OF OVERGURRENT PROTECTION== IF THIS PROTECTION IS LOST
PRIOR TO EARTH LIFTOFFs A HOLD WILL BE CALLED.

ECA CIRCUITRY:s ASSOCIATED WITH CURRENT MEASURINGs DETECTS AN OVERCURRENT CONDITION (GREATER THAN
150 AMPS] AND APPLIES POWER TO THE 'tRESET'! COILS OF THE RELAY CONNECTING THE BATTERY TO THE

FEEDER

ECA OVERCURRENT PROTECTION IS DEFINITELY LOST IF BOTH CIRCUIT BREAKERS POWERING THE DESCENT OR
ASCENT £CA'S FAIL OPENs OR IF AN ASCENT BATTERY NORMAL FEED CONTACTOR 1S LOST.

OVERCURRENT PROTECTION IS PROBABLY LOST IF A BATTERY CURRENT CANNOT BE MEASURED OR A BATTERY
CANNOT BE SWITCHED OFFLiNEs IT SHOULD BE NOTED THAT IF CURRENT CANNOT 8E MEASUREDs THE PROBLEM
COULD BE IN THE CURRENT MEASURING CIRCUITRY OR IN THE INSTRUMENTATION. LIKEWISE IF THE BATTERY
CANNOT BE SWITCHED OFFLINE MANUALLYs THE PROBLEM CAN BE [N THE ECA OR IN THE MANUAL SWITCH AND
ASSCCIATED CONTROL LINES EXTERNAL TO THE ECAs SINCE 1T 18 IMPOSSIBLE TO ISOLATE A FAULT
EXTERNAL TO THE ECA (OVERCURRENT PROTECTION REMAINS) FROM CERTAIN FAULTS IN THE ECA (OVERCURRENT
PROTECTION LOST)s IT MUST BE ASSUMED THAT IF THESE ANOMALIES OCCUR IN FLIGHT THAT OQVERCURRENT
PROTECTION HAS BEEN LOSTe

A IF OVERCURRENT PROTECTION 1§ LOST ON AN INDIVIDUAL DESCENT BATTERYs THE BATTERY WwILL BE
LEFT ONLINE iF REQUIREDs

THE OTHER DESCENT BATTERY CURRENTS AND VOLTAGES PROVIDE THE NECESSARY INDICATIONS AS TO THE
STATUS OF THE BATTERY(S) WITHOUT OVERCURRENT PROTECTICN. THE BATTERY{(S) WILL BE
INDIVIDUALLY TAKEN OFFLINE MANUALLY [F AN OVERCURRENT CONDITION IS INDICATEDs IN THE EVENT
THAT THE BATTERY(S) CANNOT BE SWITCHED OFFLINE MANWALLYs ALL DESCENT BATTERIES WILL B8E
DEADFACED IF AN OVERCURRENT CONDITION OGGURS ON THE BATTERY(S) wHICH CANNOT BE SWITCHED
MANUALLY e

Ba IF ALL DESCENT OVERCURRENT PROTECTION IS LOSTe 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 8Y THE CURRENT BEING DELIVERED BY THE ASCENT
BATTERIES AND A CONSUMABLE TREND DEVELOPEDe THIS WILL ALLOW COMPLETION OF THE NOMINAL
MISSTION EXCEPT FOR THE TWO MAN EVA, 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~ INADEWUATE AND THE
BATTERIES DEPLETE SCONER THAN EXPECTEDs SUFFICIENT CONSUMABLES WILL BE AVAILABLE IN THE
ASCENT BATTERIES FOR A SAFE RETURN TO THE CSMe

Ca If ONE OR BOTH ASCENT BATTERY NORMAL FEED CONTACTORS FAIL OPENs THE SPACECRAFT
CONFIGURATION FOR ASCENT STAGE ONLY OPERATIONS WILL USE BACKUP FEEDS ON BOTH ASCENT
BATTERIES WITH OPEN BUS CROSSTIES.

BOTH BWUSES WILL BE INDEPENDENTLY POWERED AND ISOLATED FROM EACH OTHER SO THAT A  SHORT ON
ONE BUS OR FEEDER WILL NOT AFFECT THE OTHER. .
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THE ASCENT BATTERIES WILL BE PRECONDITIONED FORw==

A

Be

Ce

ABORT STAGING WITH TWO ASCENT BATTERIES/SPLIT BUS OPERATION = BY REMOVING A MINIMUM OF 245
AMP HOWRS FROM THE BATTERY ON THE LMP BUSS. (NORMALLY BATTERY 5) AND A MINIMUM QF 5 AMP
MOURS FROM THE BATTERY ON .THE CDR BUS (NORMALLY BATTERY &) IMMEDIATELY PRIOR TO PD1.

TESTS HAVE SHOWN THAT WITH THE CURRENT STEPS ACCOSICATED WITH THE CDR AND LMP BUSES AT
ABORT STAGING» THE ABOVE PRECONDITIONING 1S REQUIRED TO PREVENT THE VOLTAGE AT THE AEA FROM
FALLING BELOW 2145 VDC FOR GREATER THAN Q.5 SECONDS {LOSS OF AEA MEMORY! OR THE VOLTAGE AT
THE PGNS FROM FALLING BELOW 2246 +/= 043 VDC FOR GREATER THAN 0#5 SECONDS (LGC RESTART )«
THE CURRENT STEP IN THIS CASE 1S ESSENTIALLY ONE LARGE STEP ON EACH BUS.

LUNAR L/C OR STAGING DURING COASTING FLIGHT WITH TwQ ASCENT BATTERIES/SPLIT BUS OPERATION =
BY REMOVING A MINIMUM OF 25 AMP HOURS FROM EACH ASCENT BATTERY IMMEDIATELY PRIOR TO
DISCONNECTING THE LAST DESCENT BATTERY FROM EACH BUS.

THIS PROCEDURE IS REQUIRED TO AVOID UNDERVOLTAGES AT THE GUIDANCE EQUIPMENT (AEA AND LGC)
WHEN THE LM 1§ NOT IN POWERED FLIGHT.

THE CURRENT STEP [N THIS CASE 1S SMALLER SINCE IT IS A SUCCESSION OF STEPS WHEN  NOMINAL
LIFTOFF/STAGING PROCEDURES ARE USEDe SEWQUENTIALLY REMOVING THE TWO DESCENT BATTERIES ON
EACH BUS RESULTS IN TWO SMALLER STEPS» AND SUBSEQUENT STAGINGs APS ONs AND RCS JETS FIRING
CONSTITUTES THE REMAINING STEPS.

LUNAR L/O OR STAGING DURING COASTING FLIGHT WITH ONE ASCENT BATTERY/TWO BUS OPERATION = BY
REMOVING A MINIMUM OF 5 AMP HOURS FROM THE REMAINING ASCENT BATTERY IMMEDIATELY PRIOR TO
DISCONNECTING THE LAST DESCENT BATTERY FROM THE BUS. .

THIS PART OF THIS MISSION RULE COVERS THE CAPABILITY TO SWITCH TO ASCENT PORER AND  STAGE
DURING CUASTING FLIGHT OR DURING LUNAR STAY AT ANY TIME PROVIDED A MINIMUM OF 5 AMP  HOURS
HAVE BEEN REMOVED IMMEDIATELY PRIOR TO DISCONNECTING THE LAST DESCENT BATTERY.

IF THE REMAINING ASCENT BATTERY HAS A MINIMUM OF 5 AMP HOURS REMOVED AT TOUCHDOWNs IT WOULD
BE THERMALLY AND CHEMICALLY CONDITIONED TO SWUPPORT A T1 OR T2 L/0 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 HOWEVER» A ONE BATTERY/TWO BUS ABORT STAGING DURING POWERED
DESCENT IS5 PRECLUDED SINCE THE REMAINING ASCENT BATTERY WOULD NOT BE CONDITIONED TO SUPPORT
THE HIGH CURRENT STEP INVOLVED WITH ABORT STAGING» WHICH IS CAUSED B8Y NEAR SIMULTANEOUS
SWITCHOVER FROM DESCENT TO ASCENT POWER» STAGINGs APS ONs AND RCS JET FIRINGSs
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BUS TIE CIRCUIT BREAKERS

AT LEAST ONE. OF THE BAL LOAD CROSSTIE (30A} CIRCUIT BREAKERS WILL BE OPEN FOR MAIN PROPULSION
BURNSs STAGINGs AND WHENEVER BOTH ''AEA'' CIRCUIT BREAKERS ARE CLOSED

THIS PREVENTS LOSS OFs OR VOLTAGE TRANSIENTS ONs+ BOTH BUSES DURING CRITICAL MISSION PHASES
SHOULD A SHORT OCCUR ON A BUSe THE AGS 15 POWERED REDUNDANTLY V1A DIODES FROM BOTH BUSES AND
WILL NOT BE AFFECTED.

AT LEAST ONE OF THE BUS CROSSTIES {100A} WILL NOMIMALLY NEVER BE CLOSED.

WITH BOTH THESE BREAKERS CLOSED» A SHORT ON ONE BUS WOULD DEFINITELY INDUCE TRANSIENTS ON THE
OTHER BUS WHICH WOULD BE DETRIMENTAL TO THE AEA.

SHORT ISOLATION®

ELECTRICAL POWER WILL NEVER BE INTENTIONALLY APPLIED TO A SHORT TO HELP DETERMINE ITS LOCATION
UNLESS THE FEEDER FAULT LIGHT HAS FAILEDs A GOOD BUS WILL NEVER BE CROUSSTIED INTG A SHORT OR
POSSIBLE SHORTs

FOR LM=6 AND SUBSEQUENTs THE BUS FAULT LIGHT HAS BEEN CONNEGTED TO THE FEEPERS ENABLING A "RAPID
DETERMINATION OF FEEDER VS BUS SHORTS AND ELIMINATING THE NEED TO INTENT [ONALLY 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 EGUAL TO OR LESS THAN 112vAC OR A FREGUENCY EWUAL
TO OR GREATER THAN 402 HZ OR EQUAL TO OR LESS THAN 398 HZ.

SHOULD THE INVERTER OPERATE OUTSIDE THESE LIMITSe A MASTER ALARM WILL BE TRIGGERED INDICATING
DEGRADED INVERTER OPERATION. SWITCRING INVERTERS WILL CLEAR THE MASTER' ALARM AND INDICATE
WHETHER THE FAILURE WAS THE FAULT ©OF THE INVERTERs THE AC DISTRIBUTION SYSTEM» OR
INSTRUMENTATIONs

BATTERY MANAGEMENT

BATTERIES WILL BE MANAGED DURING LUNAR STAY TC MAINTAIN EQUAL DISSIPATION OF AVAILABLE ENERGY
WITHIN TBD AMP=HOURS BETWEEN ALL BATTERIES ONLINE.

BATTERIES HAVING THE SAME CHARACTERISTICS SUCH AS INTERNAL RESISTANCE, TEMPERATUREs STATE OF
CHARGE s AND CHEMICAL MAKEUP SHOULD DISCHARGE FAIRLY EVENLY WHEN PARALLELLEDs CUE TU THE
PHYSLCAL LOCATION OF THE BATTERIES ON THE COOLANT LOOPS THERE wilLL BE A DELTA IN TEMPERATURES
CAUSING SOME DIFFERENCE LN THE DISCMARGE 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 WillL BE EXERCISED IF REWUIRED TO MEET MISSION
OBJECTIVES OR TO rAJNTAIN|NQMINAL CREW PROGEDURESs. AT ALL TIMES THE CAPABILITY OF SPLITTING THE

BUSES WITH ROMINAL ASCENTbESCENT SHARING PRIOR TO LUNAR LIFTOFF WILL BE MAINTALNED.
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SHORTED DESCENT FEEDER

FOR A SHORTED DESCENT FEEDER» THE ASCENT BATTERIES WILL BE PLACED ON NORMAL FEED WITH THE SHORT
ISOLATED VIA THE DEADFAGE RELAYs OPERATIONALLY THIS RESULTS IN THE LOSS OF ALL REMAINING
DESCENT ELECTRICAL ENERGY FOR CONSUMABLE CONSIDERATIONS. THE TWO DESCENT BATTERIES THAT STILL
HAVE AN OPERABLE FEEDPATH WILL BE USED ONLY IF NECESSARY TO MAINTAIN CREW SAFETYs

IF THE DESCENT BATTERIES ARE NOT DEADFACED FOR A SHORT ON A DESCENT FEEDERs A SUBSEWVENT 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 1SOLATED FROM THE BUS AND
ASCENT FEEDERS V1A THE DEADFACE RELAY WHICH REQUIRES POWER TO BE OQPERATED. 8Y ISOLATING A
DESCENT FEEDER SHORT» ALL DESCENT ELECTRICAL POWER 1§ LOSTe HOWEVER IN A CONTINGENCY SUCH AS
SUBSEQUENT 0SS 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
WiLL 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 BATYERY wILL BE PLACED ON BOTH NORMAL
AND BACKUP FEEDS WITH THE CROSSTIES OPEN.

THIS PROCEDURE POWERS BOTH BUSES WITH A MINIMUM VOLTAGE DROP. IT ALSC PROVIDES AUTOMATIC
ISOLATION OF A SHORT ON EITHER BUSs SINCE THE Bu$ 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 TGO Low TO
OPERATE THE ECA RELAYS,
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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 CN THE LUNAR SURFACE AND THE MISSION CONTINUED WITHIN
THE CONSUMABLES BUDGETs IF ONLY ONE FEEDER 1S BEING UTILIZED TGO FEED POWER TO THE BUSES AND A
SHORT OCCURRED ON THIS FEEDER» THERE WOULD BE NO WAY TO CLEAR THE SHORT AUTOMATICALLY SINCE THE
VOLTAGE WOULD BE TOO LOW TO CPERATE THE ECA RELAYS. THE POSSIBILITY OF A SHORT IN A STATIC
SITUATION ON THE LUNAR SURFACE [S CONSIDERED REMOTE ENOUGH TO ACCEPT THIS RISKe IF A SHORT DiD
OCCURs A CONNECTOR OR WIRE WOULD PROBABLY MELT TO OPEN THE CIRQUIT WITH NO CATASTROPHIC
CONSEQUENCE

SHORTED ASCENT FEEDER ON LUNAR SURFACE

FOR A SHORTED ASCENT FEEDER ON THE LUNAR SURFACEy THE ASCENT BATTERIES wWiLL NOT BE CONNELTED
UNTIL THE NOMINAL TIME TO MEET PRECONDITIONING REWUIREMENTSe DURING LUNAR SURFACE OPERATIONS»
THE ASCENT BATTERIES ARE NQOT 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 B8USs THE LOAD REQUIREMENTS ARE WITHIN THE CURRENT  HANDLING
CAPABILITY OF THE TWO REMAINING DESCENT BATTERIES.

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

o e

23=1 LM GO/NO-GO CRITERIA CHART AND ASSOCIATED SPECIFIC MISSION RULES

TO INITIATE THE FOLLOWING MISSION PHASES» THE ECS SYSTEM MUST PROVIDE THE FOLLOWING MINIMUM
CAPABILITIES (REF LM TELMU GO CRITERIA 1IN SECTION 3 OF MR)===

A LOSS OF SUIT LOQP INTEGRITY
le DEFINITION (REF MR 23-2)

TOTAL PGA/SUIT LOOP LEAKAGE EQUAL TO OR GREATER THAN 0e3 PSI/MIN (+0e6
LB/HR) DURING SUIT LOOP PRESSURE CHECK OR A VISIBLE TEAR IN THE PGAs

THIS USAGE RATE WiLL ALLOW UNPRESSURIZEC CABIN OPERATIONS INCLUDING A TOTAL
METABOLIC G2 USE RATE OF 0417 LB/HR FOR A MINIMUM OF & HOURS FROM THE ASCENT
02 TANKSs

Z2e GENERAL OPERATIONAL IMPACT

THE LOSS OF SUIT LOOP INTEGRITY REWUIRES THAT CABIN PRESSURE INTEGRITY BE
MAINTAINED FOR CREW SAFETYe SHOULD THE CABIN PRESSURE SHELL FAIL» THE CREW
WOULD BE LOST, SINCE THERE IS8 A MARGINAL SUPPLY OF ASCENT 02 (2.06 LBS) 1IN
EACH OF TWO TANKS TO MAINTAIN SUIT PRESSURE DURING THE RENDEZVOUS

3 SPECIFIC OPERATIONAL IMPACT (REF MR 23=20)

(R}  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 15 APPROXIMATELY 48 LBS OF Q2 IN THE DESCENT TANK WHICH MAY BE USED TO
MAINTAIN CABIN PRESSURE WHILE THE CREW IS INGRESSING THE CSM.

(21 UNDOCKING THROUGH PDI +5+30 = IN ORDER TO RETAIN THE DESCENT Oz PURGE
CAPABILITYs STAGING SHOULD NOT BE ATTEMPTEDs IT IS NECESSARY TO DOCK ASAP IN
ORDER TO REDUCE THE CHANCES OF A CABIN PUNCTURE THAT WOULD DEPLETE THE ONBOARD 02

SUPPLY s

{(2) PDI +5+30 TO TOUCHDOWN = THE LM MUST BE STAGED O REACH ORBIT. IF CABIN
PRESSURE INTEGRITY SHOULD BE LOST ALSO» THE SUPPLY OF ASCENT 02 COULD RNOT
MAINTAIN SUIT PRESSURE UNTIL DOCKING HAS BEEN COMPLETED. THE MISSION SHOULD
THEREFORE BE ABORTED IN ORDER TO AVOID PUSSIBLE DAMAGE TG THE CABIN SHELL AT
IOUCHQOWN,

{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 RETURN.

(5) RENDEZVOUS = SINCE A CSM RESCUE WOULD NOT SAVE TIMEs LOSS OF SUIT INTEGRITY
DURING THIS PHASE 1S NOT CAUSE FOR A CSM=ACTIVE RENDEZVOUS. OPS UNITS ARE
AVAILABLE SHOULD A CONTINGENCY SUCH AS LOSS OF CABIN INTEGRITY ARISE PURING THIS

PHASE«
MISSION REV | DATE SECTION GROUP PAGE
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ALTERNATE MISSION

DUE TO THE RISKS INVOLVEDs NO UNDOCKED ALTERNATE MISSION witL BE CONSIDERED AND
THE DOCKED ACTIVITIES SHOULD BE VERY LIMITED.

CABIN PRESSURE INTEGRITY

le 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 Q46 LB/HR»
THIS FLOW RATE WILL ALLOW A TOTAL METABOLIC 02 USE RATE OF 0417 LB/HR FOR A
MINIMUM OF & HOURS FROM THE ASCENT 02 TANKSs FOR DOCKED ACTIVITIES» THIS
WILL BE RELAXED TO A FLOW RATE OF & LB/HRs THIS FLOW RATE ALLOWS EITHER THE
CS5M REGULATORS QR A SINGLE LM DEMAND REGULATOR TO MAINTAIN CABIN PRESSURE
GREATER THAN 4¢& PSIA WITHIN CONSUMABLE LIMITATIONS .
2 GENERAL OPERATIQONAL IMPACT
THE LOSS OF CABIN PRESSURE INTEGRITY REQUIRES THAT SUIT LOOP INTEGRITY BE
MAINTAINED FOR CREW SAFETYs SHOULD THE SUIT LOOP INTEGRITY BE LOST» THE
CREW WOULD BE LOSTs SINCE THERE 15 A MARGINAL SUPPLY OF ASCENT 02 (2406 Las)
IN EACH OF TWO TANKS TO MAINTAIN CABIN OR sUIT PRESSURE DURING THE
RENDEZVQUS »
3 SPECIFIC OPERATIONAL IMPACT (REF MR 23=-2D1)
LAY  NOMINAL MISSION
(1) DOCKED = THE DOCKED PHASE WILL BE INITIATED AND/CR CONTINUED WITH A CABIN
LEAK RATE LESS THAN 6 LB/HRe EACH DEMAND REGULATOR CAN SUPPLY AN ADEWQUATE 02
FLOW UP TO 6475 LB/HR AT 950 PS5IA. AT THIS POINT 1IN THE TIMELINEs THERE I8
APPROXIMATELY 48 LBS OF 02 IN THE DESCENT TANK PROVIDING NORMAL LM
PRESSURIZATION FOR AT LEAST 8 HOURS. THE DOCKED PHASE CAN BE INITIATED WITH ONE
CREW MEMBER ON THE TRANSFER UMBILICAL» WITH A CABIN LEAK GREATER THAN 640 LE/HRs
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 CONDITIONS
{2) UNDOCKING TO PDI +5+30 -~ IN ORDER TO MAINTAIN THE DESCENT 02 SUPPLYs THE LM
SHOULD NOT BE COMMITTED TO STAGING. THE LM SHOULD ABORT AND DOCK ASAP TC REDUCE
THE CHANCE THAT A GROSS LOSS OF SUIT PRESSURE INTEGRITY MAY DEPLETE THE ONBOARD
02
{3) PDI +5+30 TO LO GATE = THE MISSION SHOULD. BE ABORTED TO AVOID RISKS OF
LANDING AND TO MINIMIZE THE RETURN TIME TQ THE CSMe
(4] LO GATE TO TOUGCHDOWN = THE MISSION SHOULD BE CONTINUED WITH AN APPARENT
CABIN LEAK RATE GREATER THAN Vs6 LB/HR BECAUSE IT CANNOT BE DEFINITELY ATTRIBUTED
TO A LOSS. OF CABIN SHELL JNTEGRITY fRELIEF VALVE POSSIBLY  CRACKING) PRIOR 10
TOUCHDOWN) DUE TO THE SHORT 'TiME  Period ' For  TroUBLESHOOTINGT ° “FURTHER, THE
POSSIBILITY OF DAMAGING THE SUIT LOOP AT TOUCHDOWN IS MINIMAL WHEN COMPARED WITH
THE POSSIBILITY OF DAMAGING THE CABIN STRWCTURE. 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 <SMs THE LUNAR STAY
WILL BE TERMINATED AT THE NEXT BEST OPPORTUNITY TO MINIMIZE THE TIME TO CSM
RETURN e .
{6) RENDEZVOUS = SINCE THE ASCENT 02 WlLL PERMIT AT LEAST & HRS OF CLOSED SUIT
LOOP OPERATION (SPEC SUIT LEAK PLUS CRECW CONSUMPTION Q.25 LB/HR)s AND THE CREW
CAN PERFORM ALL NECESSARY FUNCTIONS IN A HARDSUITs LOS5 OF CABIN INTEGRITY DURING
THIS PHASE wWOULD NOT BE CAUSE FOR CSM RESCUE. OPS UNITS ARE AVAILABLE SHOULD AN
02 CONTINGENCY ARISE DURING THIS PHASESs
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FANI(S)

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 H2Q0) TO ACTIVATE THE CAUTION AND WARNING

SYSTEM,
2 GENERAL OPERATIONAL IMPACT

FAILURE OF A SINGLE SUIT FAN IS5 NOT HAZARDOUS SINCE THE TWO LM SULT FANS ARE

REDUNDANTs FAILURE OF BOTH SUIT FANS MEANS LOSS OF THE CAPABILITY TO REMOVE

CO2 AND HUMIDITY FROM THE CABIN/SUIT ATMOSPHEREs

THE €02 BUILDUP IN THE HELMET 18 CRITICALy CAUSING UNACCEPTABLE LEVELS

WITHIN 1 TO 3 MINUTESs THEREFORE THE HELMET SHOULD BE REMOVED IMMEDIATELY

CO2 BUILDUP IN THE CABINs WHILE CRITICALs PERMITS APPROXIMATELY 4 HOUWRS OF

OPERATION WITHOUT CREW DEGRADATION.

3. SPECIFIC OPERATIONAL IMPACT (REF MR 23=~22)

(A} NOMINAL MISSION
{1) DOCKED - FAILURE OF A SINGLE FAN DOES NQT AFFECT THIS PHASE AS THE REDUNDANT
FAN CAN MEET PHYSIOLOGICAL REQUIREMENTS. THE LOSS OF BOTH FANS REWUIRES ONE
CREWMAN TG 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 1S CONSIDERED RELIABLE AND AN ACCEPTABLE BACKUP PROCEDURE
15 AVAILABLE FOR RENDEZVOUS IF IT SHOULD FAIL. IF THE REMAINING SUIT FAN FAILS»
AN ABORT WILL BE REQUIRED AND CABIN MODE OF OPERATION OR» EGRESS MODE WITH
DESCENT 02 PURGE USED TO PREVENT C02 BUILDUPs :
{3) PDI +5+30 TO LO GATE = AFTER PDI +5+30s THE DESCENT TANK CANNOCT BE RETAINED
FOR PURGING PURPOSES AND FOR A LO GATE TO TOUCHDOWN ABCRT» THE TIME TO DOCK IS 4
HOURSe THEREFOREs IF BOTH SUIT FANS FAILs LM WILL ABORT TO AVOID PQSSIBILITY OF
CABIN RUPTURE UPON LANDING (CREW LOS$S)e
(4) LO GATE TO TOUCHDOWN = THE MISSION WILL NOT BE ABORTED FOR LOSS OF BOTH SUIT
FANS SINCE RISK OF LANDING 1§ LESS THAN RISK OF ABURTING AT THIS POINT.
(5) LUNAR STAY ~ THE MISSION WILL BE CONTINUED WITH THE LOSS OF ONE SUIT FAN
SINCE AN ACCEPTABLE WORKAROUND 1S AVAILABLE SHOULD THE REMAINING FAN BE LOSTs
{6) RENDEZVOUS = WITH THE LOSS OF BOTH FANS» NOMINAL RENDEZVOUS ~ PROCEDURES
SHOULD_BE FOLLOWED WITH DOCKING OCGURRING ASARs, S .

(B) ALTERNATE MISSIONS
UNDOCK ING AND RENDEZVOUS = FAILURE OF ONE FAN DOES NOT PRECLUDE ANY ALTERNATE
MISSION WHICH ALLOWS RETENTION OF THE DESCENT 02 TANK (THROUGH DOCKING IF
NECESSARY) FOR 02 PURGE CAPABILITY. ALSOy A LOSS OF CABIN INTEGRITY Is LESS
LIKELY FOR ALTERNATES WHICH DO NOT SUBJECT THE LM STRUCTURE TO LANDING AND FITH.
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DEFINITION

A REGULATOR WILL BE CONSIDERED FAILED IF IT CANNOT MAINTAIN THE DESIRED
PRESSURE LEVEL IN EITHER AUTOMATIC (CABIN = 4e8 +/= 2 PSIA OR EGRESS = 3.8
/= #2 PSIA) MODE.

THIS FAILURE DOES NOT PRECLUDE MANUAL OPERATION (DIRECT OR CLOSEC) OF THE
AFFECTED REGULATORI{S!.

GENERAL OPERATIONAL IMPACT

THE PRIME FUNCTION OF THE TWD PARALLEL DEMAND REGULATORS 15 TO AUTOMATICALLY
PROVIDE 02 TO THE CREW AT SPECIFIED PRESSURES AND FLOW RATES AN OPEN
FAILURE OF A SINGLE REGULATOR (6475 LB/HR AT 950 PSIA) MAY BE COMPENSATED
FOR BY MANUALLY CLOSING THE REGULATORe HOWEVER» A FAILED CLOSED REGULATCR
MAY NOT BE DETECTED EXCEPT DURING SCHEDULED VICABIN'!  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 CASIN MAY BE !!BREATHED DOWN'!' FROM 540 TO 440
PSIA AND THEN REPRESSED TO 540 PSIA BY MANUALLY CYCLING EITHER OF THE DEMAND
REGULATORS OR THE CABIN REPRESSURIZATION VALVE. WITH NORMAL USAGE RATES
(0«25 LB/HR)» THIS MANUAL OPERATION 15 NECESSARY EVERY 5¢3 HOURS. WHEN
OPERATING IN THE EGRESS MODEs FAILURE OF BOTH DEMAND REGULATORS (OPEN OR
CLOSED) WILL REQUIRE THE CREw TO !''BREATHE DOwWN'' THE SUITS FROM 440 TO 33
PSIA AND MANUALLY REPRESS TO 440 PSIA USING A DEMAND REGULATORe WITH NORMAL
USAGE RATES»s THIS DECAY IN PRESSURE WILL TAKE APPROXIMATELY 6 MINUTES,

SPECIFIC OPERATIONAL IMPACT (REF MR 23-23)

(A}  NOMINAL MISSION

{1) DOGKED = A SINGLE REGULATOR CAN MEET ALL THE REWUIREMENTS FOR DOCKED
OPERATIONSs A LOSS OF BOTH REGULATORS SHOULD NOT RESTRICT OPERATIONS WITH HELMET
AND GLOVES OFFs LM DESCENT 02 AND CSM MAKEUP 02 1S AVAILABLE IN THE EVENT CABIN

INTEGRITY 1S LOST.

(25 UNDOCKING/THROUGH POI = A FAILURE OF ONE REGULATOR WILL NOT CONSTITUTE

ABORT BECAUSE THE REDUNDANT REGULATOR AND CABIN PRESSURE INTEGRITY ARE AVAILABLEs
FAILURE OF BOTH REGULATORSs THUS REWUIRING MANUAL CYCLING IS AN INEFFICIENT MEANS
OF SUPPLYING 02s WHICH COULD INTERFERE WITH CREW OPERATIONS AND THUS THE MISSION

SHOULD NOT BE CONTINUED.

(3] POWERED DESCENT - AFTER PRI 1T BECOMES DIFFICULT IF NOT IMPOSSIBLE

CONFIRM A DOUBLE REGULATOR CLOSED FAILURE BEFORE LANDING AS THE REGULATORS ARE IN
EGRESS AND THE CABIN PRESSURE DECAY WOULD BE INSIGNIFICANT AN OPEN FAILURE
CcOULD BE DETECTED BECAUSE OF THE HIGH 02 FLOW RATE (APPROXs EQUAL 10 7 LBS/HR!}s

WiTH EITHER OR BOTH REGULATORS FAILED CLOSED OR OPEN» MANWAL RECYCLING OF
VALVES IS REWUIREDs AT THIS TIME» HOWEVERs IT IS CONSIDERED OPTIMUM - TO FOLLOW

THE NOMINAL CREW TIMELINE AND CYCLE. THE VALVES AS REQUIREDT

{4) LUNAR STAY = ONCE LM HAS LANDED» THE REGULATORS MAY BE CYCLED BETWEEN CREW

TASKS IN ORDER TO MAINTALN CABIN PRESSUREs EVA'S WILL NOT BE PERFORMED SINCE
FAILURE TO REPRESS FORCES THE CREW TO CYCLE A DEMAND REGULATOR &VERY 2 TO
MINUTES FOR THE DURATICON OF THE LM MISSION

(5)  RENDEZVOWS = THE CREW TASK ASSOCIATED WITH CYCLING A VALVE TO COMPENSATE FOR
L0OS5S OF BOTH DEMAND REGULATORS wILL NOT PREVENT THE CREW FROM PERFORMING ALL

TASKS REQUIRED FOR LM=ACTIVE RENDEZVOUS.

(B) ALTERNATE MISSIONS

LOSS OF ONE REGULATOR WILL NOT PROHIBIT UNDOCKED/RENDEZVOUS ALTERNATE MISSIONS,
HOWEVERs FAILURE OF BGTH REGULATORS PROHIBITS UNDOCKED MISSIONS DUE TO HIGH CREW

WORKLOADS»
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DEFINITION

A H20 SEPARATOR WILL BE CONSIDERED LOST IF=== IT CANNOT BE STARTED [APPROX
1 MIN WHEN DRY)s RATE FALLS BELOW 800 RPM WHICH WILL TRIGGER THE CAUTICN
AND WARNING SYSTEMs OR BOTH SUIT FANS FAILs THEREBY TERMINATING THE 02 FLOW
TO THE TURBINE~OPERATED SEPARATORS.

GENERAL OPERATIONAL IMPACT OF LOSSIES)

THE TWO M20 SEPARATORS ARE REDUNDANT=== ONE H20 SEPARATOR WILL MAINTAIN
COMFORTABLE TEMPERATURE/HUMIDITY CONDITIONS FOR THE CREw INDEFINITELYs THE
LCGs OPERATING INDEPENDENTLY OF H20 SEPARATORSs CAN MAINTAIN A SAFE
CONDITION FOR THE CREW FOR AT LEAST 6 HOURSs NORMALLYs ONE 120 SEPARATOR
AND THE LCG OPERATE SIMULTANEOUSLYe IF BOTH H20 SEPARATORS PLUS THE LCG
FAILs THE ONLY COOLING FOR THE CREW 1S BY ©02 PURGE FLOW OF ABOUT 345
LB/HR/MANs THUSs THE DESCENT TANK COULD PROVIDE UP TO & HOURS BUT ASCENT
02 HAS ESSENTIALLY NO PURGE CAPABILITYs WITHOUT AGTIVE COOLINGs THE CREW'S
PHYSIOLOGICAL CONDITION DETERIORATES TO A CRITICAL LEVEL IN APPROXIMATELY 1
TO 1=1/2 HOURS IN THE PGA'Ss

SPECIFIC ORERATIONAL IMPACT (REF MR 23=24)

(A) NOMINAL MISSION

{1) DOCKED = A LOSS OF BOTH SEPARATORS AND THE LCG LOOP WILL ROT PREVENT DOCKED

OPERATIONS AS THE CREW NOMINALLY WILL BE PERFORMING TASKS IN THEIR CONSTANT

GARMENTSe ALSOs THE TEMPERATURE/HUMIDITY EFFECT ON THE INDIVIDUAL GRADUALLY

INCREASES AND ALLOWS SUFFICIENT NOTICE FOR THE CREW TO TRANSFER TO THE
UMBILICAL,.

(2] UNDOCKING TO PDI + 5+30 = ONE H20 SEPARATOR 1§ REQUIRED TO BE ABLE TO MEET
THE CREW COOLING REQUIREMENTS FOR A NOMINAL LUNAR SURFACE MIS5ION SHOULD BOTH

SEPARATORS BE LOST» THE MISSION SHOULD BE ABORTED SUCH THAT THE DESCENT 02
CAN BE RETAINEDs IN THE EVENT OF AN ABORT» FOR 02 PURGE BACKUP CAPABILITY

{3) PDI + 5+30 TO TOUCHDOWN = EVEN IF BOTH H20 SEPARATORS AND THE LCG ARE LOST»
LM WILL NOT ABORT POWERED DESCENTs SINCE THE DESCENT STAGE CANNOT BE RETAINED IF
LM ABORTSs THE CREW WOULD BE WITHOUT ACTIVE COOLING FOR 4 HOURS (NO 02 PURGE
CAPABILITY)e IF THE LM LANDEDs THE MAXIMUM THE CREW COULD BE WITHOUT COOLING

WOULD ALSO BE & HOURS SINCE THE DESCENT ©2 WILL PROVIDE PURGE COCLING WHILE

THE SURFACE. THEREFOREs THERE IS NO ADVANTAGE TO ABORTING FOR FAILURES OF WATER

SEPARATORS AND/OR THE LCG.

{4) LUNAR STAY = FOR CONTINUED LUNAR STAY, 1 SEPARATOR IS REQWUIRED IN ORDER THAT
THE HEAT REJECTION CAPACITY OF THE SYSTEM IS NOT LOSTe IN THE EVENT BOTH UNITS
FAIL» THE CREW SHOULD PURGE AS REGWUIRED WITH DESCENT 02 AND IF NECESSARYs
REPLENISH THE CABIN WITH DRY 02 JUST PRIOR TO LIFTOFF AT THE ~NEXT BEST
OPPORTUNLTYy THIS 1S_GONSIDERED 10O BE AN ACCEPTABLE WORKAROUND FOR CONTINUING THE

H1ss1oN Wit THE SINGLE POINT EATLURE CONDITION oF A SINGLE 'EPARATORG
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{51 RENDEZVOUS = THE LM WILL REMAIN ACTIVE AS LONG AS POSSIBLE FOR
RENDEZVOUS SINCE THE CREW TRAINING IS ORIENTED TOWARD THOSE PROCEDURES.

(B) ALTERNATE MISSIONS
NO UNDDCKED MISSION WILL BE CONSIDERED WITHOUT 1 OF 2 H2C SEPARATORS OPERABLE

02 TANKS

le

2

3.

DEFINITION (REF MR 23=2)
02 TANKS ARE CONSIDERED LOST [F===
(A) DESCENT 02 TANK

INABILITY TO TRANSFER 02 FROM DESCENT TANK OR  MSFN CONFIRMATION OF INADEW
DESCENT TANK PRESSURE WITH 02 MANIFOLD PRESSURE.

(B} ASCENT 02 TANK

{1) MSFN 'CONFIRMATION OF LOSS OF ASCENT TANK PRESSURE WITH 02 MANI
PRESSURE=~= OR

{21 IF UNSTAGED AND DESCENT TANK GREATER THAN 35 PERCENT» CREW CONFIRM LOSS
BALANCING ONE TANK AGAINST THE OTHER-= OR

THE

UATE

FOLD

BY

(3) IF (11 AND (2) CANNOT BE PERFORMEDs TANK IS ASSUMED LOST FOR LOSS OF ONBOARD

AND MSFN READOUTS

GENERAL OPERATIONAL IMPACT

A LOSS OF THE DESCENT TANK (48 LBS OF 02) PREVENTS EVA SINCE THE AMOUNT
REQUIRED FOR THE TWO REPRESSURIZATIONS (6455 LBS EACH!} CANNOT BE SUPPLIED
FROM THE ASCENT TANKSs SECONDLYs DESCENT TANK LOSS ELIMINATES THE
AVAILABILITY OF 02 FOR PURGING OPERATIONS {345 LBS/HR AT 500 BTU/MAN=HOUR) «

AN ASCENT TANK LOSS DEPLETES BY 50 PERCENT THE AMOUNT OF AVAILABLE 02 IN THE
ASCENT STAGE TANKS (4s12 FOR BOTH TANKS)s SINCE THE NORMAL RENDEZVOUS MAY
BE COMPLETED ON ONE ASCENT 02 TANK AND THE CABIN 02 MAY BE CUNSIDERED FOR
CONSUMABLE USAGEs A LOSS OF ONE TANK WILL NOT PREVENT A LUNAR LANDING.

SPECIFIC OPERATIONAL IMPACT (REF MR 23=25)
{A) NOMINAL MISSION

{1e} DOCKED/UNDOCKED/PRE=FPDI/POWERED DESCENT = THE MISSION WILL BE ABORTED
ANYTIME PRIOR TO PDI IF THE DESCENT 02 TANK IS LOST SINCE THE EVA MAYNOT
PERFORMED AND THERE IS LITTLE TQ GAIN FROM LANDING AND LIFTING OFF COMPARED
THE INHERENT RISKSe AFTER PDI» THE POWERED BURN WILL NOT BE ABORTED FOR LOSS
THE DESCENT TANKs THE MISSION MAY BE CONTINVED wITH THE LOSS OF ANY SI
ASCENT 02 TANK SINCE_THE TIME TO DOCKING IS WITHIN THE AMOUNT OF CONSUMABLES

AT
BE
10
oF
NGLE
THAT

Coulp BE CONTAINED WITHIN THE REMAINING ASCENT 02 TAnK AND THE CABIN 18 avatLasli
AS A BACKUPe SHOULD THERE BE A SUBSEQUENT LOSS OF AN D2 TANK PRIOR TO LO GATE»

THE REMAINING PRESSURE VESSEL (TANK OR CABIN) WOULD ONLY BE ABLE TO SUPPCR
4=HOUR RENDEZVOUS AND THE MISSION SHOULD BE ABORTEDs

AT LO GATEs THE LANDING WILL BE CONTINUED IF NO 02 TANKS ARE AVAILIABLE SINCE
HAZARDS INVOLVED WITH AN ABORT AT THAT POINT MAKE 1T IMPRACTICAL

ADDITIONALLY»s THE CABIN MAY BE USED FOR A MAXIMUM OF ¢ HOURS (AT 0s25 LB/HR)
PROVIDE METABOLIC AND CABIN LEAK REWUVIREMENTS BEFORE THE CABIN DECREASES TO
PSIA. ALL OF THE RATIONALE ARE BASED ON SPECIFICATION LEAK AND USAGE RATESs

{2+) LUNAR STAY/RENDEZVOUS = LUNAR STAY SHOULD BE TERMINATED AT THE NEXT
OPPORTUNITY SHOULD THE DESCENT 02 TANK BE LOST. LOSS OF THE DESCENT TANK DU
EVA WILL RESULT IN EITHER CLOSED SUIT LOOP LIFTOFF/RENDEZVOUS OPERATIGNS OF
USE OF THE OPS TO PRESSURIZE THE CABIN. A LOSS OF EITHER ASCENT 02 TANK A
LANDING WOULD NOT AFFECT LUNAR STAY OPERATIONS. IF SUBSEQUENTLY THE SE
ASCENT TANK WERE LOSTs THE DESCENT TANK (COULD SUPPLY METABOLIC AND LEA
REQUIREMENTS WUNTIL LIFTOFFe HOWEVERs THERE wiki BE NQ FURTHER C
DEPRESSURIZATIONS SINCE A FAILURE TO REPRESSURIZE wOULD LEAVE NO LM SQURCE OF
TO SUPPORT CLOSED SUIT LOOP OPERATIONSs AND PLSS OPERATIONS FOR RENDEZVOUS
HIGHLY UNDESIRABLEs DURING RENDEZVOUSs THE CABIN COULD BE BREATHED DOWN» OR
RETAINED AND RECHARGEDs THE PLSS UNITS COULD BE USEDs

T A
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COND
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DEFINITION (REF MR 23=2)

SUSTAINED GLYCOL TEMPERATURE EQUAL TO OR GREATER THAN 50 PEG F AND RISING
EACEPT DURING COOLANT LOOP STARTUP AND DRYOUT (SUBLIMATOR LOSTI OR GLYCOL
PUMP DELTA P EWUAL TO OR LESS THAN & PSID (CIRCULATION LOST) OR KNOWN LOSS
OF H20 FEED CAPABILITY TO THE SUBLIMATOR(S)e

GENERAL OPERATIQONAL IMPACT

L0S5 OF THE PRIMARY LOOP IS MORE SERIOUS THAN LOSS OF THE SECONPARY SINCE 17
COOLS MORE EQUIPMENT (E+Ge» PNGS! AND 1S DESIGNED WITH MORE BUILT=IN
REDUNDANCYe PNGS 1§ USUALLY CONSIDERED UNRELIABLE AFTER QFERATING ABOUT AN
HOUR WlTHOUT COOLINGs A5 WOULD BE THE CASE FOR A FAILURE OF THE PRIMARY
LOOPs LOSS OF EITHER LOOP IS CONSIDERED LOSS OF THERMAL CONTROL REDUNDANCY.
LOSS OF CREW COOLING IS THE MOST SERIQUS IMPACT OF LOSS OF BOTH LUUPS. 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 EUUIPMENT wILL BE CYCLED
AS REQUIRED FOR LIFE SUPPORTs COMMUNICATIONs AND GUIDANCE AND CONTROL 1IN
ORDER TG PERFORM A LM ACTIVE RENDEZVOUSs THE CREW MAY BE REUVIRED TO DOFF
PGA'S.

SPECIFIC OPERATIONAL IMPACT (REF MR 23-26)
tAl  NOMINAL MISSION

{1e) DOCKED =~ OPERATIONS DURING THIS PHASE PERMIT SUFFICIENT TIME FOR
INGRESS SHOULD THE SECOND LOOP FAilL.

{2+) UNDOCKING TO PDI = 1F THE PRIMARY COOLANT LOOP 1§ LUST» 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 1S NOT WARRANTED JUST BY

LOSS OF REDUNDANGY« LOSS OF BOTH LOOPS DOES NOT JUSTIFY AN - ABORT PRIOR TO
GATE SINCE RENDEZVOUS TIME 1S A MINIMUM AT THIS TIMEs WE WILL NOT ABORT FROM
GATE SINCE IT 1S MORE MAZARDOUS TO ABORT THAN TQ LANUDs HOWEVERs A T OR T2 A
WILL BE REQUIRED TO MINIMIZE HEATING TIME ON THE PGNSe LOSS OF BOTH LOCPS ON
LUNAR SURFACE REQUIRES A NEXT BEST OPPORTUNITY LIFTUFF TO MINIMIZE THE THE
EFF?CTS. SINGLE LOCP OPERATION 15 ACCEPTABLE [F THE BACKUP PROCEDURE
AVAILABLES

(4e) RENDEZVOUS =
(B) ALTERNATE MISSION
DOCKED OPERATIONS AND UNDOCKED MISSIONS WHICH NORMALLY REQUIRE NO MORE THA

2=HOUR MAXIMUM RETURN TO THE CSM MAY BE CONSIDERED FOR THE LOSS OF A 8§l
COOLANT (,OOP,

CREW
SION

NOT
THE
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THE
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NGLE
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H2Q0 FEEDPATHS

1l DEFINLITION
AN H20Q FEEDPATH 15 CONSIDERED LOST IF 1T CANNOT SUPPLY ENOUGH H2Q0 TO MEET
THE HEAT REJECTION DEMANDS OF THE SUBLIMATOR OR THE H20 REGULATOR({S) FalL
OPEN» CAUSING SUBLIMATCR BREAKTHROUGH
THE NOMINAL FAILURE MODE OF THE WATER REGULATORS IS FAIL OPEN.
2 GENERAL OPERATIONAL IMPACT
SINCE THE TWO PRIMARY H20 REGULATORS ARE SERIES REDUNDANT» FAILURE OF BOTH
REGULATORS IN THE OPEN POSITION wILL RESULT IN HIGH PRESSURE DOWNSTREAM OF
THE REGULATORSs CAUSING SUBLIMATOR BREAKTHROUGHe  FAILURE OF  EITHER
REGULATOR IN THE CLOSED POSITION WILL STOP THE FLOW OF WATER IN THE 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 IS TAKENs THE MISSICON MAY BE
CONTINUED ALTHOUGH TH1S REGULATOR IN THIS FEEDPATH IS A SINGLE POINT FAILURE
{CLOSED) FOR LOSS OF BOTH THE PRIMARY AND SECONDARY COOLANT LOOPSe A FAILED
QOPEN SECONDARY REGULATOR WILL RESULT IN LOSS OF ORNLY PRIMARY CUQLANT 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 MISSICN
{le) DOCKED = OPERATICNS DURING THIS PHASE PERMIT SUFFICIENT TIME FOR CREW
INGRESS SHOULD THE SECOND FEEDPATH FAlLe
{2e¢) UNDOCKING TO ' PDL = THE IMPACT ARD MISSION ACTION FOR LOSS OF THE PRIMARY H20
FEEDPATH 1S THE SAME AS FOR LOSS OF THE PRIMARY COOLANT LOOPs SEE COOLANT LQOPS.
{3.) PDI TO LO GATE AND LUNAR $TAY = LOSS OF REDUNDANCY DQES NOT JUSTIFY AN ABORT
AT THIS POINT NOR 15 A LIFTOFF IMMEDIATELY AFTER TOUCHDOWN WARRANTED s THE MISSION
WiLL BE CONTINUED IF ONE OF TWC EEEDPATHS 15 AVAILABLE WITHIN THE CONSUMABLE
CONSTRAINTSes SEE COOLANT LQOPS FOR RATIONALE SINCE LOSS OF BOTH H20 FEEPPATHS
CONSTITUTES L0SS OF COOLING.
{4e) RENDEZVOUS = LM HAS ALL RENDE2VOUS EQUIPMENT AVAILABLE BECAUSE BOTH THE
PRIMARY AND SECONDARY LOOPS ARE OPERABLE WITH EITHER THE PRIMARY OR SECONDARY
FEEOPATHe SEE COOLANT LOOPS FOR RATIONALE FOR LOSS OF BOTH H20 FEEDPATHS.
{8) ALTERNATE MISSION(S)
ANY MISSION WITH MORE THAN A 2 HOUR RETURN TIME TQ THE CSM I8 NOT ACCEPTABLE «
H20 TANKS
1. beFinNiTion IREF Mr 23<2)

HZO TANKS ARE CONSIDERED LOST [Fuwr

{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 TANKs

LQOP

TANK
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e it

23=1
CONT

2

3

GENERAL OPERATIONAL IMPACT

A LOSS OF THE DESCENT TANK PRIOR TO POl WILL ABORT THE LUNAR LANDINGs THE
DESCENT TANK HMAS 234 LBS USABLE H20 AND EACH ASCENT TANK CONTAINS 40 LBS
USABLE. AT THIS TIMEs AN APPROXIMATE AVERAGE USE RATE OF 6 LBS/HR MAY BE
ASSUMED FOR POWERED UP PHASES AND 4 LBS/MR FOR POWERED DOWN (LUNAR SURFACE)
PHASES.

ONE ASCENT TANK 1S5 REQUIRED TO CONTINUE THE MISSION THROUGH ALL PHASES.
HOWEVER»s IN ORDER TO OBTAIN A 6 HOUR LIFETIME ON A SINGLE ASCENT TANKy IT 18
QUITE PROBABLE THAT 1T WILL BE NECESSARY TO POWER DOWN SOME EQUIPMENT IN THE
LATER PART OF THE LM=ACTIVE RENDEZVOUSs SHOULD THE #H20 TANK BECOME
DEPLETEDs THE GLYCOL TEMPERATURE INGREASE WOULD APPROXIMATELY FOLLOW A
DRYOUT CURVEs IT 1S ESTIMATED THAT THE GLYCOL TEMP INTO THE LOW TEMP
ELECTRONICS AREA (PGNS) WOULD REACH 70 DEG F (PREDICTED EQUIPMENT LOSS) IN
60 MINUTESs THE SUIT INLET 02 TEMP WOULD REACH &5 DEG F {PERFORMANCE
DEGRADATION! IN 60 MINUTESs 1T IS AQDVISABLE TO DOFF THE SUIT TO INGREASE
THE TIME TO PERFORMANCE DEGRADATION BY ABQUT 180 MINUTESs

SPECIFIC OPERATIONAL IMPACT (REF MR 23~28)
{A) NOMINAL MISSION

{1s) UNDOCKING/CIRCULARIZATION/PRE-PDI = LOSS OF THE DESCENT TANK PRIOR TO POl
ABORTS THE LANDING MISSIONs THERE IS INSUFFICIENT H20 TO PERFORM AN EVA  AND

RENDEZVOUS FROM THE ASCENT TANKS.

LOSS OF AN ASCENT TANK DOES NOT ABORT THE LANDING SINCE FAILURE OF THE REMAINING

ASCENT TANK MAY BE CIRCUMVENTED WITH THE LOSS OF ALL COOLING PROCEDURE
COOLANT LOOPS PROCEDURE) .

{2¢) PDI TO LO GATE = LM SHOULD NOT ABORT FOR LOSS OF ANY SINGLE H20 TANKs

HOWEVERs THE LM MUST HAVE 2 OF 3 H20 TANKS TO CONTINUE TO LAND 7O 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 MOURS RENDEZVOQUS WITHOUT H20e WITH FAILURE

OF THE DESCENT TANK» THE FULL REMAINING ASCENT TANK HAS A 6=HOUR CAPABILITY
PERMIT LUNAR STAY TO ALLOW AN IN=PHASE LIFTOFF AND A 4=HOUR RENDEZVOUS.

{3s+) LO GATE TO TOUCHDPOWN = THE LM WILL NOT BE ABORTED DURING THIS PHASE FOR LOSS
OF ALL H20 TANKSs HOWEVERs IF ALL H20 TANKS ARE LOSTs LM SHOULD LIFTOFF

IMMEDIATELY AFTER TOQUCHDOWN TO HAVE PGNS AND AGS FOR ASCENTs

(4+) LUNAR STAY = OBVIOUSLYs THE DESCENT TANK 1S REQUIRED TO CONTINUE LUNAR STAY
BEYOND THE NEXT BEST OPPORTUNITY LIFTOFF. FAILURE OF BOTH ASCENT H20 TANKS
REQUIRES LIFTOFF AT THE NEXT BEST OPPURTUNITY SINCE CONTINUING THE MISSION
INCREASES THE POSSIBILITY OF LOSING THE DESCENT TANK FORCING ASCENT PREPARATION

AS WELL AS THE RENDEZVOUSs WITHOUT ANY COOLING.

{5} RENDEZVOUS = LM WILL REMAIN ACTIVE AS LONG AS POSSIBLE. THE CREW MAY
REWUIRED TO DOFF THEIR PGA'S IF THE THERMAL CONDITIONS BECOME UNAGCEPTABLE.
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23=2 NQ RATIONALE REQUIRED
23-3 NO RATIONALE REQUIRED
23=4 NO RATIONALE REQUIRED
23-5 NO RATIONALE REQUIRED
23=6 NGO RATIONALE REQUIRED
¥
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23~10

23=11

23~12

23~13

23=20
23=21
23=22
23=23
23=24
23’25
23m24
23=27
2328

DELETED

ASCENT 02 TANK RECHARGE

IF EITHER ASCENT Q2 TANK IS EQUAL TO OR LESS THAN §5 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=w= DESCENT 2730 PS51A (100 PERCENT) ARD EBACH ASCENT
TANK 1§ 8854 PSIA (100 PERCENT}e AN ONBOARD-DESCENT 02 READING OF 35 PERCENT (920 PSIA) WILL
INDICATE SUFFICIENT DESCENT 02 TANK PRESSURE TO FlLL THE ASCENT 02 TANKSs THE TRANSFER &$HOULD

BE ACCOMPLISHED CLOSE TO STAGING IN ORDER TO AVOID WASTING DESCENT 02 BY HAVING TO REPLENISH THE
ASCENT TANKS MORE THAN ONCE AND TO MAXIMIZE THE QUANTITY IN THE ASCENT TANKS FOLLOWING STAGING.

PLSS FILL VALVE MANAGEMENT

THE PLSS FILL VALVE WILL BE CLOSED EXCEPT FOR REPRESSURIZING THE PLSS AND FOR MSFN REQUESTED
READOUTS QF THE 02 MANIFOLD PRESSUREe

THE PLSS FILL VALVE WILL NOMINALLY BE KEPT CLOSED SINCE THIS VALVE IS A BACKUP TO THE dulcK
DISCONNECT ON THE END OF THE PLSS FILL HOSE (MINIMIZES THE CHANCE OF AN 02 LEAK INTO THE CABIN).

02 USAGE MANAGEMENT

CREW WILL GO TO EGRESS MODE IF INSUFFICIENT 02 15 AVAILABLE TO MAINTAIN CABIN PRESSURE FOR THE
REWUIRED TIMEs ADDITIONALLYs A MISSION PHASE WlLk NOT BE INITIATED IF THIS CONDITION <CAN BE
ANTICIPATED.

MAINTAINING CABIN PRESSURE DOUBLES THME 02 USAGE RATE. IF THE 02 SUPPLY 1S 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 15 AUTOMATICALLY ISOLATED FROM THE CABIN. THIS MAXIMIZES 7Tne 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~}
REFERENCE RATIONALE FOR MR 23-1
REFERENGE RATIONALE Fok MR 3481
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 DAMAGE. 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 INCLUDING DECOMPRESSING THE CABIN. 1F
UNABLE TO CLEAR THE CONTAMINATION AND IT AFFECTS CONTINVEDR SAFE CREW OPERATIONSs THE MISSION MAY
BE TERMINATED EARLYs

GLYCOL COOLANT LEAK

OBSERVED FLUID 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
CABINs THE SUIT LOOP SHOULD BE CONFIGURED T0 THE EGRESS MODE AND ISOLATED FROM THE CABIN IF IN
THE SUIT» THE CREW SHOULD DISCONNECT FROM THE SUIT LOOP AND QPERATE STRICTLY ON THE CABINs
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24=2

24=3

LM GUIDANCE AND CONTROL

NO RATIONALE REWUIRED
MU

As IRIG BAIS UPDATES WILL BE ACCOMPLISHED WHEN GYPO DRIFT IS GREATER THAN OR EQUAL TO +/- 075
DEG/HR (5 MERUI.

FIVE MERU REPRESENTS A CUTOFF POINT BELOW WHICH THE BAIS CALCULATION 1S AFFECTED BY ALIGNMENT
INACCURACIES TO THE POINT WHERE AN UPDATE MAY ACTUALLY INCREASE IRIG DRIFT.

Be THE PGNS WILL B8E CONSIDERED NO~GO WITH A GYRO DRIFT GREATER THAN OR EWUAL TO +/= 1.5 DEG/HR
{ 100 MERU)s THE MAXIMUM ALLOWABLE VALUE WITHIN THE LGC IS +/= 1493 DEG/HR (l2& MERUY e

A GYRO DRIFT OFV1.5 DEG/HMR 1S CONSIDERED NO=GO SINCE A DRIFT RATE THIS HIGH REPRESENTS SeRIOUS
HARDWARE PRUBLEMS WITHIN THE IMUs REFERENCE MIT/IL STG MEMO 1256.

Co PIPA BIAS UPDATES WILL BE ACCOMPLISHED AS FOLLOWS===
le NO BIAS UPDATES WILL BE ACCOMPLISHED PRIOR TC 30 MIN OF IMU OPERATION.

THIRTY MINUTES 15 ALLOWED FOR PIPA TEMPERATURE STABLIZATION. REFERENCE
MIT/IL 5TG MEMO 1347,

24 INITIAL BIAS UPDATES WILL BE ACCOMPLISHED IF THE DELTA BIAS IS GREATER THAN
OR EGUAL TGO +7= De03 CM/SEC/SEC AND SUBSEQUENT UPDATES WILL BE ACCOMPLISHED
IF THE DELTA BIAS IS GREATER THAN OR EWUAL TQ +/= Oe¢l CM/SEC/SECe BOTH MIT
AND G&C DIVISION AGREED IN DATA PRIORITY MEETINGS TO UPDATE THE PIPA BIAS
REGARDLESS OF MOW SMALL THE CALCULATED VALUE MIGHT HAVE BEEN DUE TO THE
METHOD OF CALCULATION AND THE GRANULARITY TO THE PIPA READOUT (+/= QCal
CM/SEC/SEC)» A DELTA BIAS OF 0.03 CM/SEC/SEC WAS CHOSEN FOR AN INITIAL
UPDATE VALUE3s AND Ol CM/SEC/SEC FOR SUBSEWUENT UPDATES.

3. PIPA BIAS WILL NOT BE UPDATED WHILE THE LM IS ON THE LUNAR SURFACE.

NO ATTEMPT WILL BE MADE TO UPDATE PIPA BIAS WHILE ON THE LUNAR SURFACE DUE
TO THE UNCERTAINTY OF BIAS DETERMINATION IN A GRAVITY ENVIRONMENTe HOWEVER»
THE CALCULATED BIAS WILL BE EXTRAPOLATED FROM THE TIME OF LIFTOFF TO
INSERTION TO DETERMINE [F GUIDANCE SWITCH=OVER LIMITS wILL BE VIOLATED.

De THE PGN5S WILL BE CONSIDERED NO=GO IF THE PIPA BIAS EXCEEDS +/=~ 5406 CM/SEC/SECI.166
ET/SEC/SEC)e THE MAXIMUM LOAD VALUE WITHIN THE LGC [§ +/= 1245 CM/SEC/SECs THE MIT RECOMMENDEL
VALUE FOR A FAILED PIPA IS +/= 5,06 CM/SEC/SEC. REFERENCE MIT/IL S5TG MEMO 12564
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24=4

LGC

As

Be

Ce

A MASS UPDATE IS REWUIRED IF THE DIFFERENCE BETWEEN GROUND CALCULATION AND LGC VALVE IS
MORE THAN 200 LBS.

IF THE LGC CALCULATED MASS 1S 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 FUELs CONVERSELY IF LGC MASS IS LESS THAN THE ACTUAL
MASSs THE VEHICLE BEHAVES SLUGGISHLY SINCE THE DAP ASSUMES 1T HAS A LIGHT VEHICLEe IF THE
ERROR IS NOT TOO GREATs NO FUEL PENALTY RESULTSe HOWEVERs IF THE ERROR IS LARGE ENOUGH THE
DAP WILL RESPOND WITH NUMEROUS JET FIRINGS IN ATTEMPTING TO OVERCOME THE SLUGGISHNESS CF
THE VEHIGLEs I[N THIS CASE A FUEL PENALTY MAY BE REALIZEDs

ALL +/= {U=y) JETS WILL BE INHIBITED VIA V&5 DURING DOCKED OPS BURNSe

DUE TO RCS PLUME IMPINGEMENT CONSTRAINTS ON BOTH THE CSM AND LM (REF MRR 27=251s THE LM
VERTICAL FIRING JETS (+/=X} MUST BE INHIBITED VIA ve5 DURING DOCKED DPS BURNSs V65
INHIBITS ONLY THOSE FIRINGS CAUSING ROTATIONS ONCE THE BURN BEGINSe ULLAGE IS NOT AFFECTED
8Y THIS VERB AND WILL BE HONORED NOMINALLYs NCORMAL DAP ATTITUDE CONTROL WILL RESUME AT THE
TIME AN ENGINE SHUTDOWN HAS BEEN COMMANDED BY THE LGCs

DURING DOCKED MANEUVERSs DPS GIMBAL TRIMMING MUST BE DONE AT GREATER THAN 35 PERCENT
THROTTLE IN THE AUTO THROTTLE MODEe THE RECOMMENDED SETTING 1S 40 PERCENT.

IN THE DOCKED DPS BURN» AT 10 PERCENT THROTTLEs THE DAP CANNOT CALCULATE SMALL OFFSET
ACCELERATIONS NEEDED TO DRIVE THE ENGINE THRUST VECTOR THROUGH THE COMBINED CG OF THE TwoO
VEHICLESe BECAUSE OF THE LARGE INERTIA OF THE DOLKED COMBINATIONs A MUCH GREATER THRUST IS
NEEDED TO INCREASE THE DAP'S SENSITIVITY TO OFFSET ACCELERATIONSs FOR THIS PURPOSEs A 40
PERCENT THROTTLE SETTING 1S RECOMMENDEDs THROTTLE SETTINGS OF GREATER THAN 35 PERCENT HAVE
PROVIDED SATISFACTORY THRUST VECTOR ALIGNMENTs THE THROTTLE INCREASE SHOULD BE APPLIED
MANUALLY YIA THE CREW TTCA WITH THE THROTTLE CONTROL IN THE AUTO THROTTLE MODE. THE AUTO
THROTTLE MODE MUST BE USED SUCH THAT THE LGC CAN COMMAND 100 PERCENT THROTTLE AT TIG PLUS
26 SECONDSe IF THE MANUAL THROTTLE POSITION WERE USED IN THIS PROCEDUREy 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 LGCs

MISSION REV | DATE SECTION GROUP PAGE

APOLLO 14]FNL |12/15/70] LM SYSTEMS LM G&C

=44




NASA - Manned Spacecraft Center

MISSION RULES
SECTION 6 = LM SYSTEMS

ITEM

24=6

RENDEZVOUS RADAR

As

Bs

Ce

De

E.

Fa

THE RR MUST NOT BE USED TO TRACK CSM TRANSPONDER UNTIL 245 HOURS AFTER OPERATE HEATER
ACTIVATION AND ANTENNA TEMPERATURE (HPM) 1S GREATER THAN OR EQUAL TO 10 QEG F AND THE GYRO
PACKAGE 1S ESTIMATED TO BE GREATER THAN OR EQUAL TO 15 DEG F.

OPERATING THE RR AT TEMPERATURES LESS THAN THOSE LISTED IN THE ABOVE RULE MAY RESULT IN
DEGRADED RR PERFORMANCE AND POSSIBLE UNRECOVERABLE DAMAGE. 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 CONSTRAINTSs IT IS ESTIMATED THAT WORST CASE CONDITIONS WOULD REQUIRE A 2e5 HOUR
WARMUP PERIODs (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 Fa

OPERATING THE RR AT TEMPERATURES EXCEEDING THOSE LISTED ABOVE MAY RESULT IN DEGRADED RR
PERFORMANCE AND UNRECOVERABLE DAMAGE 1O THE HPM AND GYRC PACKAGEs EXTREME CARE SHOULD B8E
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 CONSTRAINT S

IF IT 1S ESTIMATED THAT THE RR GYRO PACKAGE WILL EXCEED 200 DEG F (HPM APPROX. 135 CEG F)
PRIOR TG COMPLETION OF THE BRAKING PHASEs THE RR SHOULD BE TURNED OFF UNTIL REQUIRED FOR
TPl AND BRAKINGe

TPI AND BRAKING ARE THE MOST CRITICAL PHASES OF THE RENDEZVOUSs RR OPERATION IS MANDATORY
DURING THIS PERIOD, THEREFORE, RR OPERATION PRIOR TO CSI AND COHM WILL BE DELETED IN OQRDER
TC ASSURE RR TEMPERATURES LOW ENOUGH TO SUPPORT TRI AND BRAKING.

IF THE ESTIMATED GYRO PACKAGE TEMP SHOULD EXCEED 200 DEG F (HPM APPROX. 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 1S REMOVED WHEN THE GYRQ PACKAGE
EXCEEDS 200 DEG F» 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 IS5 NOT NEEDEDs

EXCEEDING THE NOMINAL TEMPERATURE PROFILE BY 15 DEG F INDICATES OVERHEATING THAT MAY CAUSE
RADAR KEDLINES ON THE GYRQO PACKAGE TO BE EXCEEDED AT A LATER TIMEs THE 15 DEG RULE 15
CONSIDERED A TEMPERATURE MANAGEMENT RULE HELPFUL AS AN INDICATOR THAT THE RR SHOULD BE
TURNED OFF WHEN NOT NEEDED.

IF THE RR OVEN HEATERS ARE TURNED OFF {BOTH THE PGNS=== RNDZ RDR AND HEATERS=-- RNDZ  RDR
OPR OPEN) RR RANGE DATA MUST NOT BE USED UNTIL 17 MIN AFTER RE~ENERGIZING) ASSUMING THE
OVEN TEMP HAS DROPPED TQ THE (OLD 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 APPROXs 35 DEG Fe

LANDING RADAR

Ae

Be

THE LR SHOULD NOT NORMALLY BE OPERATED AT AN ANTENNA TEMP LESS THAN + 50 DEG Fe HOWEVERs
THE LWNAR LANDING MISSION WILL BE ATTEMPTED IF THE ANTENNA TEMP IS ABOVE THE CRITICAL LIMIT
OF -1% DEG F }HARDHARE PAMAGE)J- \ . . R .

PDI WILL BE INITIATED BELOW THE 50 DEG F VALUE IN THE HOPE THAT AT ALTITUDES WHERE LR DATA
IS REQUIRED THE ANTENNA WILL BE UP TO OPERATING TEMPERATURE.

LR ACTIVATION WILL BE DELAYED If THE LR TEMP IS PREDICTED O BE GREATER THAN 145 DEG F AT
PDI+8+430 {HIGATE!.

BASED ON THE FACT THAT THE LR MUST BE LOCKED ON AND CONVERGED BY 10,000 FT (THAT IS» NOT
MANDATORY AFTER HIGATE)s THE PREDICTED OR ACTUAL TEMP RISE RATE CAN BE USED 7O DETERMINE
HOW LONG BEFORE PDI+8+30 THE LR CAN BE TURNED ON SO AS NOT To EXCEED 145 DEG F BY HIGATE.
BEYOND 145 DEG Fy LR OPERATION IS WUESTIONABLE.
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AGS

Ae

Be

Ce

THE AGS 15 DECLARED NO=GO DURING A GYRO AND ACCELEROMETER CALIBRATION IF THE GYRQ DRIFT
CHANGE 15 GREATER THAN 2400 DEG/HR AND IF THE ACCELEROMETER BIAS CHANGE 15 GREATER THAN
0.039 FT/SECZ FROM THE VALUE AT THE START OF THE CALIBRATIONe

THE ACCEPTABLE BOUNDS ON GYRO DRIFT AND ACCELERCMETER BIAS SHIFTSs WHICH CAN OCCUR BETWEEN
TWO SUCCESSIVE CALIBRATIONS» ARE GIVEN IN TABLE 171 OF LM/AGS OPERATING MANUAL.

THE AGS CAN BE USED TO PERFORM DOGCKED 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 VSED TO PERFORM A DOCKED BURN.

SIMULATION RUNS HAVE SHOWN THAT THE DOCKED DPS BURN CAN BE PERFORMED WITH THE LOSS CQF
THRUST VECTOR CONTROL WITHOUT EXCEEDING THE RCS IMPINGEMENT CONSTRAINTS BY SWITCHING TO AGS
PULSE MODE OF OPERATION AND CONTROLLING THE VEHICLE VIA THE TTCAs RECENT TESTS PERFORMED
ON A LM DOCKED 7O A CSM HAVE SHOWN THAT THE NATURAL BENDING FREWUENCY OF THE DOCKING CONE
15 BETWEEN TWO AND THREE CYCLES PER SECONDs THESE TESTS MAVE ALSU SHOWN THAT THE DOCKING
CONE CAN WITHSTAND THE FORCES RESULTING FROM TRANSLATION MANEUVERS AS LONG AS THE
TRANSLATIONS ARE NOT PULSED AT THE NATURAL BENDING FREQUENCY. THE LM CREW HAS BEEN ADVISED
OF THIS AND SAID THAT PROCEDURALLY THEY WOULD NEVER HIT THAT FREWUENCY« IF THE LM IS YAWED
TO ALIGN THE VEHICLES CaGe'S IN THE DOCKED APS CONFIGURATIONs ATTITUDE CONTROL VIA TTCA HAS
PROVED IN SIMULATIONS TO BE AN ACCEPTABLE MODE.
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24=21

24%22

LOSS OF GUIDANCE STEERING
Ae QPERATIONAL AGS

AGS GUIDANCE STEERING 1S NOT REWUIRED FOR ALL PHASES OF THIS MISSION BECAUSE
IT CANNOT STEER THE LM ALONG THE REWVIRED POWERED DESCENT TRAJECTURY.

Ba OPERAT[ONAL PGNS
DUCKED/UNDOCKEDy PRE=PDIs» POWERED DESCENT PRIOR TO HIGATE

PGNS GUIDANCE STEERING UTILIZING AN OPERATIONAL PGNS IS REGUIRED TO HIGATE
TO STEER THE LM EITHER AUTOMATICALLY (PGNS AUTOQ! OR MANUALLY (PGNS RATE
CUMMAND) ALONG THE DESCENT TRAJECTORY.

POWERED DESCENT AFTER HIGATE

AFTER HIGATE QUT=THE=WINCOW AND ONBOARD CUES SHOULD BE SUFFICIENT FOR THE
CREW TO MANUALLY STEER THE LM TO TOUCHDOWN AND THEREFURE GUIDANCE STEERING
1§ NOT REQUIRED. LANDING ENABLES THE CREW TO USE STANDARD PROCEDURES AND
ALLOWS ADDITIONAL TIME TO RESOLVE THE PROBLEM.

LUNAR STAY

ON THE LUNAR SURFACE A LOSS OF PGNS GUIDANCE STEERING THAT DOES NOT  AFFECT
REDUNDANT 3-AXI$ ATTITUDE <CONTROL 15 NOT CAUSE FOR AN ASCENT SINCE AGS
GUIDANCE STEERING IS STILL AVAILABLE. .

RENDEZVOUS

SINCE THE MAJORITY OF CREW TRAINING 1S WITH A LM ACTIVE RENDEZVOUS AND TO
CONSERVE CSM CONSUMABLES THE AGS WIlLL BE USED TO PERFORM A LM ACTIVE
RENDEZVOUS 1F THE PGNS FAILS.

LOSS OF FDAI FUNCTIONS { ATT» RATESs ERRORS)

THE FDAI IS A CREW METHOD FOR MONITORING. ATTITUDESs RATESs AND ATTITUDE ERRURS DURING CRITICAL
PHASES OF THE MI1$SION== THEREFOREs CONTINUATION OF THE MISSION IS A CREW OPTIONs AFTER HIGATE»
OUT=THE=WINDOW CUES ARE ACCEPTABLE FOR LANDINGs AFTER LANDINGs NOTHING IS8 -GAINED BY AN EARLY
LIFTOFFe THE LM ACTIVE RENDEZVOUS IS POSSIBLE USING THE DSKY ATTITUDE READOUTS.

LOSS OF AOT

SINCE ACCEPTABLE METHODS (0.05 DEG ALIGNMENT ACCURACY) HAVE BEEN DEVELOPED TO FINE ALIGN AND
ALSO DETERMINE THE DRIFT OF THE LM IMU WHILE DOCKED WITH THE CSM (SIMULTANEOVUS SETS OF LM/CSM
CDU ANGLES?)s THE AOT IS NO LONGER REWUIRED TO OBTAIN THE MANDATORY FINE ALIGNMENT PRIOR TO PDIl.
ON THE LUNAR SURFACE A GRAVITY ALIGNMENT 1S ADEQUATE FOR LIFTUFFy AND A RENDEZVOUS CAN BE
ACCOMPLISHED WITH AN ADEWUATE DEGREE OF AGCURACY USING THE RR FOLLOWING A LUNAR SURFACE
AL IGNMENT
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24=23

24=24

LOSS

A

LOSS

OF RENGEZVOUS RADARIVH# RANGING/OPTICAL TRACKING

LOS5 OF ANY ONE

AlLL PHASES

TWO LM=CSM TRACKING SYSTEMS ARE CONSIDERED SUFFIGIENT TO ASSURE A SAFE RENDEZVOUS.

LOSS OF ANY TWO

DOCKED/UNDOCKED/PRE PDI=A SINGLE POINT FAILURE COULD CAUSE A L0SS OF THE REMAINING ONBOARD
TRACKING SYSTEMs SERIOUSLY JEOPARDIZING THE SUCCESS OF THE RENDEZVOUS PHASE. ALSO GROUND
TRACKING CAN BE USED TU BACKUP THE NORMAL RENDEZVOUS WHEREAS NO GROUND HELP IS AVAILIABLE
FOR THE SHORT RENDEZVOUSe

ALL OTHERS

AFTER PPl THE LM IS COMMITTED TO A RENDEZVOUS» THEREFORE THE SURFACE PHASE 15 COUNTINUED»
RELYING ON GROUND TRACKING AS A BACKUP TO THE REMAINING TRACKING SYSTEMs

OF LANDING RADAR
DOCKED/UNDOCKEDs PRE~PDI

PRIOR TO INITIATING THE POWERED DESCENTs THE MISSION WOULD NOT BE CONTINUED wlTr THE LOSS
OF THE LR SINCE LR DATA Is ESSENTIAL FOR STATE VECTOR UPDATINGe THE LOSS IN THIS CASE Is
ASSUMED TO BE SOME CLEAR CUT TOTAL LOSS SUCH AS CIRCUIT BREAKER FAILURE TO STAY iNe

POWERED DESCENT PRIOR TO ADEQUATE ALTITUDE UPDATING OF LM STATE VECTORS

THE CURRENT MISSION RULE ASSUMES A REGQUIREMENT FOR MAINTAING 3 SIGMA PGNS PERFORMANCE WITH
A MAXIMUM ALTITUDE DISPERSIONS BEING CORRECTED BY LR UPDATESs IN THIS CASE PGNS DELTA H
CONVERGENCE PRIOR TO SOME MINIMUM ALTITUDE IS REWUIRED TO PREVENT PGNS TRAJECTORY
DISPERSIONS FROM CAUSING IMPACT WITH THE MOON.

POWERED DESCENT AFTER ADEQUATE ALTITUDE UPDATING OF LM STATE VECTORS
UPON THE DECISION BY GUIDO THAT ADEQUATE WUPDATING OF THE LM STATE vECTORS HAS BEEN

ACCOMPLISHMEDs THE REMAINDER OF THE LUNAR DESCENT CAN BE ACCOMPLISHED ON STATE VECTUR  DATA
ALONE «
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24=28

LOSS OF REOWNDANT 3=AXIS ATTITUDE CONTROL

DOCKED/UNDOCKED» PRE=PD1+ POWERED DESCENT PRIOR TO HIGH GATE

SINCE PGNS AUTO/RATE GMD AND AGS RATE CMD ARE THE ONLY ACCEPTABLE CONTROL MODES FOR PDls LOSS OF
EITHER CONSTITUTES A 0SS OF REDUNDANCYs REDUNDANCY 1S MANDATORY SINGE THERE ARE MANY SINGLE
FAILURES THAT CAN CAUSE LOSS OF EITHER MOQDEa

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 PROBLEMe

LUNAR STAY AND RENDEZVOUS

ON THE LUNAR SURFACE THE LOSS OF EITHER PGNS AUTO/RATE CMD OR AGS AUTO/RATE CMD WILL BE <CAUSE
FOR AN ASCENT AT THE NEXT BEST OPPORTUNITY SINCE FURTHER SYSTEMS DEGRADATION CAN CAUSE LOSS OF
ALL ATTITUDE CONTROL RECOMMENDED FOR ASCENT. DURING RENDEZVOUS OTHER MODES OF ATTITUDE <CONTROL
BECOME ACCEPTABLE AND THE MISSION CAN BE CONTINUEDs
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24=29

LOSS OF TRANSLATION CAPABILITY

A

Ba

AUTOMATIC ULLAGE {(+X)

AUTOMATIC ULLAGE 15 CAUSED BY THE LGC ISSUING APPROPRIATE JET=ON COMMANDS 7O THE PGN§
ASSOCIATED CES HARDWAREs A FAILURE OF AUTOMATIC ULLAGE COULD THEREFORE BE CAUSED BY EITHER
AN LGC/LGC INTERFACE OR A CES MALFUNCTIONe IF AN AUTOMATIC ULLAGE FAILURE OCCURSys THE CREW
WILL MANUALLY ULLAGE WITH THE +X TRANSL P«B. TO SATISFY THE CONSTRAINT OF HAVING ULLAGE TO
START A DPS BURNe SINCE THE USE OF THE PeBe DOES NUT ENTAIL WUSING ANY AUTOMATIC ULLAGE
CIRCUITSs A SINGLE FAILURE IN AUTOMATIC ULLAGE WILL NOT INHIBIT OR AFFECT THE MANUAL
ULLAGEs THUS THE ULLAGE REQUIREMENT WILL BE SATISFIEDs BEGCAUSE THE NORMALLY SHORT ULLAGE
TIME (8 SECONDS! DOESN'T ALLOW FOR A SUBSTANTIAL AMOUNT OF TROUBLESHOOTINGs A SECONDARY
INDICATION OF FAULT 18 NECESSARY TO ISOLATE THE MALFUNCTIONe THAT SECONDARY INOICATION IS
THE AUTOMATIC START OF THE DPSe IF THE DPS STARTS AUTOMATICALLY» THE LGC IS ASSUMED 70 BE
OPERATING NOMIALLY SINCE THE PROBABILITY OF CHANNEL BITS (leEes ULLAGFLG OR A +X JET=ON
COMMAND] FAILING 1S EXTREMELY LOWe HOWEVER)» A TEST OF REDUNDANT 3=AX1S ATTITUDE CONTROL MAY
BE MADE DURING THE FTP PORTION OF PDI TO INSURE PGNS 3=AXI$ ATTITUDE CONTROLs THUS» IF
NECESSARY» A PGNS ASSOCIATED CES HARDWARE FAILURE WILL BE DETECTEDs IF THE AUTOMATIC START
DOES NOT OCCURs A WORST CASE ASSUMPTION 15 MADE (IeEss THE LGC HAS LOST ITS ABILITY TO
CONTROL MAJOR FLIGHT FUNCTIONS)s THUSs THIS SECONDARY FAILURE CONSTITUTES A NO=GO FOR PDI
ON THE BASIS OF LGC CONTROL FAILURES.

3=AX1S TRANSLATION

THREE AXIS TRANSLATION 1§ REQUIRED PRIOR TO CIRC TO MAINTAIN SYSTEMS INTEGRITY BECAUSE A
DOUBLE FAILURE IN NECESSARY TO VIOLATE THE LM'S BASIC 3«AXIS TRANSLATION REDUNDANCYs AFTER
CIRCy THE VEHICLE IS IN A SLTUATION WHERE IT MUST PERFORM A RENDEZVOUWS=== THEREFQREs IT I8
NO EAISER TO PERFORM A RENDEZVOUS FROM THE CURRENT ORBIT THAN FROM THE LUNAR SURFACEs THUS
AFTER CIRCy CONTINUE MISSION 15 THE APPROPRIATE ACTION. AFTER INSERTIONs THE LM CAN PERFORM
THE DIRECT RENDEZVOUS AS LONG AS IT CAN PERFORM THE TWEAK BURN AND TPIe TO 00 THIS» THE LM
MUST HAVE X TRANSLATION CAPABILITY. FOR TPFs IT IS NECESSARY THAT THE CREW EVALUATE THE
LOSS OF TRANSLATION IN REAL TIMEs THUSs THE ACTION I3 TO CONTINUE MISSIONe
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LOSS OF PITCH OR ROLL GDA

THE LOSS OF PITCH OR ROLL GDA (THRUST VECTOR CONTROL} WOULD CAUSE AN ABORT ONLY IF EXCESSIVE
IMP INGEMENT OR LOSS OF ATTITUDE CONTROL COULD RESULT.

LOSS OF REDUNDANT ASCENT ENGINE ON CAPABILITY

A REDUNDANT METHOD OF MAINTAINING THE ASCENT ENGINE ON 1S NECESSARY TO INSURE CREW SAFETY. THE
TWO METHODS WHICH CONSTITUTE THE NECESSARY REDUNDANCY ARE AUTO START AND ENGINE START OVERRIDEs
IF A FAILURE OCCURS AFFECTING EITHER METHOD AND IF THERE 1S AVAILABLE TIME» TROUBLE SHOOTING
PROCEDURES WILL BE IMPLEMENTED TO DETERMINE APS STARY REDUNDANCYs PRIOR TO PDI  THE <CONFIRMED
LOSS OF EITHER METHOD IS SUFFICIENT TO NO=-GQ PDle IF THE LOSS OF REDUNDANT ASCENT ENGINE ON
UCCURS DURING PDIs DIFFERENT - ACTIONS ARE REWVIRED DEPENDING ON WHETHER OR NOT DECENT INSERTION
CAPABILITY EXISTS (REFERENGCE MR 25=2)s WHEN DESCENT INSERTION CAPABILITY EX15TSs THE LOsS OF
EITHER METHOD WIiLL BE CAUSE FOR AN ABORT. IF EITHER 1§ LOST AFTER DESCENT INSERTION CAPABILITYs
THE ACTION WILL BE TO CONTINUE THE MISSION BECAUSE 1T 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 S$TAYe LIFTOFF AT NEXT BEST OPPORTUNITY IS
THEN THE DESIRED ACTIONe

LOSS OF DPS AUTO ON CAPABILITY

IF DPS AUTC ON CAPABILITY I$ LOST» THE REQUIRED ACTION IS DEPENDENT UPON WHETHER OR NOT
AUTOMATIC URLAGE HAS OCCURREDs THIS CONSTRAINT AGAINST THE DPS AUTO ON WAS LEVIED TO ALLOW A
SECONDARY INDICATION OF THE LGC'S ABILITY TO CONTROL MAJOR FLIGHT FUNCTIONS «

IF ULLAGE HAD OCCURRED AUTOMATEICALLY AND THE DPS AUTO ON CAPABILITY WAS LOST» THE WSE OF THE
ENGINE START PsBe WOULD BECOME MANDATORY. THIS 1s BECAUSE IT IS NECESSARY TO FIRE THE
SUPERCRITICAL HELIUM SQUIBS WHICH WHEN BLOWN WILL ALLOW FOR NOMINAL MISSION COMPLETIONeIF
IGNITION NOW OCCURSs THE DESCENT ENGINE COMMAND OVERRIDE SWITCH SHOULD BE PLACED ON BECAUSE OF
SINGLE POINT FAILURES IN THE START PUSH BUTTON CIRCUITRYs IF IGNITION DOESN'T OCCUR WITH START
PeBs 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 PDI WOULD BE ABCRTEDs THUS A PERIOD OF
TROUBLESHOOTING {1 REV) IS NECESSARY TO DETERMINE WHETHER OR NOT THE CAPABILITY EXISTS 710
SUCCESSFULLY BLOW SHE SQUIBS AND IGNITE THE DPS&e

HOWEVERs 1F ULLAGE HAD NOT OCCURRED AUTOMATICALLYs AND THE DPS AUTO ON CAPABILITY WAS LOSTs THE
ACTION WOULD BE TO INHIBIT POI SINCE TWO MAJOR FLIGHT FUNCTIONS MAY NOT HAVE BEEN PERFORMED BY
THE LGCs THUSs PDI 1S NO~GO BECAUSE OF A SUSPECTED LGC FAILURES
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LOSS OF AUTO/MANUAL THROTTLE CONTROL

As EITHER

THE LOSS OF AUTO THROTTLE WILL NOT NO=GO PDI SINCE IT I$ POSSIBLE TO MONITOR VIA DSKY
READOUT GUIDANCE THRUST COMMANDSs SIMULATIONS HAVE SHOWN THAT THE CREW CAN FOLLOW WITH
MANUAL THROTTLE CONTROL THE APPROPRIATE THROTTLE SCHEDULE DISPLAYED ON THE DSKY«

NOMINALLY» MANUAL THROTTLE 1S USED TO SUPPLEMENT/BACKUP AUTO THROTTLEe DPS MAX THRUST CAN
6E ACHIEVED BY EITHER A FULL SCALE OUTRPUT OF AUTO THROTTLE AND A PERCENTAGE OQUTPUT OF
MANUAL THROTTLE OR A FULL SCALE OUTRUT OF MANUAL THROTTLEs SINCE MAX THRUST FROM THE DPS 1§
A NECESSARY REQUIREMENT FOR BOTH THE NOMINAL POI TRAJECTORY AND NEAR LUNAR SURFACE ABORTS»
A MEANS OF ACHIEVING MAX THRUST IS MANDATORY,

THE LOSS OF MANUAL THROTTLE REGUIRES A CONTINUE MISSION RULING BECAUSE A WORK=AROUND
PKOCEDURE EXISTS TO FORCE THE OPS 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 1S IMPLEMENTED WILL CLARIFY ITS USEs IF MANUAL THROTTLE 1S
LOST PRIGR TO OR DURING PDIs THE DECA POWER CB ON PANEL 11 WILL BE PULLED WHEN MAX THRUST
IS NECESSARYs WHEN GTC 18 BELOW 57 PERCENTs THE CB WILL BE RESET TO -ALLOW THE LGC TO
CONTROL THE THROTTLEs WITH THE CB PULLED» GROUND MONITORING OF CERTAIN PARAMETERS IS LOST
BUT THE LOSS DOES NOT COMPRIMIZE FAILURE DETECTION TECHNIQUES IN THIS TIME FRAME.

THUSs THE LOS$ OF EITHER THROTTLE CONSTITWTES A CONTINUE MISSION RULING ON THE BASIS THAT
BACKUP TECHNIQUES FOR EACH ARE AVAILABLE.

B« BOTH

THE LOSS OF B8OTH 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 [F THE
CONFIRMED LOSS OF BOTH 1S DETECTED ANYTIME PRIOR TO PDIy THE ACTION WILL BE TO RETURN TO
THE CSM SINCE A LUNAR LANDING CANNOT BE ACCOMPLISHEDs

LOSS OF LUNAR CONTACT LIGHTS

THE FUNCTION OF THE LUNAR GONTACT LIGHT 15 TO CUE THE CREW WHEN TO HIT THE STOP PUSH BUTTON
PRIOR TO TOUCHDOWNe [F THE LUNAR CONTACT LIGHTS WERE LOST» THE CREW WOULD CONTINUE THE MISSION
USING VISUAL REFERENCE AS THE PRIMARY SHUTDOWN CUE AND THE OTHER ONBOARD CREW DISPLAYS AS
SECONDARY CUESe
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25=2

LM PROPULSION=DPS

THE FOLLOWING LM DPS PROPULSION MISSION RULES RATIONALE ATTEMPTS TO EXPLAIN THE BACKGROUND
SEHIND EACH MISSION RULEs SINCE THE FIRST RULE IN EACH SECTION 1S A REPETITION QF THE LM CONTROL
GO/NO=-GO'S IN SECTION 3 (REF PAGE 2-23)s THE RATIONALES BELOW ALSO COVER THE GO/NO=GO'S. IN
GENERAL THE OVERALL PHILOSOPHY 15 TQ IDENTIFY THE EQUIPMENT ABSOLUTELY ESSENTIAL TO COMPLETE THE

NORMAL LUNAR MISSION AND AT EACH PHASE SPECIFY THAT EQUIPMENT REWUIRED FROM THAT POINT

THROUGH

REDOCKINGs 1IN ADDITIONs OTHER EQUIPMENT IS ALSO REQUIRED To PROVIDE REDUNDANCY FOR CREW SAFETY

PURPOSESy THIS IS PRIMARILY ASSOCIATED WITH REDUNDANT CAPABILITY FOR MAINTAINING DPS

IGNITION

DURING THE END OF THE POWER DESCENT PHASE AT SOME PERIOD JUST PRIOR TO TOUCHDOWN IT BECOMES MORE
DANGEROUS TO ABORT THAN TO MANUALLY LAND» AND THEN DO A NOMINAL LIFTOFFe THIS IS BECAUSE THE
NOMINAL LIFTOFF 1§ MORE THOROUGHLY EXERCISED DURING PREMISSION SIMULATIONS AND INVOLVES LESS
UNKNOWNS BOTH FROM A STANDPOINT OF SOFTWARE CHECKOUT AND CREW PROCEDURESS DURING THE LUNAR
STAYs THERE ARE OPTIMUM TIMES FOR LIFTOFF WHERE THE CSM POSITION 1S ALIGNED FOR EASY RENDEZVOUS.

ABORTS DURING LUNAR STAY WILL BE OELAYED TO LIFTOFF AT THESE OPTIMUM TIMESs EXCEPT
WHERE CAPABILITY TO ACHIEVE ASCENT 1S JEQPARDIZED.

DEFINITIONS
As OPERATIONAL DPS

le THIS MINIMUM INLET PRESSURE ASSURES THAT SYSTEM PRESSURIZATION VIA THE SHE
WILL OCCUR QUICKLY ENOUGH TG OPEN PROPELLANT BALL VALVES AND ALLOW
PROPELLANT FLOW PRIOR TO THE SHE FLOW FREEZING THE FUEL IN THE FUEL=HELIUM
HEAT EXCGHANGER.

2 IF ENGINE INLET LOWER PRESSURE LIMITS ARE VIOLATEDy EXTREME COMBUSTION
ROUGHNESS CAN RESULTS ROUGH COMBUSTION GIVES RISE TO SEVERE CHAMBER
PRESSURE SPIKESs HIGH TRANSIENT ACCELERATIONS» AND ABNORMAL ENGINE STRESSES
WHICH COULD CAUSE ENGINE DAMAGES.

3. THE ENGINE SHOULD NOT BE STARTED ANP GPERATED AT PROPELLANT BULK
TEMPERATURES OUTSIDE THE 50 DEG F TO 90 DEG F RANGE. 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 Fa THE TEMP OF 40 DEG F
REPRESENTS THE LOWER LIMIT OF THE ENGINE INJECTOR QUALIFICATION ENVELOPE,
AND EFFECTS OF OPERATION QUTSIDE THIS ENVELOPE ARE UNKNOWNs FOR BULK TEMPS
GREATER THAN 90 DEG F PERFORMANCE DEGRADATION AND HIGH EROSION WITH POSSIBLE
ENGINE BURN~THROUGH MAY OCCUR.

b 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 LANDINGs 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 QNLY TO INITIATE A BURN
BECAUSE IT [5 NOT REASONABLE FOR BULK TEMPERATURES TO CHANGE DURING A BURN==-
THEREFOREs ANY SIGNIFICANT SHIFT IN TEMPERATURES OURING A BURN WILL BE
CONSIDERED A TM FAILURE.

54 (AJDELTA PRESSURE BETWEEN FUEL AND CXID ENGINE INLET PRESSURES CREATES
‘..WQFF7N0M1§A§AFBOPELLANI.EEUH”R%Igﬁc.QﬁEP' 1GH FLOW RATES CAUSE HIGH EROSION
RATES AND POSSIBLE PREMATURE CHAMBER BUAN=THROUGH. ~ FUELSHioH ¥iLoW RATES
CAUSE ROUGH COMBUSTIONes IN BOTH CASES DEGRADED PERFORMANCE AND IMPROPER
PROPELLANT UTILIZATION RESULTS.

(B)1IF THE DELTA PRESSURE AT THE START OF ANY BURN 1§ GREATER THAN 50 PSIP (FUEL
HIGH}y THE FUEL LEAD INTO THE COMBUSTION CHAMBER MAY BE LARGE ENQUGH TO
ALLOW THE FUEL TO ENTER INTO THE OXID ORIFICES AND CAUSE PETONATION OF
PROPELLANTS IN THE INJECTOR WHICH COULD DAMAGE THE INJECTORs

6e SUFFICIENT SUPERCRITICAL HELIUM MUST EXI$ST 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
FROM VEHICLE TO VEHICLEs (REFERENCE SODB VoL 11 APPENDIX)

Ce DPS INSERTION CAPABILITY = NO RATIONALE REQUIRED.

IN CASES

SLIGHTLY
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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 15 REQUIRED TO ASSURE THAT COMBUSTION CHAMBER MEATING 1§ ENOUGH TO
PREVENT FREEZING OF PROPELLANTS IN INJECTOR MANIFOLDS WHICH COULD CAUSE UNPREDICATABLE AND
UNREPEATABLE SYSTEM OPERATIONe AFTER A MINIMUM BURNs A COAST PERIOD OF 2 SECONDS 15 THEN
REQUIRED TO ASSURE THAT SOAK=~BACK EFFECTS HAVE CAUSED COMPLETE SUBLIMATION OF PROPELLANTS IN THE

INJECTOR

SUPERCRITICAL HELIUM BURST DISC RUPTURE PURING MANNED OPERATION 1S AN ALLOWABLE EVENT

THE SUPERCRITICAL HELIUM PRESSURE RELIEF ASSEMBLY 15 DESIGNED TO RELIEVE THE SHE TANK TQ 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 15 THE MOST ACCURATE METHOD OF GAGING DPS PROPELLANT WHICH IS AVAILABLE TO THE CREWe

As THE PGGS ONBOARD ERROR IS DEFINED AS Le3 PERCENT FROM 95 PERCENT TO 25 PERCENTs 1 PERCENT
FROM 25 PERCENT TO 8 PERCENTs AND le3 PERCENT FROM 8 PERCENT TO O PERCENTs

SINCE THE GREATEST RANGE OF THE PQGS AS WELL AS THE MOST CRITICAL {8 PERCENT =0} HAS AN
ERROR OF 13 PERCENTs THIS 15 THE ERROR ESTABLISMED FOR MISSICN 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 INDIVIDUALLY» WHICH RESULTS IN A LARGER ERROR (3
PERCENT )}«

FRACTURE MECHANICS

WHEN DESCENT STAGE RETENTION IS DESIRABLE AFTER A LONG BURNs THE FRACTURE MECHANICS REQUIREMENTS
ON THE DESCENT PROPELLANT TANKS MUST BE SATISFIEDs A BURN THAT LEAVES GREATER THAN 29  PERCENT
OF THE PROPELLANT PRODUCES NO FRACTURE MECHANICS PROBLEMS. FOR LONGER BWRNS PLACING THE ENGINE
IN A BLOWDOWN MODE AT 29 PERCENT INSURES THAT FRACTURE MECHANICS LIMITS WILL NOT BE VIOLATED.
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L055 OF OPERATIONAL DPS

REFERENCE MISSION RULE RATIONALE 25~2 FOR LOSS QF OPERATIONAL DPSs AFTER LO GATE THE CREW 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 COulLD B8E SAFELY
OPERATED IN THAT MODE FOR THE SHORT TIME UNTIL LANDING.

START TANK LEAK
As INLET PRESSURE EQUAL TO OR GREATER THAN 30 PsSlA

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 OPENEDR
AUTOMATICALLY 13 SECONDS AFTER ENGINE IGNITIONs THE ENGINE CAN BE SAFELY STARTED AND
OPERATED FOR 143 SECONDS WITHOUT PRESSURIZING FROM THE START TANK IF THE INLET PRESSURES
ARE EWUAL TO OR GREATER THAN 30 PSIAs THIS WILL AVQID LOSS OF HELIUM FROM THE SHE TANKs

Ba 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 USEDs [F A START TANK LEAK EXISTS AND THE SWUIB 1S BLOWN
AND THERE IS SUFFICIENT HELIUM TO BRING THE ULLAGE PRESSURE TO EUWUAL TO CR GREATER THAN 30
PSIAs IT IS ASSUMED THAT THE LEAK 18 SMALL BECAUSE ENOUGH PRESSURE [N THE START TANK
REMAINED TO PARTIALLY PRESSURIZE THME DPS» AND POWERED DESCENT Wikl BE ATTEMPTED (REF MRR
26=331 .

LOSS OF SWPERCRITICAL PRESSURE DURING POWERED DESCENT

IF SUPERCRITICAL HELIUM PRESSURE 1S LOST PRIOR TO 31 PERCENT PROPELLANT REMAINING THE DPS ENGINE
WILL BE BELOW ITS MINIMUM FTP INLET PRESSURE PRIOR TO PROPELLANT DEPLET]ONs IF THE DPS GOES
INTO BLOWDOWN BELOW 31 PERCENT PROPELLANT REMAININGs THE CAPABILITY TO GO TO FTP AT ANY POINT
AND DEPLETE PROPELLANTS EXISTSs THIS ASSURES AN FTP ABORT AY ANY TIME DURING THE LUNAR LANDINGe
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DPS HELIUM LEAK

A DPS HELIUM LEAK PRIOR TO PDI WILL BE EVALUATED BY THE GROUND. IF THE HELIUM LEAK ALLOWS A LOSS
OF LESS THAN 12 LBSs 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 254 PERCENT THRUST REMAINSes THE
113 SECONDS IS DERIVED FROM RSSING THE 3 SIGMA LOW LEVEL POINT FOR EACH TANK WITH THE OTHER FUEL
TANKe THE SAME IS DONE FOR THE OXIDIZER TANKSs AND THE LOWEST OF THE FUEL AND OX RSSED NUMBER
1S USEDs THIS ASSUMES THAT IT IS HIGHLY IMPROBABLE THAT BOTH FUEL LOW LEVELS OR OX LOW LEVELS
WOULD BE AT THEIR 3 SIGMA MINIMUMs AT LEAST ONE LOW LEVEL OUT OF EACH PAIR $rOULD BE AT THEIR
RSSED LOW LEVEL POINT,

NINETY-SEVEN SECONDS AFTER A LOW LEVELs APPROXIMATELY 20 SECONDS OF HOVER TIME OR FIVE SECONDS
OF FTP REMAINs THEREFOREs AT 97 SECONDSs THE CREW FACES AN ABORT/NC ABORT DECISIONe THEY MUST
HAVE EITHER THE CAPABILITY TO LAND WITHIN 20 SECONDS OR THEY MUST ABORT» IN WHICH CASE THEY HAVE
FIVE SECONDS AT FTP TO COVER ANY ABORT SITUATION SUFFICIENTLY

LOW LEVEL CONFIRMS INSUFFICIENT PROPELLANT TO LAND

IF IN THE CREW'S ESTIMATION INSUFFICIENT PROPELLANT REMAINS TO LAND WHEN THE LOW LEVEL
INDICATION 15 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 OSCILLATIONSs AT THE LOW LEVEL INDICATION, APPROXIMATELY 32
SECONDS OF BURN TIME REMAIN AT FTP, 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
EX1STe 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 PUGS ERROR.

PLUGS READING 2 PERCENT AND NO VALID TIME ESTIMATE FROM LOW LEVEL

IF THE THROTTLE 1§ 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 REGUIREDs UNDER THESE CIRCUMSTANCES THE PWGSs WHICH
1S THE CREW'S ONLY PROPELLANT GAGING SYSTEMy BECOMES THE PRIMARY CUE OF PROPELLANT REMAINING
AFTER LOW LEVELs WHEN THE PQGS FLIPS TO 2 PERCENT» AN ABORT/NO ABORT DECISION POINT IS FACED BY
THE CREWe THE PUGS READING OF 2 PERCENT MEANS THE GAGE 15 REGISTERING A PROPELLANT QUANTITY
BETWEEN le5 AND 2.5 PERCENT DEPENDING ON HOW SOON THE CREW SEES THE READING AFTER THE FLIP TC 2
PERCENT. TAKING INTO ACCOUNT PwGS ERROR [N THE LOWER RANGE OF 1 PERCENT» THE CREW CAN HAVE AN
ASSURED ABORT PAD OF 045 TO 1lo5 PERCENT WHICH CORRESPONDS TO BETWEEN 10 AND 30 SECONDS OF BURN
TIME AT 254 PERCENT THRUST AND PROVIDES SUFFICIENT FTP BURN TIME FOR ABORT SITUATIONSs
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EXCESSIVE PROPELLANT USAGE

POWERED DESCENT $HOULD BE ABORTED WHENEVER IT BECOMES CLEAR THAT SUFFICIENT PROPELLANT DOES NOT
EXIST TO LANDs PRIOR TO P64s SUFFLICIENT DATA DOES NOT EXIST TO DETERMINE WHETHER EXCESSIVE
PROPELLANT [§ BEING USEDs DURING P64» THE GROUND CAN ANALYSE LGC DATA AND DESCENT QUANTITIES 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 TIME»s THRUST LEVEL TCPs AND SYSTEM PRESSURES WHICH WOuLD
INDICATE OFF=NOMINAL DP§ PERFORMANCEs A MINIMUM PERCENTAGE OF PRQPELLANT IS REQUIRED AT ALL
TIMES FOR AN FTP ABORT. WHEN APPLIED TO THE PROPULSION PER <CENT MARGIN PLOTS» A MINIMUM
PREDICTED MARGIN NUMBER AT TOUCHDOWN IS OBTAINED BY SUBTRACTING BOTH PGGS ERROR AND MARGIN PLOT
ERROR FROM THE MINIMUM PQGS NUMBERS REQUIRED FCGR ALL ABORT SITUATIONS4

REQUIRED FOR FTP ABORTS +1 PERCENT
PQGS ERROR IN 25 PERCENT 7O 8 PERCENT REGION =1 PERCENT
MARGIN PLOT ERROR =42 PERCENT
LOWEST ACCEPTABLE MARGIN =e2 PERCENT

FAILURE TO VENT DPS

VIOLATION OF THE FRACTURE MECHANICS LIMITS ON THE DFS PROPELLANT TANKS COULD CAUSE A RUPTURE OF
THE TANKS CREATING A HAZARDOUS CONDITION FOR THE CREWs

FRACTURE MECHANICS LIMITS ARE ESTABLISHED ON A PRESSURE-TEMPERATURE RELATIONSHIP. THE
PROPELLANT TANK TEMPERATURE WILL CHANGE ACCORDING TO THE ENGINE BURN TIME AND THE QUANTITY OF
PROPELLANT REMAINING IN EACH TANKe THE PROPELLANT TANK PRESSURE wiLL BE EFFECTED BY THE HEAT
SOAK BACK AFTER THE BURN.

IF THE OXIDIZER TANKS ARE NOT VENTED AFTER THE BURN» A HIGH TANK PRESSURE WILL RESULT AS A
FUNCTION OF REAT SOAK BACKs AS LONG AS THERE IS AT LEAST 150 LBS IN EACH OX TANK» THE TANK
TEMPERATURE INCREASE WOULD NOT BE LARGE ENOUGH TO VIOLATE THE FRACTURE MECHANICS PRESSURE
TEMPERATURE RELATIONSHIPs THE PRESSURE NEEDED FOR THE TEMPERATURE RISE TO VIOLATE THE FRACTURE
MECHANICS LIMITS CAN NEVER BE COBTAINED, THE PRESSURE wOULD BE RELIEVED THRU THE BURST DISC
BEFORE 1T CCULD REACH ITS LIMITSe 1IF THE PROPELLANT REMAINING IN EACH OX TANK 15 LESS THAN 150
LBSs IN EXCESS OF TWO HOURS IS REQUIRED FOR TEMPERATURES TO INCREASE TO A POINT SUCH THAT
FRACTURE MECHANICS LIMITS MAY BE VIOLATEDs 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 1S NO_ PROBLEM IN VIOLATING FRACTURE
MECHMANICS LIMITSs NO MATTER WHMAT QUANTITY OF FUEWL REMAINEDs THE BURST DISC WOULD BE BLOWN

BEFORE ANY PRESSURE COULD SATISFY THE FRACTURE MECHANICS LIMITSs

EROSION EFFECTS

DURING DESCENT ENGINE OPERATION: THE ABLATIVE LINER OF THE ENGLINE 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 ERUSION LIMITS AND RESULT IN AN
ENGINE BURN=THROUGHs. . THE AMOUNT OF THROAIL AREA. INCREASE CAN BE.GAUGED BY ENGINE TGPs. . THIS 1S
IMPLEMENTED ON A GRAPH OF Dbs CHAMBER PRESSURE VS PERCENT THRUST WitH A dERies OF "¢URVEs WHICH
SHOW DIFFERENT STAGES OF EROSIONe THUS+ FOR A CERTAIN THRUST LEVEL A PARTICULAR TCP CAN BE
OBTAINEDs ANDs WHEN PLOTTED ON THE GRAPHs GIVES THE STAGE OF EROCSION THE ENGINE HAS OBTAINED.»
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LM PROPULSION=~APS

THE FOLLOWING LM PROPULSION APS MISSION RULE RATIONALE ATTEMPTS TO EXPLAIN THE BACKGROUND BEHIND
EACH MISSION RULEs SINGE 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 I§ TO IDENTIFY THE EWUIPMENT ABSOLUTELY ESSENTIAL TO COMPLETE THE
NORMAL LUNAR MISSION AND AT EACH PHASE SPECIFY THAT EQUIPMENT REWQUIRED FROM THAT POINT THROUGH
REDOCKINGs IN ADDITIONs OTHER EQUIPMENT IS ALSQ REQUIRED TO PROVIDE REDUNDANCY FOR CREW SAFETY
SURPOSES. THIS IS5 PRIMARILY ASSOCIATED WITH REDUNDANT CAPABILITY FOR SAFE ASCENT. DURING THE
LUNAR STAYs THERE ARE OPTIMUM TIMES FOR LIFTGFF WHERE THE CSM POSITICN 1S ALGINED FOR EASY
RENDEZVOUSs ABORTS DURING LUNAR STAY WILL BE DELAYED 7O LIFTOFF AT THESE OPTIMUM TIMESs EXCEPT
IN CASES WHERE CAPABILITY TO ACHIEVE ASCENT 1S JEOPARDIZED

DEFINITIONS
A OPERATIONAL APS (PRE=~PRESSURIZATION]

ls THIS PRE=~PRESSURIZATION DELTA PRESSURE BETWEEN OX1D AND FUEL ENGINE INLET
PRESSURE 15 THAT MAXIMUM PRESSURE THAT WILL ALLOW ABORT START PRESSURIZATION
AND SAFE ENGINE STARTs THIS DELTA PRESSURE IS THE LIMIT OF TESTING AND MUST
NOT BE EXCEEDEDe DELTA PRESSURES GREATER THAN THIS PRODUCE SLOW ENGINE
STARTS. DURING AN ABORT STAGE SEQUENCEs WITH A LIGHT DPS STAGEs» A SLOW APS
ENGINE START COULD RESULT IN THE TWQ STAGES RECONTACTING.

24 DELTA TEMPERATURE GREATER THAN 10 DEG F CAUSES DEGRAPED PERFORMANCE WHICH
RESULTS IF OFF=NOMINAL MIXTURE PROPELLANT DEPLETION PRIOR TO INSERTICON. THE
TEMPERATURE RATIO AND LOWER SPECIFIC IMPULSE WHICH COULD CAUSE LIMITS ARE
ONLY TO INITIATE A BURN BECAUSE IT IS5 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 FAILUREs

3. ENGINE OPERATION WITH PROPELLANT BULK TEMPERATURES OQUTSIDE THESE LIMITS
RESULTS IN PERFORMANCE DEGRADATIONs TEMPERATURES GREATER THAN® 50 DEG F
PREVENT PROPELLANT LINE AND ENGINE INJECTOR TEMPERATURES FROM DECREASING
BELOW 40 DEG F WHICH 15 THE LIMIT OF TESTING. AT PROPELLANT TEMPERATURES
BELOW 50 DEG Fs THRUST CHAMBER EROSION INCREASES GREATLY AND COULD RESULT IN
CHAMBER BUNN=THROUGHs PROPELLANT TEMPERATURES GREATER THAN 90 DEG F RESULT
IN PERFORMANCE DEGRADATICNe

by IF UPPER ENGINE INLET PRESSURE LIMITS ARE VIOLATED: EXTREME COMBUSTION
ROUGHNESS CAN RESULTe ROUGH COMBUSTION GIVES RISE TC¢ SEVERE CHAMBER
PRESSURE SPIKESs HIGH TRANSIENT ACCELERATIONSs AND ABNORMAL ENGINE STRESSES
WHICH COULD RESULT IN ENGINE DAMAGE. PROPELLANT TANK PRESSURES LESS THAT 62
PSIAs DURING PERIODS OF ACCELERATIONs COULD RESULT IN TANK BUCKLING AND
SUBSEQUENT FAILURE.

S5 REDUDANT PRESSURIZATION PATHS ARE REWUIRED TO PREVENT A SITUATION WHERE A
SUBSEQUENT FAILURE COULD CAUSE AN INABILITY TO PRESSURIZE THE APSs ANY
HELIUM LEAK MAY RESULT IN THE LOSS OF THE CAPABILITY TO PROPERLY PRESSURIZE
THE APS SYSTEMe THIS WOULD REDUCE THE APS PRESSURIZATION RELUNDANCY AND
COYLD REDUCE THE APS TOTAL DELTA v FéPABlL!TY? . .
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OPERATIONAL APS (PQST=~PRESSURIZATION)

la

24

3

b

Se

SUFFICIENT HELiUM SOURCE PRESSUREs INCLUDING BLOWDOWN CAPABILITYs MUST BE
AVAILABLE TO EXPEL ALL THE PROPELLANTS TO OBTAIN THE REQUIRED DELTA V.

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
EXPERIENCE« 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 APPRECIABLYs ENGINE OPERATION CUTSIDE THESE TEMPERATURE LIMITS
RESULTS IN OFF=NOMINAL MIXTURE RATIOs SPECIFIC IMPULSEs AND THRUST CHAMBER
ERCSIONs 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 RATIO» SPECIFIC IMPULSEs AND THRUST <CHAMBER EROSIONs
THESE EXCURSIONS COULD RESULT IN PROPELLANT DEPLETION PRIOR TO THE DESIRED
TIME OR RESULT IN THRUST CHAMBER FAILUREs

THE MINIMUM INLET PRESSURE (ULLAGE PRESSURE) INSURES THAT THE TCP REMAINS
ABOVE 80 PSIAs PRESSURES BELOW THIS LEVEL RESULT IN TCP THAT PRODUCES ROUGH
COMBUSTIONs HIGH TRANSIENT ACCELERATIONSs AND ENGINE STRESSESs

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 COMBUSTIONs IN BOTH CASES» DEGRADED PERFORMANCE AND
IMPROPER PROPELLANT UTILIZATION RESULTSs WHICH COULD CAUSE PREMATURE
PROPELLANT DEPLETIONe
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MINIMUM IMPULSE

THE MINIMUM [MPULSE IS THE MINIMUM ON TIME THAT PRODUCES A REPEATABLE MINIMUM THRUST WITHGUT
RESULTING IN DETRIMENTAL FREEZING OF PROPELLANT IN THE INJECTORs FREEZING UF THE PROPELLANTS IN
THE INJECTOR COULD RESULT IN SUBSEQUENT HARD STAKTSs 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 PRUFILE IS VERY COMPLEX, THE PRIMARY
CONTRIBUTING FACTORS THAT MUST BE CONSIDERED ARE THRUST CHAMBER CHARRINGs BACKWALL TEMPERATURE
AND PRCPELLANT FREEZING WITHIN THE INJECTORe THESE FACTORS ARE IMPUSED BY ENGINE DESIGN

CHARACTERISTICS.

DURING A BURNs THE THRUST CHAMBER LINER MATERIAL 1§ CONSUMED 8Y ABLATION. THE RATE OF ABLATION
1S GREATEST DURING A BURN START AKD DURING LONG BURNS AND IS DEPENDENT  UPON 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 AND TEMPERATURE TRANSFER THROUGH
THE CHAMBER WALL. THIS TEMPERATURE [S GREATLY AFFECTED BY PREVIOUS BURNS AND THE COAST TIME
BETWEEN BURNS, 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 BURNe THE PROPELLANT
TRAPPED IN THE INJECTOR FREEZES ALMOST IMMEDIATELY AT SHUTDOWNs THEN S$SUBLIMATES. THE RATE OF
SUBLIMATION |5 DEPENDENT ON INJECTOR TEMPERATUREs WHICH IS A FUNCTION OF PREVIOUS BURN PROFILEs
LACK OF A COMPLETE SUBLIMATICN RESULTS IN FROZEN PROPELLANTS IN THE [NJECTORS THESE FROZEN
PARTICLES MAY CAUSE SUBSEQUENT ENGINE STARTS TO B8E ROUGH AND ERRATIC. SUCH STARTS MAY
EXPER]ENCE SEVERE THRUST CHAMBER PRESSURE SPIKES AND HIGH TRANSIENT ACCELERATIONS WwHICH COULD
CAUSE ENGINE DAMAGE.

1N ORDER THAT MAXI~UM SAFE APS ENGINE OPERATION CAPABILITIES BE OBTAINEDs ONLY PREMISéiON APS
MULTIPLE BURN PROFILES MUST BE USEDe

PROPELLANT GAGING

THERE IS NO ONBOARD APS PRUPELLANT GAGING, BUT THE GROUND HAS TWO METHODS OF MONITORING APS
PROPELLANTSe THE GROUND MASS CALCULATION METHOD 15 PRIME BECAUSE 1T 1S5 MORE ACCURATE THAN THE
FLOW-RATE=TIMES~TIME GROUNG PROGRAMs THE GROUND MASS CALCULATION USES THE LGC MASS TO DECREMENT
APS PROPELLANTe THE THREE PERCENT GROUND MASS CALCULATION ERRUR COMES FROM A ONE PERCENT MASS
ERROR AND A TWO PERCENT MIXTURE RATIO UNCERTAINTY.
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LOSS OF AN OPERATIONAL APS

REFERENCE MISSION RULE RATIONALE 26-2 FOR THE DEFINITION OF AN OPERATIONAL APS. PRIOR TC OR
DURING DESCENTs 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 SURFACEs IF THE SYSTEM BEGINS TO DEGRADE AFTER LANDING THE ASCENT MuUST
BE INITIATED AT THE NEXT BEST OPPORTUNITYe THIS WILL INSURE MAXIMUM PERFORMANCE FROM THE APS
SYSTEM.

APS HE SQURCE PRESSURE

A SAFE ASCENT CAN BE ACCOMPLISHED ON ONE HELIUM BOTTLE BWT A SUBSEWUENT LEAK IN THE SECOND
SOURCE BOTTLE MAY PREVENT INSERTION.

WHENEVER THE MISSION 1S ABORTED FOR A LEAK [N ONE HELIUM BOTTLE AND THE ASCENT ENGINE IS
REQUIREDs 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 WTILIZE THE APS WITH THE ONE
BOTTLE UNTIL THE SYSTEM GOES IN BLOWDOWN WHICH OCCURS WHEN THE ULLAGE PRESSURE REACHES 160 PSIAl
THE SECOND BOTTLE (THE LEAKING BOTTLE) SHOULD BE SELECTED AT THIS TIME IF IT CONTAINS SUFFICIENT
PRESSURE TO AID IN PRESSURIZING THE SYSTEM WHICH 15 DEFINED AS HAVING A PRESSURE GREATER  THAN
THE PRESSURE REMAINING IN THE FIRST BOTTLE.

THIS PROCEDWRE IS5 UTILIZED TO PREVENT EXPOSING THE GQOD HELIUM TANK TO THE LEAKING TANK UNTIL
ALL APPRECIABLE MELIUM IS USED OUT OF THE GOOD HELIUM TANKe THE SECOND {LEAKING) BOTTLE SHOULD
BE USED IF ANY HELIUM 1§ REMAININGs TO KEEP THE OPERATION ASs CLOSE TO NOMINAL AS POSSIBLE SINCE
ONLY LIMITED TESTING HAS BEEN DONE IN ONE BOTTLE BLOWDOWNe

AFTER PRESSURIZATION, THE HELIUM TANKS ARE MANIFOLDED TOGETHER AND A LEAK IN EITHER TANK
JEOPARDIZES SAFE ASCENT, BECAUSE OF THIS» ASCENT MUST BE INITIATED IMMEDIATELY.

WHENEVER THE APS CAPABILITY HAS BEEN REDUCED BY LOSS OF HELIUM PRESSURIZATIONs THE ASC  FEEL
VALVES MUST NOT BE OPENEDe THIS IS TO PROVIDE ADDITIONAL APS PROPELLANT NORMALLY USEP BY THE
RCS TO INCREASE THE INSERTION DELTA V CAPABILITYs THE APS USES THIS ADDITIONAL PROPELLANT MORE
EFFICIENTLY THAN TME RCS TO PROVIDE ADDITIONAL DEWLTA V CARABILITYs

APS HE BETWEEN QUAD CHECK VALVES AND ACS HE REG 1 AND 2 SHUTOFF VALVES

A LEAK IN THIS PART OF THE PLUMBING GOWLD PREVENT FULL APS DELTA v CAPABILITY IF THE LEAK RATE
1S SUFFICIENT TO PREVENT COMPLETE EXPULSION OF THE PROPELLANTS.

PRICR TO POWERED DESCENT» THE MISSION SHOULD BE ABORTED SO THAT CREW SAFETY IS NOT JEQPARDIZED.
ONCE POWERED DESCENT HAS BEEN INITIATED» THE SAFEST APPROACH I$ TO ABORT ON THE DPS AS LONG AS
POSSIBLE. SHOULD THIS FAILURE OCCUR ON THE LUNAR SURFACEs A SUBSEQUENT FAILURE COULD PREVENT A
SAFE INSERTIONs ASCENT SHOULD BE ACCOMPLISHED AT THE NEXT BEST OPPORTUNITYs DURING RENDEZVOUSs
THE APS HAS SUFFICIENT BLOWDOWN CAPABILITY TO CONTINUE THE MISSIONe WHENEVER THIS FAILURE
OCCURSs THE APS MELIUM SHOULD BE OPTIMIZED TO MINIMIZE THE EFFECTS OF THE LEAK.

THE APS HELIUM OPTIMIZATION PROCEDURE 18 FOUND IN THE AOH VOL Ile THIS PROCEDURE UTILIZES TnE
FACT THAT HELIUM IS CONTINUOUSLY LOST ONLY WHILE THE LEAK IS BEING SUPPLIED WITH HELIUMe BY
MINIMIZING THE TIME THE LEAK IS BEING SUPPLIED, THE AMOUNT OF HELIUM LOST CAN BE MINIMIZED. THIS
1S, ACHIEVED BY CYCLING THE REGULATORS SHUT-OFFiVARYVES TO PUT THE. APS 1IN, PERIODS OF BLOW! DOWN
OPERATION, NO HELIUM Is LOST DURING THESE BlowbowN PERTODS BECAUSE THE PROPELLANT TanKs  ARE
ISOLATED BY QUAD CHEGCK VALVESs ‘ :

WHENEVER THE APS CAPABILITY HAS BEEN REDUCED BY LOSS OF HELIUM PRESSURIZATIONs THE ASC FEED
VALVES MUST NOT BE OPENEDs. THIS LS TO PROVIDE ADDITIONAL APS PROPELLANT NORMALLY USED BY THE RCS
TO INCREASE THE INSERTION DELTA V CAPABILITYs THE APS USES THIS ADDITIONAL PROPELLANT MURE
EFFICIENTLY THAN THE RCS TO PROVIDE ADDITIONAL DELTA V CARABILITY.
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PROPELLANT LEAKS

ANY LOSS OF PROPELLANT REDUGES THE TOTAL DELTA V CAPABILITY OF THE APS== THEREFORE» WHEN A LEAK
EXISTSs THE MISSION SHOULD BE ABORTED IMMEDIATELYs #PRIOR TO CIRCy THE LM MUST RETURN 7O THE
CSM. DURING THE DESCENT PHASEs THE DPS SHOULD BE USED FOR AN IMMEDIATE ABORT AND SHOQULD BE USED
AS LONG A5 POSSIBLE (BECAUSE OF POSSIBLE LOSS OF APS DELTA V CAPABLLITY). DURING LUNAR STAY» AN
ASCENT SHOULD BE INITIATED IMMEDIATELY BECAUSE A PROPELLANT LEAK DECREASES DELTA v CAPABILITY
AND ENDANGERS SAFE ASCENTs ~ THE ASC FEED VALVES MUST NOT BE QPENED. THIS PROVIDES ADDITIONAL
APS PROPELLANT» NORMALLY USED BY THE RCSs TO INCREASE THE INSERTION DELTA V CAPABILITYs DURING
RENDEZVOUS» THE APS SHOULD NOT BE USED FOR TPl BECAUSE OF THE LACK CF KNOWLEDGE OF THE
PROPELLANT REMAININGs

APS PROP YALVE MISMATCH

THERE ARE TWO SETS OF PROPELLANT SHUTOFF VALVESs A AND By 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 FAJLURE DUE TO THE
MECHANICAL LINKAGE AND MIGH RELIABILITY OF THE ACTUATOR SYSTEMs 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 8E RESTARTED IN THIS SITUATION SINCE FAILURE OF THE REMAINING PAIR TO CLOSE
WOULD RESULT IN FAILURE TO SHUT COWN THE ENGINE.

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 SHOULDs THEREFOREs BE TERMINATED DURING ASCENT BECAUSE OF
POSSIBLE HELIUM INGESTION INTC THE RCS JETS» WHICH COULD CAUSE JET FAILURE«

IF A VALID APS LOW LEVEL CONFIRMS INSUFFICIENT PROPELLANT FOR AN APS TPls RC5 SHOULD BE USED FOR
TPIe IT 1S NOT ADVISABLE TO KNOWINGLY START AN APS TPI BURN WHICH WlLL 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 RULEs SINCE THE FIRST RULE IN EACH SECTION 15 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=GOt S, IN  GENERAL THE
OVERALL PHILOSOPHY 15 TO IDENTIFY THE EWUIPMENT ABSOLUTELY ESSENTIAL TO COMPLETE THE NORMAL
LUNAR MISSION AND AT EACH PHASE SPECIFY THAT EQUIPMENT REWUIRED FROM THAT PCINT THROUGH
REDOCKINGe IN ADDITIONs OTHER EQUIPMENT IS ALSO REQUIRED TO PROVIDE REDUNDANCY FOR CREW SAFETY
PURPOSESs THIS 1S PRIMARILY ASSOCIATED WITH REDUNDANT CAPABILITY FOR ASCENTs DURING THE END OF
THE POWER DESCENT PHASE AT SOME PERIOD JUST PRIOR TO TOUCHDOWNS IT BECOMES MOQRE DANGEROUS TO
ABORT THAN TO LAND» AND THEN DO A NOMINAL LIFTOFFe THIS IS BECAUSE THE NOMINAL LIFTOFF 1S MORE
THOROUGHLY EXERCISED DURING PREMISSION SIMULATIONS AND INVOLVES LESS UNKNOWNS BOTH FROM A
STANDPOINT UF SOFTWARE CHECKOUT AND CREW PROCEDURESe OURING THE LUNAR STAY» THERE ARE OPTIMUM
TIMES FOR LIFTOFF WHERE THE C€SM POSITION IS ALIGNED FOR EASY RENDEZVOLIS, ABORTS DURING LUNAR
5TAY WILL BE DELAYED TO LIFTOFF AT THESE OPTIMUM TIMES EXCEPT (N CASES WHERE CAPABILITY TO
ACHIEVE ASCENT IS JEOPARDIZED.

DEFINITIONS
A OPERATIONAL RCS SYSTEM

le THIS DEFINITION DEFINES THE PLUMBING OF AN RCS SYSTEM FOR USE A5 A MISSION
RULE REFERENCEs

2 IF ENGINE INLET LOWER PRESSURE LIMITS ARE VIOLATEDs EXTREME COMBUSTION
ROUGHNESS AND MIXTURE RATIO SHIFTS CAN RESULTe ROUGH COMBUSTION GIVES RISE
TO SEVERE CHAMBER PRESSURE SPIKESs HIGH TRANSIENT ACCELERATIONS, AND
ABNURMAL ENGINE STRESSES WHICH COULD CAUSE ENGINE DAMAGES MIXTURE RATIO
SHIFTS RESULT IN IMPROPER PROPELLANT UTILIZATION

3 ENGINE PERFORMANCE OUTSIDE PROPELLANT TEMPERATURE LIMITS SPECIFIED IS5
UNKNOWN DUE TO LIMITS OF TESTINGs

LN PULSE FIRING OF THE RCS JETS WITHOUT PROPERLY HEATING UP OF THE RCS QUADS
CAN RESULT IN PROPELLANT FREEZING WHICH CAN CAUSE A THRUSTER FALLURE ONCE
HEATED UP, IF THE WUAD TEMPERATURE DROPS BELOW ITS PRESCRIBED LIMIT A
RESIDUE CAN FORM INSIDE THE THRUSTERe IF THE RCS JET 15 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 [§ 54849 LBS OR 867 PERCENT OF TOTAL LOADED

USABLE RCS PROPELLANT 1S DEFINED AS THAT PROPELLANT WHICH CAN BE GUARANTEED TO PRODUCE IMPULSE.
THIS USABLE NUMBER {S OBTAINED BY SUBTRACTING TRAPPED PROPELLANTs LEADING ERROR» AND PROGRAM
ERROR FROM TOTAL RGS PROPELLANT LOADEDe TRAPPED PROPELLANT AND LOADING ERROR ARE FOUND IN THE
§ODBs AND PROGRAM ERROR I$ BASED ON THE RCS GROUND PV PROGRAM WHICH HAS AN ACGURACY OF & PERCENT

OF TOTAL LOADED

PROPELLANT GAGING

THE PRIME GAGING METHOD FOR THE RCS SYSTEM 1S THE GROUND RCS PROGRAM WHICH HAS AN ACCURACY OF &
PERCENT» THE BACKUP METHOD IS THE GROUND READOUT OF THE PQMD WITH AN ACCURACY OF 10 PERCENT.
BOTH PROGRAMS ARE SIMILARs BUT THE RCS GROUND PROGRAM TAKES INTO ACCOUNT SUCH ADDITIONAL
PARAMETERS AS OFF=-NOMINAL HELIUM OR PROPELLANT LOADING AND MIXTURE RATIO <CHANGES WHICH WOULD

CAUSE THE PGMD TO BE IN ERRORe
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ITEM

2720

271=-21

27=22

27=23}

27=25

LOSS OF RCS SYSTEM A CR B

DURING ALL PHASES OF THE MISSION BOTH RCS SYSTEMS A AND 8 ARE REGUIRED TO PROVIDE ATTITUBE
CONTROL AND TRANSLATION ABILITYe IF ONE SYSTEM IS LOST THEN REDUNDANCY 1§ LOST» AND ANY OF A
MULTITUDE OF SYSTEM FAILURES CAN RESULT IN THE LOSS OF THE OTHER SYSTEMs FAILURE OF BOTH
SYSTEMS WILL RESULT IN THME TOTAL LOSS OF ATTITUDE CONTROL AND TRANSLATION CAPABILITY WHICH WOULD
BE CATASTROPHIC TO THE SPAGECRAFT. IF THE PROBLEM DEVELOPS ON THE LUNAR SURFACEs ASCENT SHOULD
COME AT THE NEXT BEST OPPORTUNITY IN ORDER TO GUARANTEE A SAFE RENDEZVOUS.

RCS THRUSTER PAILR

IN ORDER TO HAVE AN RCS THRUSTER PAIR ISOLATED A PROPELLANT LEAK DOWNSTREAM OF THE TCA ISCLATION
VALVES MUST HAVE OCCURREDe FAILED=ON JETS AND FAILED-OFF JETS ARE 1SOLATED ELECTRICALLY AND
WOULD NOT REQUIRE ISOLATING A PAIR VIA A TGA ISQLATION VALVEs ONCE POWERED DESCENT 1S INITIATED
THE MISSION WILL CONTINUE EVEN [F A THRUSTER PAIR IS ISOLATEDe AFTER ONE PAIR HAS BEEN [SOLATED s
THE PROBABILITY OF A SUBSEQUENT PROPELLANT LEAK DOWNSTREAM OF ANOTHER TCA ISOLATICN VALVE 1§
VERY REMOTE+ AND THE PROBABILITY OF A SUBSEQUENT PARTICULAR FAJLURE WHICH CAUSES L0SS OF VERICLE
CONTROL 1§ EXTREMELY REMOTEe IN ADDITIONs THE PROBABILITY OF THE SUBSEWUENT FAILURE 15 LESS
THAN THE RISK OF ABORTING DURING POWERED DESCENTs LUNAR STAY CAN BE PERMITTED FOR THE SAME
RATIONALE USED DURING POWERED DESCENT.

DECREASING OR LOSS QF RCS HE PRESSURE

WHENEVER THERE 15 A LOSS OF MELIUM SOURCE PRESSURE THERE EXISTS SOME CAPABILITY TO USE THAT
SYSTEM IN A BLOWDOWN MODEs IN ORDER TO MAINTAIN AN OPERATIONAL RCS SYSTEM (MR 27=2) WITH A
LEAKING SOURCE PRESSUREs THE CAPABILITY TQ EXPEL A GIVEN WEIGHT OF PROPELLANT FROM THE LEAKING
SYSTEM MUST EXISTe FPRIOR TO POWERED DESGENT THE CAPABILITY [S TOO SMALL TO PROVIDE A REDUNDANT
SYSTEM FOR THE TOTAL MISSION. ONCE POWERED DESCENT 1S INITIATED» THE CAPABILITY MAY OR MAY NOT
EXIST DEPENDING ON THE TIME INTO POWERED DESCENT WHEN THE LEAK OCCURS. IF  PROJECTION AHEAD
REVEALS THAT THIS CAPABILITY CAN NOT BE GAINED PRIOR TO TOTAL SOQURCE PRESSURE LOSS OR  TOUCHDOWN
THEN AN ABORT WILL BE REQUESTEDs HOWEVERs AFTER HIGH GATE LANDING 1§ EMINENT AND THE CREW
PROCEDURES SO TIGHT THAT TROUBLESHOOTING A LEAK 1§ IMPOSSIBLE OR IMPRACTICALs AND A LANDING WILL
BE ATTEMPTEDe IF THE LANDING IS ACCOMPLISHED» BUT THE PRESCRIBED BLOWDOWN "CAPABILITY DUES NOT
EXISTs THEN TWO OPERATIONAL RCS SYSTEMS WILL NOT BE AVAILABLE WHICH VIOLATES MR 27=20 AND
REWUIRES ASCENT AT THE NEXT BEST OPPORTUNITY.

RCS PROPEtLANT LEAK BETWEEN MAINS AND ISOLATION VALVES

PROPELLANT LEAKS ARE NOT HAZARDOUS TO THE GREWw= HOWEVER» A PROPELLANT LEAK CAN RESULT IN THE
COMPLETE LOSS OF AN RCS PROPELLANT SYSTEMs SHOULD A PROPELLANT LEAK BETWEEN THE MAINS AND
ISOLATION VALVES DEVELOP PRIOR TO HIGH GATEs AN ABORT wiLiL BE REQUESTED. THE ABORT IS REQUESTED
HBECAUSE THE WLEAKING SYSTEM CANNOT BE COUNTED ON FOR PROPELLANT RESULTING IN 17§ LOSS AS AN
OPERATIONAL RCS SYSTEMs 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== THEREFOREy A LANDING wiLL BE
ATTEMPTEDs IF THE LANDING IS ACCOMPLISHED» THE LEAK WILL STILL CAUSE LOSS OF AN OPERATIONAL
SYSTEM AND REDUNDANCY WHICH VIOLATES MR 27=20 AND REWQUIRES ASCENT AT THE NEXT BEST CPPORTUNITY.
DURING RENDEZVOUS PHASES THE FUNCTIGNING RCS SYSTEM SHOULD BE USED AS LONG AS THE RCS PROPELLANT
REDLINE IS NOT VIOLATED

IMP INGEMENT CONSTRAINTS VIOLATED

IMPINGEMENT CONSTRAINTS AS DEFINED IN VOLUME II OF THE SQDB SHOULD NEVER BE VIOLATED. IF  THEY
ARE EXCEEDEDs THEN FURTHER OPERATION WHICH WOULD CONTINUE TO VIOLATE THESE CONSTRAINTS MUsST BE
INHIBITEDs IF NOT INHIBITEDs THE PLUME DEFLECTORS_CAN FRACTURE INTO TWO PARTS AT THE* POINT OF
MAXIMUM HEATING (APPROXIMATELY TEN INCHES FROM THE TGP OF THE DEFLECTOR}e THE BROKEN PEFLECTOR
CAN THEN DAMAGE THE SPACECRAFT BY EITHER PUNCTURING OR DESTROYING ASCENT STAGE PANELS AND
INSULATIONs THE NET EFFECT OF IMPINGEMENT CONSTRAINT VIOLATION 1S THEN TO ABORT THE MISSION
PRIOR TG TOUCHDOWNe THE PROCEDURE WiLlL BE TO ABORT AND THEN ABORT STAGE AS SOON AS POSSIBLEs
If LANDING DID OCCUR EVEN THOUGH IMPINGEMENT CONSTRAINTS WERE. VIOLATEDs NOTHMING CAN BE DONE TO
CORRECT THE PROBLEM AND INSERTION COULD COME AT THE NOMINAL TIME.

DURING RENDEZVOUS IF IMPINGEMENT CONTRAINTS ARE VIOLATED THEN +/=X RC$ BURNS ARE PROHIBITED TO
PROTECT THE ASCENT STAGEs '
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28~10¢

28-11

28-11
Bel

28=1}
Be2

28-11}

A

C

NO RATIONALE REQUIRED
NO RATIONALE REQUIRED
NO RATIONALE REQUIRED

NO RATIONALE REQUIRED

THE DATA SGURCES THAT WILL BE USED CONSIST OF THE LIMA RIOMETER SITEs NASA HEADQUARTERS SOURCES»
AND APOLLO S§/Ce

THE NASA HEADQUARTERS SOURCES REPRESENT THE BEST REAL=TIMEs PRELAUNCH SOURCE OF DATA ON THE
RESULTS OF A HIGH ALTITUDE NUCLEAR DETONATIONe THE DATA 15 A RESULT OF A COMPILATION OF VARIOUS
SOURCES WITHIN THE DEPARTMENT OF DEFENSE AND THE STATE DEPARTMENT MADE BY THE JOINT ATOMIC
ENERGY INTELLIGENCE COMMITTEE AND RELAYED THROUGH SPECIAL DATA CHANNELS» SET WP FOR THAT
PURPOSEs 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 1§ AVAILABLEs NO DECISION SHOULD BE MADE UNTIL ALL AVAILABLE DATA HAS
BEEN ANALYZED AND THERE 15 SUFFICIENT EVIDENCE TO INPICATE THAT THE RESULTANT = RADIATION WILL
CONSTITUTE A HAZARD TO THE FLIGHT CREW.

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 APQLLO RADIATION ENVIRONMENTe NASA MEADQUARTERS SOURCES
WILL PROVIDE THE FOLLOWING INFORMATION===

le NOTIFICATION OF AN EVENT WHICH SHOULD COMPLIMENT THE RIOMETER DATAs
2 TIME OF EVENT TO WHIGCH DECAY RATES CAN BE APPLIEDe

2 ALTITUDEs LATITUDEs LONGITUDEs AND SIZE FROM WHICH THE DISTRIBUTION AND
EXTENT OF THE ELECTRON CLOUD CAN BE DETERMINED.

IF A DEFINITE EVENT IS CONFIRMED THEN THE COUNTOOWN WILL BE HELD UNTIL THE APPLICATION OF ALL
AVAILABLE INFORMATION INDICATES THAT THE RADIATION WILL NOT EXCEED THE MISSION OPERATIONAL DOSE.
(A TOTAL SKIN DOSE OF 400 RADS AND/OR A TOTAL DEPTH DOSE OF 50 RADS TO ANY MEMBER OF THE FLIGHT
CREWy ) S : »

IfF+ DURING THIS PHASEs A DEFINITE EVENT OCCURS AND THE TOTAL DOSE PROJECTED THROUGH THE MISSION
DURATION INDICATES THE DOSE WILL EXCEED THE MQDs TLl 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 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 MISSIONa

SELF~EXPLANATORY

WHEN A DEFINITE EVENT HAS OCCURRED AND THE S/C 1S ABOVE THE VAN ALLEN BELTS, WE WILL CONTINVE
THE MISSION BECAUSE THE FLIGHT CREW WILL NOT BE EXPOSED TO RADIATION FROM SUCH AN EVENT.
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ITEM

-

28=12

28=13|

THE MOD 1S THE CUT OFF POINT WHERE THE VALUE OF THE MISSION IS [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 MISSION.

SOLAR FLARE ACTIVITY CANNOT BE PREDICTED WITH ANY DEGREE OF RELIABILITYs PREDICTIONS THAT ARE
MADE ARE GENERALLY EXPRESSED AS A PERCENT OF PROBABILITY AND CANNOT BE RELATED 70 A RESULTANT
DOSE WITHOUT MAKING A NUMBER OF ASSUMPTIONS. THE MAJORITY OF THESE ASSUMPTIONS - COULD BE
gNFOUN?%? ég THE ACTUAL SITUATION THUS IT 1S NECESSARY TO TAKE A WAIT AND SEE WHAT HAPPENS T0
HE AT UDE» .
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ITEM

-

28-14

28=14
Bel

28-14
Bed

28=14
B.3

28=14
Cl=4

A MAJOR SOLAR FLARE WILL PRODUCE HARMFUL RADIATION TO THE CREW ONLY BY MEANS OF THE PARTICLES
EMITTED WITH THE FLARE. NOT ALL FLARES Wikl EMIT THE MIGH ENERGY PARTICLES NECESSARY TO CAUSE
THE RADIATION HAZARDs 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
ANYs CAN VARY FROM MINUTES TO HOURSe THE LONGER IT TAKES TO DETECT PARTICLESy WHEN THEY ARE
PRESENTs THE LESS INTENSE WILL BE THE RADIATION DOSEs THERE IS NO BASIS FOR TAKING ANY ACTION
OTHER THAN CONTINVING WITH THE NOMINAL MISSION UNLESS THERE IS OEFINITE CONFIRMATION CF
PARTICLES IN THE VICINITY OF THE SPACECRAFT. ESTIMATES OF THE RADIATION DOSE WILL BE MADE
ASSUMING THAT THERE WILL 8E PARTICLESs BUT UNTIL TME PARTICLES ARE ACTUALLY WMEASURED THIS
ESTIMATE 1S INVALID.

IF ANALYSIS OF ALL AVAILABLE DATA INDICATES THAT THE MOD (400 RADS SKIN DOSE AND/OR 808 RADS
DEPTH DOSE) WILL 8E EXCEEDED PRIOR TO MISSION COMPLETION THEN THE COUNTDOWN SHQULD BE HELD AT
SOME CONVENIENT POINT UNTIL FOLLOW ON ANALYS1S INDICATES THAT THE RESULTANT RADIATION DOSE WILL
HAVE DROPPED TC -WITHIN ACCEPTABLE LIMITSe

IFs DURING THIS PHASEs A CONFIRMED PARTICLE EVENT IS ANALYZED AND THE TOTAL DOSE PROJECTED
THROUGH THE MISSION DURATION INDICATED THE DOSE WILL EXCEED THE MOD. Tkl WlkL $TILL BE GO« A
NOmGO FOR TL1 WILL NOT 8E GIVEN IN THIS PHASE UNLESS THE ANALYSIS INDICATES THAT THE TOTAL
MISSION DOSE WILL EXCEED THE MOD BY A SIGNIFICANT AMOUNT=== THE EXTENT ALLOWED WItL BE
DETERMINED IN REAL=TIMEs 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 TLl THE CREW WILL BE MORE OR LESS COMMITYED 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 WAVE TO BE MADE BASED ON
PROJECTIONS FROM DATA NOT DIRECTLY MEASURED BY THE CSM INSTRUMENTATIONs THESE CASES ARE WHERE
THE CREW 1S PREPARING TO TRANSFER INTO THE LMs» OR JUST PRIOR TO TEI+ PURING THESE SITUATICNS 9]
MAY BE DESIRABLE TGO INHIBIT OR DELAY THESE ACTIVITIES UNTIL A BETTER 'KNOWLEDGE OF THE
ENVIRONMENT 1S OBTAINED BY ONBOARD MONITORSe

UNBEK TH1S S1TUATION THE GREW wilL BE SUBJECT TO DOSES THAT WILL EXCEED THE MOD SHOULD THE
NOMINAL MISSION PROFILE BE CONTINUEDs THERE MAY BE WAYS TO REDUCE THE TOTAL RADIATION RECEIVED
BY ADJUSTMENTS IN THE MISSION TIMELINEs THERE SHOULDy» HOWEVER» BE NO DECISIONS MADE REGARDING
CHANGING THE MISSION PROFILE UNLESS THE RESULTS WOULD MAKE A SIGNIFICANT REDUCTION IN THE COSE
TO THE CREWs 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 QOCCURRING RADIATIONs 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 OCCURRINGs
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R ITEM

29=-1

29=2

29=3

29=4

29~5

29-6

29-7

29=8

‘29~9

THERE 1S THE POSSIBILITY OF A SPACECRAFT LAND LANDING IN THE LAUNCH SITE AREAs THE POSSIBILITY
OF CREW INJURY ROLLOWING A LAND LANDING 1$ 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=1VB STAGING CAPABILITY DURING THE LAUNCH PHASEs AND THE LANDING POINTS THAT WOULD FOLLOW
DEQRBITS FROM EARTH PARKING ORBIT INYO EITHER THE WEST ATLANTIC OR MID=PACIFIC RECOVERY ZONES
DURING THE FIRST FOUR REVOLUTIONS REGARDLESS OF LAUNCH AZIMUTHe

FORTY HOURS IS THE NECESSARY TIME REGUIRED.TO LOCATE THE CM AFTER A LANDING ANYWHERE [N THE
WORLD BETWEEN 40 DEGe NORTH AND 40 DEGs SOUTH LATITUDE.

EIGHTEEN HOURS 1S THE NECESSARY TIME REQUIRED TO LOCATE THE CM AFTER ANY LANDING TARGETED TO A
PIP OR THE MPL.

IT 1S HIGHLY DESIRABLE BECAUSE OF THE POSSIBILITY OF INCLEMENT WEATHER CONPITIONS IN THE PLANNED
END OF MISSION RECOVERY AREAs THIS CAPABILITY WILL INSURE THAT THE TARGET POINT CAN BE MOVED TO
AN AREA WITH ACCEPTABLE WEATHER GONDITIONS UNTIL ENTRY =24 HOURS. AFTER THIS TIME TARGET POINT
RELOCATION WOULD BE ACCOMPLISHED BY CHANGING THE ENTRY RANGE.

THESE ELLIPSE CONTAIN THE HIGH PROBABILITY LANDING POINTS FOR A DEORBIT FROM EARTH PARKING ORBIT
FLYING A GUIDED OR A HALF LIFT ENTRYs THE PROBABILITY OF ACTUALLY LANDING IN ONE OF THESE
ELLIPSES 1S5 SUFFICIENTLY HIGH TO MAKE IT MANDATORY THAT THERE BE NO LAND MASSES IN THE AREA.

THESE ELLIPSES CONTAIN THE hANDING POINTS FOR_THE BACKUP MCDES Of ENTRY. THE PROBABILITY OF
ACTUALLY ‘LANBINE IN ONE OF WHESE ELLYIASES 8:EUFFIQIENTLY HIGH TO MAKE 1T MANDATORY ' - THAT ' 'THERE
BE NO LAND MASSES IN THE AREA.

THESE ELLIPSES CONTAIN THE HIGH PROBABILITY LANDING POINTS FOR THE PRIMARY AND FIRST BACKUP
MODES OF HIGH SPEED ENTRYs THE PRCBABILITY OF A LANDING WITHIN EITHER OF THESE ELLIPSES 1§
SUFFICIENTLY HIGH TO MAKE IT MANDATORY THAT THERE BE NO LAND IN THE AREAs

THE PROBABILITY OF ACTUALLY LANDING IN THESE AREAS I§ SUFFICIENTLY HIGH THAT IT 1§ HIGHLY
DESIRABLE TO HAVE THEM CLEAR OF ALL LARGE LAND MASSESs
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AEROMEDICAL MISSICN RULE RATIONALE NOT SUBMITTED
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1TEM

LUNAR SURFACE MISSION RULE RATIONALE NOT SUBMITTED
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