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F�IGHT MISSION RU�E RATIONA�E DOCUMENT 

DECEMBER 15• 1970 

PREFACE 

THIS DOCUMENT IS COMPI�ED BY THE F�IGHT CONTRO� OPE�ATIONS BRANCH lFCOBl• F�IGHT CONTRO� 

DIVISIONo MANNED SPACECRAFT CENTER, HOUSTON, TEXASo IT IS A COMP�EMENTARY DOCUMENT TO THE F�IGHT 
MISSION RU�ES WHICH IS A CO��ECTION OF RATIONA�E• HISTORYo AND SUPPORT DATA DESCRIBIN� OR 
JUSTIFYING THE MISSION RU�ESo 

COMMENTS CONCERNING THE CONTENTS OF THIS DOCUMENT SHOU�D BE DIRECTED TO MRo BARRY Me WO�FER,FCOB 

IFC2lo 483-3838o 

THIS DOCUMENT IS NOT TO BE REPRODUCED WITHOUT THE WRITTEN APPROVA� OF THE CHIEFo F�IGHT CONTRO� 

DIVISION, MANNED SPACECRAFT CENTER, HOUSTON• TEXAS• 
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R ITEM 

Ao PURPOSE 

N A S A  - Minntd S p�etc nft C e n t e r  

M I S S I O N  RU L E S  

PART I • I NTRODUCT ION 

THE F�IGHT MISSION RU�E RATIONA�E DO,UMENT 'ONTAIN& EXP�ANATORY DATA THAT A��OWS THE 
M I SS I ON RU�ES TO BE SIMP�£ STATEMENTS OF 'OND I T I ONS/MA�FUN,TIONS AND A BRIEF RESU�TANT 
ACT I ON RATHER THAN �ENGTHY PROCEDURA� DESCRIPTIONS• THE RATIONA�E A�SO PROVIDES A 
DO,UMENTED 'OMP I �ATION OF SYSTEM DATA PERTINENT TO NON•NOMINA� SITUA T I ONS OR A�TERNATE 
M I SS I ON P�ANSo GENERA� PROCEDURES FOR THE DEVE�OPMENT OF THE F�IGHT MISSION RU�E RATIONA�E 
DO,UMENT ARE CONTAINED . IN SE,TION 3 OF THE MISSION RU�E PREPARATION DO,UMENTo 

Bo RESPONSIB I L I TY 

THE D I RECTOR OF F�IGHT OPERATIONS o MS'' HOUSTONo TEX�S o HAS THE OVERALL RESPONSIB I �ITY FOR 
THE PREPARAT ION• CONTENTS AND CONTRO� OF THE F�IGHT M I SSION RU�E RAT I ONALE DOCUMENT o IN 
ORDER TO ASSIST THE D I RECTOR OF FLIGHT OPERATIONS IN T H I S  TAS�• THE CHIEFo  FCOBo HAS BEEN 
DESIGNATED AS THE S I NG�E POINT OF CONTACT AT THE MSC FOR F�IGHT MISSION RU�E RATIONA�Eo AS 
THI S INGLE POINT OF CONTAC T •  FCOB IS THE 'ENTRAL COORD INATING AGENCY AND CONTROLS THE 
FLIGHT M I SSION RULE RATI ONALE DURING THE PUB�ICATION PHASE ON�Yo S INCE THE RU�ES 
CONT I NUOUS�Y CHANGEo NOT ALL RATIONALE CONFORMS TO RU�ES AS THEY EXIST AT PRESENTo HOWEVERo 
IN GENERA�o THE RATI ONALE IS COMPA TI B�E W I TH EXIST I NG RULESo THIS DOCUMENT WILL NOT BE 
UPDATEDo 

Co ORGANIZAT ION 

THE FLIGHT M ISSION RULE RATI ONA�E DOCUMENT IS SUBDIVI DED I NTO TEN BASIC SEC T I ONSo EACH 
SEC T I ON IS ORG,VIIZED SO THAT SUBGROUPINGS Of A SEC T I ON FA�� IN THE SAME ORDER AS THE 
APPLI CABLE PARTS OF THE F�IGHT MISSION RULES DOCUMENTo 

MISSION REV DATE aECT ION 

APOLLO 14 FN� 2/15/70 INTRODUCTION 

GROUP . PAGE 
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R I T E M  

N A S A  - M a n n e d  S pa c e c r aft C e nt e r  

MISSIOK RULES 
SECT I ON 1 - F�! GHT OPERAT I ONS 

2-1 PRE� AUNC H 

Ao T HE � AUNC H AZIMUTH CONSTRAINT OF 72 OEG I S  AN �RB I TRARY �!MI T WHICH PROV I DES GOOD 
PERFORMANCE RESERVES AND MSFN COVERAGE• THE CONSTRAINT FOR 96 DE� IS AN FOD � ! M I T  TO ALLOW 
ACCEPT AB�E MSFN COVERAGE T HROUGH I NSERT i'ONo 

B ,  A �AND � ANDING W I T H  A HOR I ZONTA� COMPONENT GREATER T HAN o4 FPS AT I MP ACT I S  CON S I DERED TO 
BE HAZARDOUS TO CREW SAFET Y o  

C o  �AUNCH COVERAGE T HROUGH INSER T ION I S  RE�UIRED FOR GROUND MON I TORING FOR ABORT S I TUAT I ONS• 
COVERAGE FROM I NSERT I ON TO I NSERT ION P�US 60 SECONDS I S  REYU I RED FOR VOICE COORD I NAT I ON OF 
POST-INS�RT ION GO/NO-GOo MODE I V  ABORTS o AND APOGEE K I CK MANEUVERS, 

2-2 LAUNCH 

A LAUNCH ABORT IS MOR E HAZ ARDOUS TO THE CREW THAN A REENTRY• THE �AND I NG POINT C AN BE SELECTED 
FOR A REENTRY BUT CANNOT A�WAYS BE SELECTED FOR AN ABORT • 

2-3 EARTH ORBIT 

NO RATI ONA�E REQUI RED• 

2-11 TRANS�UNAR I NJEC T I ON 

Aol \Al CREW SAFETY CONSIDERAT I ON 

\B I IF T HERE IS ANY F I N I T E  PROBAB I �I TY OF AC HI E V I NG A �UNAR � AND ING MI SSION• TLI  
W I �� BE ATTEMPTED, THIS  PHI �OSOPHY I S  BASED ON THOSE S�V PROBLEMS WHICH MAY 
DEGRADE SLV PERFORMANCE BUT HAVE NO ADVERSE I MPACT ON CREW S AFETY,  PR I OR TO 
TLI  I F  I T  I S  C�EAR T HAT A LUNAR L ANDING MISSION I S  NOT POS S I BLE o T L I  W I LL NOT 
BE PERFORMED BECAUSE OF A R I SK VS GAIN EVALUAT I ON ,  

A o 2  T HE T � l  COMMI TS T H E  CSM TO A LONG RETURN T I ME AND/OR A �ARGE ABORT MANEUVER-- THEREFORE> 
THE CSM SHOULD HAVE REDUNDANCY I N  ALL SYSTEMS BEFOKE SUCH A COMM I T MENT, 

Bo WE DO NOT WANT TO C HANCE COMMI TTING TO TLI  W I TH A BAD SYSTEM FOR THE REASONS S T ATED I N  Ao2o 
BUT WE DESIRE TO T AKE ADVANTAGE OF EVERY OPPORTUN I T Y  TO AC HI EVE A LUN AR MI SS I ON o  THE T L I  
T ARGETING IN THE I U  I S  S E T  UP T O  ACCOMMODATE THE SoCOND ANO THIRD REV OPPORTUN I T I E S,  AN 
EXCEPT I ON TO THIS  RULE I S  CREW TAKEOVER FOR A SATUKN GUIDANCE REFERENCE FAI LURE• 

2-12 TOI.E 

A• T HE R I SK OF CM DECOMPRESS I ON IS CONSIDERED ACCEPTABLE TO RETRI EVE THE LMo 

B o  AN UNACCEPTABLE CREW R I S K  EX I STS I N  PERFORMING A S T AG I NG SEQUENCE OFF OF T HE CSM/LM/S-IVBo 
IT  C ANNOT BE DETERMI NED•  TO AN ACCEPTAB�E �EV E L o  WHAT T HE DESCENT S T AGE WILL  DO UNDER THESE 
C I RCUMSTANCES•  AND IF IT D I D  SEPAR AT E  FROM T HE S-IVBo  AN EXTREMELY HAZARDOUS RECONTACT 
CON D I T I ON WOULD E X I S T ,  

MI SSION REV D ATE SEC T I ON 

APOLLO 1• FNL 12/1o/70 F L I G HT 
OPERAT I ONS 

GROUP P AGE 

GENERAL 
1-1 



R ITEM 

N A S A  - M a n n e d  Spacecraft  C e n t e r  

M I S S IO N  R U L E S  

SECT ION 1 - F � I GHT OPERATIONS 

2-1 3 TRANS�UNAR COAST 

A o  N O  RATIONA�E REUUI REDo 

Bo IF SOME CONSUMAB�E HAS DECREASED SO THAT A C I RCUM�UNAR EARTH RETURN P�US A 12-HOUR PAD 
CANNOT BE SA T I SF I ED •  F�EX I B I � I TY I S  DIMI N I SHED AND A SHORTER RETURN SHOU"D BE SE"ECTEDo THE 
12-HOUR PAD I S  BASED ON THE TIME REQUIRED TO MOVE THE �AND ING POINT FROM ONE OCEAN TO THE 
OTHER. 

C o  NO RATIONA�E REQU I RED• 

D o  T H E  HYBR I D  TRAJECTORY FOR TH I S  MI SSION WAS DESIGNED TO SET UP CERTA I N  COND I T I ONS FOR �UNAR 
ORB I T  OPERAT I ONS I � IGHT I NG AT TOUCHDOWN• 210-FT SITE  COVERAGE ,  AND DPS ABORT CAPAHI L ! TY I ,  
IF LOI  CANNOT BE ACCOMPL I SHED• THERE I S  NO REASON TO GO OFF A fREE R E TURN TRAJECTORY, 

E o  N O  RAT I ONA�E REUU I RED 

2-14 �UNAR ORB I T  I NSERT I ON 

A o  W E  DO NOT WANT TO LEAVE T H E  F R E E  RETURN TRAJECTORY A N D  SPEND T I ME I N  �UNAR ORB I T  I F  ONE 
MORE FAI �URE COULD BE CATASTROPH I C  OR A SAFE POWER �EVE� OF 40 AMPS COULD NOT BE MA I NTAINED 
DURING TL.C• 

B ,  I T  I S  PREFERAB�E T O  G O  INTO LUNAR ORB I T  AND ACCOMPL I SH M I N I MA� OBJECT I VES A S  OPPOSED T O  
I NH I B I T I NG L O I  BECAUSE THE NOMINA� M I SSION CANNOT BE PERFOHMEDo 

c, NO RATIONA"E REUUIRED, 

Q, NO RATIONALE REQU I RED• 

E o  A DPS MANEUVER I S  A N  ACCEPTABLE WAY OF ACH IEV I NG �UNAR ORB I T  T O  ACCOMPL I S H  LANDING S I T E  
PHOTOGRAPHY OBJECT IVES. 

2-15 �UNAR ORB I T  

A THROUGH E o  NO RATIONA�E REQU I RED, 

F o  T H I S  RESERVES THE SPS BACKUP FOR THE T E l  THUS PROV I D ING REDUNDANT PROPULSION SYSTEMS FOR 
T E l • 

2-16 !NTRAVEH ! CULAR TRANSFER 

THE R I SK I NVOLVED IN A HARDSU ! T  IVT IS CONSIDERED ACCEPTABLE TO SAVE THE M I SSION• 

2-11 DOCKED LM OPERAT I ON 

NO RAT IONALE REUU l REDo 

M I SSION REV DATE SECT I ON 

APOL�O 14 FN� 1 2 / 1 5 /70 FLI GHT 
OPERA T I ONS 

GROUP PAGE 

GENERAL 



N A S A  - Ma n n e d  S p a c e c r aft C e n t e r  

M ISSI O N  RULES 

SECT I ON l - F L I GHT OPERA T I ONS 

R I T EM 

. 

2-21 CSM/LM UNDOCK I NG A ND SEPARAT ION 

Ao  I NDEPENDENT CAPAB I L I TY IS  REQU I RED TO PREVENT THE NEED FOR A N  EVT I N  CASE E I THER VEHI CLES 
DOCK I NG CAPAB I L I T Y  IS LOSTo 

S o  EVT CAPAB I L I TY I S  REQUI RED TO GUARANTEE THAT T H E  L M  CREWMEN C A N  RETURN T O  T H E  CSM E V E N  
THOUGH T H E  L M  A ND CSM CANNOT REDOCK FOR ANY REASONo 

Co CREWMEN MUST REMA I N  SU I T ED I N  CASE THE NOM I NAL M I SS I ON IS ABORTED AND RENDEZVOUS A ND 
DOCK I NG I S  REQU I RED I N  A HURRY W I TH THE RESULTANT PRESSURE VESSEL I NTEGR I T Y  HAZARDSo THE 
CREWMEN ARE NOT REQUI RED TO WEAR HELMENTS A ND GLOVES• 

D o  VHF VOICE BETWEEN LM A ND CSM I S  REUUI RED T O  PROV IDE COMMUNI CAT I ON FOR OPERAT I ONS OCCURRI NG 
BEH I ND THE MOON WHEN MSFN RELAY I S  NOT AVAI LABLE• 

2-22 CSM LUNAR ORB I T  UNDOCKED 

A o l o  IF REDUNDANCY IS LOST I N  CR I T I CAL CSM SYSTEMS ! L I FE SUPPORT o SPS PROPULS ION AND GUI DANCE i o  
A o 2  T HE REMA I N I NG CAPAB I L I T Y  SHOULD BE USED TO RENDEZVOUS A ND RETURN TO EARTH RATHER THAN 

COMMIT TO LAND!NGo IF LM RESCUE CAPABIL I T Y  I S  LOST PR I OR TO CSM C I RCULARIZATION THE CSM 
SHOULD NOT DO THE C I RCULARIZATION BURNo A ND PUT THE VEH IC LES I NTO A RENDEZVOUS AND 
REDOCK I NG SI TUAT I ON, 

S o  FOR CSM FAI LURES I N  T H I S  PERIODo  T H E  MOST T I ME THAT COULD BE SAVED B Y  ABOR T I NG I S  TWO HOURS 
AND A RENDEZVOUS IS ALREADY REQU I RED•  ALSO• CONT I NU I NG KEEPS THE M I SS I ON ON THE NOM I NAL 
T!ME L I NE WH I CH I S  EAS I E R  TO PERFORM THAN A LM ABOR T o  

C t  THE R ISK OF CONT I NU I NG T H E  LUNAR STAY W I T H  LOSS OF REDUNDANCY I N  T H E  CSM I S  NOT CONSlD�RED 
WORTH THE GA I N• 

2-24 LM PO! 

THE LM W I L L NOT BE ALLOWED TO START POWERED DESCENT KNOW I NG THAT I T  W I LL NOT BE POSS I BLE TO 
PERFORM A LUNAR LAND I NG W I TH EVAo THE P R I ME OBJECT I VES ON THE H-2 M I SS I ON CONCERN ACT I V I T I E S  ON 
THE LUNAR SURFACE AND IF THESE OBJECT I VES CANNOT BE MET o THE GA I N  I N  PERFORMING A LUNAR LAND I NG 
I S  NOT WORTH THE R I S K o  

2-2 5 LM POWERED DESCENT 

A o  EARLY I N  POWERED DESCENT o THE DPS W I TH I TS REMA I N I NG CONSUMABLES CAN B E  RETA I NED THROUGH 
I NSER T I ONo HOWEVER • FROM A CONSUMABLES L I FETIME STANDPO I NT •  I T  IS DESI RABLE TO CO�TJNUE 
THE POWERED DESCENT TO POI + �+30 I N  ORDER TO ACHI EVE A RENDEZVOUS T I ME WH I CH IS TWO HOURS 
SHORT ERo 

So DUR I NG TH I S  T I ME PER !ODo THERE IS NO T I ME ADVANTAGE TO ABORT I NG EARLY AND I T  I S  PREFERAB"E 
TO S T I CK TO THE NOMI NAL T I MEL I NE IF POSS IBLE,  

M I SS I ON REV DATE SEC T I ON 

APOLLO 14 FNL 2 1 1;170 FLIGHT 
OPER A T I ONS 

GROUP PAGE 
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R IT EM 

N A S A  - Ma n n e d  S p ac e c raft  C e n t e r  

M I SS I O N  RU L ES 

SECT I ON 1 - F e i GHT OPERA T I ONS 

2-26 eM LUNAR STAY 

2-27 

A o  A N  ANYTIME  L I FTOFF COULD RESUeT I N  LARGE PHAS I NG ANGLES AND REQU IRE  EXCESSIVE AMOUNTS OF 
T IME TO RENDEZVOUS, THEREFORE • UNLESS THE CAPABI L I T Y TO GET I NTO ORB I T  IS BEING LOSTo IT I S  
BETTER T O  WA I T  AND L I FTOFF W I T H  T H E  PROPER PHAS I NG ,  

Bo THo CAPABILITY REMA I N I NG SHOULD BE USED TO RETURN TO THE CSM RATHER THAN CON T I NUE THE 
M I SS I ON ,  THE GAIN OF CONT ! NU I NG o  DUR I NG LUNAR STAY WITHOUT REDUNDANCY• IS NOT CONSIDERED 
WORTH THE R I SKo  

EVA 

A o  

Bo 

c. 

o. 

E o  

F o  

Go 

H o  

I • 

J o  

K o  

REYU I RoD FOR CREW SAFETYo EVA/MSFN VOICE I S  REQUIRED FOR ADV I S I NG THE CREW OF L M  SYSTEMS 
STATUS• 

REQU I RED FOR CREW SAFET Y o  

REQU I RED FOR CREW SAFE T Y o  1 K M  CONSTRAINT ON THE OPS OPERA T I ONAL RAD I US I S  BASED ON THE 
HEAT STORAGE CONSTRA INT ON THE CREWMANo THE 3 KM BSLSS OPERA T I ONAL RADIUS I S  BASED ON OPS 
02 CONSUMABLE CONSTRA I NT FOR LOW PURGE FLOW o 

COMMUN I CAT I ONS BETWEEN ONE EVA CREWMAN AND MSFN IS REQU I RED FOR REPORT OF LM STATUS AND FOR 
EVALUA T I ON OF PLSS STATUSo 

THIS ORDER OF EGRESS / I NGRESS W I LL ASSURE THE CDR W I LL BE IN THE LEFT PUSIT I ON AND THE LMP 
I N  THE R I GHT POS I T ION FOR ASCENTo 

THE EVA CREWMAN MUST BE ABLE TO I NGRESS RAP !DLYo  THE TROUBLE SHOOT ING•  REQU I R ING THE 
PRESSUR I ZAT I ON •  COULD RESULT IN A SU I T  PROBLEM REQUIR ING A PRESSUR I ZED CAB I N  BE RETA I NED• 

REQUIRED FOR CREW SAFET Y• 

A 1 000 F T  L I M I TAT I ON FOR 1 MAN EVA W I LL SAT ISFY THE REQU I REMENT FOR ALSEP DEPLOYMENT, 

TWO L I F E  SUPPORT SYSTEMS ARE MANDATORY TO SUPPORT A CEVT SHOULD CSM/LM DOC K I NG NOT B E  
ACCOMPL.lSHEOt 

MAINTAIN BACKUP OPERATI ONAL CAPAB I L I TY TO RETURN TO THE LM SHOULD THE PLSS FA ! L o  

THE CAPABI L I TY TO ASCEND W I TH THE PLSS ONBOARD I S  REQU I RED SHOULD A N  ASAP ASCENT BE 
REQUIRED OR SOME PROBLEM ARISE PRECLUDING CAB I N  DEPRESS. 

L• TWO GROUND COMMANDS ARE REQU I RED TO F I RE THE ASE MORTER • HOWEVERo T H I S  IS CONS I STENT W I TH 
GOOD OPERAT I ONAL PRAC T I C E •  

2-28 ASCENT 

IT IS NOT CR I T ICAL THAT ASCENT BE ACCOMPLI SHED ON THE NOMINAL ASCENT REV o IF A SYSTEM CRI T I CAL 
FOR ASCENT IS LOST IT I S  PREFERABLE TO DELAY ASCENT TO OBTAIN FULL SYSTEMS CAPABI L I T Y •  

M I S S I ON REV DATE SECT ION 

APOLLO 14 FNL 1 2 / 15/70 FLIGHT 
OPERA T I ONS 

GROUP PAGe; 
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I 

R ITEM  

NASA - Ma n ned Spacecraft  C e n t e r  

MISSION RULES 
SECT I ON 1 - F�I GHT OPERA T I ONS 

2-29 RENDEZVOUS 

AoB THE LM ACTIVE RENDEZVOUS IS THE PRIME METHOD AND IS KNOWN BEST• A�SOo IT IS BETTER TO USE 
THE LM PROPULSION CONSUMAB�ES AS LONG AS POSSI BLE AND CONSERVE THE CSM PROPELLANTS• IF PLANE 
ERRORS W I L L  E X I ST AT I NSER T I ON t  IT IS  PREFERABLE TO PERFORM THE LONG RNDZ TO ALLOW T I ME FOR A 
MANEUVER TO CORRECT THE PLANE ERRORo 

2-30 RETENT ION OF THE LM ASE STAGE 

IF C R I T ICAL CSM SYSTEM REDUNDANCY IS LOST • CONSI DERAT I ON W I LL BE GI V"N TO RETAI N I NG THE LM ASC 
STAGE TO PROV IDE  THIS REDUNDANCY• THE DELTA VELOC I T Y  RESERVED FOR WEATHER AVOIDANCE MAY BE 
U T I L I ZED TO RETA I N  THE NONIMAL RETURN TIME W I TH THE ASC STAGE ATTACHED, 

2-31 TRANSEARTH COAST 

Ao TO LESSEN THE POSSI B I L ITY OF A CM SKIPOUT OR TO PROV IDE  CREW M I N IMUM G LOADSo 

a, I T  IS CONSIDERED SAFER TO GO INTO THE COND I T I ONS ESTABLI SHED THAN TO PERTURB THE TRAJECTORY 
AFTER El - 24 HOURS• 

C o  THE EARL I E R  THE ·MI DCOURSE CORRECTION THE LESS THE CORREC T I ON HAS TO BE AND THE MORE 
EFF I C I ENT I T  !So  

Do  SPS CONSUMABLES MAY BE USED FOR MCC S I F  THE SM RCS CONSUMABLES BECOME CR I T ICAL• 

2-3 2 ALTERNATE M I SSION 

I F  A TLI  I S  NOT PERFORMED A HIGH INCL INAT ION E o O o  MISSION W I LL BE DONE TO OBTA I N  
PHOTOGRAPHS FOR EARTH RESOURCE PURPOSES• 

AN �01 W I �� BE PERFORMED THOUGH NO �ANDING IS POSS I B�E TO OBT A I N  DESCARTES PHOTOGRAPHY, 

Co  THE F I RST ORDER OF PR I OR I TY IN RETA I N I NG OR JET T I S I ON I NG THE �M IS  TO EVALUATE I TS 
USEFULNESS I N  PRO I V I D I NG C R I T ICAL CAPABI L I TY THAT MAY BE LOST I N  THE CSMo I F  A OPS T E l  I S  
NOT TO BE PERFORMED T H E  LM SHOU�D BE IMPACTED O N  T H E  �UNAR SURFACE TO PREVENT POTENT I A� 
COL� I S I ON PROBLEMS IN FUTURE M I SSION, I F  THE LM IS RETAI NED FOR T E l o THE PREFERED METHOD OF 
D I SPOSAL I S  OCEAN IMPACT TO PLACE THE RTG/ POSSIBLE �M FRAGMENTS FROM IMPAC T I NG NEAR 
POPULATED LAND AREAS, THE TH I RD CHO I C E ,  REMIAN IN LOo t  W I �� E X I ST IF IMPACT IS  NOT 
POSS l BLEo  NO CONS I DERA T I ON W I LL BE GIVEN TO BRINGING THE LM BACK AT T E l  TO SAT I S I FY A 
PREFERENCE TO ACCOMPL I SH AN OCEAN l MAPC T o  THE RETURN T I M E  AND UNI QUE PROCEDURES REUU I RE D  
WOULD PROH I B I T  T H I S• 

MI SSION REV DATE SECT ION 

APO�LO 14 FNL 12/15/70 F�IGHT 
OPERA T I ONS 

GROUP PAGE 
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R ITEM 

NASA - Manned Spac,cnft Center 

MISSION RULES 

SECTION 2 • GROUND 5UPPORT INSTRUMENTATIONICOMMUNICATIONS 

4-2A CON50LE TELEMETRY DISPLAY$ A�E MANDATORY FOR THE DISPLAY TO FtC'S OF MANDATORY SIV PARAMETERS. 

4•28 ONE PCM GRO�ND STATION IS REQUIRED TO DRIVE THE STRIP CHART RECORDERS WHICH DISPLAY MANDATORY 
SIV ANALOGS AND EVENTSo 

4-4Al ONE INDEPENDENT TRAC�ING SOURCE IS REQUIRED FOR REAL TIME VERIFICATION OF LIV NAVIGATION AND FOR 
PROTECTION AGAINST VIOLATION OF THE LAUNCH ENVELOPE• 

4•4A2 BOTH IU AND CMC TELEMETRY VECTORS ARE REQUIRED TO INSERTION PLUS 60 SECONDS FOR DETERMINATION OF 
THE TRAJECTORY AND ORBITo AN ORBIT GOINO GO WILL BE MADE BASED ON THIS DATAo 

4•4B RTCC DATA SELECT CAPABILITY IS MANDATORY FOR SELECTION OF THE BEST AVAILABLE DATA SOURCE FOR 
PROCESSINGo 

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

4•5B ACCESS TO AT LEAST ONE OF THE PRIME DIS CONTROL CIRCUITS IS MANDATORY FOR COORDINATION OF THE 
TERMINAL COUNT MCC-PAD ACTIVITIES. 

4•5C ONE DIRECT VOICE CIRCUIT TO THE RSO IS REQUIRED FOR TRAJECTORY VERIFICATION AND BOOSTER SAFINGo 

4-5E ONE AIG PATH VIA GSFC IS REQUIRED TO ALL LAUNCH PHASE REMOTED SITES AND TO AT LEAST TWO REMOTED 
SITES PER REVOLUTION THROUGH REV 3 FOR VOICE COMMUNICATION WITH THE FLIGHT CREW• 

4•6A ONE IBM 36017» Is MANDATORY TO PERFORM AS THE MOC FOR THE PROCESSING OF MANDATORY SIV PARAMETERS 
AND TRAJ��TORY DATA• 

4•6C ONE UNIVAC 494 IS MANDATORY ONLINE TO THROUGH PROCESS MANDATORY SIV PARAMETERS TO THE MOCo 

4-7 ONE MITE SYSTEM IS MANDATORY AS THE MASTER MCC TIMING STANDARD TO SUPPORT MANDATORY R TCCICCATS 
COMPUTERSo 

4-BA BUS Al IS MANDATORY TO PROVIDE UNINTERRUPTABLE POWER FOR THE DITV CONVERTERS. 

4-8B BUS A2 IS MANDATORY TO PROVIDE UNINTERRUPTABLE POWER FOR THE DITV DATA DISTRIBUTORS AND 20 

SECONDS INTERRUPTABLE POWER FOR THE VSMo 

MISSION REV DATE SECTION GROUP 

APOLLO 14 FNL 12115170 GROUND SUPPORT MCC 
INSTICOMM 
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NASA - Manned Spacecraft Center 

MISSION RULES 

SECTION Z • GROUND SUPPORT INSTRUMENTATION/COMMUNICATIONS 

R ITEM 

4•8D BUS 82 IS MANDATORY TO PROVIDE 20 SECONDS INTERRUPTABLE POWER FOR MOCR AND SSR CONSOLES• 

4•9A TEN D/TV CHANNELS ARE MANDATORY TO PROVIDE DISPLAYS TO MOCR F/C1S OF MANDATORY S/V PARAMETERS 

D URING THE LAUNCH PHASEo 

4-981 THE FDO LAUNCH DIGITALS ARE MANDATORY ON D/TV FOR CONTINGENCY ORBIT INSEKTION MANEUVER DATA AND 
MONITORING OF TFF LIMITS• 

4-982 THE GAMMA VSo V PLOT IS MANDATORY ON AT lEAST ONE DISPLAY SYSTEM TO PROVIDE FDO THE NECESSARY 

INFORMATION REQUIRED TO CALL ABORTS BASED ON LV BREAKUP• 

4-983 THE RFO LAUNCH DIGITALS ARE MANDATORY ON D/TV TO PROVIDE A MONITOR FOR MODE III AND MODE IB 

MANEUVER DATA, 

4-984 DISPLAY OF THE GAMMA !Ell VS. V!EII PLOT IS MANDATORY TO MONITOR FOR G•LIMIT VIOLATIONS DURING 

LAUNCH OR ABORT. 

4•981 DISPLAY OF THE INSERTION/INJECTION OIGITALS ON THE D/TV IS MANDATORY TO PROVIDE A BASIS FOR 

MAKING A GO/NO GO DECISION ON THE CSM G&No 

4-9D THE VSM IS MANDATORY TO PROVIDE REQUIRED D/TV OPERATION• 

MISSION REV DATE SECTION GROUP 

APOLLO 14 FNL 12/l�/70 GROUND SUPPORT MCC 
INST /COMM 
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R I T EM 
--·1-----

N A S A  - M a n n e d  Spacecraft C e n t e r  

M ISS I O N  R U L E S  

SEC T I ON 2 • GROUND SUPPORT I NSTRUMENTATION/COMMUN I CAT I ONS 

•lOA ONE GSFC UNI V�C 494 COMMUN I CA T I ONS PROCESSOR IS MANDATORY TO THROUGH PROCESS MANDATORY SIV  
PARAMETERS TO THE MCC CCATSo 

·lOB ONE WBO 1 5 0•0  KBPS I �INE IS MANDATORY BETWEEN GSFC AND MCC FOR THE TRANSM I SS I ON OF MANDATORY S/V 
PARAMETERS o 

•lOC ONE I NCOMING IJJJ TTY C I RCU I T  FROM GSFC TO MCC I S  MANDATORY FOR THE TRANSMISSION OF �OW•SPEED 
RADAR DAT A o  

4•118 

4•1 2 B  

-1 2D 

"-l3B 

ONE sOURCE OF RECEIV I NG USB TM IS MANDA TORY TO PROV I D E  MANDATORY CSM PARAMETERS, 

IU CCS IDP•l B I  OR IU VHF IDP•l l TE�EMETRY IS MANDATORY TO MON I T OR S I VB BU�KHEAD DE�TA PRESSURE 
FO��OW ING SIC SEPARA T I ON DUR I NG TD•Eo CSM USB TE�EMETRY IS MANDATORY FOR ABORT CUES TO MCC FROM 
�I FTOFF THROUGH S•IVB CUTOFF P�US 60 SECo 

VHF OR USB A/G VOICE I S  MANDATORY FOR MCC ABORT CUES THROUGH I NSERTION P�US 60 SECONCSo 

ONE IU TM DOWN�INK IS REQUIRED TWICE PER REVO�U T I ON THROUGH REV 3 TO PROV I DE S I V B  SYSTEMS DATA 
TO SUPPORT A T�l GO/NO GOo CSM USB TM IS MANDATORY TW I CE PER REVO�UTION THROUGH REV 3 TO PROV I DE 
CSM SYSTEMS DATA TO SUPPORT A T�l GO/NO GOo 

4•13C USB TRACK I NG CAPA B I -I T Y  AT AT �EAST TWO MSFN STAT I ONS PoR REVO�UT ION I S  RE�UIRED THROUGH REV 3 
TO PROV IDE A TRAJECTORY BASE FOR T�l MANEUVER P�ANN I NG o  

4•13D A/G COMMUNICAT I ONS IVHF OR USB I A T  TWO MSFN STAT I ONS PER REVO�U T I ON I S  REQUIRED THROUGH REV 3 TO 
PROVIDE CAPABI-ITY  TO A"ERT CREW OF PROB�EMS AFFEC T I NG CREW SAFETYo 

4•14 CCS TELEMETRY IS MANDATORY TO DETERMINE VEH ICLE STATUS BEYOND VHF RANGE DURING POST SIC 
A&B SEPARAT I ON ,  CCS COMMAND I S  MANDATORY TO PROV I DE CORREC T I VE CAPAB I �I TY FOR AN S I V B  BU�KHEAD DE�TA 

PROB�EMS DURING TD&Eo 

4•1 5 CSM USB TE�EMETRY o TRACKINGo AND VOICE SUPPORT MUST BE AVA I �AB�E AT TWO S5 FOOT STA T I ONS TO 
A o B&C PROVIDE MANDATORY SUPPORT DURING T�C AND �POo 

M I S S I ON EV DATE �EC T I ON GROUP PAGE 

AP0-�0 14 N� 2/15/70 ROUND SUPPORT GSFC/KSC/MSFN 
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R I T EM 

N A S A  - Ma n n e d  S pacec r aft C e n t e r  

M I SS I O N  R U LES 

SECT I ON < - GROUND SUPPORT I NSTRUMENT A T I ON/COMMUN I CA T I ONS 

20-lA BASELI NE REUU I REMENT I ALL PHASES EXCEPT LAUNCH I 

l o  TWO-WAY VOICE COMMUN I CA T I ONS BETWEEN SPACECRAFT, 

Ao DEFINITION OF LOSS 

TWO-WAY SPACECRAFT TO SPACECRAFT VHF VOICE COMMUN I CAT I ONS I S  CONSIDERED LOST WHEN NO 
TWO-WAY VOICE COMMUN I CA T I ONS BETWEEN SPACECRAFT CAN BE 06TAI NEO IN ANY OF THE FOUR VHF 
VOICE CONFIGURATIONS• 

B o  GENERAL OPERATIONAL I MPACT 

LOSS OF TWO-WAY VHF VOICE  COMMUNICATIONS BETWEEN SPACECRAFT MEANS THAT SPACECRAFT TO 
SPACECRAFT COMMUNI CATIONS IS LIMITED  TO THOSE PERIODS WHEN 60TH SPACECRAFT ARE I N  LINE  OF 
S I GHT OF THE MSFN AND MSFN RELAY CAN BE PERFORMED, I N  ADDI T I ON •  IF THE TOTAL LM VHF SYSTEM 
F A I LS • TWO-WAY VOICE COMMUN I CATIONS W I TH AN EVA W I LL NOT BE POSS I BLE • 

c, SPEC I F I C  OPERATIONS I MPACT ! REFERENCE SPEC I F I C  M I SS I ON RULE 20- 1 � 1  

I l l  NOMINAL M I S S I ON 

I A I  UNDOCK I NG AND PRE-PDI - LOSS OF VHF VOICE BETWEEN SPACECRAFT L I M I T S  CREW 
COORDINAT I ON TO THOSE PERI ODS WHEN BOTH SPACECRAFT ARE I N  MSFN L I N E  OF S I GHT • 
S I NCE CREW COORD I NATION PLAYS A LARGE PART I N  PERFORMING A RENDEZVOUS• WE W I LL 
NOT COMM I T  TO A RENDEZVOUS WITHOUT THE CAPA�IL I TY TO PERFORM TH I S  COORD I NATION •  
HOWEVE R o  AFTER PERFORM I NG A MANEUVER THAT CUMM I T S  THE LM T O  A RENDEZVOUS• THE 
LOSS OF VHF COMMUNI CATION BETWEEN THE SPACECRAFT I S  NOT SUFF I C I ENT JUST I F I CATION 
FOR M I SS I ON TERM I NA T I ON• 

I B I  POWERED DESCENT - VEHI CLE TO VEHI CLE COMMUN ICAT I ONS ARE NOT CRI T I CAL TO 
COMPLE T I N G  A LANDING OR PERFORMING A SAFE ABORT FROM POWERED DESCENT• 

I C I  LUNAR STAY - S I NCE THE NORMAL LUNAR S TAY COMMUNICATI ONS CONFIGURATION I S  
MSFN RELAY o THE LUNAR STAY NEED NOT BE ABORTED, DEPENDING ON THE VHF FAI LURE 
MODE, EVA ACTI V I T I ES MAY S T I L L  BE POSS IBLE,  

I D I  EVA  - FOR A TWO-MAN EVA • V H F  VOICE BETWEEN ON E  EVA CREWMAN AND TH E  LM  IS  
NECESSARY FOR EVA TO MSFN AND MSFN TO  EVA COMMUN I CA T I ONS, T H I S  L I NK ENABLES THE 
GROUND CONTROLLERS TO I NFORM EVA CREWMAN OF LM AND oVCS/PLSS OPERA TIN G  STATUSo 
LOSS OF TH I S  L I NK COULD COMPROM I SE CREW SAFoTYo 

lEI RENDEZVOUS AND DOCK ING - REGARDLESS OF WH I CH SPACECRAFT PERFORMED THE ACT I V E  
RENDEZVOUS AND DOCK I NG •  THE SAME PROBLoMS AND CONSTRAINTS WOULD BE PRESoNT DUE TO 
THE �OSS OF VHF• S I NCE THE �M I S  NORMA�LY THE ACTIVE V�HIC�Et THERE WOU�D BE NO 
REASON TO P oRFORM ANYTHING OTHER THAN A LM ACT I V E  RENDEZVOUS• 

12 1 ALTERNATE M I SS ION 

IF VHF COMMU N I CAT I ONS IS LOST PRIOR TO UNDOCK I NG AND BOTH VoHI CLES HAVE GOOD 
S-BAND VOICE  COMMUN I CATIONS WITH  THE MSF N o  THEN AN UNDOCK I N G  AND STAT ION KEEP I NG 
TYPE M I SS I ON WILL  BE CONS IDERED• DUE TO CON T I NUOUS VEH I CLE TO VEH I CLE 
COORD I NATION REQUIRED DUR I NG RENDEZVOU S •  CSM C I RCULARIZATION W I LL NOT B E  
PERFORMED I F  VHF I S  LOSTo DUR I NG LUNAR STAY o A ONE-MAN EVA CAN BE PERFORMED I F  
EVCS T O  EVCS VOICE COMMUN ICAT I ONS THROUGH THE SPACECRAFT I S  POSS I BL E ,  

2•  TWO-WAY VOICE COMMUN ICATIONS BETWEEN CSM OR LM AND MSFN DUR I NG ALL DOCKED ACT I V I T I ES AND 
BETWEEN BOTH SPACECRAFT AND MSFN DUR I NG UNDOCKED AC T IV I T IESo 

A o  DEF I N I T I ON OF LOSS 

I F  WHILE  IN LINE  OF S I GHT OF THo MSFN E I THER THE LM OR THE CSM CANNOT oSTABL ISH DIRECT 
TWO-WAY S-BAND VOICE COMMUN I CATIONS WITH THE MSFN IN E I THER T O  NORMAL OR A BACKUP MODo OF 
OPERAT I ONS • THEN TWO-WAY S-BAND VOICo COOMMUN I CAT I ONS BETW<EN THAT VoHICLE AND THo MSFN IS 
CONSI DoRED TO BE LOST, 

M I S S I ON REV DATE SEC T ION 

APOLLO 14 FNL 1 2 / 1 5 1 7 0  GROUND SUPPORT 
I NST /COMM 
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R I T EM 

20•1A 
CON T o  

N A S A  - Ma n n e d  Spacec raft  C e n t e r 

MISSIO N R U L E S  

SECT ION ii • GROUND SUPPORT I NSTRUMENTAT I ON/COMMUNI CAT I ONS 

B o  GENERAL. OPERATIONAL I MPACT 

LOSS OF ONE VEH I CLE ' S  S•6AND FORCES THAT VEHI CLo TO COMMUNICATE W I T H THE MSFN 
THROUGH THE REMA I N I NG VEHI CL.E o IN ADD I T I ON •  VEH ICLE TO VEH IC LE  COMMUN I CAT I ON I S  
TO L I NE OF S I GHT M I SS I ON PER I ODS W H I CH I S  AS L I TTLE AS 2 0  MI NUTES PER LUNAR 
DUR I NG THE LUNAR STAY MISSION PHASEo SHOULD THE REMA I N ING VEHI CLE LOSE 
CAPASI L I TYo THEN BOTH SPACECRAFT WOULD HAVE NO VOICE COMMUNICATIONS W I TH THE 
THEY GET W I TH I N  VHF RANGE DUR I NG TECo  

C o  SPEC I F I C  OPERATIONAL IMPACT !REFERENCE SPEC I F I C  M I S S I ON RULE 20•14 1 

I l l  NOMINAL. M I S S I ON 

V I A  RELAY 
CONSmA I NED 

REVOLUT ION 
I TS S·BAND 
MSFN UNT I L  

CAl UNDOC K I NG THROUGH POl AND LUNAR STAY - THE SPACECRAFT WHICH HAS LOST S·BAND 
VOICE COMMUN I CAT I ONS W I LL BE COMM I TTED TO ONLY 20 MI NUTES OF MSFN CONTACT PER 
REVo DURING LUNAR STAY OPERA T I ONS, THIS  L I MI TED CONTACT COMPROM I SES GROUND 
CONTROLLER CAPAB I L I TY TO I NFORM THE CREW OF POTENTI ALLY HAZARDOUS M I SS I ON OR 
SPACECRAFT S I TUATIONS• 

IBl LO GATE TO TOUCHDOWN • A COMMUNICA T I ONS FAILURE DURING THIS  PERIOD I S  NOT 
SE�IOUS ENOUGH TO WARRANT THE HAZARDS I NVOLVED IN AN AeORT OPERATION WITHOUT 

S•BANO VOICE COMMUN ICATI ONS, 

I C l  RENDEZVOUS AND DOC K I NG - A LM ACT I VE RENDEZVOUS AND DOCK I NG IS S T I LL 
PERFORMED S I NCE SPACECRAFT TO SPACECRAFT COMMUNICATI ONS I S  ST I L L  AVAI LABLE V I A  
VHF •  S•BAND RELAY W I LL ALLOW THE MALFUNC T I ON I NG SPACECRAFT T O  TALK T O  THE MSF N o  

12 1 ALTERNATE M I S S I ONS 

IF ONLY LM S•BAND COMMUNI CATIONS IS LOST AND VHF COMMU N I CAT I ONS I S  AVAILABLE 
BETWEEN SPACECRAFT ,  ALTERNATE M I SS I ONS WH ICH 00 NOT COMM I T  THE LM AND CSM TO A 
RENDEZVOUS MAY BE P ERFORMEDo I F  CSM S•BAND I S  LOS T o  NO ALTERNATE MISSION W I LL �E 
PERFORMED WHICH JEOPARD I Z ES AVA ! LAB ! L ! TY OF LM S•BAND COMMUN I CAT I ONS FOR TECo  

NOTE·-·LOSS OF ONE OR BOTH CSM TRANSPONDERS WH ICH WOULD MEAN NO REDUNDANCY OR 
COMPLETE LOSS OF CSM/MSFN COMM WOULD REUUIRE U T I L I ZA T I ON OF THE LM FOR COMM 
DURING TRANSLUNAR COASTo 

20• 1 8  LAUNCH 

THERE ARE NO COMMUNICAT IONS FAI LURES FOR WHICH THE LAUNCH / I NSER T I ON PHASE W I L L.  �E T ERMINATED• 

A, DEFlN ! T lON OF LOSS 

SPACECRAFT TO MSFN COMMUN I CA T I ONS lS CONSI DERED LOST IF COMMUNICAT I ONS CANNOT BE 
ESTABLISHED lN ANY OF THE FOUR VHF CONF I GURAT I ONS OR THE USB MODE o 

B o  GENERAL OPERATIONAL I MPACT 

CON T I NU I NG A LAUNCH/ I NSERT ION WI THOUT SPACECRAFT TO MSFN COMMUNI CAT I ONS I S  NOT AS HAZARDOUS 
AS SUBJECTING THE CREW TO A LAUNCH ABORTo ADEQUATE ON60ARD MON I TOR I NG DEV ICES EXIST TO KEEP 
THE CREW COGNI ZANT OF THE LAUNCH VEHI CLE AND SPACECRAFT STATUSo 

2 0-lC POWERED DESCENT ADDITIONAL. REYUIREMENTS 

LM VOICE REUU ! RED T I LL L.O GATEo THERE ARE NO CSM COMMUNI CAT IONS SYSTEMS FAI LURES FOR WH I CH L.M 
POWERED DESCENT W I LL. �E TERMI NATED, 

A o  DEF I N I T ION O F  LOSS 

SAME AS I TEM 20·1-Ao 

B o  G<NERAL OPERAT I ONAL I MPACT !REFERENCE SPEC ! F l C  M l SS ! ON RULE 20-141  

FROM POl IGNITION TO TOUCHDOWN • THE F L IGHT CONTROLLERS HAVo THE PRIME RESPONS ! B I L. ! TY FOR 
I DENT IFY I NG SLOW D I VERGENCES IN THE GUIDANCE SYSTEMS I PNGS AND AGS l o  MEASUREMENT ACCURAC I E S  
ARE SUCH THAT T H E  MSFN CAN DETERM I NE PRIOR TO L O  GATE THAT THERE ARE N O  SLOW TRENDS I N  
E I THER GWI OANCE SYSTEM THAT WOULD PRECLUDE US I NG EI THER SYSTEM TO L O  GAT E o  OBV! OUS"Y • TO 
ADV I SE THE CREW OF THE ABOVE DETERMI NAT I ON •  VOICE COMMUN I CAT I ONS W I TH THE LM MUST BE 
MAINTAINED TO LO GAT E o  

M I SS I ON REV DATE SEC T ION 

2 / 1 5 / 7 0  GROUND SUPPORT 
lNST/ COMM 

GROUP 
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COMM·GENERAL 

PAGE 

2-5 



R I T EM 

N A S A  - Ma n n e d  S pa c e c r aft C e nt e r  

MISSION RULES 
SECT I ON Z - GROUND SUPPORT I NSTRUMENT A T I ON/COMMUNI CAT I ONS 

20-lD LUNAR STAY ADD I T I ONAL REQUI REMENTS 

l•  FOR TWO-MAN EVA--VOICE  COMMUNICATI ONS BETWEEN MSFN AND ONE EVA• 

2• FOK ONE-MAN EVA--VO I C E  COMMUNI CAT I ONS BETWEEN MSFN AND LM OR EVA PLUS DUPLEX VO I CE BETWEEN 
THE LM AND EVA CREWMAN, 

3 o  DUPLEX VOICE COMMUNI CAT IONS BETWEEN BOTH EVA CREWMEN• 

A o  GENERAL OPERAT IONAL I MPACT 

TWO-WAY COMMU N I CA T IONS BETWEEN THE MSFN AND A N  EVA CREWMAN IEITHER DIRECT OR VIA RELAY FROM 

THE OTHER CREWMAN! AND TWO-WAY COMMUNI CAT I ONS BETWEEN EVA CREWMEN IS CONS I DERED A F L I GHT 
SAF ETY  I TEM DUE TO THE HOST I LE ENV I RONMENT AND THE LACK OF READ I LY AVAI LABL E BACKUP 
HARDWAR E .  

Bo  SPEC I F I C  OPERAT I ONAL I MPACT ! R EFERENCE SPEC I F I C  M I S S I ON RULE ZO-lb THRU 
20-21) 

FOR LOSS OF VOI C E  COMMUNICATIONS BETWEEN CREWMEN ! E I THER EVA-1 TO EVA-Z OR EVA-2 TO 
THE M I SS I ON MAY BE CONT I NUED S I NCE THE CAPAB I L I T Y  S T I L L  E X I STS TO COMMUNICATE 
CREWMEN VIA THE LM,  THE LOSS OF THE  RELAY CAPAB I L I T Y  IN THE LM WILL RESTRICT THE 
PLAN TO A ONE-MAN EVA S I NC E  A DUAL EVA WOULD RE SULT I N  THE LOSS OF ALL MSFN TO 
COMMUNI CA T I ONSo 

EVA-1) t 
BETwEEN 

F L I GHT 
CREWMAN 

20-2 T H I S  ITEM DOCUMENTS THE PR I ME AND ALTERNATE COMMUNICAT ION MODES FOR BOTH A DUAL AND S I NGLE EVAo 
A&B THE P R I ME 1WDES ARE DESI GNED TO ALLOW DUPLEX VOICE BETWEEN EVA ' S •  VOICE COMMUNICATI ONS BETWEEN 

THE EVA CREWMEN AND THE MSFNo AND THE TRANSFER OF EVA DATA FROM BOTH CREWMEN TO THE MSFNo THE 
BACKUP MODES ARE DESI GNED TO ALLOW DUPLEX VOICE BETWEEN THE EVA ' S •  VOICE COMMUNICAT I ONS BETWEEN 
THE EVA CREWMAN. AND THE MSFNo AND DATA F ROM ONE EVA CREviMANo 

M I SS I ON REV DATE SECT ION 

APOLLO 14 FNL 2/15/70 GROUND SUPPORT 
I NST /COM�1 

GROUP 

FUNC T I ONAL 
COMM-GENERAl. 
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R ITEM 
-- t-----

20-7/ 0 I T EMS 20•7 
MANAGED FOR 

NA S A  - Ma n n e d  S pacec raft  C e n t e r  

MISSION RULES 
SECT ION 2 • GROUND SUPPORT I NSTRUMENTATI ON/COMMUN I C A T I ONS 

DOCUMENT THE MANNER I N  WHUCH T HE COMMUN l CA T I ONS SYSTEMS W I LL T HROUGH < 0•10 
T HI S  M I SS I ON AND T HEREFORE ARE PROCEDURAL I N  NATURE AND REQ�I RE N O  RAT I ONALE, 

M I S S I ON REV DATE SEC T I ON GROUP PAGE 

APOLLO 14 FNL 2/15170 GROUND SUPPORT FUNC T I ONAL 
INST/COMM COMM•MNG 2-7 
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R I T EM 

N A S A  - Man n e d  S pacecraft C e n t e r  

MISSION R U L E S  

SECT ION 2 - GROUND SUPPORT I NSTRUMENTAT I ON/COMMUNICA T I ONS 

20-13 LOSS OF TWO-WAY VOICE COMMU N I CAT IONS BE TWEEN SPACECRAFT 

THE TWO M I SSION PHASES THAT ARE GREATLY COMPL I CATED BY THE LOSS OF COMMUN I CA T I ONS BETWEEN 
VEHICLES ARE RENDEZVOUS AND DOCK I NG o  HOWEVER• IF  THE MALFUNCT ION OCCURS AFTER THE VEHI CLES ARE 
sEPARAT E D  ENOUGH TO HAVE COMM I T T ED TO A RENDEZVOUS • LACK OF COMMUN I CAT I ONS IS NOT SUFF I C I ENT 
REASON TO TERM I NATE  THE �NT I RE FL I GHT PLAN INCLUDING LAND I NG AND EVA• 

20-14 LOSS OF T WO-WAY VOICE COMMUNICATIONS W I TH THE MSFN 

LOSS OF TWO-WAY VOICE COMMUN I CAT IONS BETWEEN THE CSM AND THE MSFN PR I OR TO T L I  W I LL BE 
SUFF I C I EN T  lAUSE FOR REENTERING SiNCE THE CONT INUAT I ON OF THE M I SS I ON WOULD REQU IRE  A SUCCESSFUL 
T L I  AND TD AND E TO REESTAB L I SH COMMUN ICAT I ONS V I A  THE LM• EVEN THEN THE LUI MANEUVER WOULD NOT 
BE PERFORMED, 

LOSS OF CSM/MSFN COMMUN ICAT I ONS POST-T�I W I LL NOT BE CAUSt FOR AN ABU�T 
COMMUN I CAT IONS WOULD BE ESTABLISHED BY POWER ING UP THE LM TO ACCOMPL I SH 
THE ADDED R I S K  OF LOI WOULD NOT BE JUS T I F I ED S I NCE UNDOC K I NG COULD NOT 
LUNAR ORB I T  DUE T O  CSM/MSFN COMMUN I CAT I ONS FA I LURE, 

BUT IT W I LL NO GO L O i o  
A C I RCUMLUNAR FLIGHT BUT 

BE PERFORMED ONCE IN 

RATIONALE FOR THE LOSS OF LMI�\SFN COMMUN I CAT I ONS IS THE SAME AS STATED PREVI OUSLY IN THE 
RATIONALE FOR M I S S I ON RULE 20-1-Co 

NOTE ---FOR 20-14A t LOSS OF ONE OR BOTH CSM TRANSPONDERS WH I CH WOULD MEAN NO REDUNDANCY OR 
COMPLETE LOSS OF CSM/MSFN COMM WOULD REQU I RE U T I L I ZA T I ON OF THE LM FOR COMM DURING TRANSLUNAR 
COAST• 

20-15 LOSS OF TWO CSM AUDIO CENTERS 

EARTH OR B I T  W I LL BE CON T I NUED S I NCE THE REMAI N I NG CSM AUD I O  CENTER CAN PROV I D E  THE R EQUI RED 
COMMUN I CAT I ONS• T L I  W I LL NOT BE PERFORMED S I NCE THE LOSS OF THE REMA I N I NG AUD I O  CENTER WOULD 
RESULT IN A TOTAL LOSS Of CSM COMMUN I CA T I ONS• ALTHOUGH THE LM COULD BE USED FOR V O I C E t  I T  HAS 
NOT BEEN EXTRACTED OR CHECKED OUT PRIOR TO T L i o  

AFTER TLI  HAS BEEN PERFORMED• THE M I SS I ON WILL  BE CONTINUED BUT I S  NO GO FOR LOI W I T H  THE LOSS 
OF TWO AUD I O  CENTERS , UNDOCK I NG W I LL NOT BE PERFORMED BECAUSE OF POSS I BLE LOSS OF CSM/MSFN 
COMMUN ICAT IONs, HOWEVER , ONCE POWERED DESCENT IS I N I T I ATED I T  W I LL BE CON T I NUED, IN ALL CASES• 
IN EVENT O F  lOSS OF TWO CSM AUD I O  CENTERS t THE LM W I LL BE RET A I N ED FOR POSS I BLE BAC�UP 
COMMUN I CAT IONS. 

20-16 EVA-EVA COMM 
20-17 

A ,  DEF I N I T I ON O F  LOSS 

VOICE FROM EVA TO EVA IS CONSIDERED LOST IF ONE EVA CANNOT REC E I V E  THE OTHERo 

Bo GENERAL OPERAT IONAL IMPACT 

THE L.OSS OF VOICE FROM EVA-TO-EVA REQU I R ES A CHANGE IN COMMUN I CA T I O N  MODES• BECAUSE THE EVCS 
OPERATES ON DUPLEX ONL y ,  DUPLEX VOICE MUST BE RE-ESTABLI SHED FOR SAFE LUNAR SURFACE OPERAT I ON ,  

C o  SPE C I FiC OPERA T I ONAL I MPACT 

Ill LOSS OF VOICE FROM EVA-2 TO EVA-1 I REF M I S S I ON RULE 20-16 1 •  

I N  THE DUAL EVA PRIME MODE• EVA-2 TALKS TO EVA-1 ON THE 2 7 9 o 0  MHZ I FM I  LI NKo 
THEREFORE• A LOSS OF VOICE FROM EVA-2 TO EVA-1 REQUI RES A CHANGE TO A BACKUP 
MODE, EVA-l REMA I NS IN THE AR COMM SWITCH POS I T ION AND EVA-2 SWI TCHES T O  B 
POS I T I ON TO RE-ESTABL I SH DUPLEX COMMUN I C A T I ON •  

12! LOSS OF VOICE FROM EYA-l TO EVA-2 I REF M I SS I ON RULE 20•17 ! 

I N  THE DUAL EVA P R I ME MOD E •  EVA-1 TALKS TO EVA-2 ON THE 2 5 9 o 7  MHZ lAM! L I NK o  
THER EFOR E o  A LOSS O F  VOICE  FROM EVA•l TO EVA-2 REQUIRES A CHANGE T O  A BACKUP 
MODE• EVA-l. SWI TCHES TO B AND EVA-2 SWI TCHES TO A TO RE-ESTABLISH DUPLEX 
C OMMUNI CATlON, 

M I SS I ON REV DATE SEC T I ON GROUP PAGE 
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R ITEM 

N A S A  - Ma n ned S pacec raft  C e n t e r  

M I S S I O N  R U LES 

SECTION 2 • GROUND SUPPORT INSTRUMENTATION/COMMUNICATIONS 

20·18 EVA DUP�EX COMM 
20·21 

A o  DEFINITION O F  �OSS 

OUP�EX VOICE IS CONSIDERED �OST IF BOTH CREWMEN CANNOT DIRECT�Y COMMUNICATE WITH EACH OTHER IN 
PRIME OR BACKUP MOOESo 

B o  GENERA� OPERATIONA� IMPACT 

THE �OSS OF OUP�EX VOICE INDICATES �OSS OF DIRECT COMMUNICATION BETWEEN THE TWO 
SUBSEQUENT FAI�URES IN THE �M COU�O RESU�T IN THE COMP�ETE ISO�ATION OF EACH CREWMAN• 
OPERATES ON OUP�EX ON�Y BETWEEN THE TWO CREWMANo THEREFOREo OUP�EX VOICE IS MANDATORY 
�UNAR SURFACE OPERATION, 

C o  SPECIFIC OPERATIONA� IMPACT 

Ill  NOMINA� EVA • TWO MEN IREF MISSION RU�E 20•181 

CREWMEN, 
THE EVCS 
FOR SAFE 

FOR OUA� OPERATION ON THE �UNAR SURFACEo THE CREWMEN REQUIRE EVA•TO•EVA VOICE TO CONDUCT 
SAFE �UNAR OPERATIONS, THIS CAN BE ACCOMP�ISHED EITHER IN THE PRIME MODEt OR BACKUP MODES, 
IF THE EVA TO EVA OUP�EX VOICE COMMUNICATION CANNOT BE ESTAB�ISHEDo THE EVA MUST BE 
TERMINATEOo 

121 A�TERNATE EVA • ONE MAN I REF MISSION RU�E 20·211 

FOR. 
A ONE•MAN EVAo THE EVA AND �M CREWMEN REQU I R E  DUP�EX VOICE BETWEEN EACH OTHER FOR SAFE 

�UNAR SURFACE OPERATIONS• THIS CAN BE ACCOMP�ISHED EITHER IN THE PRIME OR BACKUP MODEo IF 
DUP�EX VOICE COMMUNICATION CANNOT BE ESTAB�ISHEOo THE EVA MUST BE TERMINATEDo 

20• 19 EVA·MSFN COMM 
20-20 

A o  D EFINITION OF "OSS 

TWO•WAY VOICE BETWEEN MSFN AND CREWMEN IS CONSIDERED "OST IF TWO•WAY VOICE-CANNOT BE ESTAB�ISHEO 
BETWEEN MSFN AND EITHER OR BOTH OF THE CREWMEN, 

B o  GENERA" OPERATIONA� IMPACT 

THE �OSS OF TWO•WAY VOICE BETWEEN MSFN AND BOTH CREWMEN IS UNACCEPTAB�E FOR SAFE �UNAR SURFACE 
OPERATIONS• SUBSEQUENT FAI�URES IN EITHER EMU UNITS OR THE �M NOTICED BY MSFN CANNOT BE RE�AYED 
TO THE CREWMEN• 

C o  SPECIFIC OPERATIONA� IMPACT 

I l l  NOMINA� EVA • TWO MEN I REF MISSION RU"E 20•191 

FOR DUA� OPERATION ON THE �UNAR SURFACEo TWO·WAY VOICE BETWEEN MSFN AND ONE 
EVA IS MANDATORY FOR SAFE �UNAR SURFACE OPERATION, IF THE PRIME EVCS MODE IS 
�OSTt A BACKUP MODE IS NECESSARY TO CONTINUE THE EVA• SIMP�EX VOICE THROUGH 
THE �M IS ACCEPTAB�E WHERE ONE CREW.MAN CAN. RECEIVE. MSFN ON� Y o  AND THE OTHER 
cREWMAN CAN TRANSMIT TO MS�N ONLY auT THE TWO CREWMEN MU&T HAvE bUPLE� VOICE 
BETWEEN E�CH OTHER• IF TWO•WAY VOICE WITH MSFN CANNOT BE RE•ESTAB�ISHEDo THE 
EVA MUST BE TERMINATED, 

121 A"TERNATE EVA · ONE MAN I REF MISSION RU�E 20•201 

FOR A ONE•MAN EVAt TWO·WAY VOICE BETWEEN MSFN AND AT �EAST ONE CREWMAN IS 
MANDATORY FOR SAFE �UNAR SURFACE OPERATIONS• IF THE PRIMARY EVCS MODE IS 
�OS T t  A BACKUP MODE IS NECESSARY TO CONTINUE EVAo IF TWO•WAY VOICE WITH MSFN 
CANNOT BE RE·ESTAB�ISHEO o THE EVA MUST BE TERMINATED• 

MISSION REV DATE SECTION GROUP PAGE 

APO��O 14 FN� 2 /li/70 GROUND SUPPORT FUNCTIONA� 
INST/COMM COMM•SPECIFIC 2•9 
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R I T EM 

N A S A  - Man n e d  Spacec raft C e n t e r  

M I S S IO N  RULES 

SECT I ON 3 - TRAJECTORY AND GUIDANCE 

5-1 T ER M I NAT I ON OF THE �AUNCH PHASE 
,.,.sc..c 

COMMENTS 

THE ACCEPTABLE TRAJECTORY ENVELOPE IS DEFINED BY A VEHI CLE BREAKUP L I NE o  AN ABORT ENTRY 
I IG 1  I L I M! T o  AND A PREENTRY SEQUENC I NG T I ME REQU I REMENT , 

1 o  �AUNCH VEHICLE BREAKUP I S  CAUSED BY CONTROL OR GUI DANCE SYSTEM FAJ�U RES 
WH I CH R ESULT I N  EXCES S I V E  ANGLE OF ATTACK AND AERODYNAMIC LOADING O N  THE 
LAUNCH VEHICLE AND SPACECRAFTo THE FIRST STRUCTURAL FAI LURE OCCURS AT THE 
CM/SM TENS I ON T I ES AND IS FOLLOWED SHORTLY BY LAUNCH VEHICLE BREAKUP o  THE 
L I M I T  L I NE IS BIASED BY 8 SECONDS FOR DATA SYSTEM DELAYS AND REACT I ON T I M E o  

Zo THE 

3 o  THE 
THE 

tA l 

I B  I 

I C I  

tO ) 

l E I  

I FI 

I G I  

ENTRY 1 1 GI 1 LOAD RESULT I NG FROM A LAUNCH ABORT IS L I M I TED 

NORMAL MI NIMUM PREENTRY SEQUENC I NG T I ME ITFF I REQUI REMENT 
T I ME RE�UIRED FOR---

DATA SYSTEM DELAY 

COMMUNICAT IONS DEI.AY 

J-2 TAI LOFF 

CSMIS- IVB SEPARAT ION 

2-S ECOND SPS BURN I I F REQU I RED FOR RATE DAMP I NG )  

S M  JETT I SON 

MANEUVER CM TO ENTRY AT T I TUDE, 

TO 1 6 1 ' G " •  

I S  DEFI NED BY 

THE SUM OF THE REQU IRED T I MES PLUS AN OPERATI ONAL PAD RESULTS I N  lDO SECONDS 
AS THE L I M I T o  THE NOM I NAL TRAJECTORY MA I NT A I NS MORE THAN 1 60 SECONDS AFTER 
TOWER JET T I SON o 

PART I C I PA T I O N  

FLIGHT DYNAM I CS OFFI CER 

FL I GHT D I R ECTOR 

CAP COM 

FL I GHT CREW 

DATA SOURCES 

A o  VEH I C L E  BREAKUP GAMMA V S o  V ON THE LEFT PROJECT I ON PLOT TERo  MSK 0040 o SSR 
PI.OTBOARD l o  

Bo ENTRY 1 1 G 1 1  L I M I T - GAMMA El VSo  V E l  ON MSK D04l AND ON SSR PLOTBOARD 3 o  

C o  PREENTRY SEQUENCE T I ME - FDO LAUNCH D I GJTALS o MSK 0043 o T FF V S o  R I P  ON MSK 
0333 AND SSR PLOTBOARD 2 o  

PROCEDURE 

A o  INDICAT ION 

TRAJECTORY TRACE DEVELOPS TREND TOWARD ANY ONE OF THE L I M I T S o  

Bo ACT I ON 

l •  GO TO YEL�OW STATUS• 

2 o  I F  T I ME PERMJTSo BR I E F  FD O N  COND I T JONo 

3 o  G O  RED I F  COND I T ION WORSENSo 

4o G I V E  FD MARKo TRANSMIT  ABORT REQUEST AT V I OLAT I ON OF L I M I T o  

5 ,  CAPCOM . W I LL RELAY MARK T O  PROV l PE SECOND ABORT CUE, 

M I SS I ON REV DATE SEC T ION GROUP 

APOLLO 14 FNL 2 / 15/70 TRAJECTORY AND LAUNCH 
GUI DANCE 
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R ITEM 

N A S A  - Ma n n ed Spac ec raft  C e n t e r  

M I S S I O N  R U L E S  

SECTION 3 - TRAJECTORY AND GUIDANCE 

5-lD T ER M I NATION OF THE,LAUNCH PHASE 

COMMENTS 

THERE ARE CERTAIN LAUNCH VEHI CLE FAI LURES WHICH COULD CAUSE COl CAPABIL I T Y  TO BE LOST AFTER 
IT HAS BEEN ACH I EVED AND CONSEQUENTLY W I LL NOT RESULT IN A ' ' G0 1 1 ORBIT o THESE FAILURES ARE 
CAUSED BY GUIDANCE PROBLEMS AND RESULT IN LARGE F L I GHTPATH ANGLE EXCURSIONS W I THOUT 
V I OLATING A RATE LIMIT , 

VS I S  AN IMPULS IVE  COMPUTATION OF THE DELTA V RoQU I RED TO ACH I EVE A SAFE ORB I T •  BY 
TERMI NAT I NG POWERED FLIGHT WHEN VS STARTS INCREASINGo  WE PREVENT THE SIZE OF THE MODE I V  
MANEUVERS FROM BECOMING EXCESSIVE AND I N  MOST CASES STOP A DEVIATING VEHICLE FROM LOSING A 
COl CAPAB I LITY ALREADY GA I N E D o  DEPRESSED TRAJECTOR I E S RESULT I NG FROM THESE TYPE FAILURES 
OFTEN RESULT IN LAND I P 1 S  W I T H  MARG I NAL OR I NSUFFICIENT FREE FALL TIME TO PERFORM A MODE 
III MANEUVE R .  

PAR T I C I PATION 

F L I GHT DYNAM I CS OFFICER 

F L I GHT DIRECTOR 

CAP COM 

FLIGHT CREW 

DATA SOURCES 

GAMMA vs, VS D I SPLAY 

FDO LAUNCH D I G I TALS 

PROCEDURE 

Ao INDICA T I ON - EITHER VS ON GAMMA VS VS BEGINS TO INCREASE OR V/VS ON DIGITALS 
BEG I NS TO DECREASE ,  

B •  ACTION 

1 .  GO TO YELLOW STATUS 

2 o  BR I EF FD IF TIME PERMITS 

3 o  GO T O  RED I F  D ! VERGANCE CON T I NUES 

4, GIVE FD MARK AND TRANSMIT ABORT REQUEST 

5, CAP COM W I LL RELAY MARK AS SECOND CUE 

MISSION REV DATE SEC T I ON 

APOLLO 14 FNL 12/15/70 TRAJECTORY AND 
GUIDANCE 

GROUP 

LAUNCH 
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R ITEM 

N A S A  - Ma n n e d  S pa c e c r a f t  C e n t e r  

M I SSION R U L E S  

SECTION 3 - TRAJECTORY ANO GUIDANCE 

5-lE TERMINATION OF THE LAUNCH PHASE 

COMMENTS 

ONCE THE �V HAS INSERTED THE SPACECRAFT INTO ORBIT • ANY CONTINUED THRUSTING BEYOND THE 
INSER TION POINT WILL PLACE THE SIC INTO INCREASINGLY 1 10FF NOMINA L ' '  ORBITS FROM WHICH A 
T�l CANNOT BE PERFORMED, 

THE TIMES REQUIRED TO " A" RECOGNIZE AND VERIFY AN OVERSPEED CONDITION 1 1B 1 1 TRANSMIT A 
REQUEST TO THE CREW TO TERMINATE S-IVB THRUSTINGo AND ' ' C 1 1 THE TIME REQUIRED FOR THE CREW 
TO ACTUALLY TERMINATE THRUST I NG ARE AS FOLLOWS---

lA! • 8 SECS !RECOGNIZE AND VERIFY!, 

I B I • 8 SECS I REQUEST CUTOFF I • 

I C I  • 8 SECS ! CREW SHUTDOWN ) ,  

ALLOWING THE LV TO THRUST FOR THE PERIOD OF TIME RE�UIREO TO RECOGNIZE THE OVERSPEED 
CONDITION WI�� P�ACE THE LV AND SIC INTO AN ORBIT INSTANTANEOUSLY CHARACTERiZED BY AN HA OF 
200 N •  M,  THIS THEN BECOMES THE OVERSPEED LINE OF THE P�OTBOARD FOR WHICH THE LV W I LL BE 
MANUAL�Y SHUT DOWN, AS THE BOOSTER WILL THRUST FOR AN ADDITIONAL 16 SECS BEFORE SHUTDOWN 
CAN BE EFFECTED • THE SIC AND SLV WILL END UP IN AN ORBIT CHARACTERIZED BY AN HA • 3>0• 

PARTICIPATION 

GOO 

FDO 

FD 

CAP COM 

FLIGHT CREW 

DATA SOURCES 

A ,  GAMMA VS•  V PLOTBOARD• 

B ,  GUIDANCE OFFICER 

PROCEDURE 

A •  INDICATION - TRAJECTORY TRACE MOVES BEYOND NOMINA� INSERTION CONDITIONS TO 
200 N • M •  L. I NE AFTER mE NOMI NAL T I ME OF GU I DANCE CUTOF F .  

B,  ACTION - FDO WILL IMMEDIATELY INFORM THE FD THAT 1 1WE ARE OVERSPEED• ' AND 
' ' REQUEST SHUTDOWN ' ' •  THE CREW WILL THEN ATTEMPT SHUTDOWN VIA THE S-IVB/S-11 
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 COD E o  REQUEST 
THE RSO TO TRANSMIT MFCO , 

MISSION REV DATE SECTION GROUP 

APOLLO 14 FNL 2/lo /70 TRAJECTORY AND LAUNCH 
GUIDANCE 

PAGE 
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R I T EM 

N A S A  - M a n n ed Spacec raft Center 

M I S S IO N  R U L E S  

SECT I ON 3 - TRAJECTORY ANO GUIDANCE 

5•1F T ERM I N A T I ON OF THE LAUNCH PHASE 

COMMENTS 

DUR I NG F I RST STAGE FLIGHT• SHOULD AN OTHERWISE NORMAL OPERA TING  BOOSTER DEVIATE BEYOND THE 
E X I T  HEA T I NG L I N E o  CATASTROPHIC SPACECRAFT FA I LURES DUE TO ATMOSPHER I C  F R ICT I ON W I LL 
RESULTo THIS ATMOSPHE R I C  HEAT I NG WEAKENS THE STRUCTURAL I NT EGR I T Y  OF THE SMo  SlAo AND 
DETERI ORATES THE REL I AB I L I TY OF THE PYROTECHNICS SURROUND I NG THE SM AND THE SLAo 

PART ICIPATION  

GDOo FDOo FD o CAPCOMo FLIGHT CREW 

DATA SOURCE 

GAMMA VS• V PLOTBOARD 

PROCEDURE 

A, lNO I CA T I ONt 

TRAJECTORY TRACE DEVIATES TOWARD THE EXI T HEA T I NG L I N E o  

B .  ACT I ON, 

1 •  GO T O  YELLOW STATUS • 

2 •  I F  T I M E  PERM I TS• BR I EF THE FDo 

3 o  GO T O  RED STATUS I F  COND I T I ON WORSENSo 

4o GIVE  FD ' ' MARK ' ' •  TRANSM I T  ABORT REQUEST UPON V I OLA T I ON OF EX I T  HEAT I NG L I M I T o  

5 o  CAPCOM W I LL RELAY 1 ' MARK ' '  A S  THE REQUIRED SECOND ABORT QUE • 

M I SS I O N  R E V  DATE SEC T I ON GROUP 

APOLLO 14 FNL � 2 / 1 5 / 70 TRAJECTORY AND LAUNCH 
GUIDANCE 

PAGE 



R I T EM 

N A S A  - Ma n n ed Spacecraft  C e n t e r  

M I S S IO N  R U L E S  

SECT ION o • TR�JECTORY �NO �UlD�NCE 

5•1G TERM I NAT I ON OF LAUNCH PHASE FOR DECREASING ALTI TUDE• 

COMMENTS••• 

SHOULD THE SLV EXPERI ENCE A PREM�TURE CUTOFF DURI NG THE L�UNCH PHASE VAR I OUS ABORT MODES 
�RE AVAILABLE TO EFFECT A SAF E RETURN OF THE SIC• T H I S  SAFE TRAJECTORY ENVELOPE IS FURTHER 
MA I NTAI NED BY TAK I NG EFFECT I V E  ABORT ACTION BEFORE THE SLV ENTERS AN UNSAFE REG I ON• ONE 
CONCERN IS THE AMOUNT OF T I ME REQU I RED• ONCE ABORT ACTION HAS BEEN TAKEN •  TO ' 1SHAPE1 1 THE 
ABORT TRAJECTORY AND PREPARE THE SIC FOR ENTRY• SHOULD A THRUST I NG MANEUVER BE REYU I RoD TO 
EFFECT T H I S  ' ' SHA P I NG ' ' •  SUFF I C I ENT T I ME MUST BE PROV IDED AT THE COMPLE T I ON OF THIS 
MANEUVER FOR ENTRY PREPARATIONS• T H I S  TIME I S  CALLED IFF ! T I ME OF FREE•FALL i o AS LONG AS THE 
LAUNCH TRAJECTORY ALT I TUDE PROF I L E  REMAINS ABOVE APPROX, 60 N•M• T H I S  TFF CAN BE 
MA I NT A I NED• SHOULD• HOWEVERo A DECREASING TREND I N  ALTI TUDE BE OBSERVED TFF M I N I MUMS CANNOT 
BE GUARANTEED • THIS IS ESPECIALLY TRUE IF THE CURRENT FREE FALL I MPACT PO INT IS ON A LAND 
MASS, IN THIS  CASE THE T IME REUU I RED TO SHAPE THE TRAJECTORY ! THRUS T I NG MANEUVER T I ME I  
I NCREASES NON•L I NEARTY TO A POINT WHERE � LAND IMPACT CANNOT B E  AVO I DED• 

PAR T I C I PAT I ON••• 

FDOo FD•  RFO• CAPCOM 

DATA SOURCES··-

LAUNCH D I G I TALS • H VS D 

PROCEDURE·•· 

WHEN THE ALTI TUDE HAS R I SEN ABOVE 60 N•M• AND THEN DECREASE BACK TO 60 N o M, THE FDO W I LL 
I NSTRUCT TO FD OF SAME AND COMM�ND ABORT, 

M I SS I ON REV DATE SEC T I ON 

APOLLO 14 FNL 1 2 1 1 5170 TRAJECTORY AND 
GUIDANCE 
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R I T EM 

N A S A  - Ma n n ed S pa c e c raft  C e n t e r  

M I S S ION R U L E S  

SECT I ON 3 - TRAJECTORY AND GUI DANCE 

5-2 HOLD LES UNT I L  MODE I I  CAPAB I L I TY IS ESTABLISHED 

COMMENTS 

MODE I l  ABORTS REQU IRE A M I N I MUM T I M E o  BETWEEN ABORT AND DYNAM I C  PRESSURE • 16 PSF o OF 100 
SECONDS FOR ORI ENTAT I ON TO ENTRY A T T I TUDE o A TFF OF 8 0  SECONDS TO 300� FEET PROV I DES THE 
REQU I RED T I ME ,  THEREFOR E o  THE PREV I OUS ABORT CAPAB I L I TY o  LES o SHOULD NOT BE ABANDONED PR I OR 
TO ACH I E V I NG THAT CAPAB I L I T Y o  DEPRESSED TRAJECTOR I E S  CAN RESULT I N  NOT MEET ING THI S 
REQUI REMENT BY THE NOMI NAL LES JET T I SON T I MEo 

PART I C I PA T I ON 

FL I GHT DYNAMICS OFF I CER 

FL I GHT D I RECTOR 

CAP COM 

FLIGHT CREW 

DATA SOURCE 

P R I MARY• FDO LAUNCH D I G I TALS o MSK 4 1  

SECONDARY o  TFF VSo RIP D I SPLAYo MSK 3 3 3  

PROCEDURE 

A o  IND ICAT ION 

TFF AS I ND I CATED ON ABOVE DATA SOURCES IS LESS THAN 80 SECONDS AFTER 
STAG I NG .  

B o  ACT ION 

FDO ANNOUNCE OVER F L I GHT D I RECTOR LOOPo ' ' TRAJECTORY I S  LOW HOLD TOWER 
JETT ' ' •  CAPCOM RELAY SAME REPORT TO CREW OVER A I R  TO GROUND lOOP t CREW DELAY 
TOWER JETT I SONo WHEN TFF EXCEEDS 80 SECONDS• FDO ANNOUNCE OVER FLI GHT 
DI RECTOR LOOP 1 1 GO FOR TOWER JETT 1 1 t  CAPCOM RELAY TO CREW t CREW JET T I SON 
LESe 

M I SS I ON REV DATE SECT ION 

APOLLO 14 FNL 2 / 1 5 / 7 0  TRAJECTORY AND 
GUIDANCE 

GROUP PAGE 
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R I T EM 

N A S A  - Man n ed S pa c e c r a f t  C e n t e r  

M I S S I O N  R U L E S  

SECT ION 3 • TRAJECTORY AND GUI DANCE 

MODE J l o  I l l •  I V o  APOGEE K l t K  

S•3A MODE l i t  l i l t  I V t  APOGEE K I C K  

COMMENTS 

Ao THE GROUND HAS THE CAPAB I L I T Y  OF SELECT I NG THE BES T  OF F I VE DATA SOURCES 
I AP L t  SAT• USBt I P  RAW• SHIP C•BAND I AND AS SUCH I S  I N  THE BEST POS I T I ON TO 
EVALUATE THE PERFORMANCE OF THE CMC AND ANY REQU I RED ABORT OR COl MOOEo FOR 
MODE IV MANEUVERS• PROCEDURES HAVE BEEN DEVELOPED SO THE CREW o UPON 
RECE I V I NG A MODE IV RECOMMENDA T I ON AND A GO EVALUAT I ON OF THE CMC t CAN 
PERFORM A MODE IV MANEUVER W I THOUT ASS I TSTANCE FROM THE GROUNDo IN THE EVENT 
THE CMC I S  DECLARED NO-GO FOR MODE IV MANEUVERS• THE GROUND W I LL ASSUME 
RESPONS I B I L I T Y  FOR SUPPORT I NG DATA REQU I RED• 

Bo  MODE I V ' S  EXECUTED W I TH THE CMC W I L L BE PLANNED FOR loS M I NUTES AFTER S•IVB 
CIOo A GROUND COMPUTED BACKUP SOLU T I ON W I LL BE AVA I LABLE FOR EXECUTION AT 
2+05 FROM S·!VB C/Oo 

Co THE GROUND W I LL BE PRIME FOR COMPUTATION OF MODE i l l  ABORT MANEUVERS BECAUSE 
THE CMC IS NOT ADEQUATELY CONF I GURED TO COMPUTE OR MON I TOR MODE I l l  
MANEUVERS W I THOUT GROUND ASSI STANCE• 

Do APOGEE K ICK MANEUVERS W I LL BE USED WHEN THEY PROVIDE A CONSIDERABLE DELTA V 
SAVI NGS OVER MODE I V  SOLUT IONSo T H I S  L I M I TS USE TO HIGH F L I GHT PATH ANGLE 
D I SPERSED CUTOFFS, THE CMC W I LL BE PRIME FOR COMPUTAT I O N •  T H E  GROUND W I LL 
PROV IDE APOGEE T I ME TO A I D  CREW • I F  THE CMC I S  NO-GOt THE GROUND W I LL 
PROV I DE A CCI  PAD , 

E ,  AS LONG G�N l $  ' ' G01 1 t  THE CREW W I L L  HAVE A MORE IMME D I ATE CAPAB I L I TY TO 
DETERMINE S•IVB OVERSPEED COND I T IONS, IN ORDER TO ' CONSERVE TLI CAPAB ! L ! T Y t  
THE CREW W I L L  EFFECT AN S•!VB CUTOFF WHEN• B Y  MON I TOR ING V I  H AND H DOT OR 
HA AND HPo  THE CREW HAS DETERMINED A SAFE I NSER T I ON ORB I T  HAS BEEN OBTAI NED• 
I N  THE EVENT THE G&N l i  NO·GO t THE GROUND W I LL ASSUME THE RESPONS I B I L I T Y  OF 
DETERM I N I NG OVERSPEED COND I T IONS AND W I LL REQUEST THE CREW T ERMI NATE S• IVB  
THRUSTo 

PAR T I C I PAT ION 

FLIGHT DYNAMICS TEAM 

CAPCOM 

FLI GHT CREW 

F L I GHT D I RECTOR 

DATA SOURCES 

FDO LAUNtH D I G I TALS 

RFO LAUNCH D I G ! TALS 

PERI GEE ADJUST TABLE 

PROCEDURE 

Ao INDICA T I ON 

TRAJECTORY I S  NO•GO AT S · ! VB CUTOFF DUE TO TRAJECTORY PROBLEMSo 

Bo ACT I ON 

l o  FDO MARKS MODE I V  CAPAB I L I T Y  DUR I NG POWERED FL IGHT , 

2 •  AT S• I VB CUTOFF FCC MAKES GO/NO•GOo 

3 •  I F  ORB I T  I S  NO•GO AND MODE I V  CAPAB I L I T Y  HAS BEEN ACH i oVED• CAPCOM RELAYS MODE I V  
RECOMMENDAT I ON ,  

4o IF ORB I T  I S  NO•GO AND MODE IV CAPAB I " I TY HAS NOT BEEN ACH ! EVEDo RETRO MAKES ABORT 
MODE DEC I S I ON AND FDO SENDS ABORT REQUEST L I GHT ONo 

5o E I THER THE FDO ( MODE l V I  OR RETRO < MODES I I  AND 1 1 1 1  PASS APPROPR I AT E  PADS TO 
CAPCOM FOR RELAY TO THE tREWo 

M I SS I ON REV DATE SECT ION GROUP 

APOLLO 14 FNL 1 2 / lS/70 TRAJECTORY AND LAUNCH 
GUIDANCE 
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R I T EM 

N A S A  - M a n n e d  S p a c e c r aft C e n t e r  

M I S S I O N  R U L E S  

SECT I ON 3 - TRAJECTORY AND GUI DANCE 

5-38 I NTERRUPT I ON OF ABORT AND COl MANEUVERS 

COMMENTS 

ONE M I NUTE AND 40 SECONDS · P R I OR TO 300K FEET !S F E"T TO BE THE M I N I MUM T IME TO GET 
SEPARATED AND TO GET B"UNT END FORWARD BEFORE B E I NG AERODYNAM I CA"LY CAPTURED ! REFERENCE 
RU"E 5-1 1 •  FOR THIS REASON • A"" THRUS T I NG MANEUVERS SHOU"D BE TERMI NATED AT TFF • l+40o 
NOMINAL"Y THE ONLY MANEUVERS THAT APPROACH THIS " ! M I T ARE H I GH DELTA V MODE I l l  MANEUVERS 
AND EAR"Y MODE I V ' S o  

PART I C IPAT ION 

F"I GHT DYNAMICS OFF ICER 

F" I GHT D I RECTOR 

CAP COM 

F L I GHT CREW 

RETROF I RE OFF ICER 

DATA SOURCES 

FDO "AUNCH D I G ! TA"S 

CMC TFF READOUT ! REG I STER 3 V06N44 1 

TFF VS R l P  P�OTBOARD 

H VS D P"OTBOARD 

PROCEDURE 

A o  INDI CAT I ON 

1 •  TFF AS I N D I CATED ON ABOVE SOURCES I S  "ESS THAN 1+40 AND DECREASING DUR I NG A 
POWERED F"IGHT MANEUVER• 

B o  ACT ION 

REFERENCES 

A o  

B o  

l o  I F  TFF I S  MARG!NA" O R  A KNOWN T F F  I NTERRUPT W I "" OCCUR• FDO O R  RFO W I LL G O  AMBER 
AND BRIEF F L I GHT P R I OR TO THE BURN, THE CAPCOM W I L L  RELAY THE CAU T I ON TO THE 
F L I GHT CREW o 

2 o  WHEN THE T F F  I S  V I O "ATED•  FDO W I "" ANNOUNCE ABORT AND SEND A AND B ABORT " I GHT 
ON,  CAPCOM W l "L RE"AY ABORT TO THE F " I GHT CREW o 

3 o  RFO W I " " DETERM I NE THE ENTRY PROF I " E  AND P I TCH ANG"E AT 300K F EE T o  THE RFO W I "" 
ANNOUNCE ENTRY PROF I "E AND P I TCH AT T I TUDE OVER FD "OOP AND CAPCOM W I L" RE"AY THE 
DATA. 

4 •  THE ENTRY PROF l " E  W I "" BE E I THER FU"" " 1 F T  OR R"90 DEPEND I NG ON "AND ! P  
EVALUAT I ON-- THE P I TCH ANGLE AT ENTRY W I LL BE BASED O N  A HAND P"OTo 

5 .  F"IGHT 
IN THE 
ANGl..E .  

AAWG 

CREW OP I N I ON 

M I SS I ON 

CREW W l "L EXECUTE SPS OFF BASED ON ONBOARD AND GROUND CUES • SEPARATE ASI\P 
PRESENT THRUST I NG ATTI TUD E •  OR I ENT THE CM BEF ANO FLY THE RECOMMENDED BANK 
FOR NO-VO I CE ORIENT THE CM US I NG THE HOR I Z ON REFERENCE AND FLY R"90o 

REV DATE SECT I ON GROUP PAGE 
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R I T EM 

N A S A  - Ma n n e d  S pa c e c r aft C e n t e r  

M I S S I O N  R U L E S  

SECT I ON 3 • TRAJECTORY AND GUI DANCE 

S•3C I NTERRUPT ! ON OF MODE I I  o l l l o  IV 

COMMENTS 

MODE I l l  AND MODE IV MANEUVERS DERIVED BY THE cAUNCH PROGRAM OF THE RTCC AR< D I SPcAYED ONcY 
IF THE INSTANTANEOUS AcTI TUDE DURING THE MANEUVER W l �c REMA I N  ABOVE 7S N o M o 

UNDER CERT�IN C I RCUMSTANCES• SUCH AS MANEUVERS PERFORMED AT wRONG ATT I TUDEo  cOW SPS THRUST o 
OR DEcAYED IGNIT I ON T I MEo  I T  IS POSS I BcE FOR THE SIC TO DROP BEcOW 7S N o M o  DURING THE BURNo 
IN MOST OF THESE CASESo A cAND IP W l cc E X I ST AT T H I S  POINT o I F  ANY I P  EXI STS AT Acco 
BECAUSE OF THE �OW AcT I TUDE AND MARGINA� FREEFAcc T I M E o  TERMINAT I ON O F  THE MANEUVER I N  
FAVOR' OF A MODE I l l  IS  NOT FEASIBcEo 

S !MUcATION EXPERI ENCE HAS SHOWN THAT UNDER THESE C I RCUMSTANCESo IT IS BETTER TO CONT I NUE 
THE MODE IV MANEUVER AS cONG AS THE CURRENT HP IS AT cEAST 300K FT o FOR HP cESS THAN 300K 
FTo THO MANEUVER W l cc BE TERM INATED AND AN ENTRY ATTEMPTED• 

PART I C I PA T I ON 

FLI GHT DYNAMICS OFF I CER 

FeiGH T  D I RECTOR 

CAPCOM 

FLI GHT CREW 

DATA SOURCE 

TFF VSo R I P  

FDO cAUNCH D I G I TAcS 

RFO cAUNCH D IG I TAcS 

ACT I ON 

l t  GO T O  YELLOW STATUS • 

2 o  BRI EF F D  I F  T I ME PERM I T S o  

3o AT c i M I T  REQUEST FeiGHT TO TERMI NATE BURNo 

4o CAPCOM REcAY REQUESTo 

5 o  RETRO FOccOW W I TH ENTRY DATAo 

M I SSION REV DATE SEC T I ON GROUP 

APOccO 14 FNc 2/15170 TRAJECTORY AND cAUNCH 
GUI DANCE 
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R I T EM 

N A S A  - Ma n n e d  S pacec raft  C e n t e r  

M I S S IO N  R U L E S  

SEC T I ON 3 - TRAJECTORY AND GUIDANCE 

5-3D U T I LI ZAT I ON OF L I FT TO AVO ID LAND FOR LAUNCH ABORTS 

COMMENTS 

THE CM IS DES I GNED FOR LAND LANDINGS BUT THEY MAY CAUSE VEHI CLE STRUCTURAL BREAKUPS AND 
POSS I BLE INJURY TO THE F L I GHT CREW. FOR T H I S  REASON t EVERY ATTEMPT IS MADE TO I NSURE A 
WATER LANDING• THE RULE APPL I ES WHEN ENTRY TRAJECTORY CANNOT BE ALTERED W I TH A BURN TO 
AVO I D  LANDo 

PAR T I C I PAT ION 

RETROF I RE OFFICE 

FLIGHT D I RECTOR 

CAP COM 

F L I GHT CREW 

DATA SOURCES 

RFO LAUNCH D I G I TALS 

PHI VS• LAMBDA PLOTBOARD 

RFO ENTRY D I G I TALS 

PROCEDURE 

A o  IND I CAT I ON 

NO BURN FULL L I FT I MPACT PO I N T  LOCA T I ON ,  ZERO L IFT iMPACT POINT LOCA T I ON CAN 
BE USED I F  AVAILABLE ! ENTRY PHASE I •  

B o  ACT ION 

REFERENCES 

1• THE RFO W I L L  DETERM INE IF THE FULL L I F T  I MPACT I S  ON LAND OR WATER• 

I A I  I F  THE FULL L I FT I MPACT POINT I S  ON LANDt THE RFO W I LL RECOMMEND RL90o T H I S  
ENTRY PROF I LE A I DS I N  I MPACT PRED I C T I ON I NO L / D I  AND t I N  SOME CASES • ALLOWS A 
WATER LAND I NG OFF THE WEST COAST OF AFRICA• THE RFO W I LL ALSO ADV I So I F  THE RL90 
IMPACT POINT I S  ON LAND OR WATER• 

( 6 )  JF THE FU�L L I FT I MPACT POINT I S  ON WATER • THE RFO W I LL RECOMMEND FULL L I F T .  
EXCEP T I ONS TO THIS  CASE A R E  WHEN T H E  TOTAL FOOTPR I NT I S  I N  WATER-- T H E  RFO W I LL 
THEN DETERM INE THE ENTRY PROFILE WH ICH IS BEST SU I TED TO GET TO THE I NTENDED 
TARGET POINT • 

z , THE CAPCOM W I LL RELAY THE ENTRY PROF ILE  TO THE CREW AND ADV I SE THE CREW OF A LAND 
LANDING IF THAT S I TUATION EXISTS• 

OPERATI ONAL O P I N I ON 

M I SS I ON REV DATE SEC T I O N  GROUP 

APOLLO 14 FNL 1 Z / 1 o / 7 0  TRAJECTORY AND LAUNCH 
GUIDANCE 
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R I T E M  

N A S A  - M a n n e d  S p ac e c r a f t  C e n t e r  

M I S S IO N  R U L E S  

SEC T I ON 3 • TRAJECTORY AND GUI DANCE 

S•3E MODE l i t  l i l t  I V t  AND APOGEE KICK 

COMMENTS 

Ao SPS BURN FA I "URES INC"UDE NO SPS BURNS AND PAR T I A "  SPS BURN CASES, NO 
ATTEMPT IS MADE TO CONT I NUE THE FAI "ED SPS MANEUVER W I TH THE SM RCS o  I NSTEAD 
A"" ATTEMPTS AND EVA"UA T I ONS MADE ARE TO I NSURE A SAFE REENTRY I HP "ESS THAN 
40 NM l FOR THE S/C, A"SO NO ATTEMPT IS MADE TO PERFORM MANEUVERS TO AVO I D  
"ANDt EXCEPT FOR VARYING THE " 1 F T  ORI ENTATIONo TH� ON"Y RCS MANEUVERS 
PERFORMED ARE DONE AS C"OSE TO APOGEE AS POSS I B"E TO GET MAXIMUM RCS DE"TA V 
EFF I C I ENCY IN REDUCING HP "ESS THAN 40 NMo 

B o  N O  SLA S E P  CASES ARE CONSIDERED AS N O  SPS BURN CASES EXCEPT WHEN 4 0  L ESS 
THAN HP "ESS THAN 75o  FOR TH I S  CAS E t  DUE TO THE MASSES INVO"VED AND THE "OW 
SM•RCS ACCE"ERA T i ON t  I T  IS NOT PRAC T I CAL TO USE THE SM•RCS TO B R I NG HP DOWN 
! DELTA V OBTAINED IN T H I S  CON F I GURA T I ON IS APPROXIMATE"Y 35 FPS OVER 14 
M I NUTES l o  THEREFORE THE PROCEDURE IS TO SEPARATE AND CONTRO" HP W I TH TH" 
CM•RCS . ASAPo 

C o  IN GENERA"·-· 

PROCEDURE 

1 •  THE MODE I I  FAI "URE CASES HAVE H P 1 S  "ESS THAN 40 NM AND NO RCS MANEUVER I S  
REQU I RED•  

2•  THE  MODE IVt  AKt AND MODE I l l  FAI "URE CASES CAN HAVE HP'S  GREATER THAN 40 I N  SOME 
CASESt AND THEREFORE MAY REQU I RE AN RCS MANEUVERS• I SEE A TTACHE.D GAMMA VS• V 
PLOT o l  

A •  I ND l CAT IONe 

l• F L I GHT CREW REPORTS NO THRUST OR NO SLA SEP•  

2•  NO  THRUST CONFI RMED BY G&C·• NO S"A  SEP  CONFIRMED BY EECOMo 

B •  ACT ION• 

lo SPS FA I "URES, 

I A l  RFO DETERMINE HP AND WHETHER APOGEE W I LL B E  BEYOND C Y I  AOSo 

I l l  HP "ESS THAN 4 0  NM • RFO DO "AND IMPACT EVA"UATION I REFo  MR ,  S·5 D l  AND RE"AY 
TO CREW V IA CAPCOM ENTRY PROF I L E t  P I TCH AT o05G t  AND GET 300Ko 

( 2 1  40 LESS THAN HP LESS THAN 7 5  NM • cREW ORI ENT FOR SM•RCS DEOR B I T  ! HEADS 
DOWNt RETROGRADE ! ,  RFO RELAY TO CREW V I A  CAPCOM AT CYI GET!  DELTA V t  DELTA T B t  
P I TCH A T  o05Gt  G E T  300K t AND ENTRY PROF I L E o  

1 3 1  SOME H P  GREATER THAN 4 0  NM CASES REQU I R E  A LARGE AMOUNT O F  DELTA V I F  
DELAYED TO C Y I  ( CASES A R E  LOW GAMMA• H l o  F O R  THESE CASESt RFO W I LL ADV I S E  BURN 
ASAP W I TH 100 FPS RETROGRADEt FLY RL9 0 o  CREW MAY TERMI NATE BURN AT 1 00 FPS OR HP 
• 40 NM t WHI CHEVER COMES F I RST,  

I B l  FOR NO•VOI C E o  CREW W I LL USE GET!  • l9+00 t DELTA V • 100 FPS t FLY RL90o BURN 
MAY BE TERMI NATED ON 100 FPS OR HP • 40 NM• 

I A l  RFO DETERMINES HP AND WHETHER APOGEE W I LL B E  BEYOND CYI  AOSo 

I l l  HP LESS THAN 40 NM - RFO DO LAND IMPACT EVALUA T I ON i REFo  MR 5•5Dl AND RELAY 
TO CREW V I A  CAPCOM ENTRY PROF I L E t  P I TCH AT o05G  AND GET 300Ko CREW W i L L  PERFORM 
CM SEPARATION MANEUVER, 

1 2 1  HP GREATER THAN 40 NM BUT LESS THAN 75 NM • RFO W I LL ADV I SE CM•RCS OEOR B I T  
W I TH DEcTA V • 7 0  FPS, I f  APOGEE I S  PRIOR T O  CYi t CREW WI"L  SEPARATE I MMEDIATELY 
AND GET I  WILL BE ASAP• I f  APOGEE I S  AFTER CY i t  CREW WILL SEPARATE 3 M I NUTES P R I OR 
TO GET i o  GET !  • GET AND CAPCOM W I LL G I VE CREW GETI • DELTA V AND RL90 ENTRY 
PROFI LE•  CREW CAN TERMINATE BURN ON DELTA V OR HP • 40 NM• 

M I S S I ON REV DATE SEC T ION GROU P  

APOLLO 14 F N L  2/15/70 TRAJECTORY AND LAUNCH 
GUI DANCE 
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R I T EM 

5•3E 
CONT 

REFERENCE 

N A S A  - Ma n n ed S pacecraft  C e n t e r  

M I S S IO N  R U L E S  

SECT ION 3 • TRA4ECTORV AND GUI DANCE 

3o CM SEP MANEUVER• 

I A I  P I TCH ENTIRE  STACK CONFI GURAT ION DOWN 3 6  DEGo 

I B I  CM/ I SM/S · I V B I  SEPo 

I C I  P I T CH THE CM DOWN ANOTHER 3 �  DEG TO 7 1  DEG o 

1 0 1  ROLL 1 8 0  OEGo 

l E I  BURN OUT DELTA Vo 

FCD OPERA T I ONAL OP I N IONo  

u " e 
>-

.E! "' " "' 
"jij c. 
� .� 
-;;; 
'-E " ..!: 
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) 

Figure l .  - Inertial flight path angle versus inertial velocity (y-VJ. 

M I SS I ON REV DATE GROUP 

APOLLO 14 FNL 1 2 / 1 5 / 7 0  TRA4ECTORY AND LAUNCH 
GUIDANCE 
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R I T �M 

N A S A  - M a n ned S pa c e c r 1 f t  C e n t e r  

M I S S I O N  R U L E S  

S�CT I ON 3 • TRAJ�CTORY AND G U I DANC� 

5•4A MODE I l l  ABORTS • PREDICTED TFF LESS THAN 1HR 40MI N  AFTER CUTOFF 

COMMENTS 

A o  THE CREW HAS STATED THAT 1+40 I S  A VAL I D  T I ME CONSTRA I N T  BETWEEN CUTOFF AND 
300K FEET FOR ENTRY PREPARAT IONS • FOR MODE I l l  ABORTS OFF THE NOM I NA L •  TFF 
AT C/0 VAR I E S  FROM 1+26 TO 4 + 1 � •  FOR ABORTS OFF THE LATER PORT I ON OF THE 

NOM I NA L •  AS WELL AS CASES FROM AN OFF•NOMINAL TRAJECTORY• CARE MUST BE TAKEN 
TO INSURE THE 1+40 CONSTRAINT• T H I S  W I LL NOT ALWAYS RESULT IN A WATER 
LAND I NG o  

a, A PART I AL SPS MANEUVER W I LL 6� P�RFORMED ONLY TO AVOID A LAND LANDI NGo AN 
RL90 ENTRY W I LL BE FLOWN IN AN ATTEMPT TO MOVE THE !P AS FAR WEST AS 
POS S I BLE• 

C o  A'TION SHOULD B E  TAKEN T O  MA I NTAIN THE 1+40 CONSTRA INT A S  WELL A S  INSURE A 
WATER LAND I NG IN AS MANY CASES AS POSSIBLE BY VARYIKG THE L I FT PROF I L E  
AND/OR· T H E  BURN T I MEo 

PROCEDURE 

WH�N PR�DICTED TFF LESS THAN 1+40 FOR THE MODE I l l  MAKEUVERo 

A o  IF  THE FULL-L I F T  I P  I S  O N  WATER• THERE W I LL BE N O  BURNo 

B o  I F  THE G AND N I S  GO AND THE FULL-L I F T  I P  I S  ON LAND• THE CREW W I LL BURN AT 
GET ! AND TERMINATE THE BURN AT TFF • l+40o THEY W I LL FLY RL90 TO GET THE 
MOD� I l l  iP AS NEAR THE WEST COAST OF AFRICA AS POSSIBLEo  

Co  IF  THE G AND N I S  NO•GO AND THE FULL•L I F T  !P I S  ON LAND o THE AMOUNT OF TFF 
V I OLAT I ON W I LL BE SUBTRACTED FROM THE COMPUT�D BURN T I M� •  THE RESULT I NG BURN 
T I ME ALONG W I TH THE CORRESPONDING DELTA V W I LL BE PASSED TO THE CREW, T H I S  
INSUR�S N O  V I OLATION O F  THE T F F  CONSTRAINT BUT MAY RESULT I N  A LAND LAND I NG ,  
THE CREW W I LL FLY RL90 T O  GET T H E  MODE I l l  I P  AS NEAR THE WEST COAST OF 
AFR I CA AS POSS I BLEo 

REFERENCES 

A o  PREL I M I NARY LAUNCH ABORT STUDY FOR APOLLO M I SS I ON F/CSM·103/LM-3 o·  

Bo APOLLO M I SS I ON T�CHNIQU�S SATURN V/APOLLO LAUNCH PHASE ABORTS, 

M I S S I ON REV OATE SECTION GROUP 

APOLLO 14 FNL 2 / 1 5 /70 TRAJECTORY AND LAUNCH 
GUIDANCE 
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R I T EM 

N A S A  - M a n n e d  S pacecraft  C e n t e r  

MI S S IO. lULU 

SECTION 3 - TRAJECTORY AND GU I DANCE 

5-4B MODE I l l  BURNS �ESS THAN 2 SECONDS 

COMMENTS 

MODE I l l  BURNS OF �ESS THAN 2 SECONDS ARE NOT WORTHWH I � E  BECAUSE A 2-SECOND BURN MOVES THE 
I P ON�Y ABOUT 25 No Mo  THE F � I GHT CAN BEST BE SPENT BY PREPARING FOR ENTRY• 

MODE I l l  BURN$ OF GREATER THAN 2 sECONDS 5HOU�D BE PERFORMED TO AVO I D  �ANDo 

PROCEDURE 

THE RFO W I "� ANNOUNCE MODE I l l  NO BURNo F�Y R�55o  

CAPCOM RE"AY DATA TO CREW, 

THE RFO W I �� PROVID.E P I TCH AT o05G FEET AND GET 300Ko 

REFERENCES 

AAWG• 

OPERATI ONA" OP I N I ON •  

MISSION REV DATE SECT ION GROUP 

APO��O 14 FN" 2 / 15/70 TRAJECTORY AND �AUNCH 
GUIDANCE 



R I T EM 

NASA  - Ma n ned  Spacecnlt. Cen ter  
M I S S IOM I U L !S ' 

SECT I ON 3 ··"' TRAJECTORY ,1\ND GU I DANCE ·. 

5-4C NO I GN I T I ON BY GE T I  +10 SECONDS FOR MODE I l l  ABORTS 

COMMENTS 

A o  THE DE�TA V AND GETI COMPUTED FOR MODE H I  I S  A MANEUVER TO H I T  A N  R�?? 
TARGET POI N T o  I F  THE GET ! I S  DE�AYED THE I P  . MOVES EAST APPROX I MATE�Y 5 
NM/SECo A�SOt TFF ·AFTER THE M"NEUIIER 1 S  REDUCf;D APPRO�! MATE�Y. 1 S.ECOND FOR 
EACH SECOND OF OE�AYo 

B o  THE WEST COAST O F  AFRICA I S  1 5 0  NM FROM THE MODE I l l  TARGET PO I N T ,  IN  THo 
MODE I l l  REGIME THE IP ASSOC I ATED W I TH R�90 BANK ANG�E IS APPROXIMATE�Y 200 
NM UPRANGE OF THE IP FOR AN R�,5 BANK ANG�E• AFTER 60 SECONDS OF DE�AY T I Mt 
TFF BECOMES A FACTOR DURING THE MANEUVER• S I NCE THE MODE I l l  I P  IS BASED ON 
AN R�S5 BANK ANG�E•  WHEN THE CREW CAN BURN DE�TA R ·TO ZEROt. AN R�55 I S  
ACCEPTAB�E BECAU5E THEY W I �� H I T  THi TARGiT t  WHEN DE�TA R CANNOT B E  BURNED TO ZERO BECAUSE OF ·t�E TFF · ·CONSTRA=I N T t  A BURN -TO- ··TFF • 1+40 AND Rl..90 ENTRY 
W I I.L KEEP THE CREW OFF I.AND .FOR DELAYS UP TO 70 SECOi'IDSo 

C o  I F  THE G AND N I S  NOT _AVAI �ABLEt THE OR I G ! NA� MODE I l l  DE�TA V PASSED CAN BE 

PROCEDURE 

USED W I TH AN Rl.90 ENTRY WHICH W I ��· AVO I D  loAND' FOR DEI.AYS UP TO 70 SECONDS 
FOR MODE I l l  ABORTS OFF THE i'IOMII'IA� TRAJECTORY OCCUR R I NG BEFORE 11+00 GET o 

A o  R F O  W I Ll. MARK G E T !  + 10 SECOI'IDS AND I F  PREDICTED TFF I S  i'IOT V I OI.ATED W I �� 

e ,  

ADVISE BURN DE�TA R • 0 AND F � Y  RI.Sh � � ·:THE PREDICTED TFF W I �� B E  VI O�ATED 
RFO W I �L ADVISE BURN T FF • 1+40 AND FLY RL90t 

. .. 
iF THE G AND N IS NO-GO AND T ABORT LESS THAN 1 1+00 
OR I G I NA� MODE I l l  DEI.TA v· PASSED AND· FLY R�90• 

RFO W l �L ADV I S E  BURN 

C o  I F  THE G AND N I S  N00.GO AND T ABORT ·GREATER THAN 1 1+00 t R F O  W I �� ADVISE TO 
BURN A REDUCED DE�TA V SO TFF � ! M I T  W I �� i'IOT BE V I O�ATEO BUT AN ENTRY 
TRAJECTORY W I �� BE ESTAB�ISHED• RFO W I �� ADV I SE TO FLY R�90o 

-. -� ,I ,-
'-� •' • 

' \ ;-t . ,  

, .,,., I ' i  

M.I SSION REV DATE' i.ECT ION JiROUP .•. 

APO��O 14. FN� 2/lS/70 TRA�ECTORY AND . LAUNCH 
. GUIDANCE , 
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R I TEM 

N A S A  - M a n ned S pacecraft C e n t e r  ' 

IIISSIOI IUlEs 
SECTION 3 • TR�JECTORY �ND GUI DANCE 

5•5A CRITERIA  FOR CMC NO•GO FOR ABORT M�NEUVER AND MON I TOR ING !SOFTWARE F A I �URESI 

COMMENTS 

THE RE� I A B I � I TY OF THE CMC AS A DATA SOURCE OR CONTRO� DEV ICE IS DEPENDENT ON THE INTERNA� 
FUNCT ION ING OF THE SOFTWARE• THE CMC IS PROGRAMMED TO RECOGNIZE I NTERNA� FAU�TS AND 
ERRONEOUS CONO I T IONSo UPON RECOGN I T ION OF SUCH A COND I T I ON •  THE COMPUTER I SSUES A PROGRAM 
A�ARMo THE A�ARMS CONSI DERED TO INVA�IDATE THE CMC FAL� INTO TWO CATEGOR I ES, THOSE WH I CH 
OCCUR S I NGU�AR�Y AND CONTI NUOUS�Yo THE A�ARMS o BY CATEGORY• ARE AS FO�LOWSo 

S I NG�E OCCURRENCE 

A�ARM CODE 

00214 

00777 

0 1 107 

01407 

AL�RM FAU�T 

PROGRAM USING IMU WHEN I MU TURNED OFF 

A P I P� FAI �ED C�USED ISS WARN ING 

RESTART PHASE TABLE ENT R I ES D I SAGREE 

VG I NCREAS lNG 

I CDU AND P I P� F � I �S CAUSED I SS WARNING 

IMU F�l� CAUSED ISS WARNING 

IMU �NO P I PA FA I �S CAUSED ISS WARNING 

IMU AND ICDU FA I �S CAUSED ISS WARNING 

04777 

07777 

10777 

13777 

14777 

00205 

IMUo ICDUo AND P I PA FA I �S CAUsED I SS WARNING 

MAXI MUM ACCE�EROMETER OUTPUT 

CON T I NUOUS OCCURRENCE 

ALARM CODE 

20430 

20607 

20610 

2 1 103 

2 1 Z04 

2 1 206 

2 1 2 1 0  

2 l 3 0 2  

2 1 5 0 1  

2U02 

2 1 5 2 1  

3 1 104 

A�ARM FAU�T 

INTEGRATION CAUS ING OVERF�OW 

THAT RECT I F I CATION WOU�D NOT E � I M I NATE 

NO SO�UT ION F ROM CONIC ROU T I NE 

P37 POS I T ION VECTOR AT I GN I T ION 

TOO SMA�� 

FORB I DDEN STEP EXECUTED 

ZERO OR NEGATIVE WA I T � IST 

D I SPLAY SYSTEM ADDRESS BUFFERS FULL 

JOB A�READY WAI T I NG I N  PART I CU�AR 

STALL ROU T I NE 

SQUARE ROOT ARGUMENT TOO NEGA T I V E  

O I $P�AY SYSTEM A�ARM FROM I NTERNA� USE 

I L�EGAL REQUEST FOR A F�ASH ING D I SP�AY 

NEW P ROGRAM REQUEST �ANNOT BE MADE 

AFTER Pl1 STARTED 

TOO MANY JOBS ATTEMPT I NG TO USE JOB 

M I SS I ON REV DATE .· ·. S�CT ION GROUP 

APO��O 14 FN� 2 / 1�/70 TRAJECTORY A�O LAUNCH 
GUIDANCE 
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R I T EM 

S-SA 
CONT 

31201 

31202 
31203 

31207 

3 1 2 1 1  

PART I C I PAT ION 

GUI DANCE OFF ICER 

FLIGHT CREW 

F�IGHT DI RECTOR 

DATA SOURCE$ 

N A S A  - M a n n e d . Spacecraft  C e n t e r  

MI S $ 10 • .  R U L E S  

SEC T I ON 3 - TRAJECTORY AND GUI DANCE 

DELAY ROU T I N E  

NO VAC AREAS AVAILABLE 

NO· JOB REG ISTER SETS AVAILABLE 

NEW T ASJ<. CANNOT BE INSERTED 
SUCCESSFULLY IN WA I TL I ST SYSTEM 

NO VAC AREA AVAI �ABLE FOR MARK DATA 

OPT I C S  USE NOT AL�OWED W I TH EXTENDED 

VERB BEING PERFORMED 

CMC DSKYIPROGRAM ALARM L I GHT 

GU I D o  I NS / INJ D I G I TALSt MSK 290 

CMC MON I TOR I Hl5t MSK 966 

CCATS CMC DOWNL I NK READOUT 

PROCEDURE 

A o  IND ICAT ION 

CREW OBSERVES PROGRAM ALARM � I GHT AND KEYS VOS N09 TO VERIFY ALARMo GOO 
OBSERVES PROGRAM ALARM L I GHT AND VER I F I ES ALARM V I A  CREW KEY I NG VOS N09 
USING MSK 290 OR V I A  FAI LREGS USING MSK 966 OR CCATS CMC DOWNL I NK READOUTo 

B o  AC T I ON 

ALARM I S  IDEN T I F I ED AS APPLICABLE TO A GO/NO-GO DEC I S I ON ,  I F  I T  IS I N  
' ' CONTI NUOUS ' '  CATEGORY DSKY ERROR RESET I S  EXECUTED T O  VERIFY RE-OCCURANCE o 
AFTER I DENT I F I CAT I ON GOO DECLARES ' '  CMC GO ON PROGRAM ALARM' 0 OR ' ' CMC NO-GO 
ON PROGRAM ALARM ' ' OVER FLIGHT D I RECTOR LOOPo CAPCOM RELAYS THE SAME OVER 
A I R-TO-GROUND LOOP, 

M I SS I ON REV DATE . · ·. SECTION GROUP 

APOLLO 14 FNL 2/lS /70 TRAJECTORY AND LAUNCH 
GUI DANCE . 
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R I T EM 

N A S A  - M a n n e d  Spacecraft C e nt e r  

IUSSIOI IULES 

SECTION 3 - TRAJECTORY AND GUI DAN'E 

S-SB CRI TER IA FOR CMC NO-GO FOR ABORT MANEUVER DETERMINAT I ON AND/OR MON I TORING TFF ERROR 

COMMENTS 

ERRONEOUS NAVIGATION BY THE CMC W I �� BE REF�ECTED I N  
PARAMETER I S  USED AS ABORT C R I T ER I A •  ANY ERROR IN I TS 
ABORT 1 5  I N I T I ATED FOR TFF DECREASING BE�OW 1+40o THE 
ATTI TUOE MANEUVER TO I NSURE BEF IS 26 SECONDS• THUS 
GReATeR THAN RTCC TFFt AN ERROR OF 'tO SECONDS CAN BE 
REOR I ENTA T I ON TO INSURE SAFE CAPTURE, 

PAR T ! C l PAT!ON 

GU I DANCE: OFF ICER 

FLIGHT D I RECTOR 

CAP COM 

FL I GHT CREW 

DATA SOURCES 

GOO STRJPCHARTSt GU I DANCE J NS / I NJ D I G I TA�S t MSK 29 

PROCEDURE 

A, I ND I CA T I ON 

I TS KNOW�E:DGE OF TFF•  S I NCE THI S 
COMPUTA T I ON MUST BE � J M J TED, CREW 
T I ME: REQUIRED FOR 180 DEGREES P I TCH 
FOR MOST SEN S I T I V E  CASE o CMC TFF 
TO�ERATED AND YET �EAVE T I ME FOR 

GOO VER I F i eS TFF TREND ON GOO STR I PCHARTS AND OBSERVES D I FFeRENCE OF CMC AND 
RTCC TFF VA�UES ON MSK 290 EXCEEDING � I M I TS •  

B .  ACT I ON 

GOO ANNOUNCES OVER F� I GHT DIRECTOR �OOP " CMC NO-GO TFF ERROR " ,  CAPCOM 
RE�AYS SAME TO CREW OVER A I R  TO GROUND �OOP, 

M I SSION ReV DATE SECTION GROUP 
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R ITE�  
-- -----

N A S A  - Ma n n e d  Spacecraft  C e nt e r  

M I S S IO N  R U L E S  

SECT ION 3 - TRAJECTORY AND GUI DANCE 

S-SC C R I T E R I A  FOR CMC NO-GO FOR ABORT MANEUVER DETERM INAT I ON AND/OR MON I TORING ! ERROR I N  X AND/OR Z 
P"ATFORM A X I S  NAVIGATED VELOC I T Y )  

COMMENTS 

S I NCE THE CMC IS USED FOR ORB I TA" NAVIGAT ION AND TO DETERM I NE CONT I NGENCY MANEUVER ACT I ON o  
S I G N I F ICANT E RRORS I N  I TS I NPLANE NAV IGATI ONA" STATE COU"D ENDANGER THE CREW• SUCH ERRORS 
W I "L BE IMMEDIATELY REFLECTED BY THE CMC KNOWLEDGE OF SENSED VELOC I T Y  ALONG ITS  X AND/OR Z 
PLATFORM AX I S • G AND N D I SPERSION ANALYS I S  HAS SHOWN THAT A CONF I RMED ERROR ALONG THE X 
AX I S  OF GREATER THAN 50 FPS AND/OR Z AXI S OF GREATER THAN lOO FPS I N D I CATES SOME COMPONENT 
W I TH I N  THE CSM G AND N IS OPERATING AT AN UNRE"IABLE "EVE" ! APPROXIMATELY 9-SI GMA I •  THE CMC 
WILL  BE DECLARED 0 ' NO-GO' 0 DUE TO INAB I L I TY TO NAV I GA T E  PROPERLY• 

PAR T I C I PAT ION 

GUI DANCE OFF ICER 

FL I GH T  CREW 

CAPCOM 

DATA SOURCES 

GOO STRI PCHARTS 

GUI DANCE INSERT ION/INJEC T I ON DIGI TALS o MS� 290 
AGC DYNAM I C S  STARUS D I SPLAY 

PROCEDURE 

A •  INDICA T I ON 

GDO DETECTS AND OBSERVES A TREND ON X AND/OR Z AXIS  VELOC I T Y  D I FFERENCES 
FROM, STR I PCHAR\S OR .MSK 290, CONFIRMATION THAT THE ERROR I S  IN THE CMC I S  
THEN MADE BY COMPARING ACTUAL TRAJECTORY PATH W I TH THAT 0 F  CMC V I A  THE AGC 
DYNAM I C  STATUS DI SPLAY• 

B ,  ACT I ON 

GOO ANNOUNCES CMC 0 0 NO-G0 ° 0  DUE TO NAV I GAT ION ERROR OVER F L I GHT D I RECTOR 
"OOP o CAPCOM RELAYS SAME TO CREW OVER AI R TO GROUND "oop, 

M I S S I ON REV DATE SEC ! J ON · .  GROUP 

APO"LO l4 FN" 2 / l S /70 TRAJECTORY AND ' "AUNCH 
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R I T EM 

N A S A  - M a n n e d  Spacec raft C e n t e r  

111551011 lULU 

SEC T I ON 3 - TRAJECTORY AND GUI DANCE 

5-50 C R I T E R I A  FOR CMC NO-GO FOR ABORT MANEUVER DETERM INAT ION AND/OR 
RECOMMENDAT I ON D I SAGREEMEN T !  

MONI TORING I CMC/RTCC 

COMMENTS 

AT TERMINATION OF �AUNCH PHASE POWERED FLIGHT t THE CMC W I L� BE USED TO DETERMINE ORB I TA� 
STATUS AND/OR CON T I NGENCY MANEUVER REQUIREMENT • BECAUSE. OF DEGRADED PERFORMANCE OF THE 
I NE R T I A �  SUBSYSTEM COMPONENTS t THE CMC NAVIGATION COULD IND I CATE A SAFE PERI GEE WHILE THE 
BEST TRAJECTORY SOURCE INDICA TES A PERIGEE LESS THAN SAFEo THE CREW WOULD TAKE NO ACT ION 
W I TH DI SASTEROUS RESULTS, ON THE OTHERHANDt THE CMC NAV I GA T I ON COULD INDICATE . A PERI GEE 
LESS THAN SAFE WH I LE THE BEST TRAJECTORY SOURCE I N D I CATES A SATI SFACTORY PERIGEE• THE CREW 
WOULD UNNECESSARILY SEPARATE FROM THE S I VB t  MAKE A CONT I NGENCY SPS MANEUVER • AND THEREBY 
SACR I F I CE A LUNAR M ! SS ! ONo THUSt ANYT IME .THE ORB I TAL GO/NO-GO RECOMMENDAT IONS BASED ON BEST 
SELECTED SOURCE AND CMC TELEMETRY D I SAGREE• THE CMC W I LL BE DECLARED 1 1 NO-G0 1 1 • 

PAR T I C I PAT ION 

GUI DANCE OFF ICER 

FL I GHT DYNAMICS OFFICER 

DATA SOURCE 

FOO LAUNCH D I G I TALS t MSK 043 

PROCEDURE 

Ao I N D I CATION 

IN RTCC HOLD PHASEt FDO CALLS OUT THE BEST TRAJECTORY SOURCE, GOO OBSERVES 
THE ORBI TAL RECOMMENDAT I ONS IN THE APL AND ' ' BEST SOURCE ' '  COLUMNS OF MSK 
043· 

Bo  ACT I ON 

IF OBSERVED RECOMMENDAT I ONS ARE I N  AGREEMENT ,  GoO CALLS OUT OVER FLI GHT 
DI RECTOR LOOP t CMC IS ' ' GO' ' •  OTHERW I SE t  GOO CALLS OUT CMC IS 1 1 NO-G0 1 1 • 
CAPCOM ADV I SES CREW ACCORDINGLYt 

M I SSION REV DATE SEC T I ON GROUP 
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R I T EM 

N A S A  - M a n n ed S pa c e c raft  C e n t e r  

M I S S IO N  R U L E S  
SECT I ON 3 - TRAJECTORY AND GUI DANCE 

5-6 THE ORB I T  JS 1 1 G0 1 1  IF HP GREATER THAN OR EQUAL TO 75 N • M •  

COMMENTS 

A ' ' GO ' ' ORB I T  MUST PROVIDE: A L I F E T I ME. Of ONE FULL. REV WI THOUT DEGRADING OR F A I L I NG 
SPACECHAFT SYSTEMS, THE EFFECTS OF AERODYNAM I C  HEAT I NG ON SPACECRAFT SYSTEMS DURING ONE 
PASS THROUGH PEHI GEE ARE MORE CONSTRAI NING THAN PROV I DING ' ' OR B I TAL c i FET IME' ' •  ORDNANCE I N  
THE SLA SEPARATION UN I T  AND I N  THE CM/SM UMB I L I CAL. GUI LLOT I N E  FAILS FOR PERI GEES LOWER THAN 
71 No M, AND 90 DEG ANGLE OF ATTACK, ATMOSPHER I C  DEN S I T Y o  I N I T IAL TEMPERATURES• AND DRAG 
COEFF I C i ENTS CAUSE L I T T LE CHANGE I N  THE FAI LURE ALT I TUDE, A PAD FOR THE UNCERTA I NTY I N  
PEMIGEt ALTI TUDE PRED I C T I ON B Y  MCC ADDED TO THE ORDNANCE' 

F A I LURE ALT I TUDE ESTABLI SHED 7 �  N ,  
M o  AS THE M I N IMUM PER I GEE ALT I TUDE FOR A ' ' GO'' ORB I T •  

PAR T I U PAT ION 

F C I GHT DYNAMICS OFFICER 

F L I GHT DIRECTOR 

CAP COM 

F L I GH T  CREW 

DATA SOURCES 

PRIMARY o FDO LAUNCH D I G I TACS o MSK 4 1 •  

SECONDAR Y •  GAMMA VS• V D I SPLAY MSK 4 0 •  

PROCEDURE 

Ao I ND I CAT ION 

1 o  RTCC RECOMMENDS GO/NO GOo 

2 o  VIVPS VER I F I ES RECOMMENDA T I ON •  

3 •  V •  GAMMA• H F ROM SELECTED SOURCE VER I F I ES RECOMMENDAT ION. 

B o  ACT I ON 

1 o  HP GREATER THAN O R  E�UAL. T O  75 - FOO ANNQUNCES ' 1 F L I GH T o  W E  A R E  GO ' '  O N  F D  LOOP, 

2o HP LESS THAN 7 � o  - MODE IV - FDO ANNOUNCES ' ' F L I GHT o WE ARE GO MODE I V o  
SEPARATE'' O N  F D  LOOPo PASS MODE I V  MANEUVER ASAPo CAPCOM W I LL RELAY REPORT AND 
MANEUVER TO CREWe 

3 o  H P  CESS THAN 7 5 o  APOGEE KICK - FDO ANNOUNCES ' ' fLIGHT o W E  ARE GO o APOGEE K I CK o  
SEPARATE'' O N  F D  L.OOPo PASS APOGEE K I CK MANEUVER ASAP, CAPCOM W I LL RELAY REPORT 
AND MANEUVER TO CREWo 

4 •  H P  LESS THAN 7 5 •  NO POSSI BLE MODE I V  O R  APOGEE KICK - FOO ANNOUNCES ' ' FL I GHT • WE 
ARE NU GOo SEPARATE ' ' ON FD LOOPo RETRO FOLLOWS WITH ABORT MODE AND MANEUVER I F  
MODE I l l  CAPCOM RELAYS REPORTS AND MANEUVER TO CREwo 

M I SSION REV DATE SEC T ION 
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R I T EM 

N A S A  - Ma n n e d  S pacec raft  C e n t e r  

M I S S IO N  R U I. E S  

S E C T ION 3 - TRAJECTORY ANO G U I DANCE 

5-ZOA EARTH ORB I TAL ALT I TUDE CONSTRA I N T  

COMMENTS 

THE M IN I MUM P ER I GE E  A L T I TUDE L I M I T  IS ESTABLISHED TO PROTECT AGA I NST ATMOSPH ER I C  HEAT I NG 
CAUS I NG DAMAGE TO S I C o  TO PROTECT AGA I NS T  T H I S  DAMAGE • P E R I GEE MUST BE M A I N TA I NED ABOVE 75 
N o M •  V I OLA T I ONS OF T H I S  L I M I T MUST B E  CORRECTED ASAPo FOR PLANN I NG PURPOSES I T  I S  D ES I RABLE 
TO ALLOW FOR REASONABLE EXECU T I ON ERRORS WI THOUT V I OLAT I NG T H I S  CONST R A I N T •  8 5  N o M •  ALLOWS 
FOR T H E S E  ERRORS W I THOUT S E R I OUSLY L I M I T ING PLANNING F L EX I B I L I TY o  

T H E  M A I NTENANCE OF R C S  DEORB I T  CAPAB I L I T Y  DEF I NES T H E  MAXIMUM P E R I GEE A L T I TUDE AT ANY G I VEN 
POINT DURING THE M I S S I ONo HOWEVER• WHEN THE CONS I DERA T I ON OF LM PROPULSION 15 ADVANTAGEOuS • 
T H I S  L I M I T  MAY BE R A I S E D •  

CUR R E N T L Y •  N O  CONSTRA I NTS HAVE BEEN D E F I NED WH I C H  WOULD L I M I T  THo MAX I MUM APOGEE A L T I T U D e •  

PAR T I C I PA T I ON 

FDO 
RFO 

FD 

G AND C 

CREW 

DATA SOURCES 

M I SS I ON PLANNING D I SPLAY S •  O R B I T  D I G I TALS 

PROCEDURES 

A ,  NORMAL M I S S I ON PLANN I NG ,  

a .  

l o  G AND C DETERMI NES RCS DELTA V AVAILABLE F O R  DEORB I T  THROUGH NEXT MANEUVER• 

z, FDO/RFO DETERM I N E  MAX I MUM PERI GEE A L T I TUDE FOR DELTA Vo USE NOMI NAL P E R I GEE I F  
LOWER THAN MAXIMUM. 

3 ,  FDO D E T E R M I N E  APOGEE ALT I TUDE W H I CH PROV I DES L I F E T I M E  THROUGH END O F  M I SS I ON o  USE 
NOMINAl APOGEE IF H I GHER, 

4, CALL GPMT FOR MANEUVER OVER A MSFN S T A T I ON TO RESULT IN HA AND HP DES I RE D •  

P E R I GEE V I O LA T I ON ,  CALL P E R I GEE ADJUST TABLE FOR 
IF ADJUSTMENT A T  APOGEE IS I MPOS S I B L E  BECAUSE O F  

M � F N  COVERAGE t F D O  ORB I T  D l G I TALS SHOW T I ME O F  
PROBLEMS ANU P S A T  SHOWS MSFN COVERAuEo 

M I SS I O N  R E V  DATE SEC T I O N  GROUP 

MANEUVER AT APOGEE OR ASAP 
T RUE ANOMALY OR PREMANEUVER 

APOGEE AND TRUE ANOMALY 
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R I T EM 

N A S A  - Ma n n e d  S p a <: e c raft  C e n t e r  

I.U S S I O N  I U L E S  

SEC T I ON � • TRAJECTORY AND GUI DANCE 

5-20B EMERGENCY DOORB I T  W I T H  HP �ESS THAN 75 N o M o  

COMMENTS 

A o  I T  I S  ASSUMED THAT AN · ORB ! TA �  MANEUVER CANNOT B E  MADE T O  CORRECT THE H P  �ESS. 
TH.AN 75 NM PROB�EMo 

. 

B o  ANY MANEUVER PERFORMED W I �� B E  T O  REDUCE H P  �ESS THAN 4 0  N M  T O  I NSURE A SAF.E 
REENTRY o 

. 

C o  THE S P S  TH�USTER W I �� B E  USED WHENEVER POSS I B�Eo  WHEN THE RCS THRUSTER I S  
uSEDo I T  W I �·� BE A S  C�OSE T O  APOGEE AS POSSIB�E T O  GET MA�I MUM DELTA V 
EFF I C I ENCY. 

O o  TARGE TI N G  W I �L B E  DONE WHERE PO.SSI B�E ( T RUE ANOMALY LESS THAN 1 80 DEG I AND 
TIME  PERMI TS•  

PROCEDURE 

Ao If HF IS GREATER THAN 40 NM BUT LESS THAN 75 NM ••• 
1 o  TRUE ANOMALY GREATER THAN 1 8 0  DEG • I F  SPS I S  GOo CREW W I LL GO T O  SPS DEOR B I T  

ATTI TUDE ! HEADS UPo  HOR I Z ON MONITOR ! •  I F  S P S  I S  NO•GO o CREW W I L� GO TO RCS 
DEORB I T  ATTI TUDE ! HEADS DOWNo RETROGRADE i o  CREW PERFORMS MANEUVER ASAP TO LOWER 
HP TO AT LEAST 40 NM IF POSS I B�Eo  CREW W I � �  BURN ALL RCS DE�TA V AVAI LABLE TO 
ACH I EVE 40 NM OR W I �L TERMINATE BURN WHEN TFF EUUALS 7 M I N o  GROUND W I L L  PROV I DE 
P I TCH AT ENTRY GET o 05G AND ENTRY PROF ILEo  I F  NO VOICE•  CREW WIL�  FLY A RL 90 
ENTRYo 

2• TRUE ANOMALY �ESS THAN 180  DEG • CREW W I LL GO TO RCS DEOR B I T  ATTI TUDE o  GROUND 
WILL  PROVIDE T I G  DELTA V P I TCH AT ENTRY GET o 0 5G AND ENTRY PROF I LE o  MANEUVER W I LL 
BE PLANNED FOR EXECUTION AT APOGEEo 

B o  I F  H P  LESS THAN 4 0  NM AND••• 

1 •  TRUE ANOMALY GREATER THAN 180 DEG • NO BURN • GROUND W I LL PROVIDE P I TCH AT ENTRY • 
GET o O SG AND ENTRY PROF I L E o  ENTRY PROF I LE BASED ON LAND I P  EVA�UAT I ON o  

2 •  TRUE ANOMALY �ESS THAN 180  DEG - GROUND MAY PROVIDE A N  RCS MANEUVER I F  TARGETING 
FOR AN I P  I S  POSS I B LEo 

M I S S I ON REV DATE SECT ION . GROUP PAGE 
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R I T EM 

N A S A  - Ma n n ed S pacec raft C e n t e r  

M I S S IO N  R U L E S  

S E C T I ON 3 - TRAJECTORY AND GUI DANCE 

5-22 L I FT-OFF T I MF. UPDATE 

COMMENTS 

AT L I FT-OFF I N D I CA T I ON t  THE CMC RECORDS THE COMPUTER T I M E t  ZEROS THE T I M E  REGI STERS• AND 
UPDATES TEPHEME R I S  BY ADD I NG THE RECORDED L I F T-OFF T I ME TO THE PREV I OUSLY STORED VALUE , THE 
TEPHEME R I S  QUANT I TY I S  THE TOTAL ELAPSED T I ME FROM REFERENCE I BASSE L ! AN I  COORD I NATE SYSTEM 
DEF I N I T I ON TO LAST COMPU l E R  CLOCK Z EROo THE TEPHEME R I S  QUAN T I T Y  AND COMPUTER CLOCK T I ME ARE 
U T I L I ZED IN THE NAV IGAT I ON SCHEMES FOR DETERM I N I NG EARTH LOCA T I ON RELATIVE TO THE REFERENCE 
COORD INATE FRAME, BECAUSE OF THE GROUND/CMC DR LM I N TERFACE FOR MANEUVER PREPARAT I ON AND 
TRAJECTORY MONI T O R ! N o t  I T  IS ESSEN T I A L  FOR BOTH T I ME �ASES TO BE THE SAMEo FOR TH I S  REASONt 
THE CMC L / 0  T I ME JS USED• AV0 1 D J N G  A CMC UPDA T E .  NOM I NA L L Y  THE GND AND CMC L/0 SHOULD HAVE 
A D I FFERENCE OF LESS THAN O o 5  SECONDo 

I F  T H E  CMC GMTLO D I FFEKS FROM THE SRO GMTLO ! F I RST MOT I ON i t  THE G � N PLATFORM IS I N  ERROR 
! ROLL P�OGRAM OF SATURN STARTS AT � I FT-OFF PLUS 10 SECONDS ! THUS THE G & N IS lN ERROR AND 
NOT H I NG CAN BE GAINED BY U S I N G  THE CMC GMTLO, M.SO • THE MET 1 N THE CSM STARTS W I T H  F 1 RST 
MOT I ON AND US ING A ·G�,TLO D I F F ERENT FROM F I RST MOT I ON CAUSES THE GROUND ELAPSED T I ME TO BE 
D I FFERENT FROM THE SIC ELAPSED T I ME ,  THE PROBAB I L I T Y OF A D I FFER�NCE GREATER THAN 5 SECONDS 
IS REMOTE S I NC E  THE CRE>I IS P O I SED T O  BACK UP THE L I FT-OFF S I GNAL TO THE CMC BY ENT ER I NG 

V 7 5  WH I CH WAS I NSERTED I NTO THE DSKY I N  PRELAUNCH •  

DATA SOURCE 

GOO S TATE BUFFER MON I TO R ,  MSK 2 6 7 t  V O I C E  LOOP TO SROo 

PROCEDURE 

RFO OBSERVES EVENT FROM CMC ON MSK 2 6 7  TO OBTA I N  CMC GMTLOo AFTER R E C E I P T  OF GMTLO FKOM SRO t 
THE APPROP R I AT E  VALUE I S  I NPUT TO THE RTCC V I A  THE COMPUTER DYNAM ! C S o  

M I SS I ON REV DATE SEC T I ON GROUP PAGE 
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R I T EM 

N A S A  - Man ne.d Spacecraft C e n t e r  

M I S S IO N  • U L E S  

SEC T I ON J - TRAJECTORY AND GUIDANCE . 

5•23 RETROF IRE MANEUVER P"ANNING TO RESU"T IN THE T I ME BETWEEN GET ! AND 4001<. GREATER THAN 9 M I NUTES 

COMMENTS 

·A o THE T I ME BETWEEN RETROF I RE l G N l l i Otl AND 4001<. FEET I S  CONSTRAINED FOR TWO 
MAIN RE·ASONSo F I RST • A POSS I B"E RECONTACT PROB,EM BETWEEN THE CM AND SMo 
SECONDo A CREW PREPARAT I ON TIME FOR ENTRY AFTER RETROF I R E ,  

B o  THE CREW DESI RES A S  MUCH T I ME A S  POSS IB"E AFTER RETROF IRE  T O  PREPARE FOR 
ENTRY•- HOWEVER • THE CREW HAS STATED THATo AS A M I N I MUM• 10 M I NUTES TFF 
AFTER RETROF I RE 1 10 M I NUTES TO 3001<. FEET I IS AN OPERATI ONA""y GOOD NUMBER 
WH I CH ! NC"UDES ANY CONT I NGENCY PROCEDURES WHICH MAY BE REYU I REDo IN GENERA"• 
FOR SPS•TYPE RETROF I RES• T I ME BETWEEN �OOK FEET AND 300K FEET I S  2 M I NUTES-
THUS• FOR RETROF I RE P"ANNING PURPOSES• THE TFF AFTER THE RETRO MANEUVER W I "" 
BE AT "EAST 1 1  M I NUTES BASED ON 9 M I NUTES TO 400K FEET P"US 2 M I NUTES TO 
300K FEETo FOR CONT I NGENCY TYPE RETRO MANEUVER •  THE CREW I S  REQU I RED TO BURN 
TU A "OWER TFF TO I NSURE A SAFE ENTRYo 

C ,  I N  ATTEMPT I NG TO GET MORE T l  ME BETWEEN GET!  AND 400K FEET-· P I TCH ANG"E AT 
GET i o  DE,TA V OF THE MANEUVER• OR THE TARGET POINT CAN BE CHANGED• VARYING 
THE P I TCH ANG"E AT GET ! W I "" NOT BE DONE 6ECAUSE o OPERATIONA,,Y, MAINTA I N I NG 
THE " I NE ON THE W I NDOW OF THE SPACECRAFT ON THE HORI ZON IS DESI RAB,E o 
CHANG ING THE TARGET POINT HAS VERY ' I TT"E EFFECT ON TFF EXCEPT WHEN "ARGE 
CHANGES ARE MADE, 

. 

PROCEDURE 

IF THE P"ANNING MANEUVER HAS RET 400K "ESS THAN 9 M I NUTES • RFO W I "" VARY DE,TA V TO 
INCREASE THE TIME,  I F  UNSUCCE SSFU" ' I NFORM FD THAT A NEW PTP MUST BE SE,ECTED BECAUSE OF 
THE TFF CONSTRA I NTS, 

REFERENCES 

FM MEMORANDUM 67•FM37•437 

' -

M I S S I ON REV DATE SECT ION GROUP. 
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R I T EM 

N A S A  - Man n e d  Spacecraft .C e nt e r  

MI SS IOM RU L E S  

SECT I ON 3 • TRAJECTORY AND GU I DANCE 

5 - 2 5  UPDATING RETROFIRE MANEUVERS FOR P OS I T I ON CHANGES 

COMMENTS 

A, ONCE THE CMC HAS BEEN UPDATED FOR RETROF I R E  W I T H  A NAV VECTOR • THE GROUND 
AND CMC ' S  KNOW�EDGE OF THE PRESENT CSM ORB I T  I S  THE SAMEo HOWEVER• AS THE 
GROUND RECEIVES MORE TRACKING DATA• I T S  KNOW�EPGE OF THE ACTUA� CSM ' S  ORB I T  
I MPROVESo THUS• THE PROB�EM AR I SES A S  T O  WHAT CR I T E R I A  TO USE T O  UPDATE THE 
CMC 0 S  STATE VECTORo 

B o  I N  THE EVENT THE CMC NAV VECTOR I S  NOT UPDATED• A TARGET M I SS EQUA� TO THE 
POS I T I ON ERROR OF THE CMC W I �� RESU�T AT SP�ASHDO,WN o IF THE CMC IS 
CONTI NUAI.�Y UPDATED OR UPOATED JUST PRIOR TO RETROF I RE >  PROCEDURA� PROB�EMS 
RESU�T FOR THE CREW SUCH AS RECHECK ING MANEUIIER DATA AS WE�� AS CYC � I NG 
THROUGH CMC PROGRAMS AT THE �AST M I NUTEo  

C o  PROCEDURA��y , THE GROUND Wl�l.  SCHEDU�E NAV UPDATES APPROX I MATEl-Y 4 HOURS AND 
l HOUR PRIOR TO THE P�ANNEO RETROF I RE o  C R I TERIA FOR UPDATING AT RETROF I RE 
M I NUS l HOUR I S  BASED ON FDO ' S  COORD INATED JUDGEMENT I APPROX I MATE�Y l o 5  N o M o  
I N  POS I T I ON O R  l FPS I N  VE�OC I TY l o  

D o  UPDA T I NG THE CMC NAV AFTER THE 1 HOUR UPDATE CAUSES THE CREW PROCEDURA� 
PROBI.EM SUCH AS RUSHING THROUGH CMC PROGRAMS AND DOING THE REQUIRED �AST 
M I NUTE RETROF IRE CHECKSo FOR T H I S  REASON UP TO 30 N o M o  POS I T I ON CHANGE WAS 
CHOSEN AS ACCEPTAB�E FROM THE RETROFIRE STAND•POINTo  TH I S  WOU�D MEAN THE CMC 
COU�D M I SS THE TARGET PO INT BY AS MUCH AS 30 N o M o  WHICH I S  S� I GHT�Y �ARGER 
THAN AN EMS 1 S I GMA M I SS DISTANCEo AS RETROF I R E  T I M E  APPROACHES• THE UPOATE 
CRITERIA  BECOMES MORE RE�AXEDo 

E o  I T  SHOU�O B E  P O INTED OUT THAT ALTHOUGH 3 0  N o M o  POS I T I ON CHANGE I S  ACCEPTAB�E 
FROM A RETROF I R E  STANDPOI N T •  THIS I.ARGE A POS I T I ON CHANGE IS H I GH�Y 
UNI. I KE�Y o A CHANGE OF MORE THAN o N o M o  WOULD BE RAREo 

F o  T O  REDUCE THE PROBAB I � I TY OF A RETROF I RE UPDATE W I T H I N  3 0  M I NUTES OF GET ! o  
THE CRITERIA  FOR AN UPDATE I S  THAT I.AND!NG ERROR WHICH CAUSES A V I O�AT I ON OF 
RECOVERY ACCESS . T I ME 1 2DEG OF i.ONGITUDE l o  THIS ERROR I S  SO I.ARGE THAT I T  I S  
A�MOST A PHYSICAL I MPOSS I B I � I TY o  

PROCEDURE 

THE PROCEDURE USED TO DETERMINE POS I T I ON ERRORS ENCOUNTERED FROM THE OR I G I NA� NAV VECTOR 
UP�I NKED TO THE S/C IS TO COMPARE THE CMC TM VECTOR W I TH THE PRESENT ORB I T  VECTOR ON THE 
VECTOR COMPARE D I SPLAY, THIS D I SPLAY IS USED AFTER E�CH DC TAKEN IN BY THE RTCC AND IS A�SO 
USED lN DEC I DI NG TO UPDATE THE T-1 HOUR NAV VECTOR• 

REFERENCE 

ENTRY DATA PRIOR I TY MEET I NGS , 

M I S S I ON REV DATE SEC T I ON GROUP PAGE 
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GUI DANCE AND T � l  3•2o 



R I T EM 

N A S A  - Ma n ne d  S p a c e c r af t  C e n t e r  

M I S S ION R U L E S  

SECT I ON 3 - TRAJECTORY AND GUI DANCE 

5-27 SPS FAi lURES DUR I NG EPO RETROFI RE OR NO SlA SEP 

COMMENTS 

A o  RoTROFIRE  S P S  FAi lURES I NClUDE N O  S P S  auRNS AND PAR T I A l  S P S  auRNSo PERIGEE 
AlTI TUDE I S  USED TO DETERMINE THE APPROPRIATE ACTION THE CREW SHOUlD TAKE 
S I NCE THE HP VAlUE I S  A G AND N OUTPUT AFTER SPS CIOo 

B o  THE SPS FAI LURES FAll INTO THREE AREAS A S  A FUNC T ION OF HP---

1 •  FOR HP ' S  GREATER THAN 7 5  NoMo  THE VEHIClE I S  S T i ll I N  A SAFE ORB I T  AND A NEW PTP 
CAN BE CHOSEN • U&ING THE RCSe 

2• FOR HP ' S  BELOW 7 5  NoMo o BUT ABOVE 40 NoMo o THE S/C I S  NOT ON A SAFE REENTRY 
TRAJECTORY AND NOT I N  A SAFE ORB I TAl TRAJECTORY DUE TO HEATING THAT THE SIC W i ll 
ENCOUNTER• All ACT I ON I NVOlVING T H I S  CASE I S  TO ASSURE A SAFE ENTRY BELOW HP OF 
40 NoMo  AND ATTEMPT TO OBTA I N  THE TARGET POINTo  

3o  FOR HP ' S  lESS THAN 40  N o M o o  THE  SIC  HAS A SAFE ENTRY • BUT IN  A lARGE NUMBER OF 
CASES• THE TARGET I S  NOT W I TH I N  THE AVAilABlE FOOTPR I N T o  All ACT I ON IN T H I S  CASE 
I NVOLVES US I NG ONLY THE SM DElTA V TO BURN RES IDUAlS TO ZEROo 

Co IN THE EVENT THE SlA PANElS F A l l  TO SEPARA T E •  THE SIC IS lEFT WI THOUT AN SPS 
ENG I NE AND I NSUF F I C I ENT DElTA V TO REENTER WI TH THE COMB INED SM + CM RCS 
DELTA V o  ! NOMINAllY 170 FPS IS NEEDED FOR ENTRY-- THE SM DELTA V • 35 FPS-
THE CM DElTA V • 60 FPS i o  THE lOX DUMP CAPAB i l i TY PROVIDES SUFF I C I ENT DELTA 
V TO REDUCE THE HP WElL BELOW 7 5  NoM •-- HOWEVER • THE CONTROL OF DELTA V 
CUTOFF FROM THE GROUND• THE BURN T I M E  INVOlVED I APPROXo 20 M I N i o  PlUS THE 
UNKNOWN RECONTACT PROBLEMS DUE TO S-!VB EXPLOSIONS DUR ING ENTRY MAKE 
REENTERING THE WHOlE STACK W I TH lOX DUMP UNDESIRABLE• ORB I T  SHAP I NG TO 
RoDUCE THE NEEDED DELTA V TO OEORB I T  W I T H  THE CM RCS CAPAB I L I T Y  I S  A MORE 
OPERATI ONAllY SOUND METHOD OF U T i l i Z ING THE lOX DUMP CAPAB i l ! T Y o  

D o  MURE $M DELTA V CAN B E  OBTAINED B Y  REDUCING THE WEIGHT OF THE S-! VB/CSM 
STACK• THERE IS APPROXIMATELY 100 o000 POUNDS OF lOX ONBOARD THAT CAN BE 
DUMPED THUS CHANGING THE SM DEL.TA v FROM 35 FPS TO APPROXIMATElY 55 FPSo THE 
LOX DUMP IS OF COURSE PROPULS IVE AND IS A T I ME CONSUMING PROCESS o I LOX DUMP 
RATE IS APPROXIMATELY 1 0 00 POUNDSIM ! N i o T H I S  MODE OF OPERAT ION DOES NOT 
APPEAR DESI RABlE UNLESS A CON T I NGENCY EXI STS WHERE A LARGE DELTA V I S  
REOU I REDo 

E o  THE HYBRID TYPE RETROF I R E  W I LL AlWAYS B E  TARGETED FOR 40 NoMo  PERI GEE TO 
CONSERVE AS MUCH CM RCS FUEl AS POSS I BLE, THE USE OF THE SM RCS DELTA V DOES 
NUT APPEAR PRACT I CAl FOR THE HEAVY S-IVB/CSM STACKS DUE TO THE SMAll DELTA V 
GA INED OVER A lONG PERIOD OF T I ME ! ACCELERATION IS APPROXIMATELY O o 04 TO 
O o 05 FPS I ,  

PROCEDURE 

Ao FOR HP lESS THAN 75 No Mo BUT GREATER THAN 40 N o  M o o  SOME TYPE OF RCS 
MANoUVER ACT I ON IS MANDATORY FOR THE RECOVERY OF THE S/Ct THE MOST EFF I C I ENT 
USE OF THE SM RCS AND CM RCS IS TO APPlY DElTA V AT A RET ROGRADE P I TCH 
ATT I TUDE DI RECTLY AGA INST THE VElOC I T Y  VECTOR• T H I S  REDUCES HP AS FAST AS 
POSSIBlE•  THIS PROCEDURE ASSUMES THE TRUE ANOMAlY IS GREATER THAN 180 DEGo 
IF  THE TRUE ANOMALY IS LESS THAN 180 DEG o THE CREw SHOUlD DELAY I G N I T I ON 
UNT I L  160 DEG-- HOWEVER• TH I S  S I TUAT ION WOULD BE RARE AND VERY NON-NOM INAlo 

Bo FOR HP lESS THAN 7 5  N o  Mo BUT GREATER THAN 40 N o  Mo o THE RCS MANEUVER CUTOFF 
CR I T E R I A  IS BASED ON FUEL AVA!lABLEi WH ICH W l �l 6E KNOWN P R I OR TO ANY 
RETROF I R E  MANEUVER, THE C/0 C R I T E R I A  I S  AS FOLLOWS---

1 •  SM FUEl I S  NOT SUFF ICI ENT TO OBTAIN  H P  lESS THAN 4 0  NoMo  FOR T H I S  CAS E •  A HYBR I D  
T Y P E  MANEUVER W i lL BE USED (BURN AVAilABLE S M  DELTA v-- COMPLETE MANEUVER TO HP • 

40 N o M o  W I TH CM RCS i o  THE CREW W I Ll ALWAYS FlY RL90 ENTR Y o  

2 •  S M  FUE� I S  NOT A CONSTRA I N I NG FACTOR. TH I S  S l TUA T I UN MAY EXIST  EARLY IN THE 
M I SSION OR WHEN THE SPS CUTOFF WAS ClOSE TO NOM I NA � •  THE SM RCS CUTOFF CR I T E R I A  
I S  BASED O N  OBTA I N I NG T H E  DESI RED HP O R  A T F F  • 7 MI NUTES WHICHEVER COMES F I RST•  
THIS  PROCEDURE AllOWS THE  SIC TO GET  TO THE  TARGET OR  AS  CLOSE TO THE  TARGET AS  
POSSIBLEo 

MISSION REV DATE SEC T I ON GROUP PAGE 

AP,Ol�O 14 FNL 12115/70  TRAJECTORY AND EARTH ORB I T  
GUI DANCE AND T l l  3-27 



R I T EM 

N A S A  - M a n n e d  Spacecraft  C e n t e r  

M I S S IO N  I U L E S  

SEC T I ON 3 • TRAJECTORY AND GUIDANCE 

5 -2 8  CMC GO/NO G O  CRITERIA 

TO COMM I T  THE G AND N FOR ENTRY TWO TRAJECTORY CONDI T I ON S  MUST BE METo 

l o  A CHECK OF THE NAV I GATION OF THE G AND N THROUGH THE RETROF I RE TO o 2G I S  
MADE BY COMPAR I NG A GROUND VA�UE O F  DOWNRANGE ERROR W I TH THAT COMPUTED B Y  
THE CMCo DOWNRANGE ERROR I S  COMPUTED BY D I FFERENC I NG THE ENTRY RANGE BASED 
ON A CMC REFERENCE TRAJECTORY W I TH THE RANGE TO THE TARGET FROM o 2 G o  THE 
COMPARI SON ACCURACY DEPENDS ON THE SOURCE USED TO OBTA I N  THE PREDICTED 
DOWNRANGE ERRORo MPAD REPORTS THAT USING THE RTCC A COMPAR I SON OF +/• 100 NM 
IS ACCEPTA� I.Eo 

2 o  THE G AND N MUST B E  OPERATED I N  A GI VEN ENTRY CORR I DOR A S  DEFI NED B Y  MPADo 

COMMENTS 

l o  I f  THE DOWNRANGE ERROR I S  UNACCEPTAB�E OR THE ENTRY CORR I DOR I S  V I O�AT EOo  
THE CREW W I L L  FLY A BACKUP ENTRY PROF I �Eo  ! EMS OR BRB I 

2 o  THE G AND N WOULD FAI L  A ORE CHECK DUE TO I MPROPER NAV I GATION AFTER 
RETROF IRE,  THE ORE CHECK WOUI.D A�SO F A I L  FOR IMPROPER G AND N ENTRY 
COMPUTAT I ONS•• E I THER OF THESE FAI �URES cou·�o POSS IB�Y CAUSE CREW SAFETY 
PROB�EMS SUCH AS H I GH G 0 S  OR LARGE TARGET MISS O I STANCESo 

M I SS I ON REV OATE SEC T ION GROUP PAGE 

APOLLO 1• FNL 2 / 15/70 TRAJECTORY AND EARTH ORB I T  
GUIDANCE AND T L I  3•28 



R I T EM 

NASA  • Man ned Spacecraft  Cen t e r  
M I S S ION I U L E S  

SECTION 3 • TRAJECTORY AND GUI DANCE 

5•29 C R I TER I A  FOR PERFORMING �AUNCH VEHI C�E NAVIGATION OR TARGET UPDATESo 

COMMENT 

Ao  AN I U  STATE VECTOR UPDATE W I �L BE EXECUTED FOR I U  ACCE�EROMETER FAILURE C S I  PRIOR TO EARTH 
OR� I T  INSERT ION OR IU NAV IGATION D I SPERSIONS EXCEED ING 6 S I GMA• AN UPDATE W ILL NOT BE 
PERFORMED FOR I U  GUI DANCE REFERENCE FAILURES S I NCE T�l W I LL BE EXECUTED BY CMC CONTROL, A 
SECOND UPDATE W I L L  BE PERFORMED FOR SLIPS TO SECOND OPPORTUN I TY AFTER A F I RST OPPORTUN ITY 
UPDATE• 

UPDAT ING FOR IU ACCELEROMETER FAI L C S I  IS NECESSARY SI NCE THE ONBOARD STATE VECTOR I S  
EFFECTIVELY INVALIDATED BY BACKUP SCHEME INPUTS WH I C H  ASSUME THAT CERTA I N  PERTURBATIONS ARE 
PRESENT o FOR EXAMP�Eo THAT BOTH uPPER STAGES ARE 3 S I GMA LOW IN THRUST • THE BACKUP SCHEME 
DOES PROV IDE ENOUGH ACCURACY TO ACH I EVE A SAFE PERI GEE ORB I T o  

THE I U  NAVIGATION STATE W I LL BE UPDATED WHEN ERRORS E X I ST THAT M I GHT COMPROMi s E  THE PR I MARY 
M I SS I ON o  l o E o  UNACCEPTABLE M I DCOURSE CORREC T I ONS, THE UNACCEPTABLE M I DCOURSE L I M I T  I S  
ESTABLISHED AS 100 FPS A T  3HR 3 0  M I N  AFTER T L I  CUTOFF FOR E I THER T L I  OPPORTUN I T Y ,  
DISPERS I ON$ BASED ON 6 S I GMA PLATFORM AND VENTING UNCERTA I NT I ES WERE FOUND B Y  MSFC TO BOUND 
THE M I DCOURSE CONSTRAINTo THEREFORE• ERROR CR I TE R I A  BASED ON THESE L I MITS w iLL BE USED TO 
EXECUTE AN UPDATE, 

IT  I$ DESIRABLE TO GENERATE THE STATE VECTOR UPDATE T I ME• TAGGED AS CLOSE TO THE 
T I MEBASE 6 AS P0$$1BLEo IT Is AL$0 DESIRABLE• THOUGH NOT MANDATORY• TO 
INCORPORAT I ON OF THE UPDATE BY THE I U •  THUS • THE $TATE VECTOR W I LL BE T I ME•TAGGEO 
AT THE M I D-POINT OF THE LAST S I T E  P R I OR TO I N I T I AT I ON OF T I MEBASE 6 o  

START OF 
OBSERVE 

TO OCCUR 

Bo THERE ARE NO KNOWN M I SSION CONTI NGENCY S I TUATI ONS FOR WHICH AN IU ORB I T  TARGET UPDATE W I LL 
BE EXECUTEDo 

PAR T I C IPAT I ON 

GU IDANCE OFF ICER 

FL I GHT DYNAM ICS OFF ICER 

BOOSTER SYSTEMs ENGINEER 

FLIGHT D I RECTOR 

DATA SOURCES 

LVDC TELMETRY AND MSFN VECTOR 

GUIDO I NS / I N J  D I G I TALS o MSK 2 90 
yicr,o� coM�ARE r Ms� m� 
S�V NAV UPDATEo MSK 235 

PROCEDURE 

ONCE THE ACCELEROMETER FAI LURE OR IU NAV I GATION D I SPERSION OCCURS A MSFN BEST EST I MATE OF 
THE ACHI EVED OR8 1 TS IS DETERMINED• A TLI SOLUT I ON FOR THE DESI RED OPPORTUNITY I S  VER I F I ED 
U S I NG THE MSFN DEF INED ORB I T  I N  I U  NAVIGATION D I SPERSION S I TUATIONS• 

DOWNRANGE POS I T I ON o  SEM I -MAJOR AX I S •  AND CROSSRANGE VELOC I TY ARE EVALUATED AGA INST THE MSFN 
BEST VECTOR, !F ESTABLISHED L IMITS IN TERMS OF THESE THREE PARAMETERS ARE V I OLATED AN I V  
STATE VECTOR I S  EXECUTEDo ONCE UPDATED DEC I S I ON I S  MADE GUI DANCE COORDINATES W I TH BOOSTER 
SYSTEMS ENG I NEER ON PREPARAT I ON OF THE UPDATE LOADo THE BOOSTER SYSTEMS ENGINEER PERFORMS 
UPL I NK AND VER I F I ES ONBOARD I NCORPORAT I ON o  

M I SS I ON REV DATE SECTION GROUP PAGE 

APOLLO 14 FNL �2/15/70 TRAJECTORY AND EARTH ORB I T  
· · GUI DANCi AND TL I 3•29 
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R I T EM 

N A S A  - Ma n n e d  S p a c e c r a ft C e n t e r  

MISSION RULES 
SE,T I ON 3 - TRAJE,TORY AND QUIDAN'E 

S-32 'R I T ER I A  FOR T � l  NO GO BASED ON M I SA�IGNMENT RATES BETWEEN THE IU AND I MU o  I P �ATFORM DR I F T I 

COMMENTS 

THE T RANS�UNAR I NJE,T I ON BURN W I "� NOT BE PERFORMED IF E I THER GUI DAN'E SYSTEMo �AUN'H 
VEHIC�E OR SPACECRAF T •  I S  UNACCEPTAB�Y DEGRADEDo DETERMINATION OF EXCESSIVE FREE-F�IGHT 
GYROOR I F T  IS MADE BY CONTI NUA�LY COMPARING DI FFERENCES BETWEEN IU AND IMU G I MBAL ANG�ES TO 
V E R I F Y  THAT EA'H SYSTEM 'AN RE�I AB�Y MAI NT A I N  KNOW�EDGE OF I TS I NERT I A� POS I T I ON ,  A DR I F T  
OF MORE THAN O o 6  DEG/HR I APPROXIMATE�Y 1 5 - 1 8  S I GMA I IND I CATES A N  uNRE�IABLE I U  REFERENCE• 

A��OW ING MORE THAN l o O  DEGREE OF A T T I TUDE MISA�IGNMENT AT T � l •  A D R I FT OF l o 5  DEGIHR 1 100 
MERU I I N  THE IMU I S  'ONSIDERED A FAI "ED SYSTEM• I F  THE ABOVE RATES ARE EXCEEDED IN E I THER 
SYSTEM TLI W I �� BE NO-GOo 

PART I , I PAT I ON 

GUIDANCE OFFI,ER 

F L I GH T  D I RECTOR 

F L I GH T  CREW 

DATA SOURCES 

GU I DANCE STRI P,HARTS 

GUI DANCE INSERT ION/ I NJECTION D I G I TALSo MS� 290 

PRO,EDURE 

I SAME AS 5-35A I 

REFEREN'E 

' t A REVI EW' OF THE T � l  GO/NO-GO CRI T E R I A  FOR THE C-P R I ME M I S S I ON • "  TRW NOTE NOo 68-FMT-7 14 o 
DATED 26 NOVEMBER 196 8 

M I S S I ON REV DATE SECTION GROUP 

APOL�O 14 FN� 2 / 1 5 /70 TRAJECTORY AND EARTH ORB I T  
GU I DANCE AND T � l  

PAGE 
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R I T EM 

N A S A  - Ma n n ed Spacecraft  C e n t e r  

M I S S IOM I U L E S  
SEC T I ON 3 - TRAJECTORY AND GU I DANCE 

5-34 D I SPERSED T�l CUTOFF 

COMMENTS 

FOR LARGE D I SPERS I ONS AT T � l  CUTOFFo THE PRIMARY DEC I SION TO BE MADE IS WHETHER TO CONT I NUE 
WITH A �UNAR M I S S I ON OR TO PROCEED WI TH AN EARTH ORB I T  ALTERNAT"• THE DEC I S ION MUST BE MADE 
RE�A T I VELY QUICK BECAUSE IF THE DECIS ION IS MADE TO GO LUNARo THE F I RST MCC MAY HAVE TO BE 
MOVED UP IN T I ME SO AS TO AFFORD A SMALLER PROPELLANT PENALTYo  THE KEY FACTOR AFFECT ING 
THIS  QUAN T I T Y  IS THE PROPELLANT REMA I N ING FOR CsM UNDOCKED MANEUVERING, THE C R I T E R I A  CHOSEN 
IS BASED ON A DELTA V REQUIREMENT OF 5500 FPS REMA I N I NG FOR CON T I NU I NG W I TH A LUNAR 
MISSI ON, THE NUMBER WAS CHOSEN BY CONSIDERING THE DELTA V REQU I RED TO DO A DI RECT ABORT AT 
APPROX I MATELY THE SPHERE lA DELTA V OF ABOUT 4500 FPS ) PLUS REASONABLE PADS FOR M I DCOURSES 
ON THE WAY BACK 1 1 000 F PS l o  TO MAX IM IZE  THE M I SS I ON CAPAB I L I T I ES •  THE F I RST MCC W I LL BE 
MOVED AS CLOSE AS POS S I BLE TO THE END OF TO AND E o  

PAR T I C I PAT I ON 

FLI GHT DYNAM I CS TEAM/FDo 

DATA SOURCES 

MCC TRADEOFF DI SPLAYo 

PROCEDURES 

FDO DETERMINES DELTA V REMA I N I NG AFTER COMPUT I NG BAP MCC AND ADV I S E  FD OF M I SS I ON 
CAPAB I L I TY o  

M I S S I ON REV DATE SECT I ON GROUP PAGE 

APOLLO 14 FNL 1 2 1 1 5 / 7 0  TRA.JECTORY AND EARTH ORB I T  
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R I TEM 

N A S A  - Mune- Spac e c raft  C e n t e r  

III S S IOM IU L £ 5  

SECT I ON � - TRA�ECTORY AND GU I DANCE 

5-�5A CRITER I A  FOR LAUNCH VEHICLE IU OR CMC TLI GO/NO•GO BASED ON D I F FERENCES SETWEEN IU AND CMC 
VELOC I T Y  COMPONENTS 

COMMENTS 

THE TRANSLUNAR I N�ECT I ON BURN WILL  NOT BE PERFORMED I F  E I THER GUI DANCE SYSTEMo LAUNCH 
VEH I C LE OR SPACECRAFT •  IS UNACCEPTABLY DEGRADED, i N ORDER TO DETECT DEGRADED PERFORMANCE I N  
EI THER SYSTEM • VELOC I T Y  COMPONENT D I FFERENCES BETWEEN THE TWO SYSTEMS ARE MON I T ORED DURING 
LAUNCH PHASEo THE D I FFERENCE L I M I T S  FOR WHICH TLI IS NO•GO ARE---

DELTA X DOT GREATER THAN OR EQUAL TO +/• �8 FPS I X  DOT - VELOC I T Y  ALONG I MU X•AX I S I  

DELTA Y DOT GREATER THAN OR EQUAL TO +I• 7 �  FPS I Y  DOT • VELOC I T Y  ALONG I MU Y-AX I S I  

DELTA V T  GREATER THAN O R  EQUAL TO +/• � 4  FPS VT • TOTAL I NERT IAL VELOC I TY )  

THESE L I M I TS ARE BASED ON THE RSS O F  COMB I NED 9-S IGMA IMU HARDWARE ERROR SOURCES AND 
3-SI GMA IU PLATFORM HARDWARE ERROR SOURCES• SHOULD THE L I M I T S  BE EXCEEDED I T  CAN BE 
CONCLUDED THAT ONE OF THE TWO SYSTEMS I SN ' T  OPERAT I NG PROPERLY OR RELIABLY AND T L I  W I LL BE 
NO-GOo THE F A I LURE S I TUAT I ON W I LL ALSO BE SUBSTANT I ATED B Y  CHECKING SELEC T I NG ORB I TAL 
PARAMETERS BASED ON NAV IGAT ION I N  EACH SYSTEM AND PLATFORM DRIFT ANALYS I S •  

PAR T I C IPAT ION 

GUIDANCE OFF I CER 

FL I GHT DYNAMICS OFF I CER 

F L I GH T  D I RECTOR 

FL IGHT CREW 

DATA SOURCES 

GUI DANCE STRI PCHARTS 

GUIDANCE ! NSERT I ON/ I N�EC T I ON D IG I TA LS o  MSK 290 

AGC DYNAMIC STATUS D I SPLAY 

VECTOR COMPARE D l SPLAVt MS� 1 590 

PROCEDURE 

ACT I ON 

GOD DETECTS AND CONF I RMS FROM THE GU IDANCE STRI PCHARTS OR GU IDANCE I NSERT I ON / I NJECT ION 
D I G I TALS IMSK 290 1 THAT ONE OR MORE COMPONENT D I FFERENCE L I M I T  HAS BEEN V I OLATED• ONCE THE 
SYSTEM F A I LURE HAS BEEN DETERMINED IT IS FURTHER V ER I F I ED B Y  ANALYZING SELECTED ORB I TAL 
PARAMETERS BASED ON THE ONBOARD NAV I GAT I ON STATE VECTORo 

REFERENCE 

i , :.; REV I EW OF THE tL I i;o)No�clo t�dERIA FOR THE c:I>R IME Mi UI ON i i  iT RW NOtE Nol 66-FMT"-1 14 i  
DATED 26 NOVEMBER 1 9 6 8 •  

MISS I ON REV DATE SECT ION GROUP PAGE 

APOLLO 14 FNL 1 2 / 1 5 / 70 TRAJECTORY AND EARTH ORB I T  
GU IDANCE AND T L I  �-32 



R ITEM  

N A S A  - Ma n n e d  S pacecraft C e n t e r  

M I S S IO .  R U L E S  

SEC T I ON 3 • TRAJECTORY AND GUI DANCE 

S·35B C R I TER I A  FOR LAUNCH VEHICLE IU TEMPORARY NO•GO BASED ON D I FFERENCE BETWEEN IU AND CMC VELOC I T Y  
COMPONENTS 

COMMENTS 

THE TRANSLUNAR I NJEC T I ON BURN WILL  NOT BE PERFORMED I F  E I THER GUI DANCE SYSTEMt LAUNCH 
VEHI CLE OR SPACECRAF T •  IS UNACCEPTABLY DEGRADED• IN ORDER TO DETECT DEGRADED PERFORMANCE I N  
E I THER SYSTEM VELOC I T Y  COMPONENT D I FFERENCES BETWEEN THE TWO SYSTEMS ARE MONI TORED DUR I NG 
LAUNCH. IF D I FFERENCES FALL IN THE FOLLOW ING RANGES T L I  IS T EMPORAR ILY NO•GOo 

DELTA X DOT IS BETWEEN +/• 7 o 4  AND +/• 35 FPS 

DELTA Y DOT IS BETWEEN +/•45 AND +/• 11 FPS 

DELTA Z DOT IS BETWEEN +/•27 AND +/•82 FPS 

DELTA VT IS BETWEEN +/• 1 3  AND +/• 33 FPS 

I X DOT t V DOT t Z DOT t VT DEFINED IN RULE S•3SA I 

THE ABOVE THREsHOLD VALUES ARE BASED ON THE RsS OF 9•SIGMA . IU PLATFORM HARDWARE ER�OR 
SOURCESo IF THESE THRESHOLD VALUES ARE EXCEEDED IT I NDI CATES THERE I S  AN ANOMALY IN A I MU 
ERROR SOURCE OR AN IU ERROR SOURCE HAS DEGRADED ABOVE 9•SIGMAo V I OLAT I ON THEREFORE 
JUST I F I ES CALLING TLI TEMPORAR I LY NO•GO UNT I L  I NDEPENDENT CON F I RMAT I ON THAT THE SUSPECT 
SYST EM IS THE I U o  IF I T  I S  THE DEGRADED SYSTEM TLI IS NO•GOo THIS IS DONE BY COMPAR I NG 
SELECTED ORBI TAL PARAMETERS BASED ON THE ONBOARD STATE VECTORS W I TH THE TRUE NAVIC.AT I ON 
STATE ! SE E  RULE S•35C AND 5•36 1  AND BY PLATFORM DR I F T  ANALY S I S o  

PAR T I C I PA T I ON 

GUIDANCE OFF ICER 

FLIGHT DYNAM ICS OF F I CER 

F L I GH T  CREW 

DATA SOURCES 

GUI DANCE STRI PCHARTS 

GUI DANCE INSERT I ON / INJECT I ON D I G I TALS• MSK 290 

AGC DYNAMICS STATUS DI SPLAY 

VECTOR COMPARE DI SPLAY t MSK 1 590 

PROCEDURE 

! SAME AS S•3SAI 

REFERENCE 

' ' A REVI EW OF THE TU GO/NO·GO CR I TE R I A  FOR THE C•P R I ME M I S S I ON ' ' t TRW NOTE NCo 68·Ff.1T• 7 l 4 t  
DATED 26 NOVEMBER l 9 6 8 o  

MISSION REV DATE SEC T I ON GROUP 

APOLLO 14 FNL 1 2 / 1 5 1 7 0  TRAJECTORY AND EARTH ORB I T  
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R I T EM 

N A S A  - Ma n n ed S pa c e c r a f t  C e n t e r  

M I S S ION R U L E S  

SECT I ON 3 - TRAJECTORY AND GUIDANCE 

5-35C C R I TERIA FOR TLI NQ-GO BASED ON ORBITAL D E C I S I ON PARAMETER V I OLAT I ON 

COMMENTS 

TH. TRANSLUNAR I NJECT I ON BURN W I L L  NOT BE PERFORM�D IF E I THER GU I DANCE SYSTEM, LAUNCH 
VEH ICLE OR SPACECRAF T •  IS UNACCEPTABLY DEGRADED• DEGRAD I NG PERFORMANCE IN E I THER SYSTEM IS 
F I RST DETECTED BY VELOC I TY COMPONENT D I FFERENCES ! RULES ;-3;A AND B) W I TH INDEPENDENT 
CONFI RMAT I ON MADE BY ANALYZING SELECTED ORB I TAL PARAMATERS o  COMPAR I SON IS MAD� B�TWEEN THE 
IU STATE AND BEST GROUND STATE FOR SEMIMAJOR AX I S  D I FFERENCE ! D ELTA A )  AND MAX I MUM CROSS 
RANGE VELOC I T Y  ! DELTA W DOT MAX ) o  I NPLANE AND OUT-OF-PLANE ERROR W I LL RESULT I N  S I GN I F I CANT 
DEV I A T I ON OF THESE QUANT I T I ES •  IF THE D I FFERENCES EXCEED THE FOLLOW ING AT GET OF l HR 4o 
M I N  ) STATES PASS I T L l  I S  NO-GO---

DELTA A GREATER THAN 3 o 2 B  NM 

DELTA W DOT MAX GREATER THAN 32 FPS 

L I M I T S  ARE BASED ON THE RSS OF 9-S I GMA IU HARDWARE ERROR SOURCES, CARE I S  TAKEN TO ALSO 
INCLUDE 3-SI GMA MSFN TRACKING ACCURAC I ES AND LAUNCH VEH I CLE VENT ING UNCERTAINTY•  

PAR T I C I PAT ION 

GUIDANCE OFF ICER 

F L I GHT DYNAMICS OFFICER 

F L I GHT D I RECTOR 

FL I GHT CREW 

DATA SOURCES 

GUI DANCE STRI PCHARTS 

GUI DANCE I NSERT ION/INJECTION D I G I TALS•  MSK 290 

AGC DYNAMICS STATUS D I SPLAY 

VECTOR COMPARE D I SPLAY • MSK 1 590 

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

REFERENCE 

' ' A REV I EW OF THE TLI GO/NO-GO CRI TERIA FOR THE C-P R I ME MI S S I ON • '  ' TRW NOTE NOo A* FMT-7 1 4 •  
DATED 26 NOVEMBER 1966 

M I SS I ON REV DATE SECT I ON GROUP PAGE 
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R I TEM 

NASA - Ma n n e d  Spacec raft  C e n t e r  

M I S S ION R U L E S  

SE�T I ON 3 - TRAJE�TORY ANO GUIOAN�E 

5-36 CR I TER I A  FOR TLI NO-GO BASED ON ORBI TAl DEC I S I ON PARAMETER V I OlATION 

COMMENTS 

THE TRANSlUNAR I NJEC T I ON BURN W i l l  NOT BE · PERFORMED I F  E I THER GU I DANCE SYSTEMo lAUNCH 
VEHI ClE UR SPACECRAF T •  IS UNACCEPTABlY DEGRADEDo DEGRADED PERFORMANCE IS F I RST DETECTED BY 
VElOC I T Y  COMPONENT D I FFERENcES ! RUlES 5-35A AND B l  W I TH I NDEPEND<NT �ONF IRMAT I ON MADE BY '  
ANAlY Z I NG SElECTED ORB I TAl PARAMETERSo COMPARI SON IS  MADE BETWEEN THE I U  STATE AND BEST 
GROUND VECTOR STATE FOR DOWNRANGE POS I T ION D I FFERENCE ! DElTA RV I o  T H I S  UUAN T I T Y  W i ll 
INDI CATE A S I ZABlE DEV I AT I ON FOR I NPlANE NAV I GA T I ON ERRORSo AT GET OF 56 M I N  I CRO PASS I T l l  
I S  NO-GO I F  THE D I FFERENCE V I OlATES T H E  FOllOWI NG--- DElTA RV GREATER THAN 1 0 5 t  100 F T o  

T H I S  l i M I T  I S  BASED ON 9-SIGMA I U  HARDWARE ERROR SOURCES o I NClUD ING A MARG I N  FOR 3-SI GMA 
MSFN TRACK I NG UNCERT A I NTY AND lAUNCH VEHiClE VENT I NG ERRORSo 

PART I C I PAT ION 

GU I DANCE OFF ICER 

F l i GHT DYNAMICS OFF i cER 

F l i GHT D I RECTOR 

FLIGHT CREW 

DATA SOURCES 

GUIDAN�E STRI PCHARTS 

GUI DANCE I NSERT I ON / I NJEC T I ON D I G I TAlSt  MSK 290 

AGC DYNAM I C  STATUS 

VECTOR COMPARE D I SPlA Y t  MSK 1 590 

PROCEDURE--- ! SAME AS 5-35A I 

REFERENCE 

' ' A REV I EW OF THE T l l  GO/NO-GO CR I TE R I A  FOR THE C-PR IME M I S S I ON t 0 '  TRW NOTE NOo 68-FMT-7 1 4 o  
DATED 26 NOVEMBER 1968 

� I S S I ON REV DATE SECT ION GROUP PAGE 

APOllO 14 FNl 2 1 1 5 / 70 TRAJECTORY AND EARTH ORB I T  
GUIDANCE AND T l l  3-35 



R I T EM 

N A S A  - Ma n n e d  S pa c e c r a f t  C e n t e r  

M I S S IO N  R U L E S  
SECT I ON 3 - TRAJECTORY AND GUI DANCE 

5-37 CR I T E R I A  FOR T"l NO-GO DUE TO CMC NAV I G A T I ON ERRORS BASED ON ORB I TA" DEC I S I ON PARAMETERS 

COMMENT 

THE T L I  BURN W I L "  NOT BE PERFORMED IF THE SATURN IU PLAT FORM REFERENCo HAS FAI LED AND THE 
CMC NAV I GA T I ON STATE VECTOR AT EO ! I NDICATES A SLOW DRIFT DEGRADAT ION OF THE CSM I NERTIAL  
PLATFORM l i MU i o  A SATI SFACTORY IMU  I S  REQU I RED BY THE  CREW FOR CONT I NU I NG THE LUNAR M I SSION 
BEYOND TLI  AND I N  THE NORMAL CASE ! NO IU REFERENCE F A I L I  WOULD BE DoEMED ACCEPTABLE UNDER 
THE CRI TER I A  OF M I SSION RULES 5-35A AND 5-32o HOWEV E R o  W I TH THE IU REFERENCE GON E ,  THE 
LAUNCH AND DRIFT COMPARI SONS W I LL BE I NVAL I D  AND ORB I TAL PARAMETER CHECKS MUST BE MADE,  
COMPARI SON I S  MADE BETWEEN THE CMC STAT E AND THE BEST GROUND STATE  FOR D I FFERENCES I N  
SEMI -MAJOR AXIS  ! DELTA A I  AND MAXIMUM CROSSRANGE VELOC I T Y  ( DELTA W vOT MAX I COMPARED AT �ET 
= 1 HOUR AND 45 M I NU T ES AND DOWNRANGE POS I T I ON ! DELTA  RV I COMPARED AT �ET = 5b M I NUTESo TLI 
I S  NO-GO I F  THE cm<PA R I SON EXCEEDS THE FOLLOW I NG L I M I TS---

lo 5 3 S o 9 00 F E E T  

2 ·  

3 •  DE�TA W DOT MAX 7 8 e 7  FPS 

L I M I T S ARE BASED ON AN RSS OF THE FOLLOWI NG---

I •  9 S I GMA RSS OF ALL G AND N HARDWARE ERRORS EXCEPT FOR PAD I N I T I AL M I SAL I GNMENT 
ERRORS AND ACCELEROMETER B I ASES WHICH ARE 3 S I GMA ! S I NC E  TH I S  CAN BE WELL 
ESTAB"ISHED PRE-LI F T-OFF i o  

2 ,  3 S I GMA MSFN ACCURACY, 

3o A 10-POUND S I VB VENTING UNCERT A I N T Y ,  

PAR T I C I P A T I ON 

GUIDANCE OFF ICER 

FL I GHT DYNAMICS OFFI CE R  

F L I GH T  D I R ECTOR 

F L I GH T  CREW 

DATA SOURCES 

VECTOR COMPAR ISON D I SPLAY MSK 1590 

CMC T ELEMETRY VECTOR 

MSFN BEST EST IMATE TRAJECTORY VECTOR 

GUIDANCE OFF I CER STRI PCHARTS 

IU REFERENCE FAI LURE T ELEMETRY D I SCRETES 

PROCEDURE--- ! SAME AS 5-35AI  

REFERENCE 

A o  A REV IEW OF T H E  T L I  GO/NO-GO C R I T E R I A  FOR T H E  C-PRIME M I SS I ON • TRw NOT E NOo 
66-F�T-7 1 4 o  DATED NOV EMBER 26o 1 966 

Bo A REVIEW  OF THE T L 1  GO/NO-GO CRITERIA  FOR THE APOLLO F AND G '� I SSION,  TRW 
NOTE NO• 5524.6-4 8 t  DATE D  APR I L  24t  1 909 

MISSION REV DATE SEC T I O N  GROUP PAGE 

APOLLO 14 FNL 1 2 / 15/70 TRAJECTORY AND EARTH ORB I T  
GUIDANCE AND T L I  3-3o 



R I T EM 

N A S A  - Ma n n e d  S p a c e c r aft C e nt e r  

M I S S ION R U L E S  

SECT I ON 3 - ,TRAJECTORY AND GUIDANCE 

5•46A CRITERIA  FOR CMC OR "GC TEMPORAR ! "Y NO•GO FOR MANEUVER CONTRO" ! SOFTWARE F A ! "URES I 

COMMENTS 

THE RE"lAB l " ! TY OF THE CMC OR "GC AS A DATA SOURCE AND CONTRO" DEV I CE I S  DEPENDENT 
I NTERNA" FUNCT I ONING OF THE SOFTWAREo THE CMC AND "GC ARE PROGRAMMoD T O  RECOGN I Z E  
FAU"TS AND ERRONEOUS COND I T I ONS• UPON RECOGN I T ION O F  SUCH A COND I T I ON •  THE COMPUTER 
PROGRAM A"ARMo THE CMC AND "GC A"ARMS WHICH ! NVA" IDATE FUNCT ! ONAC CAPAB ! C ! TY U�T l "  
REMEDIED ARE OUT" INED BE"OWo THEY ARE CATAGOR I Z ED BY S I NG"E AND MU" T I P"E OCCURRENCE• 

S ! NG"E OCCURRENCE 

A"ARM CODE 

00205 

00214 

00777 

01 107 

01407 

03 777 

04777 

07777 

10777 

1 3 7 7 7  

14777 

A"ARM FAU"T 

BAD P ! PA READING I CMC ONLY I 

PROGRAM US I NG IMU 

WHEN IMU TURNED OFF 

A P ! PA FA I L  CAUSED 

I SS WARN ING 

RESTART PHASE TAB"E 

ENTRIES D I SAGREE 

VG I NCREASING 

! CDU FA!C CAUSED I SS WARNING 

! CDU AND P I PA FAI CS CAUSED 

I SS WARNING 

!MU FA!"  CAUSED ISS WARNING 

!MU AND P ! PA FA l "S CAUSED 

I SS WARN I NG 

!MU AND I C DU FA I LS CAUSED 

I SS WARN I NG 

l MU t  lCDU t P l PA FAILS CAUSED 

I SS WARNIN G 

CONT I NUOUS OCCURRENCE 

20430 

20607 

20610 

INT EGRAT ION CAUS I NG OVER• 

FLOW THAT RECT I F ICAT I ON 

WOULD NOT E"lM!NATE 

NO SOLUTIO N  FROM CON I C  

ROUT INE 

P37 POS I T I ON VECTOR A T  

2 1 1 0 3  

I G N I T ION TOO SMACL I CMC ONLY) 

FORB I DDEN STEP EXECUTED 

2 1204 

2 1 206 

ZERO OR NEGATIVE WA ! T C I ST 

CACL 

D I SPLAY SYSTEM ADDRESS 

BUFFERS FUL" 

M I SSION REV DATE SECT ION GROUP 
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ON THE 
I NTERNAC 

I SSUES A 
CAUSE I S  



R ! T oM 

21210  

2 1 302 

2 1 5 0 1  

2 1 502 

2 1 5 2 1  

3 1 1 04 

31201  

3 1 202 

3 1 203 

3 1207 

3 1 2 1 1  

PAR T I C I PAT ION 

GUI DANCE OFFI CER 

FL I GHT CRoW 

FL IGHT D ! RoCTOR 

DATA SOURCoS 

N A S A  - M a n n ed S pacec raft  C e n t e r  

M I S S ION R U L E S  

SoCT ! ON 3 • TRAJoCTORY AND GU ! DANCo 

JOB ALRoADY WA I T I NG IN PART I CULAR 

STALL ROU T I NE 

SQUARE ROOT CALLED WI TH NEGA T I VE 

ARGUMoNT 

D I SPLAY SYSTEM ALARM FROM INToRNAL 

USE 

ILLEGAL REQUEST FOR A FLASH ING 

D I SPLAY I CMC ONL Y )  

NEW PROGRAM REQUEST CANNOT 

BE MADE AFTER P I !  STARTED I CMC ONLY ) 

TOO MANY JOBS ATTEMPT I NG TO 

USE JOB DELAY ROUT I NE 

EXECU T I V E  OVERFLOW•NO VACANT AREAS 

EXECUTIVE  OVERF.LOW•NO JOB REGI STER SETS 

NEW TASK CANNOT BE I NSERTED 

SUCCESSFULLY IN WA I TL I ST SYSTEM 

NO VACANT AREA AVA ILABLE FOR 

MARK DATA 

OPT I CS USE NOT ALLOWED W I T H  

EXTENDED VoRB B o i NG PoRFORMoD 

CMC DSKY/ PROGRAM ALARM L I GHT 

CMC MONITOR I H/So  MSK 966 

LGC MONI TOR H/S o MSK 1594 

CCATS CMC OR LGC DOWNL I NK RoADOUT 

PROCEDURE 

A, I ND I CATION 

CREW OBSoRVES PROGRAM ALARM L I GHT AND KoYS V05N09 TO VER I F Y  ALARMo GOO UBSoRVES 
PROGRAM ALARM V I A  FAILREGS USING MSK 966 I CMC i o  MSK 1 594 I LGC i o  OR CCATS CMC/LGC 
DOWNL I NK RoADOUT o 

B .  A C T  lON 

ALARM IS I DoNT I F I ED AS APPL ! CABLo TO A GO/NO•GO DoC ! S I ON o  
" CONT I NUOUS 1 1 CATEGORY DSKY ERROR RESET I S  PERFORMED T O  VERIFY 
AFTER IDENT I F I CAT I ON GDO DoCLARo S 1 1 CMC GO ON PROGRAM ALARM ' '  OR'  1 
PROGRAM ALARM. 1 1  

M I S S I ON RoV DATE SECT ION GROUP 

APOLLO 14 FNL 2 / 1 5 / 7 0  TRAJoCTORY AND MANEUVERS 
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IF I T  I S  I N  
Ho•OCCURRANCEo 
CMC NO•GO ON 



R I T EM 

N A S A  - M a n n e d  S pacec raft  C e n t e r  

M I S S ION IUL ES .  

SEC T I ON 3 - TRAJECTORY AND GU I DANCE ·. 

5-468 CR I TE R I A  FOR CSM G AND N NO-GO BASED ON CMC / I MU A�I GNMENT D I SCREPAN'Y ( OP T I CS/WI NDOW/MARK CHECK ! 

COMMENTS 

FOR THRUS T I NG MANEUVER S t  THE CMC IS REQUIRED TO ESTAB � I SH THE DESIRED I MU A � I GNMENT AND 
O R I E N T  THE SPACECRAFT TO THE D E S I R ED THRUST P I RECT ! ON o  PR I OR TO EACH MANEUVER THE GROUND 
PROVIDES VI SUA� CHECK DATA TO VER I F Y  THE CSM/ IMU OR I ENTAT I ON ,  IF THE VI SUA� CHECK EXCEEDS 
THE S I GH T I NG UNCERTA I NT Y •  < SEXTANT FOVo 2 o 2  PEG-- HOR I ZON DEF I N I T I ON o  4 DEG I THE CMC HAS 
FAI �ED TO OR I ENT THE CSM TO THE REYU I R ED THRuST D I RECT ION, TH I S  I MP � I ES INHERoNT ERRORS 
WOU�D BE CREATED IF THE G AND N IS A��OWED TO CONTRO� THE MANEUVER, THE S I GH T I N G  
UNCERTA I S TY ACCOUNTS F O R  ATT I TUDE HO�D DEADBANDo OPT I CS POS ! T I ON ! NG t  A N D  ACTUA� HOR I ZON 
DEF I N I T I ON •  

PAR T I C I PAT I ON 

GUI DANCE OFF icER 

CAPCOM 

DATA SOURCES 

GUIDANCE OPT I CS SUPPORT TAB�E o MSK 229 

PROCEDURE 

A ,  PREPARATION 

THE GDO GENERATES THE OPT ICS DATA TO BE PASSED B Y  THE CAPCOM AS PART OF THE 
MANEUVER PADo 

B o  ACT ION 

AFTER THE �AST P RE-MANEUVER I MU A�IGNMENT t THE F�IGHT CREW MANEUVERS TO THE 
D<T�RM I N ED THRUS T I NG AT T I TUDE• THE V I SUA� S I GHT I NG DATA OBTAINED FROM THE 
MANEUVER PAD IS VER I F I E D •  IF THE S I GH T I NG DATA EXCEEDS THE UNCERTAINTY THE G 
AND N I S  1 1 NO-G0 1 1 o  I F  MANEUVER I S  CR I T I CA � o  CREW CONTI NUES PREPARAT I ON FOR 
SCS EXECUT I ON-- I F  NOT o PREPARATION I S  DELAYED UNT I L  G AND N ERROR IS  
RESOLVED• 

M I SSION REV DATE SECT I ON GROUP 
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R ITEM  

N A S A  - Ma n n e d  S pa c e c raft  C e n t e r  

M I S S IO N  R U L E S  

SECT I ON 3 • TRAJECTORY AND GUI DANCE 

5•46C C R I T E R I A  FOR LM G AND N NO•GO BASED ON LGC/IMU AL I GNMENT D ISCREPANCY I COAS CHECK ) 

COMMENTS 

FOR THRUSTING MANEUVERSt THE LGC IS REQU I RED TO ESTABLISH THE DESIRED  I MU AL IGNMENT AND 
ORIENT  THE SPACECRAFT TO THE DESIRED THRUST D I RECT I O N •  P R I OR TO CERTA I N  CR I T I CAL MANEUVERS 
THE GROUND PROV I DES V I SUAL CHECK DATA TO VERIFY THE LM/ I MU ORI ENTAT ION•  I F  THe V I SUAL CHECK 
EXCEEDS THE S I GHT I NG UNCERTA I NTY I COAS COORDINATES• +/· 2 DEG l  THE LGC HAS FAI LED TO URI ENT 
THE LM TO THE REYU I RED THRUST D ! RE C T I ON o  THUS I NHERENT ERRORS WOULD BE CREATED IF THE G AND 
N IS ALLOWED TO CONTROL THE MANEUVER, THE S I GH T I NG UNCERTAI NTY ACCOUNTS FOR A T T I T UDE HOLD 
DEADBAND AND ASSUMES A CALIBRATED COASo 

PAR T I C I PAT ION 

GUIDANCE OFF ICER 

CAP COM 

FLIGHT CREW 

DATA SOURCES 

LM O P T I C S  SUPPORT TABLE o  MSK 239 

PROCEDURE 

A o  PREPARATION 

THE GOO GENERATES THE OP T I CS DATA T O  BE PASSED BY T HE CAPCOM AS PART OF THE 
MANEUVER PAD• 

B o  ACT I ON 

AFTER THE LAST PRE-MANEUVER IMU AL I GNMENT THE FL IGHT CREW MANEUVERS TO THE 
DETERM I NED THRUST I NG ATT I TUDE •  THE V I SUAL S I GHT I NG DATA FROM THE MANEUVER 
PAD IS VER I F I ED •  IF THE S I GH T I NG DATA EXCEEDS THE UNCERTA I N T Y t  THE G AND N 
I S  " NO•GO " •  I F  MANEUVoR I S  CR I T I CAL • CREW CONT I NUES PREPARAT I ON FOR AGS 
EXECU TI ON·· IF NOT t PREPARAT I ON IS DELAYED UNT I L  G AND N EKROR IS RESOLVED• 

M I S S I ON REV DATE SECT I ON GROUP 
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R I T E M  

N A S A  - Ma n n e d  S p a c e c raft  C e n t e r  

M I S S IO N  R U L E S  

SECT ION 3 - TRAJECTORY AND GUI DANCE 

5-46D C R I T E R I A  FOK CMC/LGC NO-GO FUR MANEUVER DETERMINAT I ON AND/OR MONI TOR I NG ! STATE VECTOR ERROR ! 

COMMENTS 
THERE ARE IN-FLIGHT S I TUATIONS WHERE STATE VECTORS ARE UPLINKED TO CMC/LGC W I THOUT 
SUFF I C I ENT SUBSEWUENT GROUND STAT I ON COVERAGE TO VERIFY  PROPER ON60ARD ACCEPTANCE V I A  
TliLEMETRYo I N  SUCH INSTANCES DATA I N  THE FORM O F  A GE T t  LAT I TUDE•  LONGI TUDE• AND ALT I T UDE 
VAL I D  AT THE GET ARE PROV I DE D o  TH I S  GET I S  INPUT I NTO CMC/LGC AND THE STAT E VECTOR IS 
INTEGRATED TO T H I S  T I M E o  THIS A CHECK ON THE ONBOARD COMPUTER PROPER ACCEPTANCE OF A GROUND 
UPL! NKED NAV VECTOR AND ITS A B I L I TY TO INTEGRATE PROPERLYo DATA PRIOR I TY HAS SET THE 
ALLOWABLE D I FFERENCES IN LAT I TUDE AND LONGI TUD� AT +/- O o 0 2  DEG AND +/- O o 2  N o M o  IN 
ALT ! TUDEo 

PAR T I C IPAT ION 

GUIDANCE OFF ICER 

F L I GHT DYNAMICS OFFI CE R  

CAP COM 

FL IGHT CREW 

DATA SOURCES 

CHECKOUT MONITOR D I SPLAY • MSK 1619 APPLICABLE NAV I GA T ION UPDATE D I SPLAY , MSK 2 76 OR MSK 279 

PROCEDURE 

ACT I ON 

GOO GENERATES THE APP L I CABLE NAV I GAT I ON UPDATE AND PROV I DES FDO W I T H  THE UPDATE T I METAGo 
FDO ADJUST THE T ! METAG BY A G I VEN INCREMENT AND GENERATES LAT I TUDE• LONG I TUDE • AND ALTI TUDe 
ON CHECKOUT MON I TOR FOR THE ADJUSTED T ! M E o  THIS  INFORMAT ION I S  VOICED TO FLI GHT CREW BY 
CAPCOMo CREW TAKES APPROPRIATE AC T I ON TO VERIFY ONBOARD I NTEGRAT ION TO THE SPEC I F I ED POINT  
I N  T I ME o  

M I SS I ON REV DATE SEC T I ON GROUP 
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R I T EM 

N A S A  - Ma n n e d  S pa c e c r a f t  C e n t e r  

M I S S I O N  R U L E S  

SECT I ON 3 - TRAJECTORY AND GUI DANCE 

5-47 SPACECRAFT T I M I NG 

COMMENTS 

A THROUGH F ,  

T I M I NG ERRORS "ESS THAN 2 SECONDS DURING THESE PHASES D O  NOT ADVERSE"Y 
AFFECT THE MANEUVER AND/OR THE MON I TORING OF THE MANEUVERo ERRORS IN EXCESS 
OF 2 SECONDS ARE READ I "Y DETECTED AND EASI "Y CORRECTED WHEN THE CMC AND "GC 
ARE OPERAT I NG NORMA""Y •  

G AND H ,  

I N  ORDER T O  USE T H E  DOWN " I NK VECTORS I "GC A N D  AGS I FOR COMPAR I SON W I T H MSFN 
TO DETERMINE GU I DANCE SWI TCHOVER THE T I MING OF THE COMPUTERS MUST BE W I T H I N  
, 3  SECONDS O F  MSFNt 

I AND J. 

THE ACT IVE  VEHICCE COMPUTER T I MING MUST BE ACCURATE TO o5 SECONUS TO 
ACCOMP " I SH RENDElVOUS AND SEX TANT TRACK I NG •  

NOTE 

THE ABOVE ARE " I M I TS ON T I M I NG ERRORS 
AND UNDER NORMA" COND I T I ONS • THE 
C"OCKS W I "L BE MA I NTAI NED AS 
ACCURATE"Y AS POSS I BL E ,  

M I SS I ON REV DATE SECT I ON GROUP 
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R I T EM 

N A S A  - Ma n n ed S pa c e c r a ft  C e n t e r  

M I S S I O N  R U L E S  

SEC T I ON 3 - TRAJECTORY AND GU I DANCE 

5-57 MCC EXECU T I ON CRI TERIA  

COMMENTS 

. 

Ao THE FLIGHT OPERATIONS- D I RECTOR HAS REQUESTED THA T o  I F  POSS ! B L E o  ALL  SPS 
MCC ' S  SHOULD BE GREATER THAN 3 SEes, 

Bo  MCC2 AND MCC4 ARE SELECTED AS THE PREFERRED MCC EXECU T I ON POINTS FOR THE 
FOLLOW I NG REASONS---

l •  EPHEME R I S  IS BETTER KNOWN AT MCC2 THAN AT MCC l o AND AT MCC4 THAN AT MCC3 o 

2 o  THE NOMINAL DELTA V GROWTH RATE BETWEEN MCCl AND MCC2 IS SMALL• 

3 o  A T  MCC4o THE TRAJECTORY I S  LESS SEN S I T I VE T O  SMALL D I SPERS I ONS THAN A T  MCC3 o  

C o  MCC2 I S  PREFERRED OVER MCC l o  I F  THE COST I S  NOT PROH I B I T I VE FOR THE 
FOLLOW I NG REASONS---

D o  

I •  THE KNOWLEDGE O F  THE STATE VECTOR I S  BETTER A T  MCC2o ! SAME A S  8-l ABOVE• I 
2 •  A M I NOR D I SPERSiON A T  MCC2 W I L L  NOT BE PROPAGATED A S  LONG A S  WOULD BE THE SAME 

D I SPERSION, 

TO AVO I D  THE UNDESI RABLE REG ION 3 SECS OR LESS SPS BURNS AND TO AVO I D  
EXECU T I NG MCC 3 o  A NON-FREE MCC2 W I LL BE EXoCUTED PROV I D I NG A SAFE A�ORT 
CAPAB I L I TY AT L0 1 +2 HRS REMAINS•  

E o  MCC2 WAS SELECTED A S  THE NOM I NAL PO I NT T O  G O  NON-FREE RETURN O N  A HYB R I D  
M I SS I ON FOR T H E  FOLLOW I N G  REASONS---

l •  THE KNOWLEDGE OF T H E  EPHEMERI S  I S  BETTER THAN AT MCC l o  

2o  NOMINALLY THE DELTA V GROWTH RATE I S  SMALL BETWEEN MCC l AND MCC2o  

M I SSION REV DATE SECT ION GROUP PAGE 

APOLLO 14 FNL 12/15/70  TRAJECTORY AND TRANSLUNAR 
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R I T EM 

N A S A  - M a n n e d  S pa c e c r a f t  C e n t e r  
M I S S I O N  R U L E S  

S E C T I ON 3 - TRAJECTORY AND GU I DANCE 

5-59 L O I  TARGET I NG CONSTRA I NTS 

COMMENTS 

THE CONSTRA I NTS SPEC I F I ED IN T H I S  RULE ARE FOR USE IN BOTH THE TARGET ING O F  L O I  
EVALUAT I ON O F  THE FOURTH SCHEDULED M I DCOURSEo T H E  BAS I C  P H I LOSOPHY I S  T H A T  I F  L O I  
TARGETED W I T H I N  THESE CONSTRA INTS THE  M I DcOURSE CORRECT I ON W I LL N O T  � E  REQU I R E D •  
MAJOR CONS I D E RA T I ONS U S E D  WHEN EVALUA T I N G  A N  L O I  MANEUVER A R E  T H E  COMPAT I B I L I T Y  
MANEUVeR W I T H ESTABL I SHED MON I TOR I NG TECH N I UUES AND THE TOTAL D oL T A  V REQUI RED 
L O I /DOI MANEUVER COMB I NA T I ON ,  

THE SPEC I F I C  CONSTRA I NT S  AND T H E I R  RA T I ONALE ARE A S  FOLLOWS---

AND T H E  
CAN B E  

T H E  TWO 
OF THE 

FOR THE 

( ! )  THE P E R I CYNTH I AN OF THE APPROACH HYPERBOLA I S  CONSTRA I NE D  T O  B E  W I T H I N  +1- 1 0  
N o M o  OF T H E  TARGETED P E R I CYNTH I A N •  T H I S  A L T I TUDE I S  ESTAB L I SHED E I THER BY T L I  O R  
B Y  T H E  F I RST EXECUTED M I DCOURSE CORRECT I ON •  A LTHOUGH T H E  L I M I TS A R E  oOMEWHAT 
ARBI TRARY ( l t E • •  V I OLAT ION  DOES NOT NECESS�R I L Y  PRESENT A CREW HAZARD I •  THEY DO 
REPRESENT A REASONABLE TOLERANCE AROUND lARGE T ,  MORE S I GN I F I CANT D EV I AT I ONS CAN 
LEAD TO UNDESIRABLY LOW P ER I CYNT H I ANS OR NECES S I T A T E  LARGE APSI OAL ROTA T I ONS 
DUR ING LOI T O  ESTAB L I SH ACCEPTABLE ORB I TAL COND I T I ONS fOR THE DOl MANEUVER o I N  
ANY CASE , MCC4 SHOULD NOT B E  REUU I REO FOR P E R I CYNT H ! A N  A L T  l TUDE ADJUSTMENT UNLESS 
PREVI OUS COND I T I ONS REPRESENTED GREATER THAN 3 S I GMA D l SPERS l ONSo 

2 •  THE ALT I TUDE OF THE NODE I S  CONSTRA I N ED T O  B E  BETWEEN - 1 0  AND + 1 5  N o M •  O F  THE 
TARGETED P E R I CYNTH I AN A L T I T UD E, THE LOWER L I M I T  I S  D E T E R M I N E D  BY 1 ABOVE WH I LE 
THE UPPER BOUNDARY CONSTRA I NS THE A P S I DAL ROTAT I ON POSS I BLE DUR I NG LOi o THUS 
MA I N T A I N I NG THE ABORT MODES !N A NEAR-NOM I NAL T I ME FRAME , T H I S  BECOMES ESPEC I A L L Y  
I MPORTANT ON HYBR I D  TRAJECTOR I ES W H E R E  T H E  G A P  B E T W E E N  MODES I A N D  I I  M U S T  B E  
WELL DEF I NE D  I N  ORDER F O R  SPEC I AL CRoW PROCEDURES T O  BE I MPLEMENTED ACCQ"U ! NG L Y o  
LARGE A P S I DAL ROTA T I ONS COULD W I DE N  T H I S  GAP o W I TH THE POSS I B I L I TY OF RENDER I NG 
REHEARSED ABORT T E C HN I QUES INADEQUA T E ,  

M I SS I O N  R E V  DATE SEC T I ON 
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R I T EM 

N A S A  - Ma n n � d  S pa c e c r a f t  C e n t e r  

M I S S I O N  R U L E S  

S E C T I ON 3 - TRAJECTORY AND G U I DANCE 

5-60 LOI COMM I T MENT C R I T ER I A  

COMMENTS 

I N  ORDeR FOR LOI  TO BE GO o SEVERAL MAJOR M I LESTONES MUST B E  MET  ! FROM A TRAJECTORY/MANEUVER 
STANOPO l NT J e  THESE I NCLUDE---

A ,  COMM I TMENT T O  4 HOURS ! A T  LEAST ! I N  LPOo T H I S  REWUI REMENT MUST �E MET T O  
INSURE ADE�UATE POST L O I  TRAC K I NG FOR A VAL I D  T E l SOLU T ! ON o  T H I S  ALLOWS A 
FVLL UNPERTURBED REV OF TRAC K I NG ON W H I C H  TO COMPUTE T E I .  PRESEN TLY • ONE REV 
OF T R A C K  I S  THE 14 1 N I MU>1 ACC E P T A �L E  AMOUNT U P O N  W H I C H  T O  BASE MANEUVER 
COMPUTA T I ONS o  

B o  THERE SHOULD B E  ENOUGH SPS F U E L  FOR LOI  T E l P L U S  T E C  M C C  AND RESERVES I N  
ORDER T O  COMM I T  T O  L O I -- HOWE VER • CONS I D E R A T I ON W I LL BE G I VEN TO U S I NG T H E  
D P S  F O R  LOI  WHEN TRANSLUNAR M I DCOURSE REQU I REMENTS PRECLUDE US I NG T H E  S P S  
FOR L O I  AND T E i o  THE BAS I C  P R E M I S E  I S  THAT E V E N  W I THOUT A LUNAR LAND I NG 
THERE I S  S T I L L  E NOUGH TO BE GA I NED I N  LUNAR ORB I T  TO WARRANT CON T I NU I NG W I TH 
LO l •  

PAR T I C I PAT !ON 

FDO 

RETRO 

FO 

G AND C 

DATA SOURCES 

LOI PLANN I NG/GPM 

RTE D ! G I TALS 

MPT 

PROCEDURES 

NOMINAL M I SS I ON PROCEDURE 

A o  LOI W l l. L  B E  TARGETED BY FDO T O  I NSURE EXECU T I ON W I T H I N  CONSTRA I NT S ,  

Bo THE MANEUVER W I LL BE TRANSFERRED TO THE M P T  SO THAT R E T RO CAN COMPUTE A R T E  
SOLU T I ON •  

C o  THE DELTA V REQU I RED FOR THESE MANEUVERS \ PLUS T EC MCC AND RESERVE S !  MUST BE 
COMPARED AGA I NS T  THE DELTA V R EM AS SUPPL I ED FROM G AND C o  

D o  FUR S I TUAT I ONS W H E R E  T H E  ! ! MEL I NE HAS BECOME CROWDED EOMFR MAY BE GOTTEN 
FROM MCC TRADEOFF D I SP L A Y •  THUS EL I M I NAT I NG RETRO TEl CALCULA T I ONS • E T C • '  
FR0,\1 THE WORK SCHEDUL E .  

REFERENCE 

APOLLO TECHN I QUES DOCUMENT • s-PA 9 T O  4 l o  M I SS I ON F I G  T L  MCC AND LO i o  FEBRUARY Z4o 1 9 6 9 o  

M I S S I ON REV DATE SEC T ION  
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R I T EM 

N A S A  - M a n n e d  S pacec ra ft C e n t e r  

M I S S I O N  R U L E S  
SECT I ON 3 • TRAJECTORY AND GUI DANCE 

5•6 1 PREMATURE LOI SHUTDOWN 

COMMENTS 

A .  SPS SHUTDOW� BUT W I TH I N  SPS OPERAT I NG LIM l T S o  

WHEN POSS I B L E •  I T  I S  DES I RABLE T O  ACHI EVE A STABLE LUNAR ORB ! T o  I F  THE SPS 
SHUTSDOWN PREMATURELY DUE TO A GUI DANCE OR CONTROL PROBLEM BUT I S  S T I LL 
OPERABLE • A MANUAL RESTART SHOULD BE ATTEMPTED TO OBTA IN A STABLE LUNAR 
ORB I T •  

PAR T I CIPAT ION 

CREW 

DATA SO�JRCES 

ONBOARD MON I TOR ING 

PROCEDURE 

CREW W I LL USE STANDARD SPS RESTART PROCEDURES• 

REFERENCE 

M I SSION ABORT P�AN , 

COMMENTS 

B .  SPS SHUTDOWN AND OUT OF SPS OPERAT I NG L I M I T S •  

1 •  W I TH THE SPS OUT O F  L I M I TS •  A LOI ABORT MUST B E  PERFORMED• T H E  LDI 

ABORT CAN BE D I V I DED I NTO THREE BAS I C  REGIONS W I TH THREE BAS I C  PROCEDURES , 

I A I  THE F I RST REG I ON CALLED MODE I HAS A POST•ABORT TRAJECTORY RESULT I NG ! N  A 
D I RECT RETURN TO EARTHo THE DELTA V REQU I RED FOR A MODE I I NCREASES AS LO ! 
PROGRESSES THROUGH THE A60RT REG I ON •  

I B I  THE SECOND REG I ON •  OR MODE I I • I S  A TWO•H1PULSE ABORT IN WHICH THE 
IMPULSE RESULTS IN A STABLE LUNAR ORB I T  ! CLEAR PERICYNT H ! AN W I TH A PER I OD 
THAN ABOUT 40 HRS I •  THE SECOND I MPULSE I S  BASI CALLY A T E l  PERFORMED 
PERI CYNTH I AN ,  THE DELTA V REQU I RED FOR A MODE I I  AbORT DECREASES AS 
PROGRESSES THROUGH THE ABORT REGION• 

F I RST 
LESS 
NEAR 

LO! 

I C I  THE T H I RD REGIONo OR MODE I l l o  HAS A PRE•ABORT TRAJECTORY THAT IS A STABLE 
LUNAR ORB I T  AND I S  BASI CALLY A TE I MANEUVER • THE DELTA V REQU I RED FOR A �'UDE I l l  
ABORT I NCREASES AS LOI PROGRESSES THROUGH THE ABORT REo ! ON •  

2 •  IDEALLY• T H E  LM D P S  DELTA V CAPAB I L I TY EXCEEDS THAT REQU I RED TO ABORT• 
HOWEVER t SOME AREAS OF THE MODE I ABORT REGION REQU I RE MORE DELTA V THAN IS 
AVA I LABLE I N  THE DPSt ABORTS FROM THESE AREAS REYU I RE AN ADD I T IONAL BURN 
FROM THE LM APS , ' 

I A I  FOR MODE I ABOR TSt  THE MODE I ABORT REG I ON I S  SUBD I V I OED I NTO THREE 
D I FFERENT AREAS WH ICH ARE DEFI NED AS A FUNCTION OF T H E  LO I DELTA VM I MAGNI TUDE I 
E X I ST I NG AT SPS CUT OFF o DEPEND ING ON THE VALUE OF DELTA VM THREE D I FFERENT TYPES 
OF ABORT MANEUVERS ARE PERFORMED 

I l l  I N  THE AREA DEF I NED BY DELTA VM OF D TO 238 FPS ! APPROX IMATELY 0 TO 3 3  

SEC I A DPS BURN W I LL B E  PERFORMED A T  L O I  I GN + 2 HR • T H I S  MANEUVER W I LL BE 
COMPUTED ON THE GROUND• LOI IGN + 2 HR• WAS CHOSEN F ROM I GN I T I ON T I ME OF T H I S  DPS 
BURN BECAUSE THE LM CAN BE PREPARED FOR A G+N BURN �y THE CREW IN THAT T I ME SPANo 
THEREFORE BASED O N  THIS IGNI T I ON T I ME THE THE DELTA VM OF 238 FPS I NTO THE LO I 
BURN REPRESENTS THE PO I N T  AT WHICH ALL THE DELTA V CAPAB I L I T Y I N  THE LM DPS I S  
U T I L I Z ED I N  THE ABORT BURNo T O  DELAY THE I G N I T ION S I GN I F I CANTLY WOULD I NCREA;E 
THE REQU I RED ABORT DELTA V BEYOND THA T  AVA I LABLE IN THE DPS• 

M I SSION REV DATE SEC T I ON GROUP PAGE r---------------t------+--,_----+----------i----------�---4----------------� 
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CONT ' 

N A S A  - M a n n e d  S pa c e c r aft C e n t e r  

M I S S IO N  R U L E S  

SECT I ON 3 • TRAJECTORY AND �U I DANCE 

I Z l  I N  THE AREA DEFI NED BY DELTA VM OF Z 3 6  T O  545 FP$ ! APPROX I MATELY 3 3  TO 
TO 1+15 A DPS BURN WILL  B E  PERFORMED AT LO I IGN + 30 M ! N o  THIS  MANEUVER IS BASED 
ON A 'REW 'HART OF ABORT DELTA V VERSUS DELTA V GAI NED AND A SET OF PRE•LOI 
ESTABLISHED FDA! A T T I TUDES• LOI IGN + 30 M I No WAS 'HOSEN FOR I GN I T I ON OF TH I S  DPS 
BUT BE,AUSE THE LM 'AN BE PREPARED BY THE CREW I N  THAT T I ME SPANo THEREFORE BASED 
ON THIS IGNIT ION T I ME THE SPREAD BETWEEN DELTA VM INTO THE LOI BURN REPRESENTS 
THE ENT IRE  DELTA V CAPAB I LI TY OF THE DPSo TO DELAY THIS I GN I T I ON S I GN I F I CANTLY 
WOULD IN,REASE THE REQU I RED ABORT DELTA V BEYOND THAT AVA I LABLE IN THE DPSo 

1 3 )  I N  THE AREA DEFI NED B Y  DELTA VM O F  545 TO 725 FPS ! APPROXIMATELY 1+1;  
TO l+30 l  A DPS BURN TO  DEPLET I ON WILL  BE  PERFORMED A T  LOI I GN + 3 0  M I N  FOLLOWED 
BY A SUPPLEMENTAL APS BURN AT DPS I GN + Z HRo THE DPS MANEUVER AT LOI I GN + 30 
MIN IS BASED ON A 'REW 'HART OF ABORT DELTA V VERSUS DELTA V GA INED AND A SET OF 
PRE•LOI ESTABLISHED FOA l ATTI TUDES• THE APS SUPPLEMENTAL BURN IS COMPUTED BY THE 
GROUND BASED ON POST·DPS BURN TRA,K I NGoLOI IGN + 30 M I N  WAS 'HOSEN FOR I GN I T I ON 
OF THE OPS ABORT BURN BECAUSE THE LM CAN BE PREPARED BY THE 'REW t AND THE DELTA V 
AVAILABLE FROM THE APS 'AN SUPPLEMENT THE DPS TO ACHI EVE THE REQU I RED DELTA V• TO 
DELAY THE I GN I T I ON S I GN I F I ,ANTLY WOULD I NCREASE THE REUU ! RE D  ABORT DELTA V BEYOND 
THAT AVA ILABLE• 

I B l  FOR MODE I I  ABORTSo A DPS BURN I S  REQU I RED A T  LOI  IGN + 2 HRS W I TH A SE,OND 
IMPULSE O''URING NEAR PERI,YNTH I AN I E XA'T T IME IS A FUN,TION OF THE ORB I TAL 
PER I OD AND ORIENTA T I ON l o  I F  THE REQUIRED SE,OND IMPULSE IS BEYOND THE REMA I N I NG 
DPS 'APABI L I TY o  THE ADD I T I ONAL DELTA V SHOULD BE APPL I ED AS SOON AS POSSI BLE 
AFTER DPS DEPLETION IN ORDER TO REDU'E THE DELTA V 'OAST o THE MODE I I  MANEUVERS 
ARE 'OMPUTED ON THE GROUNDo THE ABORT MODE 'HANGEOVER FROM MODE I TO MODE I I  
O''URS WHEN THE REQUIRED ABORT DELTA V 1 S  FOR BOTH MODES ARE THE SAMEo 

I C l  FOR MODE I l l  ABORTS•  THE DPS ALONE CAN PERFORM THE T E i o  THE MODE I l l  REGION 
IS ENTERED WHEN THE PRE•ABORT TRAJECTORY HAS A CLEAR PER! CYNTHIAN AND A PERIOD OF 
LESS THAN ABOUT 15 HRSo ALL MODE I l l  MANEUVERS ARE COMPUTED ON THE GROUND, 

3o FOR A SHUT DOWN OF THE SPS ENGINE AT ANY POINT DUR ING THE LOI BURNt THE 
OPS OR DPS+APS ENG I NE I S l  HAVE THE CAPABI L I TY TO PROVIDE THE NECESSARY DELTA 
V FOR THE APPROP R I AT E  ABORT MANEUVER SEQUENCEo THE SPS CONTROL L I M I TS HAVE 
SEEN APPL I ED TO VARIOUS ABORT MODE REGI ONS OF THE LOI  BURN TOo AS FAR AS 
POSS I BLE • PRECLUDE A SHUTDOWN I N  OTHER AREAS OF THE MODE 1 REG I ON o  I N  THE 
F IR�T AREA OF THE MOOE I REGION !DELTA VM FROM 0 TO 236 o 0 TO 33 SEC l THE 
T I GHT L I M I T S  APPLYo IF THE ENG I NE IS GOING TO DE�RADE THE T I GHT L I M I T  WIL�  
INCREASE THE  PROBAB I L I TY OF  SHUT DOWN I N  T H I S  AREAo A SHUTDOWN HERE  RESULTS 
IN A LOI T I G  + 2 HRo DPS ABORT BURN TARGETED BY THE GROUND WHICH IS MORE 
ACCEPTAB�E THAN AN ABORT OFF THE CREW CHART AT LOI T I G  + �0 M I N o  WHEN DELTA 
VM•2 3 8 o  ABORT 33 SEC INTO THE LOI BURN t THE LOOSE CONTROL L I MI T S  BECOME 
EFFECT I V E  AND ARE IN EFFECT UNT I L  DELTA VM• l 5 l 2 o  ABOUT 3+20 I NTO THE BURNo 
T H I S  ENCOMPASSES THE REMAINDER OF THE MODE I REG I ON ,  ALL THE MODE l l o  AND 
THAT PORTION OF THE MODE I l l  WHERE THE ORB I TAL PERIOD IS ABOUT 7 HRSo THE 
RELAXATION OF THE L I M I TS TO ALLOW OPERAT I ON OF THE SPS IN A MORE DEGRADED 
COND I T I ON I NCREASES THE PROBAB I � I TY OF GET T I NG BEYOND THE REG I ON WHERE AN 
ABORT OFF THE 'REW CHART IS REQU I R E D •  OR A DPS+APS BURN IS REQU I REDo THo 
PM I TS. �RE �EPT. L�O�L�CR0$5 T�� . MQp J ! I  .AND nR�T.. PART .OF . .  THE . MOpE, > i l l  
REG i oN 1 N  o�bER � o  AtrA'!N A R�MONAIILif: ' (U�l� bRef'IAL ' �i:J< I be' ' lci�UTE� ' f�A� ' 6R 
EQUAL TO 7 HRS l S I NCE V I OLAT ION OF THE T IGHT SPS CONTROL L I M I T S  PRECLUDES A 
LUNAR LAND I NG ANYWAVo OPERAT ION OF THE SPS BELOW THESE L I M I TS HAS L I T T LE TO 
GA I N  AND THE DELTA V REQU IRED FOR T E l  IN,REASES THROUGHOUT MODE l l l o  THE 
L I M I TS BECOME T I GHT AGA I N  THROUGHOUT THE REMAINDER OF THE LOI BURNo IF THE 
ENG INE IS OPERATING UNDER T I GHT L I M I TS AT T H I S  T IME IN ALL PROBAB I L I TY I T  
W I LL CONTINUE T O  D O  SO S I NCE I T  HAS BEEN BURN I NG FOR 3+20 o i F  FOHCED TO SHUT 
DOWN I N  TH I S  REG I ON THERE IS MORE THAN SUFF I C I ENT DPS DELTA V TO DO T E l  
W I T H o  THERE I S  ALSO T H E  APS FOR A BACKUP T O  T H E  D P S o  ALSO T H E  T I GHT L I M I TS 
PERM I T  AN SPS RESTART SO THAT I T  COULD SERVE AS A FURTHER BACKUP TO THE DPS 
AND APS ENG I NESo  
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5•61 
CON T '  

N A S A  - M a n n ed S p a c e c raft  C e n t e r  

M I S S IO N  R U L E S  

SECT ION 3 • TRAJECTORY AND GUI DANCE 

PARTIC IPAT I ON 

CREW 

RFO FDO 

DATA SOURCE 

ONBOARD MON I TORING 

RETURN TO EARTH D I SPLAYS 

GENERAL PURPOSE MANEUVER TABLE 

PROCEDURES··· 

A •  MODE I 

1 •  DELTA VM 0•238 FPS 1 0•33 SECl  

Ao TERMI NATE LOI ON SPS T I GHT CONTROL L I M I TS 

S o  EXECUTE DPS BURN A T  LOI IGN+2 H R  US ING GROUND COMPUTER 

2 •  DELTA V M  238•594 FPS 1 33 SEC·1•1 5 l 

Ao TERMI NATE LOI ON SPS LOOSE CONTROL L I M I T  

B o  EXECUTE DPS BURN A T  LOI IGN+30 M I N  US I NG DATA fROM THE CREW CHART 

3 •  DELTA V M  545•725 FPS 1 1+ 1 5•1+39 1 

Ao TERMI NAT E LOI ON SPS LOOSE CONTROL L I M I TS o  

B .  EXECUTE DPS BURN TO DEPLET I ON A T  L O I  I G N  + 30 M I N  !US ING CREW CHART ) AND A 
SUPPLEMENTAL APS BURN AT LOI  IGN + < 1/2 HRS USI NG GROUND COMPUT ER• 

6 ,  MODE 1 I • 

l• TERMINATE LOI  ONLY FOR V I OLAT ION OF SPS LOOSE L I M I TS f SPS UNSAFf J •  

2 •  EXECUTE DPS BURN AT LOI I GN + 2 HRS ! GROUND COMPUTED ! •  

3 •  EXECUTE D P S  T E l  ( GROUND COMPUTEOJ NEAR PERl CYNTH I AN •  SUPPLEMENT W I TH 
APS I F  REQU I RED, 

c ,  MODE I l l •  

l o  TERMINATE SPS ON T I GHT OPERAT I NG L I M I TS WHEN PER I OD I S  LESS THAN 7 HRS 
!CREW CHART l o  

EXECUTE DPS T E l  NEAR PER ICYNTHIAN ! GROUND COMPUTED ! ' ' • r · • r, • · ' ..: " TP'· � · " • r· • • !  ·l · , • ' . .... 

D o  THESE PROCEDURES M I N I M I Z E  THE NEED FOR TWO•IMPULSE ABORT BURNS BY TERM I N A T I NG LOI 
! T IGHT L I M I T S )  IN THE EARLY PART OF MODE I AND WELL I NTO MODE l l l o  ALSO ALLOW THE SPS TO 
BURN ! LOOSE L I M I TS ) I N  THE REST OF MODE I •  MODE I I  AND THE EARLY PART OF MODE I l l •  

M I S S I ON REV DATE SEC T I ON GROUP PAGE 
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R ITEM  

N A S A  - M a n n e d  S pa c e c r aft  C e n t e r  

M I S S I O N  R U L E S  

SEC T I ON 3 - TRAJECTORY AND GUI DANCE 

5•62 SPS FAI LURES 

COMMENTS 

DATA PR IOR I T Y  HAS ESTABL I SHED THE FOLLOWING GU I DE L I N E S  FOR SPS FAI LURES AT I GN ! T I ON·--

Ao IF THE SPS F A I LS AT I GN I T I ON FOR A MCC o THE GROUND W I LL PASS A FLYBY 
MANEUVER FOR EXECUT ION W I TH THE DPS OR THE SM·RCSo 

� .  I F  T H E  SPS FAlLS  AT l GN ! T lON FOR LOi o T H E  CREW W I LL EXECUTE THE MCC5 ABORT 
MANEUVER ALREADY ONBOARO W I TH DPS OR SM•RCS AT PC +2 HOURSo 

c ,  ! F  THE SPS F A I LS A T  I GN I T ION O F  DOl o THE GROUND W I LL PASS A OPS T E I  A S  SOON 
AS PRACT ICAL ( EARL I ES T  WOULD BE 4-l /2 HOURS AFTER LOl l •  

PAR T I C I PAT ION 

F L I GHT CREW 

CAP COM 

FD 

FDO 

RETRO 

DATA SOURCES 

MCC TRADEOFF 

RTE D I G ! TALS 

PROCEDURES 

THE M I SS I ON TECHN I QUES FOR T H I S  PAR T I CULAR FAI LURE WOULD BE AS FOLLOWS••• 

A .  FOR SPS FA I LURES A T  MCC 

1 o  FDO WOULD TARGET A FLYBY MCC WHICH WOULD B E  CONS I STENT W I T H THE DES I RED RETURN 
T I ME AND LAND I NG AREA ! AS SPEC I F I ED BY THE RETRO I AS WELL AS SAT I SF Y I NG THE FLYBY 
ALTI TUDE CONSTRA I NTS ! 60 LESS THAN HP LESS THAN 1 5 00 1 o  

2 o  RETRO WOULD COMPUTE A T E  MCC TO I NSURE ALL CONSTRA l �TS HAVE BEEN MET ! F L I GHT 
T I M E t  LAND ING AREA t ETC , ) 

B o  FOR SPS FAI LURES AT LOI 

l o  CREW W I L L  E XECUTE T H E  P C  + 2  MANEUVER ALREADY ONBOARD UNLESS CONDI T I ONS DI CTATE 
ANOTHER MANEUVERo 

2 •  RETRO COULD CALCULATE A MANEUVER AT A LATER T I ME • TO A DI FFERENT LAN D I NG AREA OR 
FOR A D I FFERENT RETURN T I ME DEPEND I NG ON LM PREPARATION T I ME o  DPS DELTA V 
AVAILABLE•  AND T I ME CR I T I CAL I T Y  OF THE S l TUA T l ON o  

c, FOR SPS FAI LURES AT DOl 

REFER ENCES 

1 o  RETRO W I LL COMPUTE A DPS T E l  FOR EXECUT I ON AS SOON AS PRACT I CAL•  THE NO.M ! NAL T I ME 
FOR T H I S  MANEUVER WOULD BE 001 + 4• 1 / 2  HOURSo 

2 o  I F  I T  I S  DECI DED T O  REMA I N  IN LPO LONGER THAN SPEC ! F ! EO T I ME ! ABOVE i o  RETRO W I LL 
COMPUTE THE DPS T E l  CONS I STENT W I TH THE M I SS I ON PLANo 

APOLLO TECHN I UUES DOCUMENT t S-PA-9 T043 t M I SS I ON F/G CON T I NGENCY PROCEDURE S t  FEBRUARY l2 t 
1 9 6 9 .  

M I SS I ON REV DATE SEC T I ON 
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R I T EM 

N A S A  - M a n n e d  S pacec raft  C e n t e r  

M I S S I O N  R U L E S  

SECT I ON 3 - TRAJECTORY AND GU I DANCE 

5-76 OOI TARGET ING 

1 .  DUR ING TLC• LOI AND DOl ARE TARGETED TO PRODUCE A GROUNDTRACK THAT IS OPT I MUM FOR 
PHOTOGRAPHING SPEC I F I C  LANDMARKS AND TO PRODUCE THE FOLLOW I NG COND I T I ONS AT PO I ---

A ,  5 0 , 000 F T •  HP•  

Bo  DES I R�D A Z I MUTH 

C o  ZERO OUT-OF-PLANE ERROR ! WEDGE ANGLE ) 

2 .  I F  A D I SPERSION OCCURS DUR I NG LO ! •  DO! W I LL BE TARGETED W I TH THE FOLLOW I NG ORDER OF 
PRIOR I T Y---

A , PRODUCE A 5 0 , 000 FT HP A T  PO l KEEP THE WEDGE ANGLE ZERO BUT VARY THE DES I RED 
AZ I MUTH + / - 1 0  OEG IN ORDER TO ACH I EVE A DESIRED PHOTOGRAPHIC GROUNDTRACKo 
! DES I RED I S  DEFI NED AS WEDGE ANGLE AT THE PHOTO SITE LESS THAN •2� DEG • J  

e ,  PRODUCE A 5 0 • 000 F T  H P  AT PO l VARY THE AZ IMUTH + 1 - 1 0  DEo AND THE WEDGE 
ANGLE AT POI UP TO ,5 DEG IN ORDER TO ACH I EVE AN ACCEPTABLE PHOTOGRAPH I C  
GROUNDTRACK o i ACCEPTABLE I S  DEFI NED A S  WEDGE ANGLE AT THE PHOTO S I T E  LESS 
THAN , 5  DEG . ) 

C o  I F  AN AcCEPTABLE PHOTOGRAPH I C  GROUNOTRACK CAN NOT B E  FOUND B Y  APPLY I NG 2 6 1  
THEN ALL PHOTO CONSTRAINTS ON THE GROUNDTRACK ARE DROPPED• DO! W I LL THEN BE 
TRAGETED TO ACH I EVE A 5 0 • 000 FT HP AT PO I •  W I TH ZERO WEDGE ANGLE AT POI AND 
NO CONSTRA INTS ON THE AZIMUTH I SEE M I SS I ON RULE 5-61 FOR FURTHER 
INFORMAT I ON )  

M I SS I ON REV DATE SEC T I ON GROUP 
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R I T EM 

N A S A  - M a n n e d  S pa c e c r aft C e n t e r  

M I S S I O N  R U L E S  

SECTION 3 • TRAJECTORY AND GUI DANCE 

5•77 DOl COMM l T MENl CRITERION 

COMMENTS 

BY GENERAL AGREEMENT • A <>0· FOR DO l W I LL NECESS I TAOE Al LEAST TWO REVOLU T I ONS IN THE 
POST-MANEUVER ORB I T •  THE PURPOSE FOR THE RULE IS TO PROVIDE ONE FULL REV OF TRACKING TO 
OBTA I N  A POSTBURN VECTOR W I TH WH ICH TO COMPUTE T E i o T H I S  MANEUVER COULD THEN BE PASSED ON 
THE NEXT FRONT S I D E  PASS, 

PAR T I C I PAT ION 

FDO 

RETRO 

FD 

DATA SOURCES 

LM DESCENT PLANNING DI SPLAY 

RETURN TO EARTH D!GI TALS 

PROCEDURES 

THE NOMINAL M I SS I ON TECHNIQUES WOULD BE••• 

A o  FDO W ILL COMPUTE D O l  IN OBSERVANCE W I TH M I SS I ON RULE 5•76 • 

B •  FDO W I LL TRANSFER THE MANEUVER T O  THE MPT• 

c ,  RoTRO W I LL COMPUTE A T E l  MANEUVER TO INSURE RETURN CAPAB I L I TY ,  T H I S  MANEUVER 
WOULD NOT BE PASSED• 

REFERENCES 

APOLLO TECHNIQUES DOCUMENT • S·PA•9 TO 41 o M I S S I ON F/G TL MCC AND LO i o  FEBRUARY 1 7 o  1 9 6 9 •  

M I S S I ON REV DATE SEC T I ON GROUP 
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R I T EM 

N A S A  - M a n n e d  · S pa c e c r aft C e n t e r  

M I S S I O N  R U L E S  

SECTION 3 • TRAJECTORY AND GUIDANCE 

5•76 BA I L  OUT MANEUVER RECOMMENDATION 

FOLLOWING DO l o  FDO W I LL EVALUATE THE GNCSo EMS • MSFN DOPPLER RESIDUALS • AND MSFN SHORT ARC AND 
RECOMMEND A STAY/NO STAY DEC I S I ON ,  A STAY RECOMMENDA T I ON R EQUIRES THAT THE POST•DOI TRAJECTORY 
HAVE AT LEAST A l NoMo  CLEARANCE ABOVE THE H I GHEST PEAK ON THE GROUNDTRACKo THE HIGHEST PEAK I S  
2 o 9  NoM• ABOVE THE RADIUS LLS AND OCCURS A T  7 o 6  OEG Eo  T O  ACH I EVE A T  LEAST A l NoM•  CLEARANCE 
ABOVE T H I S  PEAK • A HP•3 o B  NoM•  MUST BE CONF I RMED• THE FOLLOWING CHART W I LL BE U T I L I ZED FOR THE 
STAY/NO STAY RECOMMENDAT ION••• 

NOTES••• 

S,. STAY 

NS= NO STAY 

X• NOT AVA I LABLE / I NVALID 

2 3 4 5 6 7 

GNCS s s s s S X X 

EMS SINS/X SINS/X SINS/X SIX NS S S 

MSFN NS 
COPPER + NS 
RESI DUALS P I LOT RPT 

OF A T T o DE 

MSFN S NS/X �/NS O 
SHORT 
ARC 

ACT ION s NS NS 

A B 

s 

NS 

NS 

A 

--1---1--1 

X X X S 

Sf X X X S IX 

s s NS NS s 

B A 

6 

X 

s 

NS 

--

NS SINS/X 

----- - - · · · -

NS NS 

B 

P I LOT REPORT OF P I TCH ATT I TUDE DEV I AT I ON DOWN W E I GHTS THE DOPPLER VOTE DUE TO RAD I AL VELOC I T Y  
ERRORS A T  DOl WHICH DOPPLER CANNOT D I FFERENT IATE FROM HORI ZONTAL ERRORS ! P I TCH ATTI TUDE 
DEVIAT ION ONLY I 

M I S S I ON REV DATE SECT ION GROUP 
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R ITEM 

N A S A  - M a n n e d  S pa c e c r af t  C e n t e r  

M I S S IO N  R U L E S  

SECT I ON 3 - TRAJECTORY AND GUIDANCE 

5-61 LPO PLANE AND ALT I TUDE CONS\RAINTS 

COMMENTS 

THE PLANAR OR I ENTAT ION OF ·THE LPO GOING I NT O  POWERED DESCENT W I LL BE ESTABLISHED BY THE 
TARGE TING ORB I T  DETERMI NAT I ON AND EXECU T I ON OF THE TLC MCC 1 S AND LOi o 001 EXPECTED ERRORS 
AFTER THE LOI SEUUENCE ARE PRED I C TED TO BE W I TH I N  o . �  DEG OUT-OF-PLANE AND 2 DEGREES I N  
AZI MUTH, CREW TRA I N ING AND ONBOARD DATA I MAPS o ETC , ! W I LL B E  BASED ON THESE EXPECTED 
ERRORS• 

THE DOl MANEUVER W I LL BE TARGEIED TO ACH I EVE A PER ! CYNTHIAN OF � O o OOO F'T A T  P O l o  THE 
PREDI CTED HEIGHT OF PER I CYNTHIAN AT PDI W I LL BE MON I TORED TO ASSURE THAT AT PO l IT WILL  BE 
BETWEEN 3 D o 000 AND 70 o 000 F T ,  I F  A CORRECTION IS REUU l REDo  IT W I LL BE MADE PRIOR TO LM 
ACT I V AT I ON I MMED IATELY AFTER CREW WAKEUP, THE C R I T E R I A  FOR AN ALTI TUDE CORREC T I ON W I LL BE 
B I ASED U S I NG PREMISS ION OR REAL-T IME COMPUTED ALTI TUDE UNCERTAINTY AND PROPAGAT ION B I ASES• 
THE ANT I C I PATED L I M I T S  ARE 3 3 o 000 AND 6 7 o 0 0 0  FTo I F  A CORRECT I ON IS REUU ! RE D o  PER I CYN\ H l AN 
WOULD BE RAI SED TO 3 5 o 000 FT FOR LOW V I OLAT I ON OR LOWERED TO 50 o000 FT FOR H I GH V I OLAT I ONS, 

AN I MMEDIATE CORRECTIVE MANEUVER W I LL BE SCHEDULED FOR CASES IN WHI CH THE CURRENT 
PER! CYNTH I AN DROPS BELOW 3 0 o 0 0 0  FTo THIS NUMBER IS CONS I DERED TO BE THE LOWER BOUNDARY FOR 
GUARANTEED CREW SAFETY,  THE ADJUSTMENT T O  PER I C YNTH I A N  WOULD BE TARGETED T O  I NSURE THAT AN 
ADD I T IONAL ALTI TUDE CORRECT I ON PRIOR TO POI WOULD NOT BE NECESSARY, THE TARGET PER ! CYNTH IAN 
WOULD BE B I ASED USING WORST CASE PROPAGA T I ON AND ALT I TUDE UNCERTAI N T I ES ,  

T O  MAINTAIN  THE APPROACH OVER FAM I L I A R  TERRA I N •  AND ACCEPTABLE PERI CYNTH IAN COND I T IONS• 
ADD I T IONAL MANEUVERS W I LL BE SCHEDULED IF NEEDED TO CORRECT D I SPERSI ONS PR I OR TO UNDOC K I NG ,  

PARI I C I PA T I ON 

fDO 

FD 

CREW 

DATA SOURCES 

LM DESCENT PLANNING 

FDO ORB I T  D I G I TALS 

CHECKOUT MON I TOR 

PROCEDURE 

FDO W I LL USE OP T I ONS OF THE LOP D I SPLAY TO CORRECT PLANAR D I SPERSIONS DETElTED PR I OR TO 
UNDOC K I NG ,  

REFERENCE 

OPERA T I ONAL OP I N I ON 

M I S S I ON REV DATE SECT ION GROUP 
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R I T EM 

N A S A  - Ma n n ed S pacec raft  C e n t e r  

M I S S IO N  R U L E S  

SEC T I ON 3 • TRAJECTORY AND GU I DANCE 

5-82 NOUN 69 CORREC T I ON L I � ! TS 

COMMENTS 

TO CORRECT FOR ANY DOWNRANGE POS I T I ON ERROR AT POI • THE GROUND COMPUTES THE ERROR IN THE 
ONBOARD STATE VECTOR AND U P L I NKS THE DOWNRANGE COMPONENT AS A CHANGE TO THE POST I ON OF THE 
LAND I NG S i lE o  T H I S  CORREC T I O N  I S  BOUNDED IN MAGN I T UDE AS FOLLOWS•·· 

A o  A M I N I MUM CORRECT I ON O F  lOOO F T  I S  USEOo TH I S  L I M I T  I S  D E R I VED FROM THE 
ACCURACY OF THE T EC HN I QUES .USED I N  COMPUT I NG THE DOWNRANGE ERROR, UNDER 
SOME C I RCUMSTANCES • EXTREMELY SMOOTH DAT A •  CONS I DERA T I ON W I LL B E  G I VEN TO 
USING SMALLER CORRECT I ONSo 

B o  A N  UPPER L I M I T  O F  3 5 , 000 F T  I S  USED, TH I S  NUMBER I S  D E R l VEO FROM THE RAD I A L  
ABORT L I ;I I T  O F  3 5  FPSo T H I S  I S  BECAUSE THE N 6 9  CORRECT I ON DOES NOT CORRECT 
ANY ERRORS IN THE STATE VECTOR • BUT ONLY A LLOWS A BAD STATE VECTOR TO LAND 
AT THE R I GHT PlACEo A 3 5 •000 F T  ERROR TRANSLATES I NTO A 35 FPS RAD I AL 
ERRORo ANY GREA T E R  CORREC T I ON WOULD BE CAUSE FOR ABOR T o  

PAR T I C I PA T I O N  

FDO 

DATA SELECT 

CREW 

PROCEDURE 

THE DATA SELECT COMPUTES THE N69 CORREC T I ON U S I N G  DOPPLER R E S I DUALS AND THE LEAR PROCESSOR, 
SELECT THEN VOICES THE COMPUTED CORRECT I ON TO FDOo IF T H E  N69 IS W I T H I N  L I M I T S  AND THE 
THRUST I S  COMPA T I BLE W I TH THE CORRECT I ON •  THE FDO RELAYS THE Nb9 TO T H E  CREW THRU THE 
CAPCOM AT TWO M I NUTES I NTO THE DESCENTo THE CREW I NPUTS T H E  N 6 9  V I A  T H E  OSKYo 

5•83 C I RCULAR I Z AT I ON MANEUVER TARGE T I NG 

COMMENTS 

THE C I RCULA R I ZAT I ON MANEUVER CAN BE TARGETED TO RESUL T IN A C I RCULAR ORB I T  AT ANY SPEC I F I ED 
T I M E .  T H E  CHO I C E  OF T I ME I S  ARB I TRARY B U T  SHOULD BE CHOSEN TO S I MP L I FY RENDEZVOUS. THE TWO 
CHOI CES ARE A T  PDl  T I ME OR NOMINAL RENDEZVOUS T l ME o  THE SECOND OPT I ON WAS SELECTED BY DATA 
P R I OR I T Y  B ECAUSE O F  THE RELA T I VELY LOW PROBAB I L I T Y  OF HAV I NG TO ABORT A DESCENT AND THo 
DES I R AB I L I T Y OF MAK I N G  THE NOMINAL RENDEZVOUS A S  CLEAN AS POSS I B L E o  

5•84 LLS POS I T I ON U P DA T I NG V I A  SEXTANT S ! GHT I NGS 

COMMENTS 

DUR I NG THE lUNAR ORB I T S  JUST P R I OR TO THE DESCENT MANEUVER• SEXTANT LANDMARK T RACK I NG W I LL 
BE U T I L I ZED BY THE CSM TO ACCURAT E L Y  DETERM I N E  THE CSM POS I T I ON RELAT I V E  TO T H I S  KNOWN 
LANO,"ARKo BY KNOWING THE. EXACT I N ER T I AL POS I T ION  OF THE CSM I MSF N I  AN() THE EXACT lOCAT I ON 
OF THE l�ND ! NG S I TE R E L A T I V E  TO THE OBSERVED LANDMARK •  THE I NERT IAl. POS I T I ON OF THE I.LS MAY 
B E  ACCURATELY DET ERM I NED AND THUS COMPAT I B L E  W I T H  THE I N ER T I AL TARGET I NG OF THE POWERED 
DESCE'T MANEUVER o 

IWOEV E R •  ANY D I FFERENCES BETWEEN THE BEST PREM I SS I ON VALUE OF THE LI.S ! PHOTOGRAPHS ! AND 
THOSE OF THE SEXTANT S I GH T I NG S  MUST BE SCRUT I N I ZED FOR REASONABLENESS• EACH I N T ENDED 
LAND I NG S I T E HAS I ND I V I DUAL AMOUNTS OF DATA AVAI LABLE REPRESENT I NG ITS KNOWN I NERT I AL 
RELAT I V E  ACCURACY ,  THUS • A REASONABLE D I FFERENCE• I N  TERMS OF ABSOLUTE NUMBER V A I RES W I TH 
EACH S I T E ,  

" I SS !  ON REV DATE SECT ION  
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R I T EM 

N A S A  - Ma n n e d  S pa c e c raft  C e n t e r  

W I S S IOII I U L E S  
SEC T I ON 3 - TRAJECTORY AND GUI DANCE 

5-85 ALLOWABLE PLATFORM M I SALIGNMENT FOR PO l o  

COMMENTS---

THE POWERED DESCENT SHOULD NOT BE I N I T IATED IF THE PGNS W I LL ACCUMULATE POWER NAV I GA T I ON ERRORS 
SUCH THAT A LM ABORT W I TH THE PGNS WOULD NOT ACH IEVE AN ORB I T  W I TH A PERI CYNTH IAN GREATER THAN 
30 o000 F l o  THESE NAVI GAT I ON ERRORS CAN RESULT FROM UNCOMPENSATED STAT I C  DRl FTS OF THE LM 
PLATFORMo IF DR IFT RATES OF A LEVEL SUF F I C I ENT TO GIVE Oo6 DEG M I SAL I �NMENT ABOUT PI TCH IY AX ! S l  
AND YAW I X  AX ! S l  o X I S T  A T  POl THEN THE MANEUVER W I L L  B E  S L I PPoD ONo RoVOLUT ION I N  A N  oFFORT T v  
COMPENSATE T H E  D R I F T •  T H I S  M I SALI GNMENT MAGN I TUDE ALLOWS A DESCENT ABORT FROM T H E  H3 TRAJECTORY 
AT ANY T I M E  W I TH A RESULTANT SAFE ORB I T •  THE D R I F T  RATES ARE ESTABLI SHED BY SUCCESSIVE P5 2 ' S  
AFTER FINE  ALIGN I NG THE PLATFORM U S I NG GROUND COMPUTED TORUUE IN� ANGLES, 

PAR T I C I PAT I ON---

GUI DANCE OFF I C ER 

LM CONTROL 

CAPCOM 

FL I GHT CREW 

DATA SOURCES---

LM OPTICS SUPPORT TABLE o  MSK 239 

TOR�U E I NG ANGLES FROM LM PGNS P52 

PROCEDURE---

THE LM PLATFORM I S  COARSE ALI GNED TO THE CSM PLATFORM AT LM ACT I VAT I ON o  COARSE AL I GN 
INFORMAT I ON IS THEN PASSED BY THE F L I GHT CREW TO THE GROUNO WHO I N  TURN COMPUTES F I NE A L I GN 
TORUUE I NG ANGLES FOR EXECU T I ON BY THE CREW V I A  V42• T H I S  RESULTS I N  A LM PLATFORM ALI GNED 
w i T H I N  THE ACCURACY OF THE PROCEDURE, THE COMPLETE PROCEDURE IS THEN REPEATED EXCEPT THAT A 
S�COND V42 I SN ' T  EXECUTED, THE I NTENT BEING THAT ANY S I G N I F ICANT DRIFT  W I LL SHOW UP I N  THE 
GROUND COMPUTED F I NE A L I GN ANGLES, ALSO TWO SUCCESS I VE P 52 ' S  ARE PERFORMED TO FURTHER 
VER I F Y  STA T I C  DR I FT ,  WHEN UNACCEPTABLE DRIFT EXIST THEN PO I IS DELAYED • I F  NECESSARY • U N T I L  
ADEUUATE GYRO COMPENSATION I S  PERFORMED• 

M I SS I W N  R E V  DATE SEC T I ON GROUP 
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R I T EM 

N A S A  - Ma n n e d  S pacecraft C e n t e r  

M I S S I O N  R U L E S  

SECT I ON 3 • TRAJECTORY AND GU I DANCE 

5•89 LANDING RADAR CONSTRA I N T S  

COMMENTS 

IN ORDER TO SUCCESSFULLY COMPLETE THE POWERED DESCENT MANEUV E R o  UNCERTA I NT I ES I N  LOCAL 
TERRA I N/ A L T I TUDE MUST BE MEASURED V I A  LAND ING RADAR TO EFFECT TOUCHDOWN, HOWEVER o T H I S  DATA 
MUST BE WUAL I TA T I VELY JUDGED PRIOR TO I TS I NCORPORA T I ON ,  SHOULD LAND I NG RADAR DATA NUT BE 
AVA I LABLE BEFORI THE PNGS EST IMATE OF ALT I T UDE REACHES 1 0 o OUO F E E T o AN ABORT W I LL BE 
PERFORMED, T H I S  ACT I ON IS SUBSTAN T I ATED BY D I SPERSION ANALYS I S  WHICH DEMONSTRATE THAT THE 
PNGS EST I MA T E  OF ALT I TUDE CAN �E S I G N I F I CANTLY IN ERRORo SHOULD T H I S  ERROR BE SUCH THAT THE 
P'GS ! S  ACTUALLY LOWER THAN I T S  OWN EST I MA T E o  THE REMA I N I NG GUI DANCE/TRAJECTORY PROF I L E  
'W l L L  UNKNOW I NGLY PENETRATE T H E  LUNAR SURF'ACEe CONVERSELY•  l F  THE PNGS WERE TRULY H I GHER 

THAN ! T S  OWN EST I MATE o CONT I NUAT I ON OF THE POWERED DESCENT WOULD RESULT I N  FUEL DEPL E T ! ON o  

A o  S I X T Y  SECONDS AFTER LAND I NG RADAR LOCK O N  HAS BEEN ACH I EVED • T H E  D I FFERENCE I N  
A L T I TUDE EST I MATES BETWEEN THE PNGS AND THE LAND I NG RADAR MUST B E  W I T H I N  AN 
ACCEPTABLE TOLERANC E •  ESTABL I SH I NG A L I M I T I NG D I F F ERENCE PREVENTS LARGE A L T I TUDE 
0 0 DELTAS ' '  FROM CAUS ING UNACCEPTABLE TRANSI ENTS IN THE DESCENT 
GU I DANC E / TRAJECTORY LOG I C o  

e. DI SPERS I ON ANALYS I S  HAVE ALSO SHOW.� THAT ! F  ACC EPTABLE LAND I NG 
CON T I NUALLY AVA I LABLE T O  H I GH GA T E o  A SUBSEWUENT LOSS W I LL NOT DEGRADE 
AB I L I T Y  TO REACH A SAFE PO IN T  FROM WH I C H  THE P ! LUT MAY TAKEOVER 
MANUALLY . 

RADAR I S  
T H E  PNGS 
AND LAND 

CoD THE ABOVE IS ALSO TRUE IN THE CASE WHERE THE LAND I NG RADAR HAS BEEN ACCEPTABLE 
BUT I N T E RM I T T ENT THROUGHOUT P·63 SO LONG AS THE UNCERT A I N T Y  IN A L T I TUDE IS LESS 
THAN 1000 FEET AT H I GH GAT E  OR LESS THAN 1000 FEET WHEN LOCK ON IS REGA I NED•  

PART ! C I PAT !ON 

CREW 

GDO 

FDO 

DATA SOURCE 

PROCEDURES 

SHOULD ANY OF THE ABOVE CONST RA I N T S  BE V I OLAT ED • THE GROUND W I L L  RECOMMEND AN ABORT •  

M I SS I ON REV DATE SECl i O N  
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R I T EM 

N A S A  - Ma n n e d  S p a c e c raft  C e nt e r  

MI S S ION R U L E S  
SoCT ION 3 • TRAJECTORY AND GU I DANCE 

5•90 C R I TERIA FOR TERM I NAT I ON OF POWERED DESCENT I PGNS NAVIGAT I ON ERRORS ) 
A e l t 2  
3 • 4  

COMMENT 

THE POWERED DESCENT PHASE W I � "  NOT BE CONT I NUED IF THE PGNS HAS NAV I GA T I ON ERRORS SUCH THAT 
A "M ABORT W I TH THE PGNS WOU"D NOT ACHIEVE AN ORB I T  W I TH A PERI CYNTHIAN A"T I TUDE GREATER 
THAN 3 0 o 000 FEET , S I NCE PNGS NAVIGAT I ON ERRORS CAN AR I SE FROM I N I T IA� COND I T ION oRRORS I I MU 
M I SA, I GNMoNT OR STATo VoCTOR oRROR I OR FROM POWERED F"I GHT FAI ,URoS I P I PA B I AS o  IMU DR I F T o  
ETCo l o  THE AGS MAY OR MAY NOT CONF I RM A PGNS ERRORo I N  ADD I T I ON•  FOR "OW TRAJECTOR I E S •  THE 
PGNS W I LL NOT BE ABLE TO PERFORM A SAFE ABORT WI THOUT "AND I NG RADAR ALT I TUDE I NFORMA T I ON 
BEING I NCORPORATED I NT O  THE STATE VECTOR• 

RULE 5·90A - l PROVI DoS THE L I MITS  FOR THE CASES WHERE THE PGNS NAV I GA T I ON ERRO�S ARE 
CAUSED BY POWERED FLIGHT FAI LURES• THE TRAJECTORIES ARE "OW o AND LANDING RADAR ALT I TUDE 
INFORMAT ION I S  M I SSING• 

RULE 5•90A • 2 PROVIDES THE " I M I T S  FOR THE CASoS WHERo THE PGNS NAV I GA T I ON ERRORS ARE 
CAUSED BY POWERED F"I GHT FAI LURESo THE CROSSRANGE L I M I T  I S  BASED ON THE G AND N P I PA F A I L  
RoDL I No o  

RULE 5•90A • 3 PROVIDES THE L I M I T S FOR THE CASES WHERE THE PGNS NAVIGAT I ON ERRORS ARE 
CAUSED BY I N I T I AL COND I T ION oRRORSo  THE TRAJECTOR I E S  ARE LOWo AND THE LAND I NG RADAR 
A� T I T UDE INFORMATION IS M I SS I NG• 

RULE 5·90A - 4 PROVIDES THE " IM I T S  FOR THE CASoS WHoRE THE PGNS NAV I GA T I ON oRRORS ARE 
CAUSED BY I N I T IAL CON D I T I ON ERRORS ARE CAUSED BY I N I T IAL COND I T I ON ERRORS• OR A COMB I NA T I ON 
OF POWERED F L I GHT AND I N I T I AL COND I T I ON oRRORSo 

PAR T I C I PAT ION 

GUI DANCE OFFI CER 

FLIGHT DYNAMICS OFF I CoR 

CAPCOM 

DATA SOURCES 

GUI DANCE STR I PCHARTS 

GUIDANCo ASCENT/DESCENT D I G I T ALS 

LAD o MSK 084 

PROCEDURE 

ACT I ON 

GOO DEToCTS AND CONFIRMS FROM THE GUI DANCE STRI PCHARTS OR MSK 2 l 6  THAT A COMPONENT 
D I FFERoNCE L I M I T  HAS BEEN V I OLATED• THE DoGRADING SYSTEM IS VER I F I ED BY COMPARING THE 
VELOC I T Y  D I FFERENCE BASED ON ALL SOURCES• IF THE DEGRADA T I ON IS VER I F I ED IN THE PGN S o  GOO 
ANNOUNCES ' ' PGNS NO•GOo ABORT OVER F L I GHT D I RoCTOR "OOP o AFToR D I RoCT I ON FROM F L I GHT 
DI RECTOR• CAPCOM RELAYS THE SAME OVER THE AIR TO GROUND "OOPo 

M I SSION RoV DATE SEC T I ON GROUP 
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.. 

N A S A  - Ma n n e d  S pa c e c r a f t  C e n t e r  

III S S I O N  R U L E S  

SECT I ON 3 - TRAJECTORY AND GUI DANCE 

5•90 POWERED DESCENT TERM I NATION 
A , 5 , 7  
8 

COMMENTS 

5 o  IN THE EVENT THE GUIDANCE COMMANDED THRUST SHOU!.D BEG I N  TO I NCREASE I NORMACLY 
DECREAS E S !  P R I OR TO P•63/64 PROGRAM SWI TCHt THE GUIDANCE W I LL ULTI MAT EcY COMMAND RAP I D  AND 
SEVERE ATTI TUDE GYRAT I ONS, THESE TRANS I ENTS ARE; IN RESPONSE TO SUCH T H I NGS AS A !.OW 
THRUST I NG ENGINE  OR F A I LURE OF THE GUI DANCE TO CONVERGE UPON THE REQUI RED H I GATE TARGE TS• 
IN  ANY EVENT o THE GUI DANCE WILL FAll. ·To CONVERGE W I TH THE IMP!.I C I T  RESUl-TS B E I NG 
CATOSTROP H l C e  

IN  THAT PROGRAM SWI TCH OCCURS A T  A TGO O F  60 SEC S t  THo ADD I T IONAl. ZO•SEC T I ME Dt.!.AY MAKES 

IT I MPOSS I B L E  FOR THE GROUND TO RESPOND AFTER TGO • 60 SECS• 

7, AS DESC R I BE D  ABOV o o  ONCE THE POINT WHERE THE T I ME D E LAY FOR GROUND RESPONSE TO 
I NCREAS I �G THROTTl-E COMMANDS HAS BEEN PASSEDo  THE CREW MUST AC T I VELY OtiSERVE THE THROTTLE 
RESPONSE. AS THE CREW HAS NO MEANS OF V I SUAL I Z ING A THROTTLE I NCREAS E •  THEY NEED ON!.Y 
RESPOND TO A FAI LURE TO HAVE THE THRUST ENTER THE THROTTLEABLE REGION• 

8 .  SHOULD THE THRUST F A I L  TO COME UP TO THE F T P  FOL LOW ING I GN I T I ON •  THE GU I DANCE W I !.L NOT 
BE ABLt. TO MEET THE DES I RED H I GATE COND I T IO�S AS W I L l.  BE E V I DENCED BY AN I NCRoAS ING GTCo  

5·90 CR I TER I A  FOR TERMINA T I ON OF POWERED DESCENT I FA l LURE OF !.GC PROGRAM CHANGo ! 
A o 9  

COMMENT 

TO REDUCE GUIDANCE SENS I T IVES IN THE REGION OF H I GH GAT E o  THE LGC oRAK I NG PHASE I P 6 3 1 

TARGETS ARE PROJECTED PAST THE ACTUAL DESI RED COND I T IONS • FOR THE NOM INAL TARGETED DESCENT 
PROF I L E •  THE HIGH GATE CONDI T I ONS A R E  SAT I SF I ED A SPECI F I E D  DELTA T I M E  BEFORE THE TARGET 
COND I T I ONS• THE DE!.TA T I ME IS STORED IN ERASABLE MEMORY AS TENDBRAK AND CURRENTLY E�UALS 62 
SECONUSo THE LGC AUTOMAT ICALLY EX I TS P63 AND CALLS P64 ON THE F I RST COMPUTAT ION CYCLE AFTER 
T GO EWUA!.S 60 SECONDS , IF T H I S  DOES NOT OCCUR/ THE LGC HAS FA I LED I NTERNALLY•  F A I !.URE OF 
THE PGNS REQU I RES SW I TCHOVER TO THE AGS o THEREBY TERMI NAT I NG POWEREO DESCENTo 

PART I C I PAT ION 

F L I GHT CREW 

GUI DANCE OFFI CER 

CAP COM 

DATA SOURCES 

ONBOARD OSKY 

GUI DANCE ASCENT/DESCENT D I G I TAl-S o MSK 2 1 8  

PROCEDURE 

A o  1 1\ D I CAT I ON 

CREW OBSERVES DSKY D I SPl-AYS F A l l.  TO CHANGE TO P64 WHEN THE P63  T GO 
DoCREASES TO 60 SECONDS• GU I DANCE OFFI CER OBSERVES TELEMETRY I NDI CAT I ON OF 
P63 AFTER T GO DECREASES TO 60 SECONDS ON MSK 2 1 6 ,  

Bt ACT ION 

lF  CREW TAKES ACT I ON t  SW I TCHED TO AGS AND ANI'IUUNCES 1 1 A6UR T t  LGC NO-GOt Pb4 

FA I L '  1 OVER A I R  TO GROUND lOOP. IF GOO TAKES AC T l ON t  ANNOUNCES 1 1 LGC NO-GOt 
P64 FA I L  SW I TCHOVER TO AGS AND ABORT ' '  t OVER F L I GHT D I RECTOR LOOP o CAPCUM 
RELAYS SAME OVER AIR TO GROUND LOOP• 

M I SS I ON REV DATE SECT ION 

APOLLO 14 FN!. 2 / 1 5 /70 TRAJECTORY AND 
GUI DANCE 

GROUP PAGE 

DESCENT 



R I T EM 

N A S A  - Ma n n e d  S p a c ec raft  C e n t e r  

M I S S IO N  R U L E S  

SEC T I ON 3 - TRAJECTORY AND GUIDANCE 

5-90 C R I TERIA FOR TERMINA T I ON OF �OWER DESCENT I PGNS PROGRAM ALARMSl 
A . l o  

COMMENT 

THE RELIAB I L ITY  OF THE LGC AS A CONTROL DEVICE IS DEPENDENT ON THE COMPUTAT I ONAL I NTEGR I TY 
OF THE SOFTWAREo THE LGC IS PROGRAMED TO RECOGNIZE I NTERNAL FAULTS OR ERRONEOUS COND I T I ON S •  
AND CONSEUUENTLY I SSUES A PROGRAM ALARM, THE ALARMS WHICH ARE CONSIDERED T O  I NVAL I DATE THE 
LGC AS A GUIDANCE SYSTEM ARE L I STED BELOw---

ALARM 

20105 

002 14 

20430 

20607 

2 1 103  

01107  

21204 

2 1 302 

2 1 5 01  

CODE 

00402 
I CONT INUING l 

PAR T I C I PAT ION 

GUIDANCE OFFI CER 

FL I GH T  CREW 

CAP COM 

DATA SOURCES 

ALARM FAULT 

ACT MARK SYSTEM IN USE 

PROGRAM US I NG I MU WHEN TURNED OFF 

ACCELERAT ION OVERFLOW IN I NT E"RAT ION 

NO SOLUT I ON FROM T I ME-THETA Ok T I ME-RAD IUS ROUT INE  

UNUSED CCS BRANCH EXECUTED 

PHASE TABLE F A I LUR E •  ASSUME ERASABLE MEMORY DESTROYED 

WAI T L I ST ON JOB FUNC T I ON CALL<D W I T H  ZERO OR 
NEGAT I VE DELTA T I M E •  

SQUARE ROOT CALLED NEGAT I V E  ARGUMENT 

KEYBOARD AND D I SPLAY ALARM DUR ING INTERNAL USE 

F I NDCDUW NOT CONTROLLING A T T I TUDE 

PROGRAM ALARM L I GHT LGC MON I TOR H / S o  ASCENT/DESCENT D I G I TALS MSK 2 1 6  

PROCEDURE 

GROUND OR F L I GHT CREW OBSERVES THE PROGRAM ALARM L I GH T o  AND IDENT I F I E S  THE ALARM V I A  V05N09 
OR LGC DOWNL I ST OF FAI LREG 1 S o  IF THE ALARM IS ONE L I STED ABOVE• GUIDO ANNOUNCES•  ' 1 LuC 
NO-GO • SWI TCHOVER TO AGS AND ABORT ' ' •  

M I SS I ON REV DATE SEC T I ON GROUP 

APOLLO 14 FNL 1 2 / 1 5 /70  TRAJECTORY AND DESCENT 
GUIDANCE 

PAGE 
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R I T E M  

N A S A  - M a n n e d  S p a c e c raft  C e n t e r  

M I S S IO N  R U L E S  

SECT I ON 3 - TRAJECTORY AND GUI DANCE 

5-90B POWERED DESCENT T ERMI NAT I ON 

COMMENTS---

SHOULD AN ABORT BE RE�U I RED DURING THE LA TTER PORT I ONS OF THE POWERED DESCENT TRAJECTORY • 
I T  CANNOT BE PERFORMED I F  THE ALTI TUDE RATE C A T  THE T IME OF THE ABORT> CANNOT BE NULLED B Y  
T H E  ABORT MANEUVER • P R I OR TO PENETRAT I NG T H E  LUNAR SURFACE• 

CONVERSLY SHOULD THE A L T I TUDE RATE EXCEED THE A B I L I T Y  OF THE L;, TO NULL I T  PRiuR TO 
PENETRAT I ON A SUCCESSFUL LAND I NG OBV I OUSLY CANNOT B E  COMPLETED AND AN ABORT IS REwUESTEDo 

PAR T I C I PAT ION 

FDO 

FD 

CAP COM 

DATA SOURCE 

H VS H DOT ANALOG 

LAD 

PROCEDURE---

DUE TO S I G N I F I CANT T I ME DELAYS ASSOC I ATED W I TH PROC E SS I NG THE TRAJECTORY I NFORMAT I ON BY 
WHICH T H I S  DEC I S I ON IS MADE THE FDO MUST CAREFULLY AoSESS THE CURRENT V E H I CLE STATE IN 
RELAT I ONSH I P  TO THE ABORT L I M I T  L I N E ,  DEV I AT I ONS AWAY FROM THE 'OMINAL THAT W I LL CLEARLY 
V I OLATE T H I S  L I M I T  L I NE �UST BE RECOGNI ZED AS REPRESENT I N u  AN ABORT S I TUAT I ON AND 
APPROPR I ATE REACT I ON ' S  REUU I S I TE ,  

5-9 1 NO TRAJECTORY CONSTRA I N TS AFTER CREW TAKEOVER 

COMMENTS 

THROUGHOUT POWERED DESCENT • THE GROUND HAS THE CAPAB I L I T Y  TO MONITUR PROPER OPERAT I UN OF 
THE PNGS AND AGS AND THE EFFECT THAT THE GUI DANCE SYSTEM HAS ON THE DESCENT TRAJECTORY• 
THIS MON I TOR I NG ALLOWS L I M I T A T IONS TO BE IMPOSED O N  T H E  GUl DANC� SYST�M T O  AVO I D UNSAFC 
CONOI T I ONSo ONCE THE CREW HAS ASSUMED MANUAL CONTRO L •  NO I N I T I AL I ZA T I ON OR P�ED ! C T I UNS OF 
THE RESULTANT mAJECTORY CHARACT ER I S T I CS CAN BE MADE-- AND THUS o�O VAL I D  MEANS OF L I M I T I NG 
THt CREW 1 S  ACTI ONS CAN BE ESTAB � I SHED•  THE PROBLEM I S  FURTHER COMP L I CATED BY THE T I ME 
DELAYS ASSOC I ATED W I TH THE ACT ION/REACTION/AC T I ON CYCLE NECESSARY TO AVERT AN UNDES I RAbLE 
S I TUA T I ON •  

PAR T I C I PAT ION 

N / A  

D A T A  SOURCE 

N / A  

PROCEDURE 

N / A  

M I SS I ON REV DATE SECT I ON 

APOLLO 14 FNL Z / 1 5 / 7 0  TRAJECTORY AND 
GUI DAN'E 

GROUP PAGE 

DESC ENT 
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R I T EM 

N A S A  - M a n n e d  S pa c e c r aft C e n t e r  

M I S S IO N  R U L E S  

SEC T I ON 3 • TRAJECTORY AND GUI DANCE 

5•101  LM L I F T•OFF DELAY 

COMMENT•·· 

THE ENT I RE RENDEZVOUS SEQUENCE I S  DETERMINED BY T HE COND I T I ONS AT INSERT I ON o THESE 
COND I T I ONSt THOUGH SOMEWHAT CORRECTABLE VIA A TWEA� MANEUVER • ARE T I GHTLY BOUNDED BY THE 
T I ME OF L I F T •OFFo IN ORDER TO AVO ID GREATLY D I SPERSED OR EVEN ENT I R ELY D I F F ERENT RENDEZVOUS 
SEQUENC ES,  EXCESSIVELY LATE LAUNCHES MUST BE PREVENTED• I N  MOST I NSTANCES AN EARL I ER 
DOCK I NG T I ME IS OBTAINED BY DELAYING L I FT•OFF ONE REV AND LAUNCHING ON T I MEo 

FOR THE COEL L I P T I C  SEQUENCE RENDEZVOUS t LAUNCH MAY BE DELAYED 90 SECONDS W I TH NO S L I P  I N  
DOCK I NG T I ME AND NO CHANGE I N  THE RENDEZVOUS PROF I LE •  

FOR THo SHORT RENDEZVOUS• THE ACCEPTABLE DELAY I S  l O  SECOND S t  BUT THE CRI TERION HERE I S  ONE 
OF REASONABLENESS RATHER THAN PREC I S E  NUMBERS• DELAYS GREATER THAN 10 SECONDS BEG I N  TO 
PRODUCE LARGE TWEAKS AS WELL AS LARGE T P I  DELTA V 1 S o  FUTHERMOR E t  IT IS FELT THAT 10 SECONDS 
IS ADEQUATE T IME FOR THE NECESSARY CREW TROUBLE•SHOO T I NG AND ANY PROBLEM NOT SOLVABLE I N  
THIS  T I ME FRAME I S  THE TYPE PROBLEM THAT COULD MAKE THE SHORT RENDEZVOUS HAZARDOUS t THUS A 
ONE-REV DELAY IN LAUNCH IS WELL ADV ISED, 

PART I C IPAT ION••• 

CREW 

PROCEDURES··· 

IF LAUNCH IS NOT AUTOMA T I CALLY I NI T I ATED CREW WILL  PROCEED THROUGH NO AUTO I G N I T ION 
CHECK L I S T •  If NO IGNIT ION AFTER THA T t  LAUNCH I S  DELAYED ONE REV WHI LE THE PROBLEM I S  
ATTACKED BY GROUND AND CREW• 

M I SS I ON REV DATE SEC T I ON GROUP 

APOLLO 14 FNL 12115 / 70 TRAJECTORY AND ASCENT 
GUI DANCE . ·  

PAGE 



R I T EM 

N A S A  - M a n n e d  Spacec raft  C e n t e r  

M I S S IO N  R U L E S  

SECT I ON 3 - TRAJECTORY AND GUI DANCe 

5-102 CRI TERIA FOk GUIDANCE SW!TCHOVER TO AGS I PGNS FA I LURE )  

COMMENTS 

THE R E C ! A B I C I TY OF THE CGC AS A CONTROC D E V I C E  IS DEPENDENT ON THE COMPUTAT I ONAL I NTEGR I T Y 
OF THE SOFTWARE o  THE LGC I S  PROGRAMED TO RECOGNIZE INTERNAL FAUCTS OR ERRONEOUS COND I T I ONS • 
AND CONSEQUENTCY I SSUES A PROGRAM ACARMo THE ACARMS WH I CH ARE CONSIDEHED TO I NVAL IDATE THE 
C GC A S  A CONTROC D E V I C E  ARE C ! STED B ELOW---

ACARM CODE 

2 D I D 5 

002 ! 4  

20430 

20607 

2 1 1 0 3  

0 1 1 0 7  

2 1 2 0 4  

2 1 3 0 2  

2 l 5 0 1  

PART I C I PAT ION 

GUI DANCE O F F I CER 

F L I GHT CREW 

CAPCOM 

DATA SOURCES 

ALARM FAULT 

AOT MARK SYSTEM IN USE 

PROGRAM USING IMU WHEN TURNED OFF 

ACCELERAT I ON OVERFCOW !N I N T EGRAT I ON 

NO SOCU T ! ON FROM T I ME-THETA OH T I ME-RADIUS ROUT I NE 

UNUSED CCS BRANCH EXECUTED 

PHASE TABLE FA I LURE •  ASSUME ERASABLe MEMORY DESTROYED 

W A I T L ! ST ON JOB FUNCT I ON CALLED W I TH ZERO OR NEGA T I V E  
D E U A  T I ME 

SQUARE ROOT CACLED W I TH NEGA T I VE ARGUMENT 

K EYBOARD AND D ! SPCAY ALARM DURING USE 

CGC MON I T OR-HIS • ASCENT/DESCENT D I G I TALS• MSK 1594•  MSK 2 1 e  

PROGRAM ALARM L I GHT 
PROCEDURE 

A ,  I ND I CA T ION 

GROUND OR F C ! GHT CREW OBSERVES PROGRAM ACARM C ! GHT•  AND I DENT I F I ES THE ACARM 
VIA V05N09 ! D I SPLAY ALARM COD E ) OR LGC DOWNL! NKED F A I LREG 1 S o  

M I SS I ON REV DATE SEC T ION GROUP 

APOLLO 14 FNL 2 / 15/70 TRAJECTORY AND ASCENT 
GU I DANCE 

PAGE 



R ITEM 
·-----

N A S A  - Ma n n ed S pacecnfl C e n t e r  

M I S S IO N  R U L E S  

SECT I ON 3 • TRAJECTORY AND G U I DANCE 

5·102 C R I TER I A  FOR G U ID ANCE SWI TCHOVER TO AGS t PGNS NAVIGATION ERRORS) 

COMMENT 

DURING ASCENT THE INSERTiON CONDI T I ONS ARE PREDICTED BY APPLYING THE EXPECTED ACCELERAT I ON 

PROF I LE TO THE ONBOARD AND GROUND NAVIGATION SOURCES• THE ACCELERAT I ON THE AGS EPHEMER I S •  
THE I NSERT ION COND I T IONS MONI TORED PROF I LE IS GENERA TED FROM THE STATE O F  THE CURRENT 
GU I DANCE SYSTEM AND THE NOMINAL I NSERTION TARGETSo THE PRED I C T I ON CAPAB I L I T Y  CAN B E  USED TO 
DETERMINE THE REYU! REMENT FOR GUIDANCE SWI TCH OVER TO THE AGSo IN D O I NG SOo THE EXPECTED 
PGNS PROFILE IS APPLIED TO ARE PERICYNTHION AND APOCYNTHIAN ALT I TUDES AND WEDGE ANGLE• 

THE M I N IMUM ACCEPTABLE HP I S  30 o000 FEET TO I NSURE CREW SAFETY• THE ACCEPTABLE LIMITS FOR 
HA AND WEDGE ANGLE ARE TARGET VALUE PLUS 40 N oMo AND l o O  DEGREEo RESPECT IVELY• THESE VALUES 
ARE ARBITRAR I LY SELECTED AS A REASONABLENESS L I M I T •  S INCE S W ! TCHOVER W I LL NOT BE REQUESTED 
AFTER T GO DECREASES BELOW 30 SECONDS • A S L I GHTLY D I FFERENT VALUE W I LL B E  USED FOR CALLING 
SWITCHOVER ON HPo PRE L I M I NARY ERROR ANLYS I S  I ND I CATES THAT I F  HP DECREASES TO 4 0 o 000 FEET 
AT T GO • 30 SECONDSo A 70 PERCENT PROBAB I L I T Y  EXISTS THAT HP W I LL DECREASE BELOW 3 0 o 000 
FEET AT I NSERTION, ALLOWING LESS THAN A 70 PERCENT CHANCE OF OBT A I N I NG ACCEPTABLE 
COND I T I ONS SEEMS UNREASONABLE• THEREFORE• SWI TCHOVER W I L L  BE REQUESTED IF AGS PREDICTED HP 
DECREASES TO 40 o000 FEET• S I NCE THE HA AND WEDGE ANGLE L I M I TS ARE STRICTLY ARB I T RARY • NO 
PROTECTION W I LL BE APPLIED FOR THE 30 SECOND EARLY D EC I S ION• 

PART I C I PATiON 

GU I DANCE OFF ICER 

CAPCOM 

DATA SOURCES 

DELTA VS HP o MSK 2 1 7  

G U I DANCE ASCENT/DESCENT D I G I TALSo MSK 2 1 8  

PROCEDURE 

A ,  INDICATION 

GOO OBSERVES HA t HP• OR S I GMA APPROACH L I M I T  VALUE• GOO DETERMINES WHi'H 
SYSTEM I S  DEGRADING BY COMPARING VELOCI T Y  COMPONENTS• A T T I TUDESo AND 
SELECTED TRAJECTORY PARAMETERS BASED ON ALL NAVIGATION SOURCE S •  

B o  ACTION 

If  ERRORS ARE DETERMINED TO BE IN THE PGNS AND T GO I S  GREATER THAN 30 
SECONDS• GOO DECLARES ' ' GUI DANCE SWI TCHOVER o  PGNS NAVIGATION 1 1  OVER FLI GHT 
D I RECTOR LOOP, CAPCOM RELAYS SAME TO CREW OVER THE A I R  TO GROUND LOOP, 

M I S S I ON REV DATE SEC T ION GROUP 

APOLLO 14 FNL 2 / 1 5 / 7 0  TRAJECTORY AND ASCENT 
GU I DANCE 

PAGE 



R I T E M  
-- , _____ 

5-103 

N A S A  - M a n n ed S pa c e c r aft C e n t e r  

M I S S IO N  R U L E S  

SECT I ON 3 - TRAJECTORY AND GUI DANCo 

CR ITER l A FOR GUIDANCE S W ! TCHOVER TO AGS I PGNS F A I "U R E I  

COMMENTS 

SAME AS M I SS I ON HULE S-l02A 

PAR T I C I PAT ION 

SAME AS M I S S I ON RULE 5-l02A 

DATA SOURCES 

SAME AS M I SS ION RULE 5-l02A 

PROCEDURE 

SAME AS M I SS I ON RULE 5 - l 0 2 A  

M I S S I ON REV DATE SEC T I ON GROUP 

APOLLO 14 FNL 2 1 1 5 170 TRAJECTORY AND ASCENT 
GU I DANCE 

PAGE 
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R I T EM 
-- · -----

N A S A  - Ma n n ed Spacecraft  C e n t e r  

M I S SION II U L E S  

SEC T I ON 3 - TRAJECTORY AND GUI DANCE 

5-103 C R I T E R I A  FDH GUI DANCE SWI TCHOVER TO AGS I PGNS FAI�UREl 

COMMENTS 

DURING THE POWERED ASCENT PHASEo CONTROC W I C C  6E SWITCHED TO THE AGS WHEN THE PGNS 
NAV I G AT I ON DEGRADES TO THE EXTENT WHERE A SAFE iNSER T ION ORB I T  CAN NO �ONGER BE OBTAI NED • 
THE DEGRADAT I ON IN THE NAV I GA T I ON IS MON I TORED BY COMPAR ING TRAJECTORY PARAMETERS BASED ON 
PGNS o AGS o AND MSFN SOURCES• THE PRIMARY PARAMETERS MON I TORED AR E VE�OC I TY COMPONENT 
D I FFERENCES, THE � I M I T I NG VA�UES OF THE D I FFERENCES HAVE SEEN RECOMMENDED BY GU I DANCE AND 
PERFORMANCE 6RANCH/MPAD AS DE�TA VX • 24 FPS o DE�TA VY • 90 FPSo  AND DE�TA VZ • 37 FPSo  THE 
VA�UES WERE DETERMINED BY D I SPERSION ANA�Y S I S  USING THE MONTE CAR�O TECHN I QUE• THE VALUES 
REPRESENT ERRORS WHICH PRECLUDE MAKING A SAFE ORB I T  I NSER T I ON •  THUS • IF THE PGNS NAV I GA T I ON 
IS CONFI RMED AS THE DEGRADED SYSTEM AND ANY PGNS-MSFN VE�OC I TY D I FFERENCE EXCEED THE 

L IM I T I NG VA�UE o SW I T CHOVER TO AGS GUI DANCE WIL� BE EXECUTED, IN S I TUAT I ONS WHERE A VAL l O  
MSFN VECTOR I SN ' T  AVAI �ABLE DOPP�ER/ PGNS RES I DUA�$ W I �� B E  USED TO CONF I RM ANY AGS/PGNS 
D I FFERENCES, THE � ! M I T I NG OOPP�ER/PGNS RES I DUA�$ ARE DEPENDENT ON THE �AND I NG S I T E  GEOMETRY 
RE�AT IVE TO THE EARTH/MOON L I NE, FOR H3 • THE L I M I T  VA�UES HAVE BEEN DETERMI NED 6Y MPAD TO 
BE 10 FPS FOR DOWN RANGE ERRORS AND 33 FPS FOR RAD ! A� ERRORS, A L I M I T I NG VA�UE OF DELTA 
VY•45 FPS W I LL BE MAINTA INED FOR D I RECT RENDEZVOUS AND DELTA VY•90 FPS W ! �L APPCY FOR A 
COEL� I P T I C  SE�UENCEo T H I S  IS TO PREC�UDE UNOES I REAB�E OUT-OF-PLANE COND I T I ONS AT TPI  FOR 
THE D I RECT RENDEZVOUS• I T  SHOULD BE NOTED THAT ONLY O o 5  DEG I 45 FPSl  OF WEDGE ANG�E I S  
STEERED OUT B Y  THE AGS DURING ASCEN T ,  

PAR T I C I PAT ION 

GUI DANCE OFF I CER 

F L I GH T  DYNAMICS OF F I CER 

CAPCOM 

FLIGHT CREW 

FLIGHT D I RECTOR 

DATA SOURCES 

GUI DANCE ASCENT STRI PCHARTS 

GUIDANCE ASCENT/DESCENT D I G I T A�S o MSK 2 1 8  

TRAJECTORY P�OT60ARDS 

TLM SOURCE COMPA R I SON • MSK 0085 

PROCEDURE 

THE GOO MONI TORS THE MSFNo PGNSo AGS VE�OC I TY D I FFERENCES, THE uOO IN COOPERA T I ON W I TH FDO 
DETERMINES THE EHRONEOUS SYSTEM BY SWITCHING SOURCES ON TRAJECTORY PLOTBOAROSo IF THE PGNS 
IS DETERMINED AS THE DEGRADED SYSTEM AND ANY D I FFERENCE VACUE EXCEEDS THE � I M I T ING VA�UE o 
GOO DECLARES OVER THE F C I GHT D I RECTOR LOOP • ' ' PGNS NAV IGATION NO-GOo AGS SWI TCHOVER ' ' •  
CAPCOM RE"AYS RECOMMENDATION TO CREW OVER A I R  TO GROUND "OOPo F" IGHT CREW P"ACES THE GUIO  
CONTROL SW I TCH TO AGS• 

MISSION REV DATE SECTION GROUP 

APO�LO 14 FN� 1 2 / 1 5 /70 TRAJECTORY AND ASCENT 
GUIDANCE 
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I T EM 

N A S A  - M a n n ed S pa c e c rilft  C e n t e r  

MI S S IO N  R U L E S  

SECT I ON a - TRAJECTORY AND GUI DANCE 

�-103 CRITER I A  FOR SW I TCHOVER TO AGS GU I DANCE l AGS PREDICfED I NSERT I ON COND I T I ON S }  

COMMENT 

SEE RAT I ONALE FOR M I S S I ON RULE S-lOZB 

PAR T I C I PAT ION 

N/A 

DATA SOURCES 

N/A 

PROCEDURE 

N/A 

CR I TE R I A  FOR GUIDANCE SWIT CHOVER TO AGS I PGNS FA I LURE WI THOUT MSFN CONF I RMAT I ON }  

COMMENT 

SEE RATIONALE FOR M I SS I ON RULE 5-1038 
PAR T I C I PAT ION 

N/A 

DATA SOURCES 

N/A 

PROCEDURE 

N/A 

M I SS I ON REV DATE SECT ION GROUP 

APOLLO 14 FNL 2 1 1 > 1 7 0  TRAJECTORY AND ASCENT 
GUIDANCE 
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R I T EM 

N A S A  - Ma n n e d  Spacecraft  C e n t e r  

M I S S I O N  R U L E S  

SEC T I ON J • TRAJECTORY AND G U I DANCE 

5•104 DEC�ARATION OF AGS NO•GO FOR NAV I GA TI�S  ERRORS 

COMMENT 

S I NCE CONS IDERA T I ON MAY BE· G I VEN TO UT I L. IZE  THE AGS FOR GUIDANCE CONTROL. FOR I NSER T I ON o  I TS 
NAV I GAT I ON MUST BE MONITORED TO I NSURE THE CAPAB I L. I TY FOR REACHING A SAFE ORB I T •  THE 
NAV I GA T I ON IS I N I T IA��y MONITORED IN THE SAME MANNER AS THE PGNS BY COMPARING VEL.OC I T Y  

COMPONENT D I FFERENCES• ONCE ANY VE�OC I TY D I FFERENCE I S  V I O�AT ED o T H E  PRED I CTED AGS 
I NSER T I ON COND I T I ONS ARE EVA�UATEDo THE AGS I S  DEC�ARED NO•GO WHEN ERRORS RESU�T I N  
I NSERTION COND I T I ONS THAT VI O�ATE T H E  FO��OWI NG·--

HP �ESS THAN 30000 FEET t  HA GREATER THAN THE TARGETED VA�UE P�US 40 NAUT I CA� M I �ESt  OR A 
WEDGE AN"�E GREATER THAN 1 DEGREEo 

PAR T I C I PAT ION 

GUI DANCE OFF ICER 

F � I GHT DYNAMICS OFF I CER 

CAPCOM 

F U GHT CREW 

DATA SOURCES 

GUI DANCE ASCENT ST R I P CHARTS 

GUI DANCE ASCENT DESCENT D I G I TA�S t MSK 2 1 8  

TRAJECTORY P�OTBOARDS 

PROCEDURE 

THE GOO MON I TORS MSFNt PGNSt AGS VE�OC ! T Y  D I FFERENCES AND PRED I C TOR I NSERT ION COND I T I ONS, 
THE GOO AND FDO COOPERATE TO DETERMINE THE ERRONEOUS SYSTEM BY S W ITCH I NG PREDI CTOR SOURCES, 
IF THE AGS IS DETERM I NED TO BE THE DEGRADED SYSTEM AND EXCEEDS THE � I M I T S t  GOO DEC�ARES 
o 1 AGS NAVIGATION NO•G01 1 OVER THE F � I GHT D I RECTOR �OOP, CAPCOM RE�AYS THE SAME TO CREW OVER 
THE A I R  TO GROUND �OOPo 

MISSION REV DATE SEC T I ON GROUP 

APO��O 14 FN� 1 2 1 1 5 1 7 0  TRAJECTORY AND ASCENT. 
GUI DANCE 
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R I T EM 

N A S A  - M a n n e d  S pacecr aft C e n t e r  

M I S S IO N  R U L E S  

SECT I ON 3 • TRAJECTORY AND GUIDANCE 

5•105 NO GUIDANCE SWI TCHOVER AFTER T GO • 30 SECONDS 

COMMENT 

GUIDANCE SWITCHOVER IS REQUESTED WHEN THE PRIMARY SYSTEM HAS DEGRADED AWAY FROM NOMINAL TO 
AN UNACCEPTABLE EXTENT •  AFTER SW I TCHOVERt LARGE STEER I NG TRANS I ENTS AHE I NCURRED AS THE 
BACKUP SYSTEM ATTEMPTS TO CORRECT THE DEV IATION•  IF SWI TCHOVER IS TO BE EXERC I SED• ADEQUATE 
T I ME SHOULD BE ALLOWED PRIOR TO I NSERT I ON FOR THE TRANS I ENTS TO �E DAMPED OUT• AS A RESULT • 
THE GROUND W I LL NOT REQUEST GUIDANCE SWI TCHOVER AFTER T GO EQUALS 30 SECONDS• THE T I ME 
INTERVAL WAS SELECTED BASED ON PREV I OUS M I SSI ON EXPER I ENCE AND ACCOUNTS FOR DATA DELAYS ANO 
REACT ION T I MESo 

PAR T IC IPAT ION 

N/A 

DATA SOURCES 

N / A  

PROCEDURE 

N/A 

M I SS I ON REV DATE SEC T I ON GROUP 

APOLLO 14 FNL 2 / 15/70  TRAJECTORY AND ASCENT 
GUIDANCE 
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R I T EM 

N A S A  · Ma n n e d  S pacec raft C e n t e r  

M I S S IO N  R U L E S  

SECT I ON 3 - TRAJECTORY AND G U I DANCE 

5-1 1 1  RENDEZVOUS MANEUVER SELEC T I ON LOG I C  

COMMENTS---

THERE ARE SEVEN ACCEPTABLE· TECHN I QUES WH I CH PROVIDE ONBOARD RENDZVOUS NAV ! GAT I ONo 
THESE SCHEMES W I LL PROViDE CORRECTED STATE VECTORS W I TH WH I CH ONBOARD COMPUTERS 
RENDEZVOUS MANEUVERSo THE RULE IS PROV I DED THAT THE CREW M I GHT HAVE A BAS I S  FOR 
THE MOST CORRECT OF THE SOLU T I ONS AVA I LABLEo 

EACH OF 
CALCULATE 
SELEC T I NG 

BY EXAM I N I NG THE THREE AVAILABLE SOLUT I ONS I PGNCSo AGS o CMC I N  ORDER OF PR ! OR ! T Y I  THE CR�W 
W I LL ESSEN T I ALLY VOTE TwO-OF-THREE AND EXECUTE THE H I GHER P R I OR I T Y  OF THE MORE CLOSELY 
AGREE I NG SOLUTIONS, AGREEMENT HAS BEEN DEF I NED BASED ON THE PRED I CTED  ACCURAC I ES OF THE 
VARIOUS NAV I GAT ION SCHEMES ANDo WHILE  SOME CASES MAY REA L I Z E  BET TER AGREEMENT THAN T H ! S o  
THE NUMBERS PROV I D ED ARE ADEQUATE FOR ALL RENDEVOUS PROF ! L E S o  ! NCLUD ! N� DESCENT ABORTS o 

! T  I S  RECOGN I Z ED THAT CERTA I N  JUDGEMENTS W I LL BE MADE BY THE CREW WHEN NAV IGAT I ON SYSTEMS 
PERFORMANCE BECOMES DEGRADED DUE TO ONBOARD MALFUNC T I ONS • !N SUCH CASESo WHEN GROUND 
ASS I S TANCE ·I S  UNAVA I LABLE• CREW JUDGEMENT !S DEPENDED UPON TO EXOCUTE THE MOST CORRECT OF 
THE AVAI LABLE SOLUT !ONSo 

DATA SOURCES 

CSM 

LM 

PAR T ! C ! PAT !ON 

CREW 

PROCEDURE 

ONBOARD 

M I SS I ON REV DATE SECT ION GROUP 

APOLLO 14 FNL 1 2 / 1 5 / 7 0  TRAJECTORY AND RENDEZVOUS 
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R I T EM 

N A S A  - M a n n e d  S p a c e c raft  C e n t e r  

M I S S IO N  R U L E S  

SEC T I ON a • TRAJECTORY AND G U I DANCE 

S•1 12 RENDEZVOUS TARGET I NG CONS T R A I NTS 

COMMENTS 

" 1 FT-OFF W I " "  BE COMPUTED FOR BOTH THE COE" " I P T I C  SEQUENCE AND THE 
OBSERVING SEVERA" CONSTRA I NT S •  THESE GU IOE" I NES ARE DESI GNED TO AFFORD AN 
RENDEZVOUS I N  TERMS OF CREW TRA I N I N G •  RELAT I V E  VEHICLE TRAJECTOR I ES ,  
MAX I M IZ E  THE APPL I CAB I " I TY OF T H I S  T RA I N I N G o  

SHORT RENDEZVOUS 
ENT I RELY NOM I NAL 
ETCo o SO AS TO 

THE F I RST CONSTRA I NT IS A l S  NM DELTA H• FOR THE COELL I P T I C  SEQUENCE T H I S  DE"TA Ho I S  
ESTAB" I SHED A T  COH o WH I LE I N  THE SHORT RENDEZVOUS I T  I S  ONE Of THE T P I  OFFSET CONDI T I ONS TO 
BE ACHIEVEDo T H I S  NOM I NA" DELTA H STANDARD I ZES THE E N T I R E  TERM I NAL PHASE TRAJECTORY, 

OTHER T P I  POS I T I ON CONSTRAI N T S  ! FOR THE SHORT RENDEZVOUS) ARE THAT T P I  W I "L OCCUR ae 
M I NUTES AFTER I NSERT I ON AT A PHASE ANGLE OF 1 o 69 DEGo FOR THE COELL I P T I C  SEQUENCE 
RENDEZVOUS• TPI W I LL OCCUR 16 M I NUTES P R I OR T O  SUNR I SE AT AN ELEVAT ION ANG"E OF 2 6 o 6 DEGo 

DATA PRiOR I T Y  HAS ESTAB"ISHED THAT THE SHORT RENDEZVOUS W I "" BE ATTEMPTED ! FROM A 
TRAJECTORY STANDPO I N T l t ON"Y WHEN THE iNSERT i ON WEDGE ANG"E I S  PRED I CTED TO BE ZEROo T H I S  
C R I T E R I ON WAS DETERM I NED BECAUSE OUT O F  P"ANE COND I T I ONS AT T P F  ARE GENERAL"Y UNDESI RAB"E 
ANO COMM I TT I NG T O  THE SHORT RENDEZVOUS KNOW I NG THESE CON D I T I ONS W ! L" E X I ST WAS THOUGHT TO 
B E  I L L•ADV ISEDo THUSo ON"Y AS "ONG AS ASCENT YAW STEER I NG CAN REDUCE THE I NSERT I ON WEDGE TO 
ZEROo W I L" THE SHORT RENDEZVOUS BE CONS I DERED AN ACCEPTAB"E TECHN IQUE• 

THE F ! NA" CONSTRA I NT APP " ! ES ON"Y TO THE COELL I P T I C  SEQUENCE, SPEC I F ! CAL"Y ' L I FT•OFF W I "" 
BE ESTAB" I SHED SUCH THAT COH SHOU"D BE APPROX!MATE"Y ZERO DE"TA V •  T H I S  C R I TER iON WAS 
ESTAB"I SHED I N  DATA P R I O R I T Y  AS A DESI RAB"E CONSTRA I N T  S I NCE I T  MAX I M I ZES THE PROBAB I " I T Y  
O F  BE I NG AB"E T O  FOREGO CDH THUS AFFORDING A "ONGo UNDI STURBED TRACKING ARC FOR T H E  TPI 
SO"U T I ON S o  IN ADD I T ION TO EL I M I NAT I NG ONE MANEUVER, 

DATA SOURCES 

RPT ! RENDEZVOUS P"AN TABLE ) 

" T T  I "AUNCH TARGETING TAB"El 

MPT 

PAR T I C I PAT ION 

FDO 

PROCEDUR�S 

COEL " I P T I C  RENDEZVOUS SEQUENCE---

BY U T I L I Z I NG THE VARIOUS CONTROLS AVAILAB"E I N  THE LAUNCH W I NDOW PROGRAMt FDO CAN ESTAB L I SH 
THE NOM I NAL DE"TA H AND TP! T IMES• THE GENERAL TECHNI QUE USED I S  TO VARY BOTH HORIZONTAL 
AND RAD I A L  I NSERT I ON VE"OC I T Y  UNT I "  THE DESI RED COND I T IONS ARE MET, T H I S  IS NORMAL"Y DONE 
U T I , I Z I NG CURVES SUPPL I ED BY MPADo THE F ! NA" MANEUVER W I " "  BE TRANSFERRED FROM THE "AUNCH 
W I NDOW I RPT l TO THE MPTo  

SHORT RENDEZVOUS·-· AL" SHORT RENDEZVOUS CONSTRAI NTS CAN B E  MET W I T H ONE I T ERA T I ON OF THE 
LAUNCH TARGET I NG TAB" E '  A"L CONSTRA I NT S  ARE MET AUTOMAT I CA"LYo THUS E L I M I NAT I NG THE NEED f,08, M��UA� ,I.TERAT 10�.• 1 THE. MA�g �y� B . �p,�,: BF;, Cqi'!PuT�D. I N  THE. !,.U , TR�NSf�RRED TO , THE .  LAUNCH 
w !N oow oN THE R�TI A�o· FIETRA�l�ER� E � 'ill T�E· ��rt · ·· · · .· · 1 · • .. , , • • , . .  • . . . . . . .  • 
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R I TEM 

N A S A  - Ma n n e d  S p a c ec raft  C e n t e r  

M I S S I O N  R U L E S  

SEC T I ON J - TRAJECTORY AND GU I DANCE 

5-113  COELL I PT I C  SEUUENCE RENDEZVOUS EXECUTION CONSTRA I NTS 

COMMENTS 

THE NOMINAL DELTA H IS DEF I NED AS THE TARGETED DELTA H DUR I NG RENDEZVOUS PLANN ING,  T H I S  
DELTA H W I LL BE MA I NTAI NED W I T H I N  + / - S M I NUTES o A S  LONG AS COND I T I ONS W I LL ALLOW• IT W I LL 
HOWEVER , BE THE F I RST CONSTRA I NT TO BE S L I PPED I N  THE PRESENCE OF REA� T I ME O l SPERS I ONs , 
ETC,  

TPI  W I L L  NOT BE MOvED ANY EARL I ER THAN 3 1  M I NUTES PR I OR TO SUNR I S E  DUE TO CSM TRACK ING  
CONSTRAI NTS• NAMELY o 31 MI NUTES ALLOWS THE CMP 4 M I NUTES AFTER SUNSET IN WHICH TO OBT A I N  
SEXTANT TRACKING FOR H I S  T P I  SOlUT ION• S I NC E  THE CMC SOlU T I ON I S  I NVOLVED I N  T H E  VOT I NG 
LOG I C  CONCERN I NG WHICH T P I  TO EXECUTE AND S I NCE SEXTANT TRAC K I NG I S  REUU I RED I ALONG W I TH 
VHF RA�G ING I TO OBT A I N  A CMC SOLU T I O N •  TH I S  CONSTRA I N T  MUST BE OBSERVED, THOUGH T P I  I S  
SCHEDUlED 16 �I I NUTES P R I OR T O  SUNRI S E •  T H I S  CONSTRA I N T  ALLOWS I T  T O  B E  MOVED U P  T O  1 5  
M I NUTES EARLY I F  REAL T I ME COND I T IONS DI CTATEo THERE I S  NO CONSTRA I N T  O N  MOVING T P I  LATER 
THAN NOM I NALo 

THE DElTA T BETWEEN CDH AND TPI IS NOMI NALLY 3 6  M I NUTES• THIS PRESENTS A COMFORTABLE 
T I MEL INE FOR RENDE ZVOUS NAV I GA T I ON •  MANEUVER COMPUTATION AND BURN PREPARAT I ON •  IN THE 
PRESENCE OF REAL-T IME D I SPERSIONSo THIS DELTA MAY BE SHORTENED TO AS liTTLE AS 30 M I NUTESt  
BUT T H I S  IS  UNDE S I REABL E o  I T  W I LL BE MAINTAINED ABOVE 3Z AS  LONG AS IS  FEAS I BLE, THIS  
CONST RAI NT W I LL BE THE  LAST GUIDELINE  TO B E  V I OLATED• 

OATA SOURCES 

RET I RENDEZUDUS EVALUA T I ON TABLE ! 

RPT ! RENDEZVOUS PLAN TABLE ! 

MPT ! M I SSION  PLAN TABLE ! 

PAR T I C I PAT ION 

FDO 

FL I GHT 

CREW 

PROCEDURES 

DUR I NG THE COURSE OF RENDEZVOUS PLANN !NGo FDO W I LL EXAM I NE PARAMETERS SUCH AS DELTA H o  T P I  
T IME R"LAT I VE T O  SUNR ! S E o  ELEVAT I ON ANGLE o ETC• THE NOM I NA L  l i FT-OFF W i l L  MAINTAIN  All OF 
THESE PARAMETERS AT THE I R  PREM !SS !ON VALUES• AFTER I NSER T I ON •  HOWEVERo IF D I SPER S I ONS 
BEG I N  TO DEV I ATE THE TRAJECTORY FROM THE NOM I NA L o  CERT A I N  OF THESE PARAMETERS W I LL BE 
ALLOWED TO VARYo THE THREE PARAMETERS THAT ALLOW THE MOST FLEX I B I L I TY IN MANEUVER 
COMPUTAT I ON/EXECU T I ON ARE TP! T I MEo DELTA Ho AND F I NALLY THE DELTA T FROM CDH TO TPi o 

THESE QUANT I T I ES W i l L  BE VAR I ED o  AS REUU I R EDo I N  THE ORDER THEY ARE L I STED• REPRESENTATIVE  
VAR I A T I ONS ARE--- +/- 5 M I NUTESt  +/- 3 N o M o o AND + 3 TO 5 M I NUTES, ONLY UNDER THE MOST 
EXTREME C I RCUMSTANCES WOULD THE DELTA T FROM CDH TO TP!  BE DECRESASED S ! G N I F ICANTLYo AS THE 
DELTA T IS CRI T I CA L  IN OBT A I N I NG GOOD ONBOARD TPI SOLUT I ONS • DELTA T IS 'RI T I CA L  I N  
OBT A I N I NG GOOD ONBOARD T P I  SOLUT !ONSo I N  FAC T o  DELE T I NG CDH HAS BEEN SHOWN T O  BE o I N  
CASES o A N  ACCEPTABLE ALTERNATE T O  SHORT ENING THE DELTA T BETWEEN THE TWO MANEUVERS• 

E NG I N EE R I NG JUDGEMENT • COUPLED W I TH S I MULAT I ON EXPE R I EN,E o  MUST TEMPER THE VAR I OUS 
TRADEOFFS THAT HAVE TO BE MADE DUR I NG RENDEZVOUS PlAN N I NG, 
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R I T EM 

N A S A  - Ma n n e d  S pa c e c raft  C e n t e r  

M I S S I O N  R U L E S  

SECT I ON J � TRAJECTORY AND GUI DANCE 

5-114 TWEAK/BAI L-OUT DEC I S I ON CR I T ERIA 

COMMENTS 

DATA PRIOR I T Y  HAS ESTABLISHED CERTA I N  CR I T E R I A  IN THE PRESENCE OF WH ICH THE BAI L-OUT 
MANEUVER I TO TRANSFER FROM THE SHORT RENDEZVOUS SEQUENCE TO THE STANDARD COELL I P T I C  
SEQUENC E l  W I LL B E  EXECUTED• THE P R I MARY CONS IDERAT ION I S THE DELTA V L I M I T  WHICH WAS 
ESTABLISHED USING TWO RATI ONALEo THE F I RST IS THAT RETROGRADE TWEAKS ARE NECESSAR I LY 
L I M I TED TO 60 FPS DUE TO LM -X RCS BURN CONSTRA I NTS CONS I DERAT IONSo S I NCE T H I S  L I M I T  
E X I S T S  AND ANY VALUE F O R  E I THER POS I GRADE OR OUT-OF PLANE TWEAKS GREATER THAN 6 0  FPS WOULD 
BORDER ON UNREASONABLENESS • THE SECOND RAT I ONALE IS S I MPLY A REASONABLENESS TEST o THUS • THE 
RULE STATES THAT ANY TWEAK LARGER THAN 60 FPS W I LL RESULT IN EXECUT ION Of THE BAI L-OUT 
MANEUVERo 

THE SECONDARY l i N  TERMS OF PROBAB I L I T Y ) CON S I DERAT ION IS A PURE TRAJECTORY CONC ERN, NAMELY 
THAT THE BAI L-OUT WILL  BE EXECUTED IF THE POST-TWEAK PERI CYNTH IAN IS LESS THAN 5 MI NUTESo 
ALTHOUGH T H I S  P E R I LUNE IS ALWAYS BEHIND THE SPACECRAFTo  AND PROPER EXECU T I ON OF THE ENSUING 
RENDEZVOUS WOULD RESULT I N  CONT I NUAL INCREASES IN P E R I LUNE o I T  SEEMS WELL ADV I SED TO 
MAINTAI N A CLEAR ORB I T  AT ALL T I MES•  I F  ONLY TO PROTECT AGA I NST THOSE REMOTE F A I LURES THAT 
COULD LEAVE THE LM IN A LOW/ IMPAC T I NG ORB I T  W I THOUT PROPULS I ON •  

DATA SOURCES·--

ARM 

SHORT ARM 

PAR T I C I PANTS 

FDO 

FL I GHT 

CREW 

PROCEDURES 

AFTER I NSER T I O N •  FDO W I LL EXAMINE THE TWEAK MANEUVERS ON THE SHORT ARM D I SPLAYo AFTER 
DEC I D I NG WHICH OF THE THREE o  AVAILABLE SOLUT I ONS I PNGSo AGSo MSF N l  I S  MOST CORRECT • THE 
RULES W I LL BE I NVOKEDo IF  E I THER C R I T E R I A  I S  V I OLAT E D •  HE WILL  RECOMMEND EXECUT ION OF THE 
BA I L-OUT MANEUVER TO THE FLIGHT D I RECTOR o THE SOLUTION FOR THE BAI L-OUT MANEUVER IS 
AVAILABLE ON THE ARM D I SPLAY AND W I LL BE FROM THE SAME SOURCE AS THE ONE USED FOR THE TWEAK 
DEC I S I ON. 

THE DECISION WILL BE VOICED TO THE CREW A T  APPROX I MA T ELY I NS ER T I ON PLUS Z M I NUTE S  ALONG 
WITH  THE IGN I T I ON T I ME AND DELTA V COMPONENTS• THE CREW W I LL EXECUTE THE TWEAK AT 
I NSER T I ON PLUS 3 M I NUTES OR THE BAI L-OUT AT I NSERT I ON PLUS 5 M I NUTESo 
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R I T EM 

N A S A  - Ma n n ed S p a c e c r a ft C e n t e r  

M I S S IO N  R U L E S  

SECT I ON 3 • TRAJECTORY AND G U I DANCE 

5 · l l S  REQU I RED RENDEZVOUS NAVIGAT I ON TECHNIQUES 

COMMENTS•-• 

DATA P R I OR I TY HAS ESTABLISHED THAT IN ORDER TO COMM I T  T O  THE SHORT RENDEZVOUS• TWO 
I NDEPENDENT ONBOARD NAVIGAT I ON METHODS MUST BE AVA I LABLE • THE L I STED TECHN I QUES REPRESENT 
THOSE METHODS THAT ARE ADEQUATE TO SUPPORT T H I S  RENDEZVOUS PROF I LE •  BASED ON T H I S  
GROUNDRULE o A MAT R I X  WAS CONSTRUCTED TO I DE N T I FY THOSE COMB I NA T I ONS O F  FAI LURES W H I CH 
V I OLATE TH I S  CR I T ER I ON ( SEE RULE 3-Bl l o  

THE RAT I ONALE BEH I ND T H I S  OEC I S I ON WAS··· 

lo DUE TO THE SENS I T I V I T Y  OF THE SHORT RENDEZUOUS TRAJECTORY TO 3G D I SPERS I ON S o  T H E  
GROUND ! U T I L I Z I NG MSFN DATA l I S  N O T  NOM I NALLY CONS IDERED AN ACCEPTABLE SOURCE FOR T P i o 

2 o  THE GROUND CAN COMPUTE AN ACCEPTABLE CSI • CDH • AND T P I  SEQUENCE U S I NG MSFN DATAo 
S I NCE TH I S  SEQUENCE IS ONLY SL IGHTLY LESS DES I R EABLE THAN THE NOMINAL TECHN IQU E •  I T  IS THE 
PRIMARY BACKUP AND W I L L  BE E�ECUTED IN ALL CASES \ E KCEPT i !ME C R I T ICAL l o DURING THE 
COELL I P T I C  SEQUENCE HOWEVER• THE GROUND IS ONLY A BACKUP FOR MANEUVER COMPUTAT I ON AND W I LL 
PASS SOLUTIONS FOR EXECUTION ONLY WHEN VEHI CLE SYSTEM FA I LURES MAKE ONBOARD NAVIGAT I ON 
I MPOS S I BLE• 

3 o  A GROUND COMPUTED TPI  \ FOR THE SHORT RENDEZVOU S )  I S  THE LEAST 
OPTI ONS FOR RENDEZOUSo I N  CR I T ICAL S I TUA T I ONS HOWEVER • BROUGHT ABOUT BY 
FAI LURES POST-TWEAK• THE GROUND W I LL PASS T P I  FOR ONBOARD EXECUT I ON •  
NAVIGAT I ON I S  RECOGN I ZED AS MANDATORY FOR MCC 2 COMPUTATION THESE CASESo 

D E S I R EABLE 
S I NGLE OR 

HOWEVER• 

OF T H E  
MUL T I PLE 

ONBOARD 

COMMI TMENT TO THE SHORT RENDEZVOUS MAY I NVOLVE TWO D I FFERENT T I ME•FRAMESo MAJOR SYST EMS 
VER I F I CA T I ON W I L L  BE CONDUCTED P R I O R  TO L I FT-OFF• I F  AT THAT T I ME ALL CRI T I CAL SYSTEMS ARE 
VER I F I ED-WHETHER BY ACTUAL TEST OR ASSUM P T I ONS BASED ON PREVIOUS PERFORMANCE-L/0 W I LL BE 
TARGETED ASSUMING THE SHORT PROF I LE •  I F  SYSTEM FAI LURES CAUSE V I OLAT I ON OF THE MAT R I X  I N  
RULE 3•8 1 •  L/0 W I LL B E  TARGETED FOR THE COELL I P T I C  SEQUENCEo 

ANOTHER GO/NO GO OPPORTUN I TY IS PRESENTED IN THE T IME FRAME BETWEEN INSERTION AND THE 
TWEAK/BA I L  OUT DEC I S I O N ,  S I NCE THIS T I ME FRAME 1 2·3 M I NUTES!  IS TOO B R I EF FOR MAJOR SYSTEM 
CHECKS• ONLY THE MANDATORY LM COMPUTERS WILL BE VER I F I E D •  BASED UPON T H E I R  ASCENT 
PERFORMANCEo ALL OTHER SYSTEMS WH I CH WERE VERI F I ED ON THE SURFACE ARE ASSUMED TO BE 
FUNCT ION I NG PROPERLYo F A I LURE OF A MANDATORY COMPUTER WOULD NORMALLY RESULT IN EXECUT ION 
OF T H E  BA I L  OUT MANEUVER• 

PAR T I C  ! PANTS••• 

FUGHT D I RECTOR 

FDO 

GUIDANCE 

CONTROL 

TELMU 

G&C 

CRE� 
PROCEDURES··• 

l• P R I OR TO L/Oo ALL I NVOLVED MOCR POS I T I ONS MUST I DENT I FY TO FL I GHT ANY FAILED SYSTEMSo 
THIS MAY REQU I R E  CREW CHECKSo FL IGHT W I LL DETERMINE WH I CH RENDEZVOUS PROF I L E  IS TO BE 
EXECUTED• 

2o FDO W I LL TARGET L/0 AS A FUNCT I ON OF THE PROF I LE TO BE FLOWNo 

2 o  AT INSERT ION• STATUS OF ANY M�NDATORY L M  COMPUTER WELL CHECKED o BARR I NG FAI LURE O F  A 
COMPUTER • THE NOMINAL RENDEZVOUS T I M E C I N E  W I C C  PROCE E D o  

4 o  FDO W I LL PASS THE TWEAK O R  T H E  BAIL O U T  MANEUVER I N  ACCORDANCE W I TH T H E  POST • I NSER T I ON 
DEC I S ION• 
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R I T EM 

N A S A  - Ma n n e d  S pacec r aft  C e n t e r  

1111 5 5 10 11  R U L E S  

SEC T I ON 3 - TRAJECTORY AND GUI DANCE 

5•121 TEC MCC ENTRY TARGET I NG 

COMMENTS 

A o  THE STEEP TARGET L I NE I S  FOR THE CENTER OF THE CORRIDOR, T H I S  I NSURES A SAFE 
ENTRY FROM H I GH GS ( THE NOMINAL IS ABOUT 6G)  AND AT THE SAME T I M E •  I T  AVOIDS 
FLY I NG I N  A SENSI T I VE REG I ON OF THE CORRIDOR THA T IS SUSCEPTIB LE TO SKIPP I NG 
our .  
THE G AND N OPERATES VERY WECC FROM THE STEEp T ARGET C I NE EXCEPT THAT I T  
� I M I TS THE MAXIMUM RANGE CAPAB I " I T Y  T O  "ESS THAN <OOO N o M o o BUT THE NOM ! NAC 
ENTRY RANGE IS APPROX IMATE�Y 1 2 SO NtMt t SO TH I S  DOES NOT CAUSE ANY PROBLEM• 
THE EMS ENTRY MODE USES THE CONSTANT G MODE UNT I L  THE ENTRY VEcOC ! T Y  FALeS 
BoLOW < 5 o 500 FPSo  AND THEN THE EMS I S  USED FO� RANG I NG SO I TS OPERAT I ON I S  
COMPAT I BLE W I TH THE STEEP TARGET L I N E o  

B o  T H E  SHALLOW TARGET L I N E  ALCOWS THE G A N D  N TO F L Y  I TS MAX I MUM RANG ING 
CAPABI L I TY OF  2500 NoMo  FOR LUNAR RETURN VELOC ! T ! ES o  T H I S  I S  A S K I P-TYPE 
ENTRY WHICH IS A VERY SENSI T I VE TYPE OF ENTRYo FOR VELOC I T I <S E�UAL TO OR 
LESS THAN 3 1 • 000 FPSo  THE STEEP TARGET LINE  L I M I TS THE G AND N GUIDED RANGE 
TO AROUND 13DO N o M •  FOR VELOC I T I ES EQUAL TO OR LESS THAN 3 l o 000 FPS o THE 
SHALLOW TAKGET L I NE IS REQU I RED I N  ORDER FOR THo G AND N TO FLY GREATER 
RANGES, 

5•122 TEC MCC P H I LOSOPHY 

COMMENTS 

A AND e ,  

THE G AND N I S  THE BEST MODE FOR CONTROLLING  A BURN o A N D  I S  DES ! REDo WHEN 
THE GAMMA IS OUT S I D E  THE ENTRY CORR!DORo AN MCC W I L L  BE SCHEDULED•  AS SOON 
AS I T  CAN BE WORKED I NTO THE T ! MEL!NE  BECAUSE I T  IS DES !RABCE TO STAY 'N ! TH ! N  
THE CORRIDOR A T  ALL T I MES• 

Co AN SPS M I N I MUM IMPULSE BURN RESU�TS I N  A DE�TA V THAT IS A FUNC T I ON OF THE 
MASS OF THE VEH I CLE CONF I GURAT I ON ,  PREM ! SS ! ON TRANSEARTH PcANN ! N G  RESULTS 
IN A DELTA V EUUIVACENT TO A M I N I MUM !MPUCSE VACUE WHICH REFCECTS NOMINAC 

MANEUVERSo BUT MANEUVERS ARE NEVER COMPCETELY NOM ! NA L o  HENC E o  A PERM I SS I ON 
DEcTA V BASED ON THE NOM I NAL MAY NOT BE RELEVANT TO THE REAL T I M E  M I N I MUM 
IMPULSE DELTA V o  I N  FACT o I T  I S  POSS I BLE T O  DEF INE A DELTA V SMACCER THAN 
THE REAC T I ME M I N I MUM IMPULSE DELTA V WH ICH MEANS THAT TO USE THE SPS FOR AN 
MCC o  ONE WOULD HAVE TO V I OLATE THE RUC E ,  THEREFOR E •  I T  IS BEST TO DEF I N E  
THE DELTA V A S  THAT I NHERENT I N  A M I N I MUM IMPUCSE SPS BURN• 

REFERENCE 

DATA PRIOR I T Y 

OPERAT I ONAL OP I N I ONS • 
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R I T EM 

N A S A  - M a n n e d  S pacec r aft C e nt e r  

M I S S IO N  R U L E S  

SECT ION 3 - TRAJECTORY AND GUI DANCE 

5 - 1 2 3  TEC MCC FOR LAND I N G  AREA CONTROL 

COMMENTS 

A&B• AN MCC CAN B E  USED TO, CONTROL THE LANDING AREA P R I OR TO E l -24 HRS FOR 
AVO I D I NG BAD WEATHERt OR FOR RECOVERY ACCESSo 

E l DELTA V REQU I RED TO CHANGE LAN D I NG LONG I TUDE 1 DEG 

60-70 HRS 

24 HRS 

15 HRS 

APPROXo 5 FPS 

APPROXo 25 FPS 

APPROXo 55 FPS 

THE DATA ABOVE SHOW THAT AFTER El-24 HRS t IT TAKES QU I TE A B I T  OF OE�TA V TO 
CHANGE THE LAND ING AREA VERY MUCHo IF A LARGE MCC IS DONE o IT WOULD REQU I R E  
SEVERAL HOURS OF TRACKING AND THEN ANOTHER MCC P R I OR T O  ENTRYo BUT PR I OR TO 
E l -24 HRS t THE AREA CAN BE CHANGED W I THOUT MUCH DELTA V AND W I TH PLENTY OF 
T I ME TO TRACK AND DO ANY NEEDED MCCo 

IT SHOULD B E  EMPHAS IZED THAT THE LOCAT I ON OF THE OPERATI ONAL FOOTPR I N T  HAS 
AS I T S  PRIMARY OBJECTIVE THE REQU I R EMENT THAT I T  CONTA I N  NO LAND MASSES• 
BECAUSE OF THE RELATI VELY LARGE NUMBER Of SMALL I SLANDS I N  THE M I D-PAC I F I C  
AREA t I T  I S  NOT ALWAYS POSS I BLE T O  MEET THE ABOVE REQUIREMENT• I N  THESE 
CASESt SMALL LAND MASSES ARE ACCEPTABLE W I T H I N  THE FOOTPR I N T t  PROV I DE D  THAT 
THEY ARE AWAY FROM THE P R I ME AND BACKUP TARGETS W I TH I N  THE FOOTPR I N T t  THAT 
1 S t  IN AREAS WHERE OPERA T I ONAL OPI N I ON D I CTATES THAT LAND IMPACT IS H I GHLY 
UNL I KELY BECAUSE THESE AREAS REPRESENT EXTREME G U I DANCE D I SPERS I ONS W I TH I N  
SYSTEM U M I T S o  

I N  REAL T I ME FOR REASONS O F  WEATHER AVOIDANC E •  GUIDANCE• O R  TRAJECTORY 
ANOMA L I E S •  IT MAY BECOME NECESSARY TO S H I F T  THE FOOTP R I NT TO ACCOMMODATE A 
RELOCA T I ON OF THE TARGET POI N T o  I N  SUCH CASES t THE S H I F T  OF THE FOOTPR I N T  
MAY RESULT I N  CONTA I N ING LAND MASSESo If T H I S  OCCURS t A REAL T I ME AGREEMENT 
MUST RESULT BETWEEN FDB AND LRD TO BUY OfF ON THE ACCEPTAB I L I TY OF THESE 
LAND MASSES W I T H I N  THE FOOTPR I N T •  

NOTE---

THE AREA THAT IS OPERAT I ONALLY ACCESS I BLE IS BASED UPON ENTRY f L I GHT PATH 
ANGLES BETWEEN - 6 o 3  DEGREE TO - 6 o 6  DEGREE IMCC-7 EXECUTION CR I T ER I A I  AND 
THE D I SPERS I ONS ASSOC I ATED W I TH EACH OF THE ENTRY MODESo THE E l  PO I N T  AND 
THE CONSTANT 4G RANGE POTENT IAL VARY AS THE ENTRY FL I GH T  PATH ANG�E VAR I ES 
ABOUT THE NOMINAL OF -6 , 5  DEGREEo THE Ei POINT CHANGES 10 N o M o  PER o 1  DEGREE 
AND THE CONSTANT 4G RANGE POTENTIAL CHANGES 2 5  N o M o  UPRANGE PER -,1 DEGREE 
AND 45 N o M o  DOWNRANGE PER + o 2 o  

THE G AND N LAN D I NG AREA - THE 7 0  N o M o T O  E I THER S I DE OF THE GROUND TRACK I S  
THE CROSSRANGE CAPABI L I TY O F  THE G AND N AT 12�0 N o M •  T H E  9 1 5 N oMoUPRANGE I S  
T H E  SHORTEST POSS I BLE RANGE FOR A CONSTANT 4 G  ENTRY• THE 2000NoMo DOWNRANGE 
IS BASED ON F L Y I N G  THE G AND N TO THE MAXI MUM OPERATI ONAL RANGE OF 1&00 N o M o  
AND __ A�!,P�� N� . .  AN. �P� ! ,T1 �.9�A� �p.� �-��1 � e��T L - - - �  . .  , ;  . . ,  .. ,-. ,  _ _  , ,  '· .. - .  1,  __ ·:; ·• - ' · 

THE EMS LAND I NG AREA - THE +/- S2 N o M o  I N  CROSSRANGE I S  THE EMS CROSSRANGE 
DI SPERSION, THE 61 N e M ,  UPRANGE BOUNDARY IS THE SUM OF---

A, 26 N•Me FROM EMS D I SPERS I ON •  

e ,  1 0  N • M •  FROM - . 1  DEGREE F L I GHT PATH ANGLE CHANGEo 

c. 25 N e M e  FROM 4 G  RANGE POTENT IAL CHANGE• 

THo 9 1  N e M ,  DOWNRANG� BOUNDARY 15 THE SUM OF---

A o  2 6  N e M e  FROM EMS D I SPERS IONo 

Bo 2 0  N e M •  FROM & o 2  DEGREE F L I GHT PATH ANG�E CHANGEo 

c .  4 5  N t M• F ROM 4G RANGE POTEN T I A L  CHANGEo 

FOR AN EARLY G AND N F A I LURE • THE EMS ENTRY IS TARGETED To THE CONSTANT 4G 
TRAGET POI NT o THEREFORE , THE OPERATIONAL FOOTPR I NT ASSUMES THAT THE EMS 
TARGET POINTS ARE COINC I DENT W I TH THE CONSTANT 4G TARGET P O I N T S •  

M I SS I ON REV DATE SEC T I ON GROUP PAGE 

APOLLO 14 FNL 2 / 1 5/70 TRAJECTORY AND TRANSEARTH 
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R I T EM 
--·-----

5-123 CONT '  

N A S A  - M a n n e d  S pacec raft  C e n t e r  

MI S S IO N  R U L E S  

S E C T I ON 3 - TRAJECTORY AND G U I DANCE 

THE CONSTANT 4G �ANDING AREA - THE +/- 27 N o M o o IS THE CROSSRANGE D I SPERSION 
FOR A CONSTANT 4G ENTRY• THE 110 NoMo UPRANGE BOUNDARY IS THE SUM OF ---

"'' 
a, 

Co 

THE 140 

Ao 

B o  

C o  

7 3  N e M e  FROM 4G D I SPERSION, 

l. O  N•M•  FROM • o l  DEGREE F " I GH T  PATH ANG"E 

2 5  N • M •  FROM 4G RANGE POT ENTIA� CHANGE •  

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

73 N e M •  FROM 4G D I SPERSION, 

2 0  N e M •  FROM + o 2  DEGREE F � I GHT PATH ANG�E 

45 N • M •  FROM 4G RANGE POTENTIAL CHANGE • 

l--250 NM--l 
I j-152 NM-l I Roll right constant 4g IP 

T 

1250 NM 

CHANGE• 

CHANGE• 

Roll left 
constant 
4g IP 

\ Constant 4g entry d ispersion area 

\_EMS dispersion area 

M I SS I ON REV DATE SEC T I ON GROUP PAGE 

APO��O 14 FN� 2 / 1 5 /70 TRAJECTORY AND TRANSEARTH 
GUI DANCE ENTRY :l-76 
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R I T EM 

N A S A  - M a n n e d  S pa c e c raft  C e n t e r  

111 1 5 5 10111 RULES 
SEC T I ON 3 - TRAJECTORY AND GUI DANCE 

. 

5 - 1 2 5  BACKUP ENTRY CONSTRA I NTS 

COMMENTS 

A , THE CONSTANT G ENTRY ·I S  A BACKUP TO THE G AND N ENTRY MODE • AFTER PEAK G THE 
L I F T VECTOR IS MANUALLY BANKED TO THE R I GHT ! NORTH! AND CONTROLLED TO 
MA I N T A I N  A PREDE TERMI NED G-LEVELo A CONSTANT G MODE OF EQUAL T O  OR LESS THAN 
3 G IS VERY SENS I T IVE AND MAY SKIP OUT o  A CONST�NT G MODE OF EYUAL TO OR 
GREATER THAN 5 G IS D I F F I CULT TO CONTROL SECAUSE IT REYU I RES SEVERAL LARGE 
CORRECTIONS 1 30 DEG - 50 DEG l OF THE L I FT VECTOR ORI ENTAT I ONS TO M A I N TA I N  
HIE CONSTANT G o  THERE I S  ALSO A CREW HAZARD ASSOCIATED W I TH SUS TAI NED G 1 S  OF 
5 Go 

Bo TilE EMS IS USED FOR RANG I NG ONLY WHEN THE G ANO N HAS F A I L E D ,  IN T H I S  CAS E t  
THERE I S  NOT ANY POS I T I V E  CHECK ENTRY t I T  COULD CAUSE A TRAJECTORY THAT 
WOULD S K I P  OUT AND BE CATASTROPHIC-- BUT t ONCE THE VELOC I T Y IS EYUAL TO OR 
LoSS H<AN 2 5 o 500 FPS AN EMS FA I LURE WOULD ONLY CAUSE A M I SS OF THE TARGET •  
DUR I N G  THE EARLY PART O F  THE ENTRY•  THE CONSTANT G MODE CAN B E  FLOWN US I NG 
THE �MS G D I SPLAY AND CHECKED BY THE G-METER OR V I C E VERSA • I F  THEY 
Dl SAGRE E o  A SEAT-OF-THE-PANTS MEASUREMENT MUST B E  USED TO DETERM I NE W H I CH IS 
CURRECT o 

�EFERENCE 

MEMORANDUM• SUBJECT--- LOAD FACTOR DURATION ENCOUNTERED DUR I NG LUNAR RETURNS ENTRY W I TH THE 
CONSTANT G HACKUP MOD E o  DATED AUGUST 7 o  1 96 8 ,  

M I SS I ON REV DATE SECT I ON GROUP PAGE 

APOLLO 14 FNL 1 2 / 1 5 {70 TRAJECTORY AND TRANSEARTH 
GUI DANCE ENTRY 3-77 
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R I T EM 

N A S A  - M a n n e d  S pa c e c raft  C e n t e r  

M I S S IO N  R U L E S  

�ECT I ON 3 - TRAJECTORY AND G U I DANCE 

�-126 WEATHER AVOIDANCE DURING ENTRY 

COMMENTS 

THE G AND N HAS THE CAPAB I L I T Y  OF FLY I NG AN ENTRY FROM 1 100 N o M •  TO 2 5 U O  N o Mo RANGEo BUT I T  
HAS BEEN AGREED W I TH THE CREW I N  DATA P R I O R I T Y  MEET INGS THAT l H E  RANGE W I LL B E  L I M I T ED T O  
1600 N • M •  A RANGE O F  LESS THAN 1600 N o M o  AVO I D S  T H E  USE O F  P66 • P66 TARGETS FOR A 
TRAJECTORY THAT S K I P S  TO A REGION WHERE THE DRAG LEVEL I S  LESS THAN O o <G •  

THEREFORE • T H E  G AND N ENTRY RANGE CAN BE VARIED FROM 1 1 00 N o M o  TO 1 ti 00 N o M •  FOR AVO I D I N G  
WEATHER AND THE EMS E N T R Y  RANGE C A N  VARY FROM 1 100 N o Mo TO 1 600 N o M o  F O R  wEATHER AV l i DANCEo 

R E F ERENCE 

OPERATI ONAL OP I N I ONS• DATA P R I OR I TY S-PA-9T-040 ! T E i o MCC AND ENTRY I •  

� I SS I O N  R E V  DATE SECT I ON GROUP PAGE 

APOLLO 14 FNL 2 / 1 5 / 7 0  TRAJECTORY AND TRANSEARTH 
GUIDANCE ENTRY 3-76 



R I T EM 

N A S A  - M a n n ed S p a c e c r aft C e n t e r  

M I S S I O N  R U L E S  

SECT I ON 3 • TRAJECTORY AND G U I DANCE 

5·1 < 7  PREDI CTED ENTRY CORRIDOR V I OLATION AFTER THE lAST MCC OPPORTUNI TY 

COMMENTS 

THE lAST MCC IS SCHEDUlED AT E l •3 HRS o AND IT TAKES ABOUT AN HOUR OF TRACKING TO DETERM I NE 
AN ACCURATE STATE VECTOR AFTER THE BURN• A T  E 1 ·3 HRS o I T  TAKES APPROXo B FPS TO CORRECT 1 
DEG OF GAMMA AT E ! o  BUT AFTER ABOUT E I •< HRS0 THE DElTA V REQU I RtD TO CORRECT GAMMA A T  E l  
GROWS RAP IDLY,  

IF  THE UNDERSHOOT LINE I S  EXCEEDED• FULL L I FT SHOULD BE FlOW UNT I L  AFTERPEAK G TO AVO I D  
H I GH GS, THEN THE CON TROl MAY B E  G I VEN T O  THE G AND N T O  G E T  A S  CLOSE T O  THE TARGET AS 
POSS I BL E .  

I F  T H E  OVERSHOOT liNE  I S  EXCEEOEDo NEGA T I V E  L I F T  SHOUlD B E  FLOWN UNT I L  AFTER 2G 1 S A R E  
REACHED TO ASSUKE CAP TURE, I N  THIS  CASE T H E  G AND N WOUlD F L Y  U P  AGA I NST THE l O G  L I M I T ER •  
TRYING T O  H I T  THE TARGET o  BUT WOULD S T I L L  LAND LONG•• THEREFOR E •  AFTER CAPTURE A CONSTANT 
4G ENTRY SHOULD B E  FLOWN, THE 4G ENTRY HAS A SHORT RANGE ASSOC IATED W I TH IT AND wOULD AVOID 
THE H I GH G 1 S o  

REFERENCE 

OPERA T I ONAL OPIN I ON, DATA PR I OR I T Y  S•PA·9T•040 I TE i o MCC o AND ENTRY i o  

M I SS I ON REV DATE SECT I ON GROUP PAGE 

APOLLO 14 FNL 1 < 1 1 5 / 70 TRAJECTORY AND TRANSEARTH 
GUIDANCE ENTRY 3•79 



N A S A  - M a n n e d  S p a c e c r a f t  C e n t e r  

M I S S IO N  R U L E S  

SECT I ON 3 - TRAJECTORY AND GUI DANCE 
r-r-�------------�����������--------------------

R I T EM 

5-130 G AND N NO-GO CR I TE R I A  DUR I NG ENTRY 

COMMENTS 

A, AND Be 

WHEN THE ENTRY RANGE IS GREATER THAN 1350 N o M o o THE CMC W I LL ENTER Pb, WH ICH 
D I S PLAYS A TARGET VELOC I T Y  AS VL AND DL AND CAN BE USED TO UUA L ! FY THE CMC 
NAV I GAT I ON PR I OR T O  Pb5 I N  ORDER TO COMM I T  THE G A�D N FOR THE REMA I NDER OF 
THE ENTRYo THE  CREW I S  V O I CED THE G AND N GO/NO-GOo THE L I M I TS ARE BASED UN 
VARlOUS ERRORS SOURCES I ATMOSPHERE•  LIDo  G AND N 3 S I GMA ERRORS•  ETCo  l WH I CH 
ARE F I XED PREM I S S l ON t  HOWEVER • T HE L I M I T S  MUST .AL.SO I NCLUDE A B I AS FOR THt:: 
SPEC I F I C  ENTRY RANGE AND ENTRY COND I T I ONS WHICH CANNOT BE F I XED PREM I SS l UN o  
THEREFORE •  T H E  L I M I TS O N  VI. ANC D L  W l l.l. B E  DETERMI NED FROM CURVES DUR I NG 
REAL T I ME o  

c ,  AND O e  

T H E  G AND N I S  D E S I GNED SUCH THAT I T  SHOULD ALWAYS FLY THE oNTRY W I T H I N  THo 
EMS ON-SET AND OFF-SET L I M I T  L I NES• IF THE G-METER AGReES W I TH THE G 
I ND I CATED BY THE EMS • THERE ARE TWO INDEPENDENT SOURCES THAT I N D I CATE THE G 
AND N I S  NOT PERFORMING  PROPERLYo  

E,  AND F,  

AT E l - 1 7  MINe  A HORI ZON MONI TOR AT T I TUDE CHEC� I S  MADE 0 �  THE G AND N ,  TH� 
CREW OR I ENTS THE SIC TO A HEADS DOWNo BLUNT-END FO,wARD AT T l TUvE W I T H THE 
3 l e 7  DEG W I NDOW MARK ON THE HOR I ZON AND COMPARE THE P I T CH G I MBAL ANGLE w i TH 
THE PAD VALUEo I F  THE D I FFERENCE I S  GREAT E R  THAN +1- 5 o  THE G AND • I S  
NO-GOe 

G o  NO RATI ONALE REQU I RED• 

5-1 3 1  T E l  ABORTS AND R E S I DUAL T R I MM I NG P H I LOSOPHY 

COMMENTS 

ONCE THE SPS BURN HAS BEGUN FOR THE T E l  MANEUVER THERE SHO"LD �E NO MANUAL SHU T �Uo�S GUN I •6 
THE BURN, THERE SHOULD BE AS MANY MANUAL RESTARTS A� NECESSAHY T0 COMPLETE T�E �u� � .  

WHERE THERE I S  A PREMATURE SHUTDOWN FOR CAUSES OTHER THAN A MANUAL SHUTDOWN • ACT I�N I >  
PRED I CATED O N  T H E  R C S  DELTA V CAPA B I I. I TY BECAUSE THE R C S  I S  T H E  ONLY V I ABL� T HR U S T E R  
CAPAB I L I TY REMA I N I NG ,  EXPER I ENCE HAS SHOWN THAT THE COMPUTED T E l  1-IA � E U V E R  P E R FOR1<1 E LJ  U.'\j()f ,-( 
G+N CONTROl. HAS NEVER RESULTED I N  TEC MI DCOURSES TOTALING GREATER THAN 8 F P S o  I T  CA'\ ALSU 
BE SHOWN THAT THE DELTA V NEEDED TO CORRECT T E l  DI SPERS I ONS AT CUTOFF GROWS T U  2 , ,  T I NES 
THAT VALUE AT T E l  +17 HOURS • MCC 5 NOMINAL EXECUT I ON T I ME •  I T  IS DE� l RED TO MA I N T A I N  �U f � S  
FOR RCS DELTA V MCC CAPAB I L I T Y ,  THEREFORE IF THE ENGINE SHUTS DOW� W I T H  T E l  U l LTA V 
REMA I N I N� GREATER THAN RCS DELTA V CAPAB ! I. I T Y  I.ESS ZO FPS THE SPS SHUuLD BE kESTAkT E u  ASAP 
AND THE TARG E T ED BURN COMPLETED. T H I S  W I LL MA I N T A I N  ALL RCS DELTA V CAPAB I L I T Y  TO PEI<FORM 
MI DCOUkSES W I TH o  T H E  BURN NEED N O T  BE TR IMMED S I NCE T H E  CORREC T I V E  OELTA V Gf<O"TH RAT to I C  
SMALL AND CAN B E  TAKEN CARE OF W I T H  THE Ml DCOURSE MANEUVERS• 

IF THE ENG INE  SHUTS DOWN W I T H  TEl DELTA V REMA I N ING LESS THAN RCS DELTA V CAPAB I L I T Y  L ES5 
20 FPS THE CREW AT THE I R  D I SCRE T I ON CAN E I THER RESTART THE SPS UR USE THE RCS ASAe TO 
COMPLETE THE TARGETED BURN, THE BURN NEED NOT BE T R I MMED FOR THE ABOVE REASON• IF THE 5PS 
IS USED t ALL RCS DELTA V CAPA B I L I T Y  REMA I NS FOR M l DCUURSE CLlHHEC T I O N .  IF TrlE RCS I S  U�t� TO 
COt'-IP LETE THE BURN AT LEAST 20 FPS REMA I NS FOR M I DCOURSE CORRECT J Vt'>�S V!H l CH HAS BEE.N SfiUWN TO 
BE SUFF I C I EN T o  

I F  T H E  CUTOFF R E S I DUALS ARE LESS THAN 5 F P S  T H E  RCS CAN B E  USLU T O  T O I M  TrlE BURN P•UP E � L Y .  
ANY ERRORS CAN BE TAKEN OUT I N  T H E  MI DCOURSE, I T ' S  B E S T  T O  T R L �  T H o  b•RN ACCUkAELY IN X 
AND Z BECAUSE THEY AFFECT LON G I TUDE AND CORH l DOk CONTROL FUK LNTI<Y, 

M I S S I ON REV DATE SEC T I ON 

APOLLO 14 FNL Z / 15/70 TRAJECTORY AND 
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R I T EM 

5•1 3 1  
CONT 1 

N A S A  - M u n e d  Splcecraft C e n t e r  

M I S S ION I U L E S  

SECTION 3 • TRAJECTORY AND GUIDANCE 

A"" THE ABOVE I S  APP"ICAB"E TO A DPS TEl  A"SOo WHERE A DPS TEl IS CONE W I TH AN OPERATI ONA� 
SPS AS A BAC�UP AND THE CPS SHUTDOWN IN THE MODE I I I  REGIONo THE CPS SHOU�D BE ABANDONED 
AND THE SPS RETARGETED FOR THE NEXT TEl WHICH W I �� OCCUR NEAR THE NEXT PERICYNTHIONo THIS 
IS THE OPTIMUM T I ME I N  TERMS OF CE�TA V •  I �  THE SH�TDOWN OCCURS I N  THE MODE I REGION THE 
DPS SHOU�D BE ABANDONED AND THE SPS TARGETED AT TEl + 2 HOURS TO ACH I EVE ENTRY COND I T I ONS• 
AT �EAST TWO HOURS IS NECESSARY TO CONF I RM THE ORI G I NA� MANEUVER• BUI�D A USAB�E VECTOR TO 
COMPuTE THE CORREC T I VE MANEUVERo DO THE COMPuTATIONS, READY THE SYSTEMS AND PASS THE DATA 
TO PERFORM THE MANEUVERo IT IS NOT W I SE TO WAIT MUCH BEYOND 2 HOURS BECAUSE THE TRAJECTORY 
THAT RESU�TS FROM A SHUTDOWN IN THE MODE I REGION IS A NON•EARTH ENTERING TRAJECTORY AND 
THE SOONER THE CREW GETS BAC� ONTO THE CORRECT TRAJECTORY THE SETTER S I NCE THE CORRECT IVE 
CE�TA V REQU IRED GROWS RAPID�Y• 

IN  THE CASE wHERE THERE NO SPS OR DPS I GN I T ION ON THE OR I G I NA� TEl MANEUVER I T  I S  BETTER TO 
S�IP I REV o o  DO MA�FuNCT I ON PROCEDURES AND TRY AGA I N  AT THE NEXT OPPORTUNITY•  NO CAPAB I � I T Y  
IS �OST S�IPP I NG I REV o BECAUSE THE �ANDI NG T I ME REMAINS THE SAME FOR ON"Y ABOUT A 5 0  FPS 
INCREASE I N  TEl CE�TA Vo 

DATA SOURCES 

ONBOARD MON I TORING 

RETuRN TO EARTH D I SP�AYS 

FOO ORB I T  O I G ITA�S 

CHECKOUT MON I TOR 

PARTICIPATION 

CREW 

FCO 

RFO 

FD 

PROCEDURE 

Ao NO SPS OR CPS I G N I T ION 

lo RETARGET T E l  FOR I REVo �ATER 

2• CREW EXECUTE STANDARD MA�FUNCT ION PROCEDURES 

Bo  .PREMATURE SPS SHUTDOWN 

1o CREW RESTART ASAP AND COMP�ETE THE TARGETED 

BURN W I TH NO TRIM 

iT �riM � ��� t ��· .f�Ml����� . n��lPM���- ��s� .����-.�· . . ���1 
C o  PREMATURE DPS SHUTDOWN W I TH OPERATIONA� SPS A S  BAC�UPo 

1 •  MODE I l l  REGION 

C A l  RETARGET SPS FOR NEXT TEl 

2o MODE I REG ION 

C A l  RETARGET SPS FOR T E l  + Z HRo 

MISSION REV DATE SECTION GROUP PAGE 

APO��O 14 FN� 12/1,/70 TRAJECTORY AND TRANSEARTH 
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R I T EM 

N A S A  - Ma n n e d  S pacec raft  C e n t e r  

M I S S IO N  R U L E S  

SECT I ON 4 - SLV SYSTEMS 

6-1 S- I C  STAGE LOSS OF THRUST 

THE S- I C  STAGE ENG I NE START SEQUENCE USUALLY BEGINS AT TBl - 8 o 9  SECONDS AND SHOULD A T T A I N  
9 0  PERCENT TH�U5T P R I OR T O  L I FTOF F ,  NOMINAL T I ME F O R  I NBOARD ENG I N E CUTOFF I S  T B l  + l 3 4 o o  
SoCONDS-- OUTBOARD ENGI NES AT TB2 + 2 ij o 8  SECONDS, TWO ENGI NE O U T  AUTO ABORT I S  DEACT I VA T ED 
AT T B 1  + 120 SECONDS• FOR EARLY ENGINE OUT I APPROX• 20 SECOND S )  H I GH-U W I LL OCCUR 25 TO 3 0  
SECONDS LATER THAN NOM I NAL COND I T I ONS • 

F A I LURt PO I NTS 

l o  LOX O R  FUEL PREVALVE CLOSES PREMATURELY 

Z o  PREMATURE ENERG I ZAT ION O F  ENG I N E  CONTROL SOLEN O I D  

3 o  GAS GENERATOR CONTROL VALVE CLOSES PREMATURELY 

4, FUEL CUTOFF SENSOR SENSES PREMATURELY AFTER ARM I NG 

5 .  �AT TERY NQ, 1 LOSS O F  POWER 

6 o  NO POWER TRANSFER S I GNAL FROM M A I N  POWER D I ST R I BUTOR 

7 ,  SWI TCH SELECTOR FA I LURE 

S o  PREMATURE THRUST-NOT-0� SIGNAL 

9, PREMATURE ENGINE CUTOFF S I GNAL FROM T I MER D I STR I BUTOR 

10•  GI MBAL DUCT FA I LS 

1 1 •  SLI D I NG J O I N T  FA I LS 

1 2 •  PREMATURE 0 ' TWO ADJACENT OUTBOARD ENGI NES OUT ' '  CUTOFF 
PROPULS ION D I STR I BUTOR 

CONSEQUENCES 

S I GNAL FROM 

MALFUNCT I ONS OCCUR R I N G  AT L I F TOFF OR WHEN THE VEHICLE IS I N  THE PAD V I C I N I TY CAN CAUSE PAD 
FALLBACKo COLL I S I ON W I TH HOLDDOWN ARMS OR OTHER PERI PHERAL GROUND EUU l PMENT o OR COLL I S I ON 
W I TH THE LAUNCH TOWERo DUAL ENGINE FAI LURES RESULT I N  FALLBACK FUR ALL CASES EXAM I NED AND 
FOR ALL FAI LURES FROM 0 TO 30 SECONDS• S I NGLE ENG I N E  F A I LURES - I EN G J NE 1 OR 4 BETWEEN T B 1  
+ 0 SECOND A N D  T B 1  + 3 o 5  SECONDS - ENGI N E  2 O R  3 BETWEEN T B l  + 0 SECOND AND T B l  + Z o O  
SECONDS) W I LL RESULT I N  LOSS OF CONTROL DUR I NG T H E  I N TERVAL TBl  + 1 3 3  SECONDS A N D  T B 1  + 1 5 1  
SECONDSo A L L  OTHER S ! NoLE ENG I N E  F A ! LURtS A R E  CONTROLLABLE, F O R  T W O  ADJACENT S I DE CONTROL 
ENG I N ES FAI LED• LOSS OF ROLL CONTROLLAB I L I TY RESULTSo ADJACENT CONTROL ENG I NE F A I LURES FROM 
0 TO 30 SECONDS RESULT IN STRUCTURAL FA I LURE BUT TWO OPPOS I T E  CONTROL ENGI NES F A I LED ARE 
LESS SEVERE AND W I LL NOT RESULT IN BREAKUP, 

CON T I NGENCY COND I T I ON 

LOSS OF THRUST - ENG I NE 3 OR 4 

T H I S  RULE APPL I ES ON"Y FOR THE UN I QUE CASE OF ENG I NE 3 OR 4 THRUST LOSS BETWEEN 0 T O  4 5  
5oCOND5o I T  I S  AN INFORMAT I ON RULE ONLY AND I S  U&ED T O  INFORM THE RANGE &AF ET Y OFF I C ER THAT 
ENG I N E 3 OR 4 IS OUT o 

FA I LURE PO I NTS I ENG!NE  3 OR 4 )  

1 o  LOX PREVALVE CLOSES PREMATURELY 

2 •  GAS GENERATOR CONTROL VALVE CLOSES PREMATURELY 

3 ,  SWI TCH SELECTOR PREMATURE S I GNAL 

4 o  PREMATURE THRUST-NOT-OK S I GNAL 

5 ,  PREMATURE ENG I NE CUTOFF S I GNAL FROM T I ME D I ST R I BUTORS 

CONSEQUENCES 

LOSS OF THRUST ON ENG I NE 3 OR 4t UNDER C E R T A I N  W I N D  COND I T I ONSo M I GHT CAUSE THE VEHICLE TO 
V I OLATE A RANGE SAFETY DESTRUCT L I N E •  lN THE EVENT OF ENG J �E 3 OR 4 LUSS OF THRUS T •  THE 
RANGE SAFETY OFF I C ER W I LL USE AN ALT ERNATE DESTRUCT L I NE ESPEC I ALLY FOR T H I S  U N l UUE CAS E •  

M I S S I ON REV DATE SEC T I ON GROUP PAGE 

APOLLO 14 FNL 2 1 1 5 / 7 0  SLV SYSTEMS 
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R I T EM 

N A S A  - M a n n e d  S pacec raft  C e n t e r 

M I S S IO N  R U L E S  

SEC T I ON 4 - SLV SYSTEMS 

6-2 LOSS OF A T T I TUDE CONTROL DUR I NG BOOST PHASE 

LOSS OF ATTI TUDE CONTROL CAUSES LOSS OF G U I DANCE AND POSS I BLE LOSS OF V E H I C LE • 

F A I LURE POINTS 

1 .  ST-124 PLATFORM FA I LURE 

2 .  LVDC/LVDA FA I LURE 

3 ·  F L I GHT CONTROL COMPUTER F A I LURE 

4. SWI TCH SELECTOR FA I LURE 

5 ·  CONTROL EDS RATE GYRO FAI LURE 

6 .  CONTROL S I GNAL PROCESSOR 

CONSEQUENCES 

Ae S- l C  BURN 

LOSS OF A T T I TUDE REFERENCE 

LOSS OF A T T I TUDE COMMAND OR A T T I TuuE 
ERROR S I GNAL 

ANGULAR RATE SI GNAL LOST OR SATURATED 
A T T I TUDE ERROR S I GNAL LOST OR SATURATe� 

I NADVERTENT SEYUEN C I NG OR I NH I B I T ING OF 
STAGE COMMAND 

LOSS OF ANGULAR RATE SI GNALS 

LOSS OF ANGULAR RATE S I GNALS 

TOWER COLL I S ION CAN OCCUR AT L I FTOFF• DUR I NG H ! GH-Y R EG I ON • RAP I D  D I VERGENCE 
W I LL OCCUR W I T H  POSSIBLE LOSS OF THE CREW• IN THE POST H I GH-ll R E G I O N •  THESo 
FAI LURES W I L L  CAUSE E I THER H I GH RATES OR D I VERGENCE F ROM THE NOM I NAL FLI GHT 
PATH W I TH NO STRUCTURAL BREAKUP OR LOSS OF CREW• 

B .  S- 1 1  BURN 

THESE F A I LURES W I LL RESULT IN E I THER H I GH RATES OR D I VERGENCE FROM THE 
NOMINAL F L I GH T  PATH W I TH NO STRUCTURAL BREAKUP OR LOSS OF CREWo 

c. S- I V B  BURN 

EFFECTS ARo THE SAME AS FOR S- I I  BURN• 

_cV�e�h�ic�l�e�R�at�e�s�(R�4�-�6�0�2 ,�--�� 
RS-602, R6-602) 

and 

L/ 
Vehicle Rates ( RS-602 
Rl2-602, R\3-602) 

LVDC/T.VDA Computational Failure L.. 1\ �1\ La of 

Signals Loss of Attitude . I----<" Co trol 
Abnor.nal Attitude Error ·I\ '----� At itude IT 

Dr 1 �C�o-nt�r_o_1_A_1�e�rt�-�---+-------�[)nd 

,_______..._.

or 
Failure to Initiat� Proper r 
GuiCP.nce Sequence {Abnor;r.3l R-IVB Engine 
Actuator (Actuator llardover) 
fiTOi'tOS"=IVB _ LgnH ton 
Failure of S - IVB Engine 
Hydraulics 

Abnormal S-IC Engine Actuator 
(Actc;J.tor Uardover) 

M I SS I ON REV DATE SEC T I ON 
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LOGIC SCHEME 
ImplieSI:hat all inputs must be 
present before there is an output 

Implies that any single input 
is sufficient for an o�tput 
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+ 
L 
v 
D 
1;. 

s-Ic 
A 
c 
T 
• 

s-:tlvs 
A 
c 
T 
• 
t 

S-IVB 

N A S A  - M a n n e d  S pacec raft  C e n t e r  

M I S S IO N  R U L E S  

SEC T I ON 4 - SLV SYSTEMS 

Lo11 of Attitude Control Alert 

TLC - fl>!R D26 ---------<> 
•m • - - "''- p 
NEM B - EMR D25 r � LVDC/LVDA Computational Failure 

TLC I!C26D9 an 
' 

P Act. - Gl-101 thru Gl-104 

Y Act. 

(>+50 ) 

(>+50 ) - G2-101 

� �� Abnormal S-IC �n2ine Actuator (Actuator Hardover) 
thru G2-104 

P Ac t ,  (>+50 ) - Gl-403 - i Abnormal S-IVB Engine Actuator (Actuator Hardover) 
Y Act. (>+50) - G2-403 or - ,_�/ Prior to S-IVB Burn 

...-----·-· 
Hydraulic System Pressure (,1700 PSIA) - D41-403 2 

H Hvdraulic Reservoir �ressure- (Annrox. O) - D42-401 out of Failure of S-lVB En�ine Hvdraulics 
y Hydraulic Level (Approx . 0 Percent\ - L7-403 3 D 
� 

IGM Initiate 

t Fail to P1.tch .. s 
E Fail to Roll 

Q Fail to Stop Pitch -<> Failure to Initiate Proper Guidance Sequence 
u or 
E 
N 
c 
\ 

Fai}_���!L 
___ � i:iH;-��:::;'�-i����; 

xx-Gx (>A) H60-603 

Roll Ladder (>A) H56-603 

Roll Error (>A) H69-603 

xy-0y 

Pitch 

Pitch 

xz-0z 

(>B) H60-603 

Ladder (>B) H54-603 

Error (>B) H71-603 

(>B) H60-603 

Yaw Ladder (>B) H55-603 

Yaw Error (>B) H70-603 

M I SS I ON 

APOLLO 14 

. 

REV DATE 

FNL 2 / l ; /70 

r--
Vote 

2 
of 
3 

I--
r--- . 

Vote Abnormal Attitude Error Signal 2 
of 
3 

Vote 
2 
of 
3 

'- A • 5° (S-IC , S-II Burn) 
A • 3 . 5 °  (S-IVB Burn) 
B - s• (S-IC, 5-II & 5-IVB Burn) 
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R I T EM 

N A S A  - Ma n n ed S pacecraft  C e n t e r  

M I S S IO N  R U L E S  

SEC T I ON 4 - S�V SYSTEMS 

THREE �ENOU�OUS I NTEGRA T I NG GYRO ACCE"EROMETERS ARE MOUNTED ON THE I NNER G I MBA� OF THE 
ST-124 AND OR I ENTED SUCH THAT EACH I NPUT A X I S  IS A�I GNED W I T H  THE RESPECT I V E  X o  Y o  AND Z 
AXES I THRUS T o  CROSSRANGE AND DOWNRANGE AXES AT � I F T O F F l  OF THE VEH I C� E •  EACH ACCE�EROME TER 
IS USED TO CONVERT DYNAMIC ACCE�ERA T I ON A�ONG I TS I NPUT AX I S  TO A PRECE S S I ON ABOUT I TS 
RESPECT I VE OUTPUT AX I S o  TH I S  PRECESS I ON •  MONi TORED BY AN OPT I CAL EN COD < � •  IS  PROPOR T I ONAL 
TO THE I NTEGRA� OF ACCE"ERAT ION AND PROV I DES VELOC I T Y  li'•FORMAT !ON TO Tt<E �VDAo S I GML 
GENERATOR P I CKOFFS FOR EACH A X I S  MEASURES THE PRECES S I ON ANGLo AND PROV I DES A NU�� S I GNA� 
TO THE ACCE�EROMETER TORUUE MOTORSo 

F A I �URE POINTS 

F A I �URE OF THE FO��OW I NG RESULTS I N  ZERO OR ERRONEOUS OUTPUT AND CONST I TUTES A �OSS OF 
PERT I NENT VE�OC I T Y  DATA REQU I R I NG SW I TCH I NG TO A�TERNATE CHANNE� OR TO FAI LUR E BACKUP 
I NFORMA T l O N e  

1 o  O:NCODER FA I LURE 

2 o  ACCE"O:ROMETO:R FA I �URE 

4 o  ACCE�EROME T ER SERVO �OOP F A I �URE 

5 o  GN2 BEAR I NG SUPP�Y fAI �URE 

CONSEQUENCES 

ACCE�O:ROMETER FAI LURE IN ONE OR MORE AXES W I L� RESULT IN THE VEHICLE ACH I E V I NG A DEGRADED 
ORB I T o  FA I LURE W I LL HAVE NO EFFECT ON VEHICLE TRAJECTORY DUR I NG S-I C  BURNo FAI �URE IN ANY 
A X I S  W I �L RESU�T IN UTL I L I Z I NG PRESTORED F/M PROF I �E DATA FOR THE F A I LED AX I S  I N  THE 
GU I DANCE COMPUTA T I O N ,  AN �VDC NAV IGAT I ON UPDATE MAY BE REQU I RED TO PROPER�Y I N I T IATE T66 
AND FOR ACCEPTAB�E TLI  BURN NAV I GA T I O N o  

M I SS I ON REV DATE SEC T I ON 

APO�LO 14 FN� 2 / 1 5 / 7 0  S�V SYSTEMS 
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R ! T E� 

N A S A  - Ma n n e d  Spacec raft  C e n t e r  

M I S S IO N  R U L E S  

S E C T ION 4 - SLV SYSTEMS 

6-4 L • V •  I NERT I A L  PLA T FORM A T T I TUDE REFERENCE F A I LURE 

THC A T T I TUDE OF THE v E H I C L E  IS MEASURED IN THE PLATFORM I NERT I A L  COO R D ! AN T E  S Y S T EM U S I NG 

DUAL SPEED RESOLVERS ( F I NE AND BACKUP G I MBAL ANGLES ) FOR EACH OF T H E  T H R E E  A X E S o  ThE 
RESOLVoRS MOUNTE� ON THE G I MBAL P I VOT P O I N T S  OUTPUT A PHASE SH I FT E D  S I GNAL WHICH I S  
PROPORT I ONAL T O  T H E  D I FFERENCE I N  POS I T I ON BETWEEN T H E  V E H I C L E  BODY AND T H E  SPACE F I X E D  
R E F E R E N C E •  

FA I LURE PO I N T S  

F A ! LURt I N  A N Y  OF T H E  FOLLOW I NG AREAS RESU L T S  I N  A Z t R O  O R  ERRONEOUS G I MB A L  ANGLE R E A D ! N�S 
AND W I L L  RE�U ! R E  BACKUP MODE OF OPERA T ! O N o  

1 ,  GYRO F A I LUR E 

2 ,  RESOLVER F A I LURE 

3 .  POWER SUPPLY F A I LURE 

4. GNZ �EAR I NG SUPPLY F A I LURE 

5 .  G I MBAL SERVO LOOP F A I LURE 

CONSEWUENCES 

FAI L U R E  OF THE S T • l 2 4  I NERT I A L  PLATFORM A T T I TUDE REFERENCE SYSTEM IN ONE OR MORE AXES W I L L  
CAUSE A FA I LURE O F  T H E  G I MBAL ANGLE REASONABLENESS T E S T o  T H E  A T T I T U D E  ERROR COMMANDS FOR 

THE F A I LED A X I S  W I LL B E  FROZEN AT T H E  LAST PREFA I LURE VALVE BY T H E  FL I GHT PROGRAM DUE TO 
THE F A I LURE OF THE G I MBAL ANGLE REASONABLENESS TEST o THE G I MBAL ANGLE REASONABLENESS T ES T  
FAI L URE W I LL I N D I CATE A GU I DANCE REFERENCE F A I LURE BY S E T T I N G  D4 A N D  D6 ( MODE C O D E  2 6  O ! T  

DB S E T  T O  ' ' ON E ' ' I AND ENABLE C I RC U I TRY FOR SPACECRAFT G U I DANCE CONTROL OF T H E  LAUNCH 
VEH I C L E ,  THE CREW SHOULD I N I T I A T E  SPACECRAFT G U I DANCE CONTROL WHEN ONBOARD D I SPLAYS 
I N D I CATE A LAUNCH VEHI C L E  GU I DANCE REFERENCE FA I LUR E ,  

A F A  I LURE DUR I NG LAUNCH PHASE W I L L  RESULT I N  T H E  FOLLUW I NG COND I T I ON S  ! F SPACECRAFT 
GUI DANCE CONTROL !S NOT I N I T I ATED••• 

S• ! C  BURN - ATT I TUDE RA T ES W I L L I NCREASE AND EXCEED THE EDS AUTO ABORT L I M I T S  I N  H ! GH-U 
REGI O N .  

S- 1 !  BURN AND S - ! V B  B U R N  P R I O R  T O  LAST > O  SECONDS OF F L I GHT - AT T I T U D E  E R R O R  w i L L  I NCREASE 
AND T H E  VEH I C L E  W I L L  F A I L  T O  ACH I EVE A SA T I SFACTORY ORB I T •  

S-1 V B  tiURN DUR I N G  LAST 5 0  SECONDS O F  F L !  GHT - V E H !  C L E  MAY B E  I NSERHD I NT O  PARK! NG O R B !  T 
BUT W I L L  U L T I MA T E L Y  ABO R T  DUE TO TUMBLE• NOMINAL S - ! V B  CUTOFF W I LL NOT BE ACH I EV E D  FOR A 

F AI LURI::. PR 1 OR TO ENTI�Y OF T H E  H I GH SPEED LOOP FOR THE ASCENT TO ORU 1 T AND OUT OF ORC 1 T 
PHASES OF THE M I S S I ON ,  

ORB I T A L  COAST PHASE - VEH I CLE DR I F T RATES O F  +/- O o 2  DEGREE/ SECOND I N  P I TCH AND YAW AND + / 

O o 5  D E G R E E /SECOND I N  R O L L  M A Y  BE E X P E � ! ENC E D o  ASSU M I N G  AN OPERA T I ONAL S - ! VB A P S o  

SECOND S - ! VB BUi{N PR I OR T O ·  ENTRANCE O F  THE H I GH S P E E D  LUOP - T H E  mRONEOU S  G I MBAL ANGLE 
VALUES MAY CAUSE THE NAVIGAT I ON CALCULAT I ONS T O  D I V ER G E  FROM THE E�D CONO ! T ! ON S o  PREVEN T I NG 
THE ( F / M I  C ACCELERA T I ON PROF I LE FROM B E I NG RESOLVED, F A I LURE T O  RESOLVE T H E  ACCELER A T I ON 
PROF I LE W I LL RESULT I N  THE AB I L I TY T O  E N T E R  THE H I GH SPEED LOOP AND THE VEH I C L E  F A I LURE TO 
ACH I E VE PROPER T L ! o  

SECOND S- ! VB BURN A F T E R  ENTRANCE OF THE H I GH SPEED LOOP - T H I S  F A I LU R E  HAS NO MAJOR E F F ECT 
ON NOM I NAL T L I  PARAME T E R S .  

SPAC E C R A F T  GU I DANC E  cONTROL SHOULD B E  I MPLEMENTED B Y  THt CREW ANY T I ME T H E  A T T I TUD� 

R E F E R ENCE FA I LURE OCCURS B E T W EEN L I FTOFF AND NOMINAL SPACECRAFT SEPARAT I ON •  IF A G U I DANCE 
REFERENCE F A I LURE AND AN S - I C  ENG I N E  FA I LURE OCCUR B E TWEEN L I F T O F F  ANO L ! F T U F F  PLUS 50 

SECONOS o THE CREW SHOULD ABORT IF THE CREW ABORT L I M I T S  ARE EXCEEUCD DUR I NG MAX-w TO 
PRECLUDE LAUNCH V E H I C L E  STRUCTURAL BREAKUP• STRUCTURAL BREAKUP W I L L  OCCUR BECAUSE THE 
SPACECRAFT GU I DANCE SCHEME DOES NOT I NCLUDE AN ENG I N E  OUT CAPAB I L I T Y •  

M I SS !  ON REV D A T E  SEC T I ON GROUP PAGE 
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R I T EM 

N A S A  - M a n n e d  S p a c e c raft  C e n t e r  

M I S S IO N  R U L E S  

S E C T I ON 4 - SLV SYSTEMS 

o-o E X C ES S I V E  AT T I TUDE EKROR !N P I TCH OR YAW DUR I NG S - 1 1  BURN 

EXC E S S I V E  A T T I TUUE ERROR I N  P I TCH OR YAW DUR I NG THE S•l l BURN LA� CAUl� F ! DO L I M I T  L I N E S  TO 

BE CROSSED I N  s - I l  OR S - l V B  F L I GH T t  OR POSS I BL E  LOSS OF PLATFORM lF F A I LURE I S  IN THt: YA•� 
PLANE • 

F A I LURo PO I NT S  

1 o  ! U  F L I GHT CONTROL COMPU T E R o  S- 1 1  P I TCH ERROR AMP L I F I ER OR F l LT o R  

z ,  I U  F L I GHT CONTROL COMPU T E R ,  5• 1 1  Y A W  AT T I TUDE ERROR AMP L I F I ER UR F I L T E R  

CONSEQUENCES 

A FEW F A I LURES OF THE P I TCH O R  YAW A T T I TUDE ERROR AMP L I F I ERS OR F I L T ERS W I L L RESULT IN A 
Z ERO S I GNAL TO rHE P I TCH OR YAl< SERVO AMPL 1 F 1 E R S o  THE P I TC H  Oi< YAW ACTUATORS W 1 LL NOT 
RESPOND TO THE COMMAND o  THE A T T I TUDE ERROR W I L L  B U I L D  UP U N T I L  AN ABORT L I M I T  IS REACHED OK 
UNT I L  S - I V 6  STAij l NG •  A F T E R  S T A G I NG T O  S- l V S t  THE R�SULTS OF THE � A l LURE W I L L  �E E L I M I �A T � U  
DUf T O  T H E  CHANGE I N  F I L T E R  A N D  THE A D D I T I O N  OF A T R I PL E  REDUNDANT C I RCU I T ,  

6-7 S- I I  STAGE LOSS OF THRUST 

T H E  S - 1 1 STAGE ENG I NE S T A R T  SEQUENCE USUALLY B E G I NS A T  T B >  + 1 , 4  SECONDS AND SHOULD 
90 PERCENT THRUST BY TB3 + 5 SECONDS• THE S•l l D E P LE T I ON C U T O F F  C I RCU I T Y  !S THE 
S I GNAL FOR S- I I  E N G I N E S  CUTOF F ,  THE C I RCU I TR Y  I S  ENABLED AT T83 + 5 M I NU T l S  5 5 , 0  
>1 1 T H  NOM I NAL CUTOFF OCCURR I NG A T  T B 3  + 6 M I NU T E S  3 4 . 1 SECONDS• 

F A I LURE P O I N T S  

l •  S W I TCH SELECTOR F A I LURE 

2 •  LOX PREVALVES F A I L  CLOSED 

3 .  LH 2  PREVALVES F A l l  TO OPEN P � I O R  T O  ESC 

4 •  LOX O R  LH2 V E N T  VALVES F A I L  O P E N  

; ,  LOSS O F  ENG I NE READY O R  START S I GNAL 

6o LOSS OF MA I N  BAT T E R Y  POWER 

7 ,  LOX O R  LH2 TANK PRESSURE REGULATOR REGULATES LOW 

a ,  LOX O R  LH2 F I LL AND DRA I N  VALVES F A I L  T O  R E MA I N  CLOSED 

9. PREMATURE ENGINE CUTOFF S I GNAL FROM ECA 
CONSEQUENCES 

A T T A I N  
P � l MARY 
SECONDS 

LOSS OF THRUST ON A S I NGLE E N G I N E  DOES NOT CAUoE LOSS OF CONTROL, PA�K I NG ORB I T  I NSERT I ON 
I S  POSS I B L o  FUR ANY S I NGLE ENG I N E  OUT ANY T I ME I N  S- 1 1  F L I GH T • ii i T H  ONE E N G I N o  OUT AT OR 
L A T E R  THAN T B 3  PLUS 2 M I N •  1 SEC • •  T H E  SPACE V E H I C L E  HAS A 50 PERCENT PRO�AB I L I T Y  OF 
ACCOMPL I SH I NG T L l • 

H .  I CAPA� I L I TY 1 S LOST FOR --... ( A  l LOSS OF THKUS T OCC.:UH.S 0� T H E  CEI'lT t:: H. ENl:ll NE PR 1 OR TO T B 3  
P L U S  1 M I N .  5 6  S EC . ,  I B l  L O S S  O F  T H R U S T  ON A N  UPPER �NGI NE P R I OR TO T B 3  P L U S  2 M I N  3 1  SEC • •  
I C l  LOSS OF THRUST ON A LOWER ENG I NE P R I OR TO T B 3  P L U S  Z M I N  3 6  S E C •  

LOSS O F  THRUST OF 5• 1 1  ADJACEN T  ENG I NES I N D I C AT E S  A DECREASE O F  CO�TROL AUTHOR I T Y  FROM 
P R � V l OUS V E H I C L � S •  THE DECREASE lS CAUSCD BY THE cu B E I NG CLOSER TO THE E N� I NE � I MBAL 
PLA�E• SMALLER MOMENTS THUS R ESULT WHEN T H E  CONTROL E N G I N E S  ARE D E F L E C T ED T O  COMPENSATE FOR 
T H E  MO�E N r  CAUSEU BY LOSS OF T H RUST • S- 1 1  DUAL ADJACENT ENG I NE F A I L U R E S  RESULT !N LOSS OF 
CONTROL FOR EARLY F A I LU R E S ,  TL! C A P AB I L I TY FOR THESE CASES Is LOST PR I OR T O  T B o  PLUS 4 M I N  
4 0  S E C •  EARLY STAG I Nc CAN B E  SUCCESSFULLY ACCOMPL I SHED A S  E A R L Y  A S  3 M I N  l SEC FOR THE TwO 
ENG I NE OUT CASES • IF SAFE EDS LV SEPARAT I O N  RATES A R E  NOT E X C E l D E D o  NO LOSS OF CONTROL 
OCCURS FOR A S I NGLE S- I C  ENG I N E  OUT FOLLOWED BY A S I NGLE S•l ! ENG I N E  OUT o  

M I S S I ON R E V  U A T E  SEC T I O N  GROUP PAGE 
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R I T E M  

N A S A  - Ma n n ed S p a c e c raft  C e n t e r  

M I S S I O N  R U L E S  

SEC T I ON 4 - SLV SYSTEMS 

6-8 S- I I  G I MBAL SYSTEM F A I LURE I S INGLo ACTUATOR HARDOVEil - I NBOAR D l  

THE S-I I HYDRAU L I C  SYSTEM PROV I DES A T T I TUDE CONTROL BY G I MBA L L ! NG O N E  OR MORE OF T H E  FOUR 
OUTBOARD ENG I NES DUR I NG POWERED F L !GHTo  THE SYSTEM CONS I STS OF FOUR I NDEPENDE N T o  
CLOSED-LOOPo HYDRAUL I C  CONTROL SUBSYSTEMS, WH I C H  PRUV ! D t  POWER FOR G ! MBALL ! NG o  
ELECT RO-HYDRAQL I C  ACTUATORS o MOUNTED I N  PERPENDI CULAR PLMES o FURN I oH G I MBAL FORCES B Y  
EXTEN D I N �  O R  RETRACT I NG S I MULTANEOUSLY O R  I ND I V I DUALLY I N  ACCORDANCE W I TH E LtCTR I CAL I N PUT 
S I GNAL�• THE P R I MARY COMPONENTS ARE THE MA I N  HYDRAUL I C  PU�lP ' AUX J L J ARY PUMP ' AUX I L I ARY PUMP 
E L E C T R I C  MOTORo ACCUMULATOR RESERVO I R  MAN I FOLD ASSE:MBLY o AND TWu SERVUACTUATORSo 

FAI LURE POI NTS 

l o  FAI LURE OF SERVOACTUATOR 

2 o  FAI LURE OF ELEC T R I CAL CABLE ASSEMBLY 

3 o  ERRONEOUS I NPUT S I GNAL 

CONSEQUENCES 

IF A HARDOVER I NBOARD ACTUATOR FA I LURE OCCURS o THE F I RST EXPEC T E D  STAGE DAMAGE WOULD BE 
BURN-THROUGH OF THE FLEXI BLE CURT A I N  PORT ION OF THo BASE HEAT S H I E L D o  P R I O R  T O  S- I I  I N BOARD 
ENG I NE CUTOF F •  S-I I STA(>E DA�IAGE WOULD OCCUR W I TH I N  1 S  TO 20 SECONOS AFTER ACTUATOR 
FAI LURE o AFTER S- I I  I NBOARD ENGINE CUTOF F o  S- 1 1  STAGE DAMAGE WOULD OCCUR W I TH I N  2S TO 30 
SECONDS AFTER ACTUATOR FAI LUR E o  POTEN T I AL CONSEI.JUENCES ARE F A I LURE OF AN ENGINE ELECTR I CAL 
CONTROL PACKAGE W I TH SUBSE<.JUENT LOSS OF THRUST AND OTHER UNDETERMI NABLE EFFECTSo  COLLAPSE 
OF THE THRUST STRUCTURE DUE TO I NDUCED THERMAL STReSSES AND LOSS OF ENG I NE THRUS T o  AND/OR 
LOSS OF S- 1 1 / S I V B  SEPARATION COMMAND CAPAB I L I T Y DUE TO W I R I N G  HARNESS DAMAGE:, 

M I SS I ON REV DATE SECT I OW 
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R I T EM 

N A S A  - M a n n ed S pacec raft  C e n t e r  

M I S S I O N  R U L E S  

SECT I ON 4 - S"V SYSTEMS 

6-9 S- 1 1  SECOND P"ANE SEPARAT I ON F A I " S  T O  OCCUR 

THE S - 1 1 AFT I N T ERSTAGE NORMA""y SEPARATES A T  TB3 + 3 0 o 7  SoCONDSo 

F A I "URE PO I NT S  

1 o  FA I "URE OF E " EC T R I CA" CABLE A S S EMBLY 2 0 0 W l  

2 o  F A I "URE OF ELEC T R I CA" CAB"E A S S EMBLY 206A7W4 

3 o  F A I "URE OF E"EC T R I CA" CAB"E ASSEMB"Y 2 0 6 W l 4  

4 o  " S C  SEPARA T I ON ASSEMBLY F A I "URE 

S o  INADEQUATE OUTPUT OF S- I C / S- 1 1  SECOND PLANE StPARAT I ON TR I GUE� 

6 o  INADEUUATE OUTPUT OF S- I C /S- 1 1  ORDNANCE ARM 

7 o  S W I TCH SE"ECTOR F A I LU R E  

CONSEQUENCES 

SUBSEUUENT "OSS OF V E H I C"E DUE TO EXCESS I V E  T E M P E R A T U R E S ,  F A I LURE T O  J E T T I SON T H E  S- ! C / S- 1 1 
I NT E R STAGE W I LL "EAD TO EXC E E D I NG THE THERMAL ENV I RONMENT " l M l TS I N  THE S- 1 1  BOA T TA ! "  AREA 
W I TH CROSS BEAM ANO/OR OTHER S T RUC TURA" FA I LURE DUE TU HEAT FLOW AROUND THRUST CURTA ! '  FROM 
I MP I NGEMENT ON l NTERSTAGEo EXCESS I V E  TEMPERATURES A R E  EXPECTED APPROX ! MATE"Y 66 SECONOS 

A F T E R  S- I C  OBECO ( APPROX I M A T E L Y  3 5 , 3  SECONDS A F T E R  NOR�AL I NTERSTAGE JET T ! SON i o  

M I S S I ON REV DATE SEC T I ON GROUP PAGE 
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R I T EM 

N A S A  - Ma n n e d  Spacec raft  C e n t e r  

M I S S IO N  R U L E S  

SECT ION 4 • SCV SYSTEMS 

6-10 S·!VB cOSS OF ENG INE HYDRAU c ! C  F C U ! D  

T H E  I NDEPENDENT • CcOSEO-cOOP S-!VB HYDRAU C ! C  SYSTEM G I MBAcS T H E  J-2 ENGINE DUR I N G  BOOS T •  
COAST t AND ENG I N E  BURN OPERAT IONS, A M A I N  HYORAUC ! C PUMP t A N  AUX I l i ARY MOTOR-DR I VEN 
HYDRAU l i C  PUMP t AN ACCUMUcATOR-RESERVO I R t  TWO SERVOACTUATORSt AND ! NTERCONNEC T I N� TU�E ANU 
HOSE ASSoMB c i E S  COMPR I SE THE S-!VB HYDRAUl i C  SYSTEMo EACH OF TWO I DENT I CAl SERVOACTUATOR 
ASSEMBl i ES PROV I D ES MECHAN ! CAc FORCE TO G I MBAl THE J-2 ENG I N E o  THE SERVO VAlVE W I T H I N  EACH 
ACTUATOR D I VERTS F l U I D  TO ONE S I D E  OR THE OTHER OF THE ACTUATOR P I S TONS I N ACCORDANCE W I TH 
S I GNAco RECE IVED BY THE SERVO VAlVE TOR�UE MOTOR FROM T H E  F e i GHT CONTROc COMPUTER !N THE 
!Uo 

FAi lURE P O I N T S  

1 o  PI TCH O R  YAW ACTUATOR MAcFUNCT I ON 

z ,  MA I N  HYDRAU l i C  PUMP FAi lURE 

3 o  HYDRAUl i C  HOSE O R  TUB I NG FAl cURE 

4o  AUX ! c !ARY MOTOR-DRIVEN HYDRAUc ! C  PUMP FAl cURE 

CONSE�UENCES 

!GN ! T !ON OF THE S - I V B  STAGE W I THOUT AN OPERAT I V E  HYDRAU l i C  SYSTEM W l c c  JEOPARD I Z E  CREW 
5AF E T Y o  THERE W l c c  BE A cOSS OF ENG I NE G ! MBAC CONTROl DUR I N G  MA!NSTAGE OPERAT ! O N t  W H I C H  
PROBABlY W l c c  ReSUlT ! N  EXC E S S IVE VEH I Cle ATT I TUDE R A T E S  A N D  GU I DANCE ERRORo IN THE CASE 
WHERE THE AUX l c lARY HYDRAU l i C  PUMP ACONE F A l e S  ! DETECTED BY A COSS OF SYSTEM PRESSURE AND A 
R I S E  ! N  RESERVO I R  cEVEc TO A VAcUE GREATER THAN 50 PERCENT i t  ! T  I S  FEeT THAT T H I S  WOUCD NOT 
SERI OUSlY AFFECT SYSTEM OPERAT !ONo THE MA I N  ENGI NE-DR I VEN PUMP W ! Cc DEVEcOP SOON ENOUGH 
DUR I NG MA! NSTAGE ! GN ! T ! UN TO MAINTA I N  HYDRAUc lC PRESSURE REUU I RED FOk Fe iGHT CONTROl DUR I NG 
S- I VB BURN. 

M I SS I ON REV DATE SECT I O N  GROUP PAGE 
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R I T EM 

N A S A  - Ma n n ed S pacec raft  C e n te r  

M I S S IO N  R U L E S  

SECT ION 4 - SLV SYSTEMS 

6-l l S- I VB STAGE LOSS OF THRUST 

THE S-IVB SHOU"D ATTA I N  90 PERCENT THRUST SY TB4 + & , 5  SECONDS, APPROXIMATELY 1 4 8 o 4  SECONDS 
OF S-I VB BURN IS REQUI RED TO REACH A 75 NAUT I CAL M I L E  PER I GE E  W I TH NOMI NAL S- I C  AND s - 1 1 
PERFORMANCE, S- I VB ENGINE CUTOFF IS SCHEDULED TO OCCUR AT T84 + 2 M I NUTES 2 7 o 7  SECONDS FROt� 
A VELOC I TY CUTOFF FOR A F I RST BURN DURAT ION OF 146o7  SECONDS, FOR SECOND BURN • THE S-IVB 
SHOULD ATTAIN 90 PERCENT BY TB6 + 9 M I NUTES 4 0 o 4  SECONDS, LENGTH OF T H E  S-I VB SECOND BURN 
IS 3 & 3 • 2  SECONDS· 

F A I LURE POI NTS 

lo  FUEL TANK PRESSUR IZAT I ON CONTROL MODULE LEAKS E X T ERNALLY 

3 e  PREVALVE FA l LS CLOSED 

4 •  CON T I NUOUS VENT CONTROL MODULE FAI LURE 

5o AMB I ENT CONTROL H E L IUM F I LL MODULE F A I LURE 

6 o  INADEUUATE THERMAL COND l T ! ON l NG 

7, MA I N  OX I D I ZER OR FUEL VALVE F A I LS CLOSED 

B •  OX I D I ZER TURB INE BYPASS VALVE F A I LURE 

9o AS! OR AS ! VALVE F A I LURE 

1 2 •  PREMATURE THRUST-NOT-OK S I GNAL 

CONSEQUENCES 

J-2 ENG I N E  F A I LURES W H I C H  CAUSE THE S - I va TO FA I L  T O  ATTA I N  THRUST W I LL PRODUCE THE SAME 
EFFECT AS TOTAL LOSS OF THRUST BUT W I LL CAUSE NO STRUCTURAL BREAKUP DUE TO THE LACK OF 

AERODYNAM I C  FORCES, SUBSE�UENT AT T I TUDE CONTROL CAN BE MAI NTA (NED BY THE APSo A PERTURBED 
ORB I T  CAN BE ACH I EVED FOR "OSS OF THRUST DUR I NG THE LAST 2 SECONDS OF S- I VB F I RST BURN o 
ORB I T AL I NSERT I O N  MAY BE ACCOMPLISHED W I TH SPS BURN FOLLOW I N G  GET OF B M INUTES 37 SECONDS• 
FOR SECOND BURNo I F  THE S- IVS STAGE FAILS TO ATTA I N  THRUST t THERE W I LL SE NO RESTART AND 
LOSS OF A M I SS I O N  OBJ E C T I V E •  !F THE S-IVB LOSES THRUST AFTER MAI NSTAGE O K t  T L I  OBJEC T I VES 
W I LL BE LOS T .  

M I SS I ON REV DATE SEC T ION GROUP PAGE 
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R I T HI 

N A S A  - Ma n n e d  Spacec raft  C e n t e r  

M I S S I ON R U L E S  

S E C T I ON 4 - SLV SYSTEMS 

o - 1 2  S - I V B  COLD HE L I UM SHUTOFF VALVE I S I  F A I L  OPEN 

T H E  _OX TANK IS PREPRESSUR! Z E D  P R I O R  T O  L I FTOFF TO 3 6  T O  4 1  PS I A  B Y  A COLD >';' L ! UM FLOW FROM 
GSEo HEL I UM FLOW IS CONTROLLED BY THE NORMALLY CLOSE D COLD HEL I UM SHUTOFF VALVES• THE 
F L I GH T  CONTROL PRESSURE S W I T C H  ! SENS I NG TANK ULLAGE PRESSURE ! CONTROLS PkEPRESSU R i lAT i vN BY 

OPEN I NG AND CLOS I N G  THE COLD H E L I UM SHUTOFF VALVES o THE COLD H E L IUM SHUTOFF VALVES CAN BE 

CLOS E D  B Y  FOUR S I GNALS---S W I T C H  S E L ECTOR COMMAND-LOX TANK F L I GH T  CONTROL PRESSURE SW I T C H o  
ACT I VAT I O N  O F  L O X  TANK REGULATOH BACKUP PRESSURE SW I TCH o A N D  E S o  COMMAN D o  T H E S E  S I GNALS 

APPLY POWER T O  A SET O F  MO.�ENTARY CONTACTS THAT OPEN AND REMOVE POWER FRDM THE SOLEN O I D  
OPERATED SHUTOFF VALVES AND ALLOW T H EM T O  C L O S E o  T H E  ABSENCE O F  A L L  U F  T H E  S I GNALS W I LL 
ALLOW T H E  MOMENTARY CONTACTS TO RE TURN T O  THE I R  NORMALLY CLOSED POS I T I UN o  APP L Y I NG POWER T O  

O P E N  T H E  SHUTOFF V A L V E S o  DUR I N G  BOOST T H E  LOX T A N K  PRESSUR I ZAT I ON SHUTOFF V A L V E S  CLOSEU 
COMMAND IS SENT 0 SECONDS A F T E R  L I F T OFF TO D I SABLE SW I T C H  CONTROL OVER THE SHUTOFF VALV o S o  

T H E  COMMAND W I LL BE IH"IDVED P R I OR TO E S C  T O  ALLOW S U F F I C I EN T  T I ME FOR ANY R E W I R E D  BOUST 
MAKEUP PRESSUR I ZAT ION W I THOUT DANGER OF VENT FREEZ I NG •  

FA I LURE P O I N T S  

l o  COLD HEL I UM SHUTOFF VALVES F A I L  OPEN 

2 o  MOMENTARY CONTACT F A I L S  I N  T H E  NORMA L L Y  CLOSE POS I T I ON 

CONSEQUENCES 

IF T H E  SHUTOFF VALVES F A I L  OPEN DUR I NG BOOS T o  THE LOX TANK ULLAGE PRESSURE W I LL R I SE T O  T H E  

V E N T  R< L I E F  S ET T I NG A N D  THE H E L I U M  FLOW W I LL B E  V E N T E D  OVERBOARDo T H I S  M A Y  RESULT I N  
INSU FF I C I ENT HEL I UM REMA I N I NG FOR AOEUUATE PRESSUR I Z A T I O N  OF T H E  L O X  T A N K  D U R I NG BURNSo I N  
ADD I T I O N ,  THERE I S  A POSS I B I L I TY T H A T  A F T E R  A TRANS I ENT P t R ! OD OF PRESSUR I ZATION SYSTEM 
C H I LLDOWNo THE COLD HEL I UM FLOW COULD FREEZE OXYGEN IN THE VENT S Y S T E M  AND CAUSE A BLOCKAuE 
OF T H E  P I LO T  POPP E T S  IN T H E  LOX TANK VENT AND R EL i oF VALVESo T H E  LOX TANK ULLAGE PRESSURE 
COULD T H E N  R I SE PAST T H E  REL I EF S E T T I NG T O  A POTENT I A L L Y  HAZARDOUS LEVELo 

7-l PR I OR TU RESTART • I NSUFF I C I ENT PROPELLANT REMA I N S  FOR A C H I EVEMENT OF ·ACCEPTABLE A L T E R N A T E  
M I SS I ONS 

S - I V B  E N G I N E  F I RST BURN VELOC I T Y  C U T OFF 
SECONDS � I V J NG A F I RS T  BURN DURAT I ON OF 
THE LAUNCH VEH I C LE AND SPACECRAFT I NTO 
VELOC I T Y  CUTOFFo 

IS SCHEDULED TO OCCUR AT T B 4  + 2 M I NUTES 2 7 o 7  
1 4 6 , 7  S ECONDS , S-I VB � N G I N E  SECOND BURN W l L �  I NJ E C T  

AN A C C E P T A B L E  LUNAR T R A J E C T O R Y  B Y  A GUI DANCE 

THE R ES I DUAL PROPELLENT REMA I N I NG A T  TLI CUTOFF OR THE ! 0 5 o 00 U  NM APOGEE IS D E F I NE D  BY 

REA L T I M E  A�AYS I S  CON S I D E R I N G  THE F I RS T  S - I V" BURN CHARAlTER I ST I C S  I THRUS T o FLOW RA T E o  
BURN T ! M E o  E T C o l o  SUFF ! C ! ANT PROPELLENT I S  DEF I NED SUCH T HA T  T H E  PROPELLENT EVALU A T I O N  ! �  
REAL T I ME W I LL l N D l C A T �  A ONE PERCENT ( - 2 • 3 3 0 )  PROBA B I L I TY O F  ACHE I V I NG A 1 0 5 . 000 N M  APOGEE 
AT C U T U F F o  THIS PROBAB I L I T Y  IS BASED ON PERFORMANCE CAPAB I L I TY ONLYo AND I F  THERE ARE 

HARDWAkE F A I LURES DUR I NG T H E  M I SS ! ON o  CON S I D E RA T I ON W I LL B E  G I VEN A S  TO T H o  E F F E C T  OF THE 
F A I LUR� ON PtRFU�MANCE 

F A I LURE P O I N T S  

ANY F A I LURE W H I C H  RESU L T S  I N  REDUCED PROPELLENTS F O R  S I VB SECOND "URN 

CONSEUUENCES 

IF ADU l T I ONAL PROPELLANT I S  USED DUR I NG AN E X T ENDED S - I V B  F I RST BURN OR IS LOST DUR I NG 
E A R T H  URB I TA L  COAST BECAUSE OF A MALFUNC T I O N  PR IOR TO SECOND ijURf'l t  I T  I S  P O S S I B L E  THC:HE 
W I LL NUT BE ENOUGH PROPELLANT TO PERFORM A G U I DANCE VELOC I T Y CUTOFF A T  T L i o I F  SUFF I C I EN T  

PROPELLANT DOoS NOT R E MA I N •  THE S T A G E  W I LL BE C U T  O F F  B Y  A DEPLET I ON CWTOFF CAUS ING T H E  
LAUNCH V E H I C L. E  A N D  SPACECRAFT TO BE I NJ E C H .� I NTu AN E X T RE/YIC: \..Y OFF-NUM l N AL.. L.UNAR 
TRAJECTORY• 
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R I T EM 

N A S A  - M a n n e d  S p a c e c raft  C e n t e r  

M I S S IO N  R U L E S  

SECT I ON 4 - SLV SYSTEMS 

1-2 LOSS OF ONE APS MODULE DUR ING T B 5 o  TB6 P R I OR TO RESTART • OR T B7 

THE APS PROV I DES A T T I TUDE CONTROL OF THE S-IVB I N  THo ROLL AX I S  DURIN� J-2 ENG I NE BURN AND 

IN ALL THREE AXES DUR I N G  COAST F L I G H T •  THE APS ENGINES ARE LOCATED IN T•O MODULES 100 
DEGREES APART ON THE AFT SKIRT OF THE s - I V B •  EACH ,v,oQULE CON TA I NS FOUR E N G I NES--- T H R E E  l 5 U  
POUND THRUST ENG I N ES A N D  O N E  70 POUND THRUST ENGINE--AND CONTA I �S I T S  u w N  OX I D I ZE k o  FWEL • 
AND PR�SSUR I ZAT I ON SY S T EM THAT UT l � I Z ES N I TROGEN T � T R O X l D E  AS THE OX l U I Z ER AND MONOME T H Y L  

HYDRA Z I N E  AS Ji;E F U E L o  THE 1 5 0-POUNO THRUST ENG I NE S  U T I L I Z E  E I GH T  CONTROL VALVES I FOUR FOR 
FUoLo FOUR FOR O X I D I Z E R J  IN A FAI L-SAF E •  SoRI ES-PARALLEL ARRANOtMEN T •  THo ENG I NE F I R I N� 
COMMANDS • WH I CH COME FROM THE I U •  ACTUATE THE UUAD-REDUNDANT ENGINE VALVES• ALLOW I NG T H E  

PROPELI.ANT TO FLOW INTO THE THRUST CHAMBER, NO I GN I T I ON SYSTEM I S  REUU I RE D o S I NC E  THE FUEl. 
AND O X I D I ZER ARE HYPERGOI. J C ,  AN ABI.A T I V E  MAT E R I A l.  I N  THE THROAT OF T H E  NOZZLE ABSORBS H E A T  

AND S LOWLY BURI;S AWAY DUR I NG MOTOR OPERAT I O N ,  THERtBY COOL I NG THt MUTUK, 

FA I LURE PO INTS 

1 ,  PROPEI.I.ANT SYSTEM LEAK 

2 .  H I GH AND LOW HEL I U M  SYS T E M  LE AK 

3 o  EXCESS I V E  USAGE OF PROPELI.ANT OR HEI. I UM DUE T O  COMMANDS 

CONSEQUENCES 

i.OSS OF ONE APS MODULE DUR I NG S - I V B  COAST P E R I ODS W I L L  RESUL T I N  T Ho i.OSS OF A T T I TUDE 
CONTROl. OF THE VEH I CI.E UNI.ESS ACT I ON IS TAKEN TO REMOVE P I TCH ANO YA<i CONTROl. FRO.� THE APS 
MODUI.. ESt BY GROUND COMMANDING t t s- I V B  BURN MODE A AND B ON ' ' ,  APS P l TCH AND YAw CONTROL 

COMMANDS W l l.l. BE st�T TO THE S-IVB J-• ENG I N E  G I MBAl. SYSTEM, �y COMMAND I NG ' FCC PUW�R UFF 
A AND B e 1  POWEK T O  THE lU  F L I GHT COMPUTOER I S  TURf'.lED O F f ,  W H I CH ASSUf<ES RE.MOV.A.i.. OF Ai..L 
CONTROL S I GNALS TO THE APS MODULES• DUR I NG COAST PERI ODS , THE CREW WO�LD CO�TROL THE 
VEH I C I. E  I N  P I TCH AND YAW W I TH THE CSM RCS ,  DUR I NG S - I VB SECOND BURN,  THE S - I V B  G I. "bAI. 
SYSTEM CAN MA I N T A I N  PI TCH AND YAW CONTRO L •  ONE OPERA T I V E APS t'ODULE CAN MA I N T A I N  il<JLL 
CONTROL OUR I NG S-1 VB BURN• LOSS OF E I THER APS MOQUI.E PR I OR TO 01< OUR I NG PROPELI.ANT Qu,v,p C�AY 
RESULT I N  LOSS OF AT T I T UDE CONTROl. AND FAI LURE TO MA INTA I N  PROPEl< I.UNAR IMPACT ATT I TUDE·  
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R I T EM 

N A S A  - Ma n n e d  S p acec r aft C e n t e r  

M I S S I O N  R U L E S  

SEC T ION 4 - SLV SYSTEMS 

7-3 J-2 ENo i NE MAIN FUEL VALVE FAILS TO CLOSE 

THE MAI N FUEL VALVE I S  A BUTTERFLY-TYPE VALV E •  SPR I NG LOADED TO THE CLOSED POS I T I ON •  
PNEUMAT I CALLY OPERATED TO THE OPEN POS I T I ON ,  AND PNEUMA T I CALLY ASSI STED TO THE CLOSED 
POS I T I ON ,  THE PURPOSE OF T H I S  VALVE IS T O  CONTROL THE FLOW OF FUeL TO THE THRUoT CHAMBEko 
THE MFV IS CLOSoU DUR I NC, THE ENGINE CUTOFF SEYuoNCE BY DtENERo i Z I N o  THE I GN I T I ON �HASE 
CONTROL VALVE \�H I C H  ROUTES H E L I UM CONTROL SYSTEM PRESSURE THROUGH THE NORMALLY OPEN POf< l  TO 
TH< CLOS I NG ACTUATOR OF THE MFVo OPE N I NG CONTROL PRESSURE F RO/� THO MFV I S  VENTED THROUGH 
THE NORMALLY CLOSED �ORT OF THE I GN I T I ON PHASE CONTROL VALVE, THE VALVE IS >PR I N G  LOADED To 
THE CLOSED POS I T I ON AND STAR TS TO CLOSE AS SOON AS OPENI NG PRESSURE IS VENTED• 

FA I LURE POI NTS 

l •  L0SS O F  ENG I .�E CONTROL PNEUMA T I C S  

2 o  M A I N  FUEL VALVE F A I LS OPEN 

3 ,  MA I N  I G N I T I ON PHASE SOLEN O I D  AND MA I N  HELI UM CONTROL SOLENO I D  FA I L  OPEN 

CONSEYUENCES 

I F  THE MA I N  LH2 VALVE F A I L S  TO CLOSE AT F I RST BURN CUTOFF AND CANNOT BE COMMANDED CLOSED• 
LH2 W I LL BE DUMPED OvERBOARD AND W I LL RESULT IN PROPULS I VE VENTING DUR I NG ORB I TAL COAST o 
LOSS OF FUEL COULD JEOPARD IZE THE M I SS I ON BECAUSE OF INADEWUATE �ROPELLANT REMA I N I NG FOR A 
NOM I NAL T L I  CUTOF F ,  THE COMMAND AC T I ON AFTER F I RST BURN SHOULD BE TO CLOSE THE N ,  O o  
! NORMALLY OPEN !  FUEL PREVALVE AND R E C I RCULAT I ON SHUTOFF VALVES TO CON T A I N  THE FUELo  THE LH2 
FEED HARDWARE AND ENGINE CHI LLDOWN W I LL BE ACCOMPLISHED BY THE ONBOARD SEUUF.NCED 
l 8 o 6-SECOND FUEL LEAD W H I C H  STARTS WHEN THE PRt:VALVES ARE UPENEDo NO LUX HARDWARE CHI LLOOWN 
W I L L  Bt ACCOMPL I SHED AND IS CONS I DERED SATI SFACTORY FOR A SAFE oNG I NE STAR T o  AN LH2 LEAD 
EXCEEDING l 8 o 6  SECONDS IS CON S I DERED AS UNDESI RABLE BECAUSE THE E N G I N E  W I LL BE OVERCH I L LED 
AND W I LL EXPERIENCE A HARD S T ART AND PROBABLY EXPER I ENCE COMBUS T I ON I NSTAB I L I T Y ,  

T H E  LOX AND LH2 PREVALVES AND RECI RCULAT I O N  SHUTOFF VALVES ARE CLOSED AT T L I  CUTOFF BY AN 
ONBOARD SEQUENCE, FOR A MA I N  LH2 VALVE FAI LURE TO CLOSE , THERE W I L L  BE A S I MULATANEVUS LH2 
AND LOX DUMP AT THE T IME OF LOX DUMP I N I T I A T I ON •  

M I SS I ON REV DATE SEC T I ON GROUP PAuE 

APOLLO 14 FNL 1 2 / 1 5 / 7 0  SLV SYSTEMS 



. 

R I T E M  

N A S A  - Ma n n e d  S pacecraft  C e n t e r  

M I S S I O N  R U L E S  

SEC T I ON 4 - S�V SYSTEMS 

7-4 J-2 ENG I N E  M A I N  O X I D I Z ER VA�VE f A l �S TO C�OSE 

THE M A I N  �OX V�AVE ! S A BUTTERF�Y-TYPE VAWE •  SPR ING �UADt'D To THE C�oSED PU> ! T ! UN •  
PNEUMAT I CALLY OPERATED TO THE OPEN POS ! T l ON o AND PNEUMAT I CALLY A S S I STED T O  THE C�OSt'D 
POS ! T lONo  THE PURPOSE OF T H I S  VALVo ! S  TO CONTROL THE FLOW OF O X I D I ZER TO THE THRUST 
CHAMBEH, THE MOV !S C�OSED DUR I NG THE ENG I N E  CUTOFF SEUUENCE BY O o E N E R<> l Z ! NG THE P.A l lioTA�E 
CONTROL VA�VE W H I C H  ROUTES HE� !UM CONTRO� SYSTEM PkESSURE THROU�H T l<o NORMALLY OeEN PUi d TO 
THE CLOS I NG ACTUATOR OF THE MOVo OPEN I NG CONTRO� PRESSURE FROM THE MOV IS VENTED THROU�H 
THE NORMA��y CLOSED PORT OF THE MA ! NSTAGE CONTROL VALVE• THE VALVE IS SPR !.NG �OAOED TO THE 
C�OSED POS I T I ON AND STARTS TO C�OSE A> SOON AS OPEN I N G  PRESSUR E IS VENTED, 

F A I �URE POI NTS 

l o  �OSS O F  ENG I NE CONTRO� PNEUMA T I CS 

2 ,  MA I N  LOX VALVE F A I �S OPEN 

3 •  MA ! NSTAGE CONTRO� SOLENO I D  AND THE H E � ! UM CONTRO� SO�ENO I D  F A I �S UPEN 

CONSEWUENCES 

IF THE MA I N  �OX VA�VE F A ! � S  TO C�OSE AFTER A BURN P E R I O D •  THERE W I L L B E  
DAMAGE BECAUSE OF A H I GH M I X TURE R A T I O  AT CUTOF F •  THERE W I LL BE A LOSS O F  
DUR I NG ORB I T AL COAST , LOX W I L L BE DUMPED THROUGH T H E  J-2 EN<i!N£ AND 
PROPU �SIVE  VENT I NG I F  THE PREVA�VE AND REC IRCU�A T ! O N  VA�VE ARE NUT C�OSEDo 
SHOULD NOT BE ATTEMPTED W I TH THIS F A I �URE BECAUSE EN� l NE DAMAGE RESU�T ! NG 
BURN LOX-R I CH CUTOFF CANNOT BE ASSESSED I N  REA� T ! M E o  
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R I T E� 

N A S A  - M a n n e d  S pa c e c r aft  C e n t e r 

M I S S I O N  R U L E S  

S E C T I ON 4 - SLV SYSTEMS 

7-5 FA I LURE TO SAFE THE RANGE SAFETY R E C E I V E R S  A F T E R  I NSER T I ON 

THE RANGe S A F E T Y  SYSTEM IS THE S Y S T E M  W H I C H  PE<'M I T S  THE HANGE S A F E T Y  OFF I CE R  TO DESTHOY T H E  
V E H I C L <  I F  I T  BECOMES A S A F E T Y  HAZARD DUR I NG P O W E R E D  F L I GH T •  THE S Y S T EM I S  SAF E D  U P O N  ORB I T  
I NS E R T I ON BY GROUND COMMAND FROM T H E  RANGE SAFETY O F F I CE R  I R SO l o  T H E  S A F E  COMMAND D I SARMS 
THE SYSTEM B Y  REMOV I NG POWER fROM THE DECODER AND EBW F I R I NG UN I T o  

F A I LURE P O li "l T S  

l o  CONTROL L E R  ASSEMBLY F A I LURE 

2 o  DECODER F A I LURE 

3 ,  R�LAY F A I LU R E  

CONSEQUENCES 

FAI LUR� TO SAFE THE RANGE SAFETY R E C E I VERS AFTER I NS E R T I ON W I T H  T H E  PROPELLANT D I SP E R S I ON 
S Y S T E M  NOT ARMED DOES NOT POSE A PROBLEM, I T  I S  DES I RA B L E  TO HAVE T H E  RANGE S A F E T Y  
R E C E I V E R S  D I SA B L E D o  I NADV E R T E N T  ARM I NG OF THE PROPELLANT D I SP E RS I ON S Y S T EM I EBW F I R I N G  
UN l T S J  I S  A POT E N T I AL L Y  EXPL O S I V E  S I TUAT I O N ,  SHOULQ T H I S  COND I T I ON E X I ST ,  I MM E D I A T E  A C T I O N  
SHOULD B E  T A K E N  TO SEPARATE THE SPACECRAFT T O  A SAFE D I STANCE, I F  THE PROPELLANT D I S P E R S I O N  
S Y S T E M  I S  I NADV E R T E N T L Y  ARMED o A T T EMPTS TO S A F E  S Y S T EM SHOULD N D T  BE MADE U NT I L  T H E  
SPACECRAFT I S  AT A S A F E  D I ST A N C E o  
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APOLLO 1 4  FNL 1 2 / 1 5 / 7 0  SLV SYSTEMS 
4 - 1 5  
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R I T EM 

N A S A  - Ma n n ed S pacec r aft C e n t e r  

M I S S I O N  R U L E S  

S E C T I ON 4 - SLV SYSTEMS 

7•6 S · l VB COLO HEL I UM SHUTOFF VALVES F A I L  TO CLOSE 

A T  S • I V B  E N G I N E  SHUTDOWN I TB 5  AND T B 7 l t  THE COLD H E L I UM SHUTOFF VALVES ARE CLOSED T O  
T E R M I NATE PRESSU R I ZA T I ON H E L I UM F L O W  TO THE L O X  TANK BY T H E  S W I TCH SELECTOR COMMANDS 1 1 LOX 
TANK F L I GH T  PRESSURE SYSTEM OFF ' '  AND ' 1 LOX TANK PRESSUR I ZA T I ON SHUTOFF VALVES CLOSE ON 1 1  

AND STAY CLOSED UNT I L  ENG I N E  RESTART PREPARAT IONS I T B 6 1  PLUS 9 M I N U T E S  3 6 o 4  SECONDS o T H I S  
PROV I DES SUFF I C I EN T  NPSH F O R  SAFE E N G I N E  RESTART AND I S  U S E D  TO PRESSUR I Z E  T H E  L O X  TANK 
DUR I NG MA I NSTAGE OPEI<AT I ON o  

FA I LURE PO I N T S  

1 o  SW I TCH SELECTOR F A I LU R E  

2 o  MAGLATCH RELAY F A I L S  T O  S E T  

3 o  D I ODE F A I LS OPEN 

4 o  RELAY F A I L S  T O  ACTUAT E 

5 o  COLD H E L I UM SHUTOFF VALVES F A I L  OPEN 

CONSEQUENCES 

F A I LU R E  OF T H E  COLD H E L I UM VALVES T O  CLOSE COULD R"SULT IN U NCONTROLLED COLD H E L I UM FLOW 
INTO THE LOX TANKo F A I LuRE T O  D I SABLE T H E  LOX TANK PRESSUR I ZAT I ON S Y S T E M  OR OF A LOX V EN T  
TO OPEN COULD L E A D  T O  A N  EXCE S S I V E  D E L T A  P LOAD O N  T H E  S•I VB COMMON BULKHEADo F A I LURE T O  
CLOSE T H E  SHUTOFF VALVES W I L L RESULT I N  THE T O T A L  D E P L E T I ON OF COLD HEL I UM A N D  LOSS OF 
SECOND BURN TLI CAPAB I L I TY B E CAUSE T H E  LOX TANK ULLAGE PRESSURE COULD NOT � E  MA I NTA I NE D  AT 
A L E V E L  SUF F I C I ENT TO PROV I D E  THE R E QU I R E D  J-2 ENG I N E  LOX NPSH DUR I NG SECOND BURNo THE 
PART I AL LOSS OF COLD H E L ! U C·1 COULD MEAN I NSUFF I C ! EN T  GAS AVA ! LABLE FOR LOX AND/OR LH<! TANK 
BURNER REPRESSU R I ZAT I U N  PR IOR TO S-IVB RESTART AND T H E  USE OF THE AMB I "N T  R E P R •SSUR I Z A T I O N  
SYSTEM WOULD BE REUU l R E D ,  

M I SS I ON REV DATE SEC T I ON GROUP PAGE 

APOLLO 14 FNL 1 2 / 1 5 / 7 0  SLV SYSTEMS 
4- 1 6  



R I T I:..� 

N A S A  - M1 n n e d  Spacec raft  C e n t e r  

M I S S I O N  R U L E S  

SEC T I ON 4 - SLV SYSTEMS 

1•1 S- ! VB AUX I L I AR Y  HYDRAUL IC PUMP F A I LS 

THE E L I:. C T R l C A L L Y  OR l V E N t  VA R I ABLE DELI VERY • F I XED ANGLE • CONSTANT D I SPLACEMENT PUMP 
SUPPL IES  OPERAT I NG P�ESSURE HYDRAUL I C  F LU I D  FOR PREF L I GHT ENGINE G ! MBALL ! NG CHECKOUTS• NULL 
PUS ! T ! ON ! NG DU� I NG BOOST PHASE • AND FLU I D  C I RCULA T I ON TO MA I N T A I N  DESI RED TEMPERATU�E 
�UR I NG BOOST AND COAST PHASEo 

F A I LURE PO INTS 

A ,  FA I LURE TO T U R N  ON 

1 •  SWI TCH SELECTOR FAI LURE 

2 •  FA I LURE OF MAGLATCH RELAY TO SET 

3o  LOSS O F  SEQUENCER POWER 

4 •  FA I LURE O F  RELAY T O  ACTUATE 

5 o  A F T  BATTERY NOo 2 DEPLETED 

6o FA I LURE OF HPU MOTOR-DR IVEN SWI TCH TO TU�N ON 

1• FA I LED PUMP OR MOTOR 

8 •  FROZEN PUMP SUCT I ON LINES 

B ,  FAI LUI�E T O  TURN OFF 

1 •  SWI TCH SELECTOR FA I LURE 

2 ,  MAGLATCH RELAY F A I L S T O  RESET 
3 o  F A I LURE O F  GROUND CONTROL RELAY T O  REMA I N  DEACTUATED 

4 •  FA I LURE OF RELAY T O  DEACTUATE 

5 •  LOSS OF A F T  BUS NO, 1 

6 o  FA I LURE OF HPU MOTOR·D� I VEN SWI TCH TO TURN O F F  

CONSEQUENCES 

A o  F A I LURE T O  TURN OFF 

FA I LURE TO TURN OFF THE HYDRAU L I C  PUMP W I LL DEPLETE A F T  NOo 2 BAT TERY IN 
APPROXI MATELY 90 M I NUTES  AND OVERHEAT THE SYSTEM IN 70 M I NUTES • WH ICH MEANS 
A PAR T I AL LOSS OF HYDRAU L I C  FLU ! D o  AN I NCREASE IN HYDRAUL I C  TEMPERATURE 
CAUSES M I NCRC:ASE IN FLU I D  VOLUM E •  AND IF THE PUMP IS SUCCESSFULLY TURNED 
vF F o  ANY F C U I D  VOLUME GREATER THAN THE RESERVO I R  CAPAC I TY W I LL BE VENTED 
OVERBOARD, 

B ,  FAI LURE T O  TURN ON 

FA I LURE OF THE HYDRAULIC  PUMP TO TURN ON DURING THE THERMAL CYCLE PRIOR TO 
RESTART COULD LEAD TO FREEZ I NG OF THE HYDRAUL I C  O I L  AND F A I LURE OF THE MA I N  
HYDRAUL I C  PUMP A T RES TART , FOR A LOSS PR I OR T O  ENG I NE RESTART THERE W I LL BE 
,,o SYSTUl PRESSURE TO F I LL THE ACCUMULATOR AND CENTER THE ENG ! N E o  T H I S  COULD 
DtLAY T I ME FOR � F FtCT I V £  �UIDANCE CONTROL DU� ING RESTAR T t  HOWEVE R •  A T T I TUDE 
CVI\I T I W L  WOUL.D NOT S E K I OUSLY Bt: A F F E C T E D  our< I NG THE STAR T I Nf.; TRANS I ENT S I NCE 
FULL HYDRAUL I C  SYSTEM PRESSURE WOULD 8 E  DEVELOPED B Y  THE MA I N  
l l N G I NE·DR I VE� l PUMP b Y  THE T I M E  THE ENG INE  I S  UP T O  90 PERCENT THRUS T ,  FOR 
THE CASE UUH I NG T � 6 '  THE PUMP OFF COMMAND SHOULD BE SENT C ASAP l TO PRECLUDE 
ThE POS; I l\ I L ! T Y OF PUeiP START WHILE THE CHI LLDOWN PUMPS ARE OPERAT ! NG o  
•ECAUSE THE I NRUSH SURGE CURRENT M I GHT POSS ! BC Y  DAMAGE THE INVERTER CURCU ! T o  
FOR LOSS OF THE PU�P PR IOR TO PASS I VA T I ON o  TH�RE W I Ll B E  N O  SYSTEM PRESSURE 
tc CEN TER THE ENG I NE •  T H I S  W I L L  RESULT IN LOSS OF THRUST VECTOR CONTROLo 

WHEN FLUID  IS NOT C I RCULATED • C 50•40 3  AND C5 1•40 3 W I LL REVERT TO A LOCAL I ZED 
TEMPERA TURE • W I TH C 5 0-403 AT A H I GHER TEMPERATURE DUE TO I TS LOCAT I ON NEAR 
THE LOX TURb i NE ,  DUR ING  C I RCULAT ION THE SYSTEM TEMPERATURES W I LL CONVERGEo 

REV DATE SEC T I ON 

AeOLLO l4 FNL 2 / 1 5 / 70 SLV SYSTEMS 

GROUP PAGE 
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R I T EM 

N A S A  - M a n n e d  Spacec r aft C e n t e r  

M I S S I O N  R U L E S  

SE,T I ON 4 • SLV S Y S T EMS 

c ,  AUX I L IARY HYDRAU L I C  PUMP I S•·• 

ON W H E N  

D 4 1 • 4 0 3  G R E A T E R  T H A N  1 7 00 P S ! A  
L7•403 LESS THAN > O  PER,ENT 
M22·404 GR EATER THAN 20 AMPS 
D42•403 GREATER THAN 1 3 7  PS I A  

M I S S I ON REV DATE SEC T I ON 

APOLLO 14 FNl 2 / 1 5 / 70 SLV SYSTEMS 

OFF WHEN 

D41•403 LESS THAN 1 7 0 0  P o i A  
L7-403 GREAT£K THAN 5 0  P�KCENT 
M<<•4U4 APPROX I MATELY ZERO AMPS 
042-403 �ESS THAN B9 P S I A  

GROUP PAliE 

4 - 1 a  



R I T E �  

N A S A  - M a n n e d  S pacec raft  C e n t e r  

M I S S I ON R U L E S  

SEC T I ON 4 - SLV S Y STEMS 

7-e LOSS OF A T T I TUDE CONTROL 

� 
Vehic I.e Rates and \ 
(RS-602 Rl2-602 Rl3-602) r--

=o=....=�--+JL/ 
or Loss of Attitude Control During Orbit 

��s of At�Jtude Control Alert 

A T T I T U D E  CONTROL OF T H E  ENT I R E  SATURN V E H I CLE I S  CUNTROllEU THROuGH T H E  I NS T RUMENT UN ! T o  
T H I S  CUN l ROL I S  N£CESSAKY T O  KEEP T H E  V E H I C L E  I N  T H E  COK R � C T  LAU�CH TRAJECTOkY FOk PROPER 
ORB I T  I NS E R T I ON AND FOR MA I N T A I N I NG THE CORRECT voH I C L E  A T T I TUDE WH I L E IN ORB ! T o  

F A I LURE P O I N T S  

l •  � W I TCH S E L E C T OR F A I LU R E  

2 .  LVDC F A I LUI�E 

3. S T - L 2 4  PLATFORM F A I LURE 

4o APS FA I LURE 

COI\SEQUE.NCES 

LOSS OF A T T I TUDE CONTROL DUR I NG ORB I T  W i ll E V E N T UALLY RESULT I N  E X C ESS I V E  RATES I N  THE 
AFF E C T e D  AX I S  AND AN I NA B I L I T Y TO P E RFORM REQU I R ED MANEUVERS, T H O  L V / CSM A T T I T U D E  W I LL B E 
UNC0N TkVLLABLE AND W I LL D I V E'r\Gt:: . 

11EV DATE SEC T I ON GROUP PAGE 

A�ULLO 1 4  FNL 1 2 / 1 5 / 7 0  SLY SYSTEMS 
4-19 



R I T EM 

7-8 
CON T .  

N A S A  - Ma n n e d S pacec r aft C e n t e r  

M I S S I O N  R U L E S  

S E C T I ON 4 - SLV SYST EMS 

S-IVB Bu�n Mode' On (K20-602) 
2 Pitc!1 APS Firing Inactive 

(Kl33-404 Kl35•404) 
Sw Sel Functions 11FCC S-IVB Burn �f n Mode Off A&B" not. issued Vote Failure to 

[\I "'-"!�!l±.!'-""'"'--'�C...:�"-"'o__-----10>1 . ·-- I Reconfigun. !'� 
Failure to Change I or /

Failure 
Time Base l,.../ . 

to Initiate Prooer Guidance Seauenc�-

Sw Sel Sequencing in New Time 
Base not issued 

Time in Previous Time Bnse 
Continues to Count 
Time Base Mode Code Bit 

2 
�f -

Vote Rema :1 ns Z era* -------/ I 

* MC25D2 Zero Indicates Not in TBS 
MC25Dl Zero Indicates Not in TB6 

L0ss of Attitude Control Alert During Orbit 

�Y__:_"r__0:ll2_�60-6D3 r--- -"'-=oc._----------------->-l vote Pitch L<:�dder (>B) H54-603 2: f---X>-A
-

b
_
n

_
o

_
rm_,a

,.
l Attitude Error Signal 

P.�i::t::cc::hc.;.:r:r,,r:;o::r'--'(> _::_B0) _ ..:":7:_:1,-_::_6::0::_3 ____________ __,..j of 
____2_ 

x z-Oz (>B) H60-603 
Yaw Ladder (>B) HSS-603 

---·----�· r-::--1 V�te 
-------� 2 f----.l 

Yaw Error (>B) H70-603 of 
������=--------------�-� 

M I SS I ON R E V  D A T E  SEC T I ON 

APOLLO 14 F N L  1 2 / 1 5 / 7 0  SLV SYSTEMS 

GROUP 

A • 3 , 5 '  (TB5, TB6 to TB6 + 583 seo , 
TB7 + 0 to TB7 + 900 sec) 

A D 4 . 5° (After TB7 + 900 sec) 
B • 2 . 5° (TBS , TB7 + 0 to TB7 + 9GO sec) 
B • 3 . 5° (TB6 to TB6 + 583 sec) I B ""  4 . 5° (After T87 + 900 sec) 



I T EM 
-- -----

N A S A  - Ma n n e d  S p a c e c r aft C e n t e r  

M I S S I ON R U L E S  

S EC T I ON 4 - SLV SYSTEMS 

7-9 CON T I NUOUS VENT SYSTEM REGULATOR F A I LS TO OPEN 

THe CONTI NUOUS VENT SYSTEM PROV I D E S  FOR LH2 TANK VENT I NG DUR I N G  COAST T O  A S S I S T  I N  
PROPELLANT S E T T L ING AND THERMAL COND I T I ON I NG BY PREVENT I N G  THE BULK T EMPERATURE FROM 
INCREAS I NG ,  TH I S  HELPS TO ENSURE PROPER COND I T I ONS FOR ENG I NE RESTAR T •  

F A I LURE P O I NTS 

l o  SW I TC H  SELECTOR F A I LURE 

2 o  SeQUENCE F A I LS T O  I N I T I A T E  LH 2 CONTI NUOUS VENT SHUTOFF VALVE OPEN 

3 o  I O  AMP· MAGLATCH RELAY FA I LS 

4o AC TUA T I ON CONTROL MODULE I LH2 CONT I NUOUS VoNT SHUTOFF VALVE ) F A I LS TO OPEN 
CONSEQUENCES 

IF THE REGULATOR ( CONT I NUOUS VENT R E L I EF VALV E !  F A I L S  T O  OPEN AND THE OR I F I C E  ( CONT I NUOUS 
VENT OR I F I C E  SHUTOFF VALV E !  DOES O P E N •  PROPELLANT CONTROL W I LL B E  M A I N T A I N E D  BUT T H E  L I U U I D  
SATURAT I ON TEMPERATURE W I L L  R I SE ABOVE E N G I NE RESTART L I M I TS o  THE H I GH BULK TEMPEKATURE 
W I LL CAUSE I NADEQUATE NPSH AND THE J-2 ENG I NE NPSH REQUI REMENT W I LL NOT B E  MET THROUGHOUT 
SECOND BURN, A DEGRADED OFF-NOMI NA L  BURN W I L L  RESULT IN A PROBABLE CUTOFF THAT IS CREW 
SAF E .  

241 

?1 

1 

1 

' ·  

1 

12 
-01:30:00 

�·. IB 
ill • 

•• 
... . ' 

·c:, . I 

i .:c:: • • • 

a • 
-01:00:00 

I • 
• 

mil! 

-00:30:00 

- 16 • 
I 

!II§! 
Note: Slowdown to the pressure 

indicated by the curve 
guarantees tank pressure 
between 15 and 23 psia 
at TB6 

TB6 
Time from end of blowdown to TB6 (hr:min:sec) 

Maximum allowable LH2 tank ul lage pressure following blowdown. 

M I SS I ON I REV DATE I &EC T ION  GROUP PAGE 

APOLLO 1 4  FNL 11 2 / 1 5 / 70 SLV SYSTEMS 
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R I T EM 

N A S A  - Ma n n e d  S pa c e c r a ft C e n t e r  

M I S S I O N  R U L E S  

SECT I ON 4 - SLV SYSTEMS 

7-10 F A I LURE T O  T E RM I NATE APS ULLAGE E N G I N E ( S I  THRUST 

THE ULLAGE E N G I N E S  AR E USED T O  PROV I D E  A POS I T I V E  G FORCE T O  T H o  STAGE PR I OR A T  SECOND 
BURN o AND T O  PROV I D E  PROPELLANT S E T T L I NG DUR I NG TANK VENT I NG o  

F A I LURE P O I N T S  

1 o  SWI TCH SELECTOR F A I LURE 

2 o  SEQUENCER F A I LURE 

Ao ULLAGE ENG I N E  NO• 1 PROPELLANT VALVE I S I  F A I L  OPEN 

Bo ULLAGE ENG I N E  NOo 2 PROPELLANT VALVE I S I  F A I L  OPEN 

3 .  MAGlATCH R E � A Y  FAl lS T O  RESET 

CONSEUUENCES 

FA I LURt TO T E R M I NATE THE APS ULLAGE ENGI N E t S I  THRUST W I LL RESULT IN DEPL E T I ON OF APS 
PROPELLANTS IN A MAT T E R  OF M I N U T E S .  T H E  D E P L E T I ON OF APS PROPELLANTS W I LL C A U S E  L O S S  O F  
AT T I T UD E  CONTROLo A P S  PROPELLANT I S  D E P L E T E D  SOONER FOR THE S I NG L E  A P S  U L L A G E  ENG I N E  
' ' ON ' 0 QUE T O  THE RE�U ! REMoNT T O  BURN THE P I TC H  ENG I N E  I N  THE SAME MODULo T O  MA I N T A I N  
ATT I TUDE CONTROLo 

M I � S l ON R E V  DATE SEC T I ON GROUP PAGE 

APOLLO 1 4  FNL 1 2 / 1 5 / 7 0  SLV SYSTEMS 
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R I T EM 

7-l l  

N A S A  - Ma n n ed S pacec raft  C e n t e r  

M I S S IO N  R U L E S  

S E C T I ON 4 • ScV SYSTEMS 

IU STATE VECTOR D I FFERS FROM THE MSFN S T A T E  VECTOR BY 6 S I GMA IU ERRORS AND CVS 
UNC E R TA I N T I ES AND IS CONF I RM E D  BY A COMPAR I SON OF I MU TO MSFN o  

T H E  AccOWABcE M I OCOURS E  SHOUcD B E  T H E  NORMAcLY AccOTTED cAUNCH VEH I C c E  � S I GMA I U  ERRORS 
PLUS SOME PERCENTAGE OF THE SPS E N D  OF M I SS I ON RESER V E S •  

F A I LURE P O I N T S  

1 ,  LVDC/LVDA F A I LUR E 

z ,  ACCELEROMETER F A I LURE 

CONSEQUENCES 

THESE F A i cURES COUcD AFFECT THE SUCCESSFUc ACH I EVEMENT OF THE P R I MARY M I SS I ON OBJECT I V E S •  
I F  T H E  I U  STATE VECTOR t A S  COMPARED TO A CORRESPOND I NG RADAR I MSFN I VECTOR t EXCEEDS T H E  
V A L U E S  OF 6 S I GMA I U  PLATFORM ERRORS t A N D  I S  CONF I RM E D  AS TO T R E N D  BY A SPACECRAFT ( I M U l  
VECTOR COMPARISON W I TH MSF N t  T H E N  T H E  I U  SHOULD B E  CORRECToD T O  M A K E  T H E  P R I MARY M I SS I ON ,  

M I S S I ON REV DATE SECT I ON 

APOccO l4 FNL l 2 / l5/70 SLV SYSTEMS 

GROUP 
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R I T EM 

N A S A  - M a n n e d  S p a c e c r a f t  C e n t e r  

M I S S IO N  R U L E S  

S E C T I ON 4 - S"V SYSTEMS 

7 - 1 3  ! U  E C S  WATER VA"VE F A I "S TO C Y C " E  O P E N  A N D  C"OSED 

THE E N V I RONMENT CONTRO" SUBSYSTEM I EC S I  MA I NT A I NS ACCEPTAB"E THERMA" OPERA T I N G  COND I T I ONS 
FOR I U  AND S - I VB E L E C T R I CA" COMPONENTS DUR I NG PREF " I GHT AND F " I GHT OPERA T I ONS• THE ECS 
C I RCU"ATES COO"ANT TO THE E " E C T R I C A "  EQUIPMENT RACKS AND ABSOR�S HEAT GENERATED BY THE 
EOU I PMoN T o  THE COO"ANT I S  COO"ED B Y  C I RCULAT I ON THROUGH A SUB"I MATOR THAT U S E S  WATER TO 
COOL THE COO"ANT SO"U T I ON o  THE ECS WATER VA"VE CONTROLS WAT E R  F"OW T O  THE SUB" I MATOR• 
F A I LURE OF T H E  VA"VE IN THE CLOSED POS I T IO N  W I "" RESU"T I N  OVERH EAT I NG AND A FA I "U R E  I N  T H E  
O P E N  POS I T I ON W I L "  R E S U L T  I N  OVERCOO"ING OF THE E"EC T R I CA" COMPONE NT S •  

FA I LURE PO I NT S  

1 o  E L E C T R I CA" F A I LU R E  TO SOLENO I D  

2 •  VALVE F A I LURE 

3 •  THERM I S TOR F A I LURE 

CONSEQUENCES 

IF THE ENV I RONMENTAL CONTRO" SYSTEM "OG I C  F A I "S T O  CYCLE THE WAT ER VA"VE OPEN 
PROPE R " Y •  OV ERHEA T I NG OR OVERCOOL I N G  OF IU COMPONENTS W I "" R E SU " T ' HOWEVER • 
ECS "O" I C  I NH I B I T  COMMAND AND WATER VA"VE OPEN OR C"OSED COMMAND• AS THE CASE 
REMEDY THE F A I "U R E ,  IF THIS IS UNSUCCESS F U " •  T H E  FO" LOW I N G  W I LL RESU"T---

AND CLOSED 
SEND ING T H E  

M A Y  B E t  M A Y  

OVERHEAT ! N G - THE S T - 1 2 7  I NER T I A" P"ATFORM A N D  THE LVDA ' S  TWO P O W E R  SUPP"Y T EMPERATURES 
W I "" INCREAS" BUT WILL NOT REACH T HE I R  UNACCEPTAB"E TEMPERATURES BY THE END OF T H E  7•HOUR 
M I SS I ON FOR THE LAUNCH VEH I C " E o  THE LVDC MEMORY TEMPERATURE W I "" REACH I TS UNACCEPTAB"E 
TEMPERATURE OF 1 2 3 o 8  DE�REE F AT APPROX I MA T E L Y  4 • >  HOURS A F T o R  F A I •UREo FOR THE 7•HOUR 
"AUNCH V EH I C L E  M I SS I O N o  T H E R E  W I L" B E  NEGL I G I BL E  DEGRADA T I ON OF THE LAUNCH VEH I C" E  
NAV I GAT I ON A N D  GUI DANCE SYSTEM D U E  T O  T H E  T EMPERATURE INCREASE O F  T H E  S T - 1 2 4  I N E RT I AL 
P"AT F O k M o  HOWEVERo ASSUMING A C R I T I CA L  PORT I ON OF MEMORY I S  LOST U U E  TO LVDC MEMORY 
OVERHEA T ! NG o  THo LVDC MAY NOT BE ABLE T O  S A T I SFACTOR I LY PERFORM I T S  NAVIGAT I O N •  GU I DANCE 
AND SE�UENC I N G  FUNC T I ON S •  

OVERCOULING - THE S T - 1 2 4  I NE R T I A L  P"ATFORM• L V D C  MEMORY • AND T H E  LVDA ' S  TWO POWER SUPPLY 
TEMPERATURES W I LL DECREASE BUT W I LL NOT REACH THE I R  UNACCEPTABLo T EMPERATURES BY THE END OF 
T H E  7-HOUR M I S S I O N  FOR THE LAUNCH VEH I C " E '  THERE W I L "  BE N oG L I G I B L E  DEGRADA T I ON OF THE 
LAUNCH V E H I C L E  NAV I GAT I ON AND GUI DANCE SYSTEM DUE TO OVERCOO L I NG FOR . T H E  7-HOUR P R I MARY 
1\H S S I O N ,  

M I SS I ON REV DATE SEC T I ON GROUP PAGE 

APOLLO 1 4  FNL 1 2 / 1 5 / 7 0  SLV SYSTEMS 
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R I T E M  

N A S A  - Ma n n e d  S pa c e c r aft C e n t e r  

M I S S I O N  R U L E S  

S E C T I ON 4 - SLV S Y S T E MS 

7 - 1 4  S- I VB STAGE COMMON B U L K H E A D  D E L T A  PRESSURE R E A C H E S  OR E X C E E DS---

A. M I NUS 20 P S ! D  B ·  PLUS 3 0  P S ! D  c .  M ! N US 2 6  PS ! P--PLUS 3 6  P S ! D  

THE:. C Ofi.1MON BULKHEAD W I L L STI<UCTURAL.LY F A I L  A T  T H E  U L T H1ATE L P'l l T S U F  l"'d NUS � 2 • 5  P t;, I L) 011. 

P L U S  4 2 . G  PS I D  IF CORR E C T i v E  ACT I ON IS NOT T A K E:. N ,  P L US D E:. L TA P k �SSUHE IS DEF l � E:. D  A� LOX 

TANK U L L � :;E PR�SSU�E GREAT ER THAN THE FUEL TAN� ��.LA�� P R E:. b SUH E .  M I NUS D E L T A  PRES�u:�E I S  
DEF I N ED A S  A FUEL TANK ULLAG� PRESSURE �kEA T ER THAN T H E  L0X TANK ULLAGE PRESSU R E ,  

F A I LURE PO I N T S  

1 .  LH2 P R E SSUH l Z AT I O N VALVE I S )  F A I L I N G OPEN - t H I G H  LH 2 ULLAGE PRESSUR E )  

2 o  L;-1;! PRES6U i U Z A T l ON VALVE I S l  FA I L I N G  CLOSED - ( LOW L H 2  ULLAGE:. P R E � S URE J 

3 ·  COLD H E L I UM SHUTOFF VALVE I S l  F A l LS CLOSED - ( L.UW LOX ULLAGE P H ESSURE I 

4 .  COLO HEL !Uo'1 SHUTOFF VALVE l S I  F A I LS O P E N  - I H i o H  LOX ULLAGE PRESSUKE I 

, . LH2 V E N T  V A L V E  F A I LS C L O S E D  - ( H I GH L H 2  U L L AGt:. l 

' "  LH2 V E N T  VALVE FA I LS O P E N  - ( L OW LH2 ULLAGE I 

7 .  LOX V E N T  VA L V E  F A I LS OPEN - ! L OW LOX ULLAGE I 

e .  LUX V E N T  VA L V E  F A I LS C L O S E D  - ( H I GH LOX ULLAGE ) 

CO�SEQUENCES 

THoOR< T I CA L L Y • THESE L I M I T S  SHOULD NOT BE REACHED C UR I NG s- I VB BU�N • I F  A VENT VALVE F A I L S 
O P E N • P R t S S U R E  W I L L DRUP TO SATUR A T I ON L E V E LS AND �EMA I N  U � T I L  E �G I N � S T A R T .  U�OER NUR�AL 
COND I T I ONS THE LOX TANK ULLAGE PRESSURE W I L L  BE APPROX I MA T t L Y  7 PSI H I GH E R  THAN THE LHl 
TANK ULLAGE P'ESSURE o SHOULD A F A I LURE OCCUR !N T H E  L H <  0" LOX PRESSUR I ZA T I ON S Y S T E M  O R  
SHOULD A LOX V � N T  V A L V E  FA I L •  THE NORMAL COND I T I ONS COULP BE CHA�GEU-- J . E , t  LH2 TANK 
P R E S S U R E  H I GHER T H A N  LOX TANK PRESSURE OR H I GH LOX TANK PR�SSURE ANU LOW L H 2  TANK PRESSU R E ,  

DU� I N G  Ti lE  BOOST PHASE T H E  S - I VB BURN • NPSH L I M I T A T I ONS WUULD 8 E  E X C E �D�D BEFUN� BUL�H<AU 
REST R A I N T S  A R E  JEOPAR D I Z E D •  

'"l l S S I ON REV uATE SEC T I ON GROU P  PAC3t:: 
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H I T  101< 

N A S A  - M a n n e d  S pa c e c r a ft C e n t e r  

M I S S I O N  R U L E S  

S tC T I ON 4 - SLV SYSTEMS 

7 - 1 5  LOSS O F  S - I VB STAGE PNEUMA T I C S 

T H E  S T A G E  P•EUMA I I C  SYSTEM MUST BE M A I N T A I NED AT A PRESSUNE OF •>O P S I A  TO PkOPERLY AC T U A T E  
PNtUMAT I C  V A L V l S  AND S U P P L Y  P U R G E S •  

ENG I N E  PUM� PURGE F A I L S O N  

l hE E NG I NE i>UMP P U R G E  CONTROL-- WH I CH I S  CONTROLLED BY A PkESSUNE S W I TCH-- I S  O P e N E D  FOR 1 0  
� J NU T E �  F� L LO W I � G  S - l V B  ENG I NE SHUTDO�N ' A L L OW I NG T H E  TURBOPUMP SEAL CAV I T Y  AND T H E  GAS 

(1��NERATOR l') >df. PUH.GED OF HAZ.ARlJOUS M I XTURE OF LH2 AND LOX. AN AMts l EN T  H EL I UM SUPPLY 
:.:.r:U T C F F  VALVi:. 1� LOCATED AFTER TrlE REGULATOR AND CAN �E CL0St:D BY GROUND COMMAND IF THE 
P U RG E CAN�OT B� TERM I NA T E D  OR A L E A K  DEVELOPS DOWNSTREAM OF THE VALV E •  

F A I LU R E  P O I I\ T S  

LOSS OF S- I V B  S T A GE PNEUMA T I C S  

1 .  PNEU�Al l (  R £GU L ATOR F A I L S  CLOSED 

2 •  A�B I E NT HEL I U� SHUTOFF VALVE F A l LS CLOSED 

3 ,  PNEUMA T I C  REGULATOR BACKUP PRESSURE SW I T C H  F A I L S  I N  E N E R G I Z ED P O S I T I ON 

4 0  LOSS O F  PNE UMA T I C  B O T T L E  PRESSURe 

ENG I N E  PUHGE CONTROL SOLENO I D  VALVE F A I L S OPEN 

l •  PRE5SURE SW I T CH F A I LURE 

2 •  � w i T C H  S E L E CT OR F A I LU R E  

3 .  StUUENCER F A I LU R E  

4 •  A FT P H E S SUKE S W I T C H  POWER F A I LURE 

C ON S EUUE�C E5 

l f  THE STAGE PNIOUMAT ! C S  I S  LOS T •  

!:! E  COMP�E1'C.D � 5  PRO<::.R AM:-<,�0 OH. BY 
WOULD BE LOST ARE CONT I NUOUS 
C0NF 1 GuRA T 1 0� F�k C H I LLDOWN . 

THE VALVE ACTUA T I ON S EI..l UENCES Ai'I D PURC,:iE SEWUENCES CANNOT 

GROUND COMMANO, PR I MA�Y VALVE AC T U A T I ON SOWUoNCoS THAT 
VENT S Y S T EM AND PKOPELLANT TANK V E N T S  O P E RA T I ON AND 

A i"<£GULAT01< lJ I SC.rlA;�GE Pkt.5SURE. OF A T  LEAST 320 P S I A I S  R fl..lU l R E D  T O  HOLD T H E  L..UX ANI.) 1..H .2  

PK EV AL VtS � L OS �D O UR I N G CH I L L DOWN • 
I F  TrlE E�G l r.E  f'�MP PURGE CANNOT BE T E R M I NATED , THE STAGE P NE UMA T I C H E L I UM w i L L  BE D E P L E T E D  
A r . �  �.,cuMA T I C  � A � V E  ACTUAT I ON CAPA B I L I T Y W I LL B E  LUST I N  T B 7 WH I CH W I LL R E S U L T  I N  A N  
l � A b i L J T Y T �  �.ct l T H �  S T �GE SAF I N G  REWU l R E M E N T S e  

1'-\ I S S I 0.\1 R EV DATE SEC T I ON 

APOLLO 14 FNL 1 2 / l 5 / 7 0  SLV SYSTEMS 
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R I T EM  

N A S A  - Ma n n e d  S pa c e c raft  C e n t e r  

M I S S IO N  R U L E S  

S E C T ION 4 - SLY SYSTEMS 

1-1 1 LOW L H 2  TANK ULLAGE PRESSURE 

D U R I N G  OR B I TA L  COAS T ,  LH2 ULLAGE PRESSURE IS MA I NT A I N E D  B o T W E E N  1 9 o 5  AND 2 l o 0  PS I A  9 Y 

HAV I N G  THE CONT I NUOUS V ENT SYSTEM OPEN , THE CONT I NUOUS V E N T  S Y S T EM ALLOWS CONTROLLED 
VENT I NG OF T H E  B O I LOFF GH2 FROM THE LH2 TANKo THE V E N T I NG PROV I DES A PROP U LS I V E FORCE TO 
ASS I S T  IN PROPEL LANT S E T T L I NG AND T H ERMAL COND I T I O N I N G  BY P R E V E N T I N G  T H E  BULK T L M" l RA T U R t  

F R0�1 l NCRE.AS J I\j (j ,  A P R E 5 S U R E  D R O P  B E L.OW 1 9 • 5  PS l A  I �  l N LI J C A T l V E:: O F  A CON T I NUOU� V t. N T  

R E G U L A T O R  MALFUNC T I ON OR A V E N T  S Y S T EM L E A K o  

T H E  L H 2  T A N K  I S  PR EPRESSUR I Z E D  BY T H E  C�YOGEN I C  R E P R E S SU R I Z A T I ON S Y S T E M  ( 02 / H 2  BURN � R l 

DUR I N G  R E S T A R T  P R E P AR A T I ONS TO A P R E S S U R E  B E T W E E N  •ij AND 3 1  P S ! A o  THE AMB I EN T  H E L I UM 
R E P R E SSUR I ZA T I ON SYST E'" S E R V E S  AS A �ACKUP TO CRYOGE N I C  REPRESSU R I ZAT ! O N I F  C R Y U G E , H C  
REPRESSU fH Z-AT I ON I S  I MPARED B E C A U S E  OF TANK LEAKAGE OH A I·H:.P f< E S S U R I ZA T I VI� S Y S T E M  F A l LUk t:: . 

DUR I NG MA I �STAGE OPERA T I ON S •  THE LH2 TANK I S  PRESSUR I Z E D BY GASEOUS HYDROGEN B L E E D  FROM T H E  
J - Z  ENGlNE• TH� FLI GHT CONTRO� P R ESSURE S W I T C H  MA I NT A I N S  T H E  ULLAGE �HESSUk� 6 E TW E � N  2 6  
A N D  3 1  PSIA S Y  C Y C L I NG VALVES I N  THE LH2 T A ' K  PRESSUR I 2 AT I ON CONTROL MOD U L E ,  

FA I LURE P O I NT S  

1 o  LH2 V E N T  AND R E L I EF VALVE FA I L S OP EN OR P A R T I ALLY O P E N  

2 ,  L H 2  LATCHI NG V E N T  A N D  R E L I EF V A L V E  FA I LS O P E N  OR PAR T I ALLY O P E N  

3 ,  L H 2  CONT I NUOUS V E N T  S Y S T E M  REGULATOR F A I LS O P E N  OR R E G U L A T E S  T O  A LOW 
PRESSURE DUR I NG COAST 

4 o  CRYOG E N I C  AND AMB i eNT REPRESS U R ! ZA T I O N  F A I L  T O  I N I T I A T E  

5 o  L H 2  TANK C V S  REGULATOR F A I LS TO CLOSE F O R  K o P R ESSUR I Z A T I O N  

CONSEQUENCES 

THE L H 2  TANK U�LAGE P R ESSURE DURI NG ORB I TAL COAST MUST BE MA I N T A I N ED AbOVE T H E  N E� U I RE D 

L I M I T  SO THAT THE REPRESSU R I Z A T I O N  SYSTEMS CAN SUFF I C I E N T L Y  I � CR•ASE T H E  PRESSURE T O  E NSURE  
TH E  J-2 ENG I NE LH2 PUMP W I L L NOT C A V I T A T E  DUE TO LOW NPSH• IF T h E  TANK ULLAGE P R E S S U R E  I ;  
8ELOW NPSH R E � U l REMENTS A T  E N G I N E  START t T H E  F U E L  PUMP W I L L  CA V I T A T E  W I T H  A SUBS�UUEI�T 
CREW-SAFE SHUTDDW'lo A LOW U L LAGE PRESSURE DUR I N G C O A S T  WOULD ALSO RESULT IN ADD J T i j;•AL 
PROPELLANT l.OSS);.S DUE TO THE LOWER THAN E X P E C T E D  SATURAT 1u;� PHI:.SSUKE. UF lHE-. PRUPC.lLA1·iT • 

THE 0 2 / H 2  BURNER MAY NOT S T A R T  OR MAY BUR� THROUGH I F  T � E L H 2  U L L A G E  PRESSURE I S  B E LOW i 7  
P S I A •  T H E R E B Y  MA K I NG I T  N E C E S SARY TO U S E  T H E  BACKUP AM B I EN T  R E P R E S SUR I ZA T I O N S Y S T E� T U  

PROV ! D l T H E  REUU I R ED NPSH F O R  ENG I N E  START , I F  T H E  �URNER DUES OP E RA T E ANO T H o  U L L A G E  
P R E S S U k E  I S  L O W  B E C A U S E  OF LEAKAGE t T H E  E F F E C T I VENESS OF C k YOGE � I C  R E PH E S SU R I Z A T l ON W l LL H E  
I MPA I R E D  A N D  AMB I E NT R E P R E SS U R I ZA T I ON W l � L ALSO B E  REUU I R E D .  I F  T H E  O V E RBOARD LEAKAGE I S  

GREAT ENOUGH • T H E  U L L A G E  PRESSURE I NCREASE FROM AMB I E � T  R E P NESSUR I Z A T I ON W I LL NO T u c  
S U F F I C I EN T •  

M I SS I ON R E V  DATE SEC T I ON GROUP PAGE 
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R I T E M  

N A S A  - Ma n n e d  S pa c e c r aft C e n t e r  

M I S S I O N  R U L E S  

S EC T I ON 4 - SLV SYSTEMS 

7 - 1 8  L O W  COLD H E L I UM SUPPLY PRESSURE 

DUR I NG RESTART PREPARA T I ONS • COLD H E L I UM HEATED BY THE 0 2 / H Z  BURNER I S  USED T o  PRESSUR I Z E  
THE LH2 AND LOX TANKS TO THE PROPER RESTART PRESSUR E S o  FOLLOW I NG BURNER OPERA T I O N ,  AMB I EN T  
H E L I UM I S  USED TO PRESSUR I Z E  T H E  TANKS I F  T H E  BURNER SYSTEM W A S  N O T  SUF F I C I EN T ,  COLD 
H E L I U M  IS ALSO USED DUR I NG S - I VB E N G I N E  BURN TO PRESSUR I Z E  THE LOX TANK, 

F A I LURE P O I NT S  

l •  CO�D H E L I UM DUMP MODULE I VENT ANU/OR REL I E F )  FA l �S OPEN 

z ,  LOX TANK PRESSUR I ZA T I ON SHUTOFF VALVES F A I L  OPEN 

3 ,  R�PRESSUR l Z A T ION PLENUM AND VALVE ASSEMBLY ( LOX AN�/OR LH2 1 SOLENO I D  F A l LS OPEN 

CONSEQUENCES 

I F  THE COLD H E L I U �  SPHERE PRESSURE DECREASES BELOW 1000 P S I A  P R I OR T O  02/HZ BURNER 
I G N I T ION • TH ER E W I LL NOT BE ENOUGH COLD H E L I U M  REMA I N I NG A F T E R  LOX AND LHZ TANK CRYOGE N I C  
R E P R E SSUR I ZA T ION TO P R ESSUR I Z E  THE LOX TANK DUR I NG BURN TU MEET THE �-2 SPEC NPSHo 
V I OL AT I ON OF LOX J-2 ENG I N E  SPEC NPSH W I LL CAUSE CAV I T A T I ON OF T H E  LOX TURBOPUMP W I TH 
F A I LURE TO START OR E N G I N E  PERFORMANCE DEGRADAT I ON W I TH A CREW-SAFE SHUTDOWN• IF THE COLD 
H E L I U M  PRESSURE IS BELOW 300 P S I A ,  THERE MAY NOT BE SUFF I C I ENT COLD H E L I U M  FOR LOX TANK 
PRESSUR I ZA T I ON DUR I NG THE B U R N o  IF  THE BURNER I S  ALLOWED TO CONT I NU E  To OPERATE A F T ER THE 
COLD HEL I UM PRESoURE DECREASES BELOW 4 5 0  P S I A •  THERE MAY NOT �E SUF F I C I ENT COLD H E L I UM FOR 
LOX TANK PRESSU� I Z AT l ON DUR I NG THE BURN • 

�·'il SS 1 ON R E V  D A T E  SEC T I ON GROUP PAGE 
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R I T EM 

NASA - Ma n n e d  S pacec raft  C e n t e r  

M I S S IO N  R U L E S  

Sf.C T I ON 4 - SLV SYSTEMS 

7 - 1 9  LOW LOX TANK ULLAGE PRESSURE 

THE LOX TANK IS PREPRESSUR I Z E D  BETWEEN 38 PSI A AND 41 P S I A  DUR I NG T HE RESTART SEQUENCE TO 
PROV I DE THE LOX HEAD I NPSH I CONDI T I ONS REUUI RED FOR J-2 ENG I NE START • THE 02 /H2 BURNER I S  
USED FOR H EA T I NG COLD HEL I UM FOR PREPRESSUR I Z I NG THE LOX TANK o A N  AMB I ENT HEL I UM 
REPRESSUR I Z A T I ON SYS TEM W I LL AUTOMA T I CALLY PREPRESSU R I Z E  THE LOX TANK SHOULD THE 02/H� 
BURNER FAIL OR BE INHIBI TED• DUR I NG M A I NSTAGE THE LOX T ANK PReSSU R I ZAT I ON I S  MAINTAI Nc� 
BETWEEN 38 AND 41 PS I A  BY THE F L I GHT cONTROL PRESSURE SW I TC H ,  PRESSUR I ZAT I ON GASES DUR I NG 
MAINSTAGE OPERA T I ON cONSIST OF cOLD H E L I UM FLOW I NG THROUGH THE J-2 E N G I N E  HEAT EXCHANGER , 

F A I LURE POINTS 

1 o  COLD HEL I UM SUPPLY SHUTOFF VALVE F A I LS cLOSED 

2 o  LOX TANK VENT AND REL I EF VALVE F A I LS OPEN 

3 o  LOX AMB I ENT H E L I UM REPRESSUR I ZAT ! ON SYSTEM F A I L S  

4 o  FL I GH T  cONTROL PRESSURE SWI TCH F A I L S  

5 o  O�/H2 BURNER F A I LS 

CONSEQUENcES 

LOW LOX TANK ULLAGE PRESSURES MAY RESULT IN UNAccEPTABLE ENGINE PERFORMANCE AND/OR 
PREMATURE CREW-SAFE E N G I N E  SHUTDOWN DUR I NG SECOND BURN DUE TO CAV I TA T I NG HEAD LOSSESo 
MAXIMUM HELIUM USAGE DUR I NG BURNER REPRESSUR ! ZA T ! ON COUPLED W I TH LOW LOX TANK PRESSURE W I LL 
USE EXCESS cOLD HEL I UM SUPPLY SUCH THAT THE NORMAL OVERCONTROL PRESSUR I ZA T I ON ENERGY RATES 
CANNOT BE MAI NTA I NED THROUGHOUT SECOND BURNo UNDER THESE COND I T IONS•  THE LOX TANK 
PRESSUR I ZA T i ON SYSTEM I S  UNABLE TO MA I NTA I N  A POS I T I VE PRESSURE R I SE RAT E AND o THEREFORE • 
AN I N I T I AL TANK PRESSURE IS REUU I R ED TO ASSURE COMP L I ANC E '" I TH J-2 ENG! NE LOX NPSH 
REQU I ReMENTS THROUGHOUT BURNo IF THE CRYOG E N I C  REPRESSU R I ZA T ! ON SYSTEM I S  INH I B I T ED • THE 
AMB I ENT REPRESSUR I ZA T I ON H EL I UM W I L L BE USED TO B R I N G  THE TANK PRESSURES TO AN ACCEPTABLE 
LEVEL , LOW UI.LAoE PRESSURES AT ESC W I LL RESULT I N  V I OLA T ! Ot-. OF NPSH REWU I REMENT PR I OR TO 
CUTOFF, THE COMMAND ACT ION W I LL I NH I B I T  BURNE� OPERA T I O N  TO SAVE COI.D HELIUM FOR BURN 
INSTEAD OF CONSUM I NG I T  FOR REPRESSUR ! ZAT I ON o  

RE
Q

UIRED LOX TANK ULLAGE PRESSURE PRIOR TO BURNER START 
.•. FOR VARIOUS ULLAGE PRESSURE DECAY RATES 
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R I T EM 

N A S A  - Ma n n ed S pacec r aft  C e n t e r  

M I S S I O N  R U L E S  

SECT I ON 4 - SLV SYSTEMS 

7-2 0 S- ! V B  J-2 ENG I NE STA�T BOTTLE PRESSURE OUTS IDE RESTART L I M I TS 

THE START BOTTLE I S  F I LLED W I TH GHZ AND I S  STORED UNDER A NOM I NAL PRESSURE OF 1 2 50 P S I A o  
THE GHZ I S  USED T O  G I V E. THE I N I T ! At.. S P I N  TO THE TURB I NE DUR I NG THE START SEQUENCEo  

F A I LURE P O I NTS 

1 ,  START VENT AND R EL I EF VALVE F A l LS TO R E L I EVE 

Z o  START TANK R E L I E F  PRESSURE SHI FTED H I GH 

CONSEQUENCES 

EXCESSIVE PRESSURE IN THE START TANK COULD RESULT IN ELEVATED OX I D I ZER SYSTEM POWER oU ! LDUP 
CAUSI NG H I GH LOX PUMP D I SCHARGE PRESSURES DUR I NG THE START TRANS I E N T ,  T H I S  H I GH PRESSURE 
COULD RESULT IN DAMAGE TO THE FUEL TURBINE AND ASSOC I ATED OFF-NOM I NAL ENG I NE MI XTURE RAT I O  
P ERFORMANCE, THE FAILURE WOULD RESULT I N  A CREW-SAFE SHUTDOWN DUR I NG T�AN S ! T ! O N  O R  I F  THE 
E N G ! NE O B T A I NS M A l  NS T AGE THERE WOULD BE PROBABLE OFF-NOM! NAL Pf!RFORMANCE DUE T v  I:.NG lNE  
DAMAGE SUSTA I NED DUR I NG ENG I N E  START, 

M I S S I ON REV DATE SEC T I ON 

APOLLO 1 4  FNL 1 2 / 1 5 / 7 0  SLV SYSTEMS 

GROUP PAGE 



R I T EM 

N A S A  - Ma n n ed Spacec raft C e n t e r  

M I S S IO N  R U L E S  

SEC T I ON 4 - S�V SYSTEMS 

7-2 2 S-IVB LOSS OF E NG I NE HYDRAU L I C  FLU I D  

THE I NDEPENDENT , CLOSED LOOP S-IVB HYDRAUL I C  SYSTEM G I MBALS THE J-2 ENGINE DUR I N G  BOOST o 
COAS T o  AND ENGINE BURN OPERA T I ONS , A M A I N  HYDRAU � I C  PUM P o  · AN AUX I L I ARY MOTOR-DR I VEN 
HYDRAUL I C  PUMPo  AN ACCUMULATOR-RESERVO I R •  TWO SERVUAC TUATORSo AND I N T ERCONNEC T I NG TUBE AND 
HOSE ASSEMB L I ES COMPR I S E  THE S-IVB HYDRAUL I C  SYSTEM• EACH OF TWO I D EN T I CAL SERVOACTUATOR 

' ASSEMB L I E S  PROV I DES MECHAN I CAL FORCE TO G I MBAL THE .;-;. E N G I N E o  THE SERVO VALVo W I TH I N  IOACH 

ACTUATOR D I VERTS FLU I D  TO ONE S I D E  OR THE OTHER OF THE ACTUATOR P I STONS I N  ACCORDANCE W I TH 
SIGNALS RECE I VED BY THE SERVO VA�VE TORUUE MOTOR FROM THE F L I GHT CONTRUL COMPUToR I N  THE 
I U o  

FA I LURE PO I NTS 

l o  P I TCH O R  YAW ACTUATOR MALFUN C T I ON 

2 o  MA I N  HYDRAU L I C  PUMP FAI LURE 

3 o  HYDRAUL I C  HOSE O R  TUB ING FAI LURE 

4o  AUX I L I ARY MOTOR-DR I VEN HYDRAUL I C  PUMP FA I LURE 

CONSEQUENCES 

I GN I T I ON OF THE S - ! VB STAGE W I THOUT AN OPERAT I V E  HYDRAUL I C  SYSTEM W I L L  JEOPARD I Z E  CREW 
SAFETY•  THERE W I LL BE A LOSS OF ENG I NE G I MBAL CONTROL DUR I NG MA! NSTAGE OPERAT ! ON o  WH I CH 
PROBAB�Y W I LL RESULT I N  EXCESS IVE VEHICLE ATT I TUDE R� TES AND GU I DANCE ERRORo I N  ADD I T I ON 
THE V E H I CLE W I LL BE UNABLE TO EXECUTE REQU I R ED TRAJECTORY CORREC T I ON S ,  

M I SS I ON REV DATE SEC T I ON 
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R I TEM 

N A S A  - Man n ed S pa c e c r a f t  C e n t e r  

M I S S IO N  R U L E S  

S EC T I ON 4 - SLV SYSTEMS 

7-2 5 LOX NON-PROPULSIVE VENT F A I LS TO OPEN 

DUR I N G  ORB I TAL VEN T I N G  OF THE LOX TANK• THE VENT GAS IS D I R ECTED OVERBOARD BY MEANS OF A 
NON-PROPULS I V E  VENT SYSTEM DES IGNED TO M I N I M I Z E  THE V E H I C L E  O R I E NTAT ION PERTURBA T I ONS 
CAUSED BY VENT I N G ,  THE TANK I S  VENTED AFTER THE SECOND BURN TO PREVENT NON-PROPULS I V <  
REL I E F  VENT I NG DUR I NG TD�E • AND TO PREVENT UNACCEPTABLE COMMON BULKHEAD POS I T IVE 
DEFFERcN T I A L  PRESSURE DUR I NG LH2 TANK NON-PROPULS I V E  VEN T I NG •  AFTER LOX LUMP I N  TB• THE 
VENT I S  LATCHED OPEN TO SAFE THE TANK AND TO PREVENT �ULKHEAD D I FFERENT I A L  PRESSURE DUR I NG 
LH2 TANK SAF I NG o  

FAI LURE POI NTS 

1, ACTUA T I ON CONTROL MODULE - LOX TANK NPV VALVE - FA I LS TO ACTUATE 

2 •  SEQUENCER - NPV OPEN COMMAND - F A I LS TO ACTUATE ACTUAT I ON CONTROL MODULE 

3 •  1 0  AMP MAGLATCH RELAY FA I LS 

4 o  LOX NPV FA I LS CLOSED 

CONSEQUENCES 

IF THE LOX TANK NPV IS NOT OPENED AT TB7 • THE R I SE IN LOX TANK ULLAGE PRESSURE DUE TO 
ULLAGE AND L I UU I D  HEAT I NPUTS W I L L  RESULT IN RANDOM OR CON T I NUOUS NON-PROPU L S I V E  R E L I E F  
VEN T I NG DUR I N G  SPACECRAFT SEPARAT I O N •  DOC K I N G •  AND SC /LM EJEC T I ON ,  I N  ADD I T I ON •  DUE TO THE 
SLOWDOWN OF THE LH2 TANK• THE COMMON BULKHEAD POS I T I V E  D I FFEREN T I AL PRESSURE MAY I NCREASE 
T O  A VALUE IN EXCESS OF 3 &  P S I D o  

I F  T H E  LOX NPV I S  NOT LATCHED OPEN AT T B 8  AFTER LOX DUMP • T H E  R I S E  I N  LOX TANK ULLAGE 
PRESSURE DUE TU ULLAGE AND L I UU I D  HEAT I NPUTS W I LL RESULT I N  EVENTUAL NON-PROPULSIVE R E L I E F  
VEN T I NG o  I N  ADD I T I O N •  D U E  TO THE SLOWDOWN OF T H E  L H 2  TANK • T H E  COMMON BULKHEAD POS I T I V E  
DIFFERE N T I A L  PRE SSURE MAY I NCREASE T O  A VALUE I N  EXCESS OF 3 6  P S I D o  S I NCE T H I S  MAY OCCUR 
AT A T I ME BEYOND THE L I FET IME OF THE STAGE • THE COMMON BULKHEAD D I FFEREN T I AL PRESSURE 
M I S S I ON RULE MAY NOT BE APPL I CABLE FOR FURTHER CORR E C T I V E  A C T I O N o  

M I S S I ON REV DATE SEC T I ON 
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R I TEM 

N A S A  - M. n n e d  S pacecnft  C e n t e r  

M I S S IO N  R U L E S  

SEC T ION 4 - S � V  SYSTEMS 

7-26 �H2 �ATC H I NG VENT VA�VE FA I �S TO OPEN 

THE �H2 �ATCH I NG VENT VA�VE IS �ATCHED OPENED FOR l o  M I NUTES AT T87 + O o � SECONDS AND AGA I N  
A T  T 8 7  + 6 0  M I N  O o 4  SEC T O  VENT THE �H2 TANK P R I OR T O  AND AFTER SPACECRAFT SEPARAT I ON •  THE 
VA.VE I S  PERMANENT•Y •ATCHED OPEN A T  TB6 + 2 3  M I NUTES 2 7  SECONDS• 

FAI .ORE POI NTS 

l o  •H2 'AT CH I NG R E . I E F  VA•vE •ATCH 

2o .H2 •ATCH I N G  RE• I EF VA.VE FAI•S C•OSED 

CONSEQUENCES 

FAI �URE TO VENT THE 'H2 TANK P R I OR TO AND AFTER SPACECRAFT OPERATIONS MAY RESU�T I N  
UNDESIRAB•E 'H2 TANK VENTING THAT MAY RESU�T I N  PERTURBA T I ONS DUR I NG TD&Eo 

M I SS I ON REV DATE . SEC T I ON GROUP PAGE 



R ITEM  

N A S A  - M a n n e d  Spacecraf t  C e n t e r  

M I S S I O N  R U L E S  

SE, T I ON 4 - S"V SYSTEMS 

7-27 ENG INE START BOTT"E DUMP FA I "S TO I N I T I A T E  

A T  THE 'OMP"ETION O F  THE PRIMARY s-IVB M I S S I ON o  THE ENT I R E  STAGE W I "" BE PASSIVATED OR 
SAFED BY B"EED I NG DOWN PNEUMAT I '  BOTT"ES AND SYSTEMS AND DUMPING REMA I N I NG PROPE��ANTSo BY 
THE END OF SE,OND BURN THE START BOTT"E W I � �  HAVE BEEN RE,HARGED TO A PRESSURE �EVE" OF 
APPROXIMATE"Y l o l50  P S I A o  THE PRESSURE SHOU�D NOT IN,REASE S IGN I F I,ANT"Y ABOVE T H I S  VA�UEo  
S I N'E START BOTT�E DUMP I S  I N I T IATED I MMED I AT E�Y AFTER SECOND BURN CUTOFF AT START OF T I ME 
BASE 7o ANY INCREASE IN PRESSURE ABOVE THE RELIEF  S E T T I NG OF l o 300 +1- <5 PSIA W I �� CAUSE 
VENT I NG OF EXCESS PRESSURE THROUGH THE START BOTT�E VENT AND RELIEF VA�VEo 

THE GH< START BOTTLE W I L" BE DUMPED BY OPEN ING THE VENT AND R E � I E F  VA�VEo 

FAI "URE POI NTS 

1 o  START BOTT"E VENT VA"VE FAI"S C"OSED 

2 o  STAGE PNEUMAT I C  POWER CONTRO" MODU"E FAI "S C"OSED 

3 ,  E"ECTRI CA" COMMAND FAI "URE 

CONSEQUENCES 

THE s-IVB STAGE WI""  NOT BE IN A SAFE COND I T ION IF THE START BOTT"E DUMP I S  NOT I N I T IATED 
OR I F  THE PRESSURE I S  NOT BE"OW 1 o 200 PS I A  AT 70 DEGREES F o  

M I S S I ON REV DATE S EC T I ON 

APO""O 14 FN" � 2 / 15/70  S"V SYSTEMS 
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R ITEM 

N A S A  - M a n n ed Spacec raft  C e n t e r  

M I S S I O N  R U L E S  

SEC T I ON 4 - ScV SYSTEMS 

7-28 F A i cURE TO I N I T I ATE COeD HEciUM DUMP 

. 

AT THE END OF THE S-IVB SECOND BUR N t  SAF I NG OF THE STAGE W l c" B< I N I T I AT E D ,  I NC"UD I NG COeD 
HE"IUM OUMPo COeD HE" I UM IS DUMPED THROUGH THE cH2 TANK VENT WHEN THE REPRESSUR I L AT I O N  
SYSTEM MODE SE"ECT O F F  ! CRYOGEN I C  MOD E l  AND REPRESSUR I ZAT I ON CONTRO" VA"VES O P E N  COM�.AND I S  
G I VEN BY T H E  ONBOARD SEQUENCE, 

F A I "URE POINTS 

1o  "H2 CRYOGEN I C  REPRESSUR I ZAT I ON VA"VES FA ! "  TO . OPEN 

2 o  E"ECTRI CA" OR COMMAND F A l "URE 

3 o "OX PRESSU R I ZAT I ON MODUL:E REGU"ATOR FA 1 "S C"OSED 

CONSEUUENCES 

I F  THE COcO HE" I UM SPHERES F A ! "  TO DUMP THROUGH THE "H2 CRYOGE N I C  REPRESSUR IZAT I ON SYSToMo  
IT  CAN BE DUMPED THROUGH THE "OX TANK BY OPE N I NG E I TH<R THE "OX CRYOGE N I C  REPRESSUR I Z A T I ON 
VA"VES OR "OX PRESSUR I Z A T I ON VA"VESo I F  THESE A"TERNA T I VES FAI L: o  THE CU"D HE"IUM CANNOT BE 
DUMPED AND THE S-IVB CANNOT BE SAFEOo  THE SPHERE PRESSURE COU"O INCREASE TO 3500 PS ! A  AS 
THE TEMPERATURE I NCREASES FROM 50 TO 400 DEGREES Ro TH I S  IS UNACCEPTAB"Y C"OSE TO THE 
AMB I ENT TEMPERATURE SPHERE BURST PRESSURE A T  3950 P S I A o  

M I SSION REV DATE SECT ION 
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R I T EM 

N A S A  - Ma n n e d  S p a c ec raft C e nt e r  

M I S S I O N  R U L E S  

B-2 S- I VB STAGE 02/H2 BURNER FUE� PROPE��ANT VA�VE FAI�S CLOSED 

THE 02/H2 BURNER USES �OX AND �H2 FROM THE MAIN PROPE��ANT TANKS TO HEAT COLO H E � I UM FOR 
REPRES�UR IZAT I ON OF THE OX I D I ZtR AND FUEL TANKS, A THERMA� VOT I No CURCU I T  THAT SENSES THE 
TEMPERATURE IN THE GH2 � I N E  UPSTREAM OF I NJECTOR NO, 2 PROV I DES AN I N D ICAT I ON OF A BURNER 
NO-�IGHT OR F�AMEOUTo THE C I RCUI T W I � �  AUTOMAT I CA��y SHUT DOWN THE BURNER WHEN THE 
TEMPERATURE IS BE�OW -409 TO -41 1  DEGREES F• THE C I RC U I T  W I �� NOT DETECT A BURNER 
MA�FUNCT I ON DUE TO THE �H2 PROPE��ANT VA�VE F A I � I NG C�OSED I l l  AT BURNER START BECAUSE THE 
TEMPERATURE W I �� REMA I N  ABOVE THE VOTING C I RCU I T  SET T I NGS AND 1 2 1  DUR I NG BURNER OPERATION 
BECAUSE THE �OX-RICH MI XTURE W I �� CAUSE H I GH BURNER TEMPERATURES• 

FA I �URE PO INTS 

l o  LH2 PROPE�LANT VALVE FA I LS CLOSED 

CONSEQUENCES 

IF THE �H2 PROPE��ANT VA�VE FAI�S C�OSED DUR I N G  BURN I NG OPERATIONS THE BURNER VOT I NG 
C I R CU I T  W I �� NOT DETECT THE MA�FUNCT I ON AND H I GH BURNER TEMPERATURES W I �� RESULT • ALSO LOX 
W I � �  BE DUMPED OUT OF THE BURNER DUE TO THE �OX MAN I FO�D SHUTOFF VA�VE REMA I N I NG OPEN• THE 
CO�D H E � I UM REPRESSU R I ZA T I ON SHUTOFF VA�VES WOU�D REMA I N  OPEN UNT I �  THE AMB I ENT 
REPRESSUR I ZA T I ON SYSTEM IS I N I T I ATED DUR I N G  TB6 OR UNT I �  THE �URNER SHUTDOWN COMMAND I S  
G I V E N o  I F  THE COLD HE�IUM SHUTOFF VALVES REMA I� OPEN FOR THE ENT IRE BURNER 
REPRESSUR I ZA T I ON o  THE RESULTANT CO�D HE�JUM BOTT�E PRoSSURE WOU�D BE INSUF F I C I ENT TO MEET 
THE �OX TANK PRESSUR I ZA T I ON REQU I REMENTS DURING SECOND BURN AND A SAFE �OW NPSH ENGINE 
SHUTDOWN WOULD OCCUR P R I OR TO THE COMPLET I ON U f  SECOND BURN• 

M I SS I ON REV DATE SEC T I ON GROUP PAGE 



R I T EM 

NASA  - Ma n ned Spacec r a ft C e n ter  
MI S S IO N  R U L E S  

SECT I ON 4 • SCV SYSTEMS 

8•3 CH2 C H I C CDOWN SYSTEM F A I C S  

THE J•2 E N G i N E  C H 2  PUMP I S  PRECOND I T I ONED PR i OR T O  RESTART T O  ENSURE THE I NCET COND I T I ONS 
ARE ACCEPTABCE FOR STARTo CH2 IS C I RCUCATED FROM THE TANK THROUoH A cOW PRESSURE FEED DUC T o  
THE J•2 ENG I N E  CH2 TURBOPUMPo AND BACK T O  T H E  TANK THROUGH A RETURN c l NEo  THE CH2 C H ! CCDOWN 
PUMP IS TURNED ON AND THE No Oo CH2 PREVACVE IS CcOSED AFToR I N ! T ! A T ! ON OF T I ME BASt b o  CH2 . 
FCOWS TO THE I NCET OF THE TURBOPUMP THROUGH THE No Oo CHI CCDOWN VACVE THAT REMA I NS IN THE 
OPENED COND I T I ON AND BACK TO THE TANK THROUGH THE N o  O o  BCEED VACV E o  JUST P R IO R  T O  ENG I N E  
START T H E  PREVACVE I S  OPENEDo AFTER ENG INE START THE B C E E D  VACVE I S  CcOSED AND T H E  
CHI ��DOWN PUMP TURNED Off,  

F A ! �URE PO I NTS 

l o  LH2 C H ! CLDOWN PUMP FA I LS OFF 

2 o  LH2 CHI CLDOWN VALVE F A I L S  CLOSED 

3 o  LH2 BLEED VAl.VE FA I LS CLOSED 

4 o  LH2 PREVALVE F A I LS OPEN 

CONSEQUENCES 

IF THERE IS A FAI LURE AT ONE OF THE FA I LURE P O I N T S o  CH2 RECI RCULAT ION W I LL NOT BE 
ACCOMPC ! SHEDo THE ONBOARD SEQUENCED LH2 FUEL LEAD DUR I NG THE ENGINE START SEUUENCE W I LL 
PROV I DE LH2 FEED SYSTEM AND J·2 ENG I NE C H I L e  FOR R

.
ESTARTo THERE IS A POSS I B I L I TY THAT LH2 

PUMP CAV I TA T I ON WILL OCCUR RESUL T I N G  IN A FAI LURE TO REACH MAI NSTAGE AND A CREW SAFE ENGINE 
SHUTDOWN, 

M I SS I ON REV DATE SECT I ON GROUP PAGE 
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R I T EM 

N A S A  - M a n ned Spacecraft  C e n t e r  

MISSION RULES 
SEC T I ON 4 - SLV SYSTEMS 

B-4 LOX CHI LLDOWN SYSTEM F A I L S  DUR I NG RESTART PREPARAT I ONS 

THE J-2 ENG I N E  LOX PUMP AND FEED HARDWARE PUMP IS PRECONDI T I ONED P R I OR TO RESTART TO ENSURE 
THE I NLET COND I T I ONS ARE ACCEPTABLE FOR STARTo LOX IS C I RCULATED FROM THE TANK THROUoH A 
LOW PRESSURE FEED DUC T t  THE J-2 ENGINE LOX TURBOPUMP t AND BACK TO THE TANK THROUGH A RETURN 
L I N E ,  THE LOX CHI LLDOWN PUMP IS TURNED ON AND THE No o, LOX PREVALVE IS CLOSED AFTER 
I N I T I AT I ON OF T I ME SASE 6o LOX FLOWS TO THE I NLET OF THE TURSOPUMP THROUGH THE No Oo 
CHI LLDOWN VALVE THAT REMAINS I N  THE OPENED COND I T I ON AND BACK TO THE TANK THROUGH THE No O o  
BLEED VALVEo JUST P R I OR T O  ENGINE START THE PREVALVE I S  OPENED o AFTER ENGINE START I ENG I N E  
HEL I UM CONTROL SOLENO I D  ENERG I ZE D !  T H E  BLEED VALVE I S  CLOSED A N D  T H E  CHI LLDOWN PUMP TURNED 
OFF•  

FA I LURE POINTS 

1 ,  LOX C H I LL.DOWN PUMP FAllS OFF 

z ,  LOX CHI LLDOWN VALVE F A I L S  CLOSED 

3o LOX BLEED VALVE F A I LS CLOSED 

4 o  LOX PREVALVE F A I L S  OPEN 

CONSEQUENCES 

IF THERE I S  A F A I LURE AT ONE OF THE FAI LURE POINTS•  LOX CHI LLDOWN W I LL BE ACCOMP L I SHED BY A 
GROUND COMMANDED SEQUENCED LOX LEAD OF APPROX IMATELY 8 SECONDS I ALTERNATE SEQUENCE 6 D l o THE 
LOX LEAD W I LL I MPROVE CHANCES OF A SUCCESSFUL ENG I N E  START o HOWEVE R •  A LOX LEAD EXCEEDING 8 
SECONDS IS UNDESIRABLE BECAUSE THE ENGINE INJECTOR W I LL BE OVERCH I LLED WHEN C OMB I NED W I TH 
THE NORMAL 8 SECOND LH2 LEAD , DUE TO COMBUST I ON I NSTA B I L I TY NOTED ON AS 504 t A T L I  I NH I B I T  
W I LL B E  CALLED FOR A LOX LEAD LARGER THAN 2 0  SECONDS• 

M I SS I ON REV DATE SEC T I ON GROUP PAGE 
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R I T EM 

N A S A  - M a n n ed Spacecraft  C e n t e r  

M I S S I O N  R U L E S  

S EC T ION 4 - SLV SYSTEMS 

8•6 S· I VB CON F I RMED HARDOVER ACTUATOR 

DUR I NG ORB I TAL COAS T o  NO HYDRAUL I C  POWER I S  SUP P L I E D  TO THE ACTUATORS EXCEPT WHEN THE 
AUX I L IARY HYDRAUL I C  PUMP IS TURNED ON FOR THERMAL CYCLE,  IN THE POWER UFF COND I T I ON , ENGINE 
POS I T ION W I LL VARY +/• 3 DEGREES DEPEND I NG ON DUCT LEADS • G I MBAL BEARING F R ! CT I UN o  ETC • 
DUR I NG THE ENGINE IGN I T ION START I N G  TRANSI ENT o MOMENTARY P I TCH UR YAW ACTUATOR EXCUR S I ONS 
AS H I GH AS +1- 3 DEGREES ARE NORMALLY EXPE R l EN,EO•  LAHGE ACTUATUR DEFL�CT l ONS MAY OCCUR AT 
T H I S  T I ME DEP END I NG ON VEH I C L E  A T T I TUDE•  THE ACTUATORS MAY BE OFFSET FROM NULL DUR I NG 
ENG I N E  BURN AS MUCH AS +I• l o S  DEGREES DUE TO THRUST M I SAL I GNMt.NT o ENGINE I NSTALLAT I ON• 
TOLERANCESo UNCOMP ENSATED GIMBAL CLEARANCES AND THRUST STRUCTURE COMPRESS I ON EFFECTS,  A F T ER 
THE I N I T I AL ENGINE BURN STAR T I NG TRANS I ENTS • THERE SHOULD BE VERY L I T T LE MOVEMENT OF THE 
ACTUATORS DUR I N G  POWERED F L I G H T •  

F A I LURE P O I NTS 

l o  SERVOACTUATOR VALVE 

CONSEQUENCES 

DUR I N G  SECOND S•IVB BURN o AN ACTUATOR HARDOVER F A I LURE PRODUCES RAP I D  D I VERGENCE OF 
ATT I TUDE ERROR AND BODY RAT E •  TUMB L I N G •  AND I MM5D I A T E  LOSS O F  CONTROLo T H I S  IS THE MOST 
L I M I T ING CASE FOR MANUAL ABORT T I M I NG AND ANY DELAY MUST BE M I N I M I ZED TO PREVENT EXCEE D I NG 
THE SPACECRAFT PLATFORM TUMBLE L I M I T S •  EDS STUD I ES SHOW THAT FOR EVEN A Z·SECOND BURN OF 
THE J•< THE VEH I C L E  WOULD COMPLETE ABOUT 3 l/2  REVOLUTIONS BEFORE A RECOVERY COULD BE MADE 
W I TH THE APS o 

M I SS I ON REV DATE SEC T ION 
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R I T EM 

N A S A  - M a n n ed S p a c e c raft  C e n t e r  

M I S S I O N  R U L E S  

SEC T I ON 4 - SLY SYSTEMS 

8-7 CON T I NUOUS VENT SYSTEM REGULATOR F A I LS TO CLOSE DUR I NG RESTART SEYUENCE 

THE CVS IS CLOSED DUR I N G  RESTART PREPARATI ONS SO THAT THE LH2 TANK CAN BE REPRESSU R I ZE D  TO 
AN ACCePTABLE LEVEL FOR RESTART, DUR I NG ENu i N E  BURN o THE VoNTS MUST BE CLOSED IN ORDER THAT 
THE LHZ TANK PRESSU R I ZA T I ON SYSTEM CAN P�OV I DE ADEUU�TE NPS P ,  

DUR I N G  J - 2  E N G I N E  OPERAT ION • ULLAGE PRESSURE I S  PROV I DED BY G H 2  BLEED FROM THE J-2 ENG I N E •  
THE GASES FLOW T O  THE TANK THROUGH THREE OR I F I C ED FLOW PATHS, O N E  P A T H  I S  ALWAYS OPE N •  AN� 
NORMALLY OPEN SOLENO I D  VALVES CONTROL THE OTHER TWO, AFTER J-2 ENGINE START o A S w i TCH 
SELEC TOR COMMAND CLOSES ONE SOLEN O I D  VALVE AND ENABLES THE F L I GH T  CONTROL PRESSURE S W I TCH 
TO CONTROL THE OTHER VALV E •  

FA I LURE POINTS 

I •  CON T I NUOUS VENT REGULATOR FAILS  OPEN 

2 ,  SW I TCH SELECTOR FAI LURE 

3 ,  MAGLATCH RELAY F A I LS TO SET 

CONSEQUENCES 

IF THE CVS REGULATOR FA I LS OPEN AT I N I T I AT I ON OF RESTART PREPS o THE REGULATOR W I L L  VENT GAS 
AT A R�l:E EQUAL TO THE CRYOGE N I C  REPRESSUR I ZA T I ON RAT E o  HOWEVER• T HE AMB I EN T  
REPRESSU R IZAT ION SYSTEM W I LL PROV I D E  ADEYUATE NPSP F O R  RESTAR T o  DUR I NG BURN T H E  CORREC T I V E  
ACT I ON W I LL OPEN A L L  THREE PATHS O F  T H E  L H 2  PRESSU R I ZA T I ON CONTROL MODULE TO PROV I � E  THE 
ADD I T I ONAL PRESSURANT REQU I RE D •  

M I SS I ON REV DATE SEC T I ON GROUP PAGE 
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R I T EM 

NA$� - M a n ned S pa c ec raft  C e n t e r  

M I S S IO N  R U L E S' 

SECT I ON 4 • S�V SYSTEMS 

8•8 �OSS OF AT T I TUDE CONTRO� DUR I NG S · I VB SECOND BURN 

VP.hicle Ratea 
(R4-602 ,  R5-602, R6-602) 
Vehicle Rates 

(RS-602 Rl2-602, R13-602) 

L---.lj� r\ Loss of Attitude Control During Orbit 

J.oss of Attitude Control Alar • " 
1---- ·--.-...1:1 . -�D 

A T T I TUDE CONTRO� OF THE ENT I RE SATURN VEHI C�E I S  CONTRO��ED THROUGH THE I NSTRUMENT UN I T o  
T H I S  CONTRO� I S  NECESSARY T O  KEEP THE VEHI C�E I N  THE CORRECT �AUNCH TRAJECTORY FOR PROPER 
ORB I T  I NSERT I ON AND FOR MA I N T A I N I NG THE CORRECT VEH I C �E AT T I TUOo WH I � o  IN ORB I T •  

F A I �URE POINTS 

l o  S W I T C H  SE�ECTOR F A I �URE 

z ,  �VDC FA I �URE 

3 o  ST•lZ4 P�ATFORM F A I �URE 

4 ,  APS F A I �URE 

CONSEQUENCES 

�OSS OF A T T I TUDE CONTRO� DUR I N G  ORB I T  W I � �  EVENTUA��y RESU�T I N  EXCESS I V E  RATES I N  THE 
AFFEc rr.D A X I S  AND AN I NAB I I. I T Y  TO PERFORM RE�U I RED M�NEUVERSo THE �V"SM A T T I TUDE W I Ll. �E 

UNCONTRO�LABLE AND W I LL D I VERGE, 

M I S S I ON REV DATE SEC T I ON 
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N A S A  - Ma n n e d  S pacec raft  C e n t e r  

M I S S I O N  R U L E S  

SEC T I ON 4 - SLV SYSTEMS 

Lose of Attitude CoatYe1 Alert Duriftl Orbit 

Tl.C - EMR D26 .... 
MEM A - EMR D24 

and 

MEM B - EMR D25 

TLC MC26D9 

Hydraulic; System presSliTP (<1700 PSlA) - n41-loM. . 
2 

out of 

Hvdraulic Reservoix Pressure (Annrox 0) - D42-403 3 
Hydraulic Level (Approx . 0 Percent) - L7-403 

Failure 

Pailure of S-tVB Engine 

Hydraulics During S-IVB 

F Failur� to Reconfigure FCC \ Failul"e to Initiate Proper Guidance Sequence 
c 
c Faii to Change Time Base :;; 

Los• of Attitude Control S-IVB Second Burn 

YRT - MC24Dl5 & 1 6  
XRT' - MC24Dl7 & 18 

ZRT - MC24Dl9 & 20 ??1 
or 

COD CTR - M�<•D1,&1q 

Guid . Ref , !o'ail - MC26D8 

.� Attitude Reference Failure 
Platform GN2 (<5 PSID)-Dll-603 or 

6011 Volts(< 26v)-Ml2-601 

6Dl0 Amos(<l0Al-Ml6-601 � Gyro Pickups(c0)-H40, 4 1 ,  42- 0 3  a 

xx-0x (>A) H60-603 
� r--

Vote 
Roll Ladder (>A) H56-603 , 2 

Roll Error (>A) H69-603 of 

e-1._ 
xy-0y (>B) H60-603 r--

Vote Abnormal Attitude Error 
Pitch Ladder (>B) H54-603 2 

of 
Pitch Error (>B) H71-603 __2_ 
xz-0z (>B) H60-603 -
Yaw Ladder (>B) H55�603 

Vote A • 3 , 5• 
2 B - s.o• 

Yaw Error (>B) H70-603 
of 

__2_ 
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R I T  EM 

N A S A  - M a n n e d  S pa c e c r a f t  C e n t e r  

M I S S IO N  R U L E S  

9-1 S- I VB AMB I ENT HEL I UM DUMP F A I "S TO I N I T I A T E  

AS A PART OF THE AS-507 M I SS I O N t  T H E  S - I VB STAGE W I L "  G O  THROUGH A PAS S I V A T I O N  S A F I N G  
P�OCEDUREt I NCLUP I NG DUMP I NG T H E  AMB I ENT H E L I UM BOT T L E ,  TH I S  I S  ACCOMP L I SHED BY O P E N I N G  THE 
EN� I N E  PUMP PURGE VALVE AND DUMP I NG THROUGH THE E�G I NE TURBOPUMP PURGES AND GAS GENERATOR 
PURGE • 

l o  ENG I N E  PUMP PURGE CONTROL VALVE F A I L S  CLOSED 

2 •  ELEC T R I CAL COMMAND F A I LURE 

CONSo�UENCEo 

THE S-IVB STAGE W I LL NOT BE IN A ' ' SAFE ' '  CON D I T I ON IF THE PRESSURE I S  BELOW Z t OOO P S I A  AT 
2 1 0  DEGREES F 1 1 /4 BURST PRESSURE ! •  THE AMB I ENT HEL I UM SPHERE PRESSURE W I LL NOT I NCREASE 
S I GN I F I CANTLY FROM THE PRESSURE AT THE T I ME OF THE FA I LuRE • IN THE EVENT OF FA I LU R E  TO DUMP 
T H I S  BOT T L E •  THE CON T I NUOUS B LEED PROV !DEP BY THE LOX CH I LLOOW.' PUMP PURGE AND NORMAL 
LEAKAGE W I LL RESULT IN MEE T I NG THE 4 o 000 P S I A  AT 2 1 0  DEGREeS F CON T I NGENCY CASE 1 1 / 2  BURST 
PRESSURE I •  

M I S S I ON REV DATE SEC T I ON 
rc-
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N A S A  - M a n n e d  S p acec raft  C e n t e r  

M I S S I O N  R U L E S  

S E C T lON 4 - �LV SYSTEMS 

9-2 LOX �UMP F A ! Lb TO I N I T I ATE 

AT THE TERMI. �A T ! ON O F  S-!VB SECOND BU�N • THE S - I VB STAGE W I L L  B o  PASS I VAT ED-- l o  E" LOX 
DUMP E � •  LH2 VENT E D •  AND PRESSURE BOT T LES BLOwN DOW N •  THE L�X DUMP IS ACCOMPL ! "H E D  BY 
OPEN ! Nu THE J-2 E N G l � E  ",A l � S T AGE COI'ITHOL SOLENO I D  A.�D THE f,, G ! N t  HE L I U"' CGNTROL SULENO ! U o  
RESPECT I VE L Y ,  T H I S  ALLUWS LOX T O  B E  DUMPED THROUGH T H E  ENG I NE THRUST CHAMBER• 

FA I LURE P O ! ,H S  

l •  D E P L E T E D  E N G I N E  CONTROl.. 1-!E L l UM SUPPLY 

2 •  LUX PREVALVE F A I LS CLOS E D  

3 •  SEQUENC I N G  F A I LURE 

4•  �lA I N  LOX VALVE F A I LS CLOSED t EN G I N E l 

5 •  1'<1A I NSTAGE CONTRUL. SOL.EN O l L)  F A I LS CLOSED 

6o ENG I NE H E L I U M  CO�l!ROL SOLENO I D  F A I LS CLOSED 

CONSEQUENCES 

LOSS OF LOX DUMP AND I T S  RESU L T I N G  THRUST OF APPROX I MATELY 700 POUNDS COULD PREVENT THE 
S-lVB FROM ENTER I NG THE LUNAR IMPACT TRAJECTORY AND W I L L  CAUSE LOX TANK SAF ! N G  T O  BE 
ACCOMPL. l �HED BY V�NT I NG THROUGH THE LOX N P V •  

M I S S I ON REV D A T E  SEC T I ON GROUP f'A.GE 
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R I H :M 

N A S A  - M a n n •d S pacecraft  C e n t e r  

M I S S ION IIULE'S 

S EC T I ON 4 • S�V SYSTEMS 

9•3 ENGINE CONTRO� BOTT�E HE� I UM DUMP FAI �S TO I N I T I ATE 

AT THE TERM I N A T I ON OF SECOND BURNo THE S - I V B  W I �� BE PASSIVATED-· l o  E • •  THE PROPE��ANTS 
DUMPED AND PRESSURE BOTTLES BLOWN DOWN, THE STAGE AMBI ENT REPRESSU R I ZAT I ON SPHERES ARE 
CONNECTED TO THE ENG IN E  CONTRO� BOTT�E AND THUS SUPP�Y HE� I UM TO CONT I NUOUS"Y RoP"EN I SH THE 
ENG I N E  CONTRO� BOTT�E. THE AMBIENT REPRESSUR I ZA T I ON SPHERE ARE DUMPED TO APPROXIMATELY l SOO 
PS I A  AT THE I N I T I AT I ON OF DUMPo THE ENGINE CONTRO� SPHERE PRESSUR E ,  DUR I NG "OX AND �H2 
DUMP • W I �� THEN A"SO BLOW DOWN TO APPROXIMATE�Y 1 500 P S I A o  FROM TH I S  POINT o THE F.�OW IS A 
COMB I NE D  AMBIENT AND CONTROL BOTT"E HEL I UM o  

FAI LURE P O I NTS 

l o  ENG IN !  HEL IUM CONTRO� SOLENO I D  VALVE FAI.LS CLOSED 

2 o  ELECTRI CAL COMMAND F A I �URE 

CONSEQUENCES 

IF THE ENG IN E  CONTROL BOTT"E DUMP F A I LS TO I N I T I A T E •  THE STAGE W I L L  NOT BE COMPLETE�Y 
SAFEDo IF THE PRESSURE IS NOT BELOW THE 3 • 70.D PSI I AMBI ENT I MAXI MUM SAFE OPERAT ING PRESSURE 
THE BOTTLE IS NOT CONS I DERED SAFE• 

M I S S I ON REV DATE SEC T ION 
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R I T EM 

N A S A  - Manned S p a c e c raft  C e n t e r  

M I S S IO N  R U L E S  

S EC T I ON 5 - CSM SYSTEMS 

CMS EECOM M I S S I ON RULE RAT I ONALE 
I BASEO ON M I S S I ON R U L E S  EFFEC T I V E  T H I S  DAT E !  

l o  ! N T RODo : T I ON - APOLLO 1 2  CSM EECOM M I S S I ON RULES HAVE BEEN DEVELOPED T O  PROV I DE FOR CREW SAFETY 
AND A H I GH PROBAB I L I TY OF SUCCESSFUL ACCOMPLI SHMENT OF M I SS I ON OBJEC T I V E S ,  T O  ACH I EVe T H I S  T H E  
FOLLOWING CR I T E R I A  HAVE BEEN USED---

A• MAX I M U.''Io U T l t.. l ZA T I ON O F  LM SYSTEMS AS BACKUP TO C $1"1 SYSTEMS• THE I..M SYSTEMS W I \..L NUT BE 

USED UNT I L.  A F A I LURE OR A PROGRESS I ON OF F A I LURES HAS DEPR I VED THE CSM OF AN ESSEN T I AL. 
CAPA� ! L. l TY o  AT THAT T H1E t THE L,'l SYSTEMS W I L L.  NORMAU.Y BE USED FOR T H E  MOST PRA<. T I CAL. 
RETURN TO EAR T H ,  

B o  ONCI:: LUNAR ORB I T  HAS B t: o N  AC H I EV E D ,  F A I LURE OF A COMPONENT OR SYSTEM W H I C H  LEAVES THo CSM 
W I TH ONE REMA I N I NG CAPAB I L I T Y  TO P E RFORM AN ESSENT I AL. FUNC T I ON •  WHERE TH I S  FUNC T I ON IS NOT 
REQU I RlD TO M A I N T A I N  CAPAB I L I T Y  T O  PERFORM T E l  W I TH THE CSM• AND WHERE THE L I KE L I HOOD OF 
F A I LURE OF T H E  R EM A I N I N C  COMPONENT OR SYSTEM IS ASSOC I AT E D  W I TH THE MEAN T I M E  BEFORE 
F A I LURE PROBAB I L I T Y •  T H E  M I S S I ON W I LL NORMALLY BE CON T ! NUED o THE RAT I ONALE I S--- FROM 
LUNAR URB I T  THE RETURN T O  EARTH T I M E  IS A T  LEAST 2 DAYS AND FROM SOME POINTS EVEN LONGER• 
THUS S l  T U A T E D •  THE SPACECRAFT AND CREW ARE ALRaADY COMM I T T ED TO ENDUR I N G  T H I S  SUBSTANT I AI. 
P E R I O D  OF SOME DEGREE Of RISK OF T H E  REMA I N I NG COMPONENT OR SYSTEM F A I L. ! NG o  T O  C ON T I NUE 
W I TH HIE NOMI NAl. M I S S I ON W I LL INCREASE THE M I SS I ON T I ME BY AN AMOUNT EQUAl. TO THE REMA ! N ! Nu 
SCHEDUI.ED T I ME I N  I.UNAR ORB I T •  AND T H E  I NCREASE I N  T I M E •  THOUGH S I GN I F I CANT • DOES NOT 
E X C E S S I VELY ! NCKEASE THE TOTAL M I S S I ON T I ME t RELAT I VE L Y  SPEAK ! N� o  BECAUSE OF T H I S •  T H E  
O�JEC T I VES W H I C H  CAN e E  ACH I EVED BY CON T I N U I N G  THE M I S S I ON W I TH SUCH A COND I T ION A R E  
CONS I DERED WORTH T H E  S L I GHT I NCREASE I N  R I SK o  

C o  T H E R E  ARE N O  C S M  EECOM SYSTEMS F A I LURES FOR W H I C H  POWERED DESCENT W I LL BE T E R M I N A T E D •  
POWERED DESCENT REQU I RES APPROX IMATELY l <  M I NU T ES F R O M  l N ! T ! AT ! ON TO TOUCHDOWN A N D  REI. I AeLE 
RECOGN I T I ON OF PROBLEMS I N  T H I S  T I M E  FRAME IS UNL I KE L Y ,  ADD I T I ON OF THE CSM AUX BATT ERY 
W I Ll. ALLOW I. I FT ING OFF AT T 3  WH ICH W I I.L P E RM I T  ADD I T I ONAl. SYSTEM ANALY S I S  T ! ME o 

I l •  N l SS I ON RULES RAT I UNAL.E 

A. BY M I SS I ON PHASE---

1 ,  LAUNCH - THE ONLY REASONS FOR W H I C H  LAUNCH W I LL B E  ABORTED ARE---

I A I  FA I LURES W H I C H  RESULT I N  LOSS O F  A V l ABL£ E N V I RONMENT FOR TH£ CREWo T H I S  OCCU�S 
ONLY AFTER LOSS OF CAB I N  I NTEGR I T Y  AND F A I LURES W H I C H  RESULT I N  I.OSS OF T H E  
S U I T E D  CAPA B I L I T Y l ! o E o t LOSS O F  SU I T  I NT E GR I T Y •  BOTH M A I N  REGUI.ATORS OR DEMAND 
REGUI.ATORS F A I LED CI.OS E D •  I.OSS OF BO T H  SU I T  CUMPRESSORS • OR LOSS OF THE 02 
MAN I FOLD o l  S I NCE THE C R E W  CANNOT SURV I V E  UNDER T H E S E  ENV I RONMENTAl. COND I T IONS• 
I T  I S  E S S E N T I Al. THAT THE CREW R E T U R N  TO T H E  EARTH ' S  ATMOSPHERE ! MMED ! AT E I. Y o  

I B I  FA ! I.URES W H I C H  R E S U L T  I N  LOSS O F  EI.EC T R I CAI. POWER SOURCES TO THE E X T EN T  T H A T  T H E  
2-l E N T R Y  CANNOT BE ACH I EV E D •  ! T H I S  OCCURS O N L Y  W I TH I.OSS OF A L L  SM POWER 
SOURCES AND ONE ENTRY B A T T E R Y •  I S I NC E  CUNT ! NUAT ! ON CAN ONLY HAVE D I SASTEROUS 
RESUL T S t  AN I MMED I A T E  ABORT IS NECESSARY• 

2 •  POWERED DESCENT- T H E R E  A R E  N O  CSM EECOM SYSTEM F A I I.URES FOR WH I CH POWERED 
DESCENT W l i. L  BE T E RM I NA T E D ,  L I FTOFF FROM THE LUNAR SURFACE W I Ll. BE PERFORMED 
NU SOO,'lER THAN T3 FOR ANY CSM EECOM SYSTEM F A I I.URESo THE AUX B A T T E RY I S  
CAPABI.E Qf PROV I D ihG SUF F I C I ENT ELEC T R I CAL ENERGY T O  &UPPORT T E l  AND A LOW 

POWER RETUHN TO EARTH• 

3, ALL OTHER POWERED F L I GH T  - THERE ARE NO FA I LU R E S  FOR W H I CH THESE w i LL. BE 
TERN I NA T E D .  N O M I N A L  COMPLET I ON O F  T H E S E  POVIt::R E O  PHASt:.S t I N  EACH CAS E t  W I LL 
PLACE THE SPACECRAFT ON AN EXPECTED AND REASUNABI.Y WELL KNOWN TRAJECTORY 
FROr,: WH I CH A PREPLANNED RF.TURN MANEUVER CAN BE MADE o EARLY T E RM I NA T ION OF A 
MANEUVER !.EAVES T H E  SPACECRAFT ON AN UNKNOWN TRAJECTORY W H I C H  W I Ll. REQU I R E  
T I ME T O  D E T E R M ! N h ,  I N  T H E  M O S T  PROBABLE FA I I.URE CASES •  I T  I S  S A F E R  T O  
CDMPI.ETE T H E  MANEUVER• IN THOSE OTHER CASES WHERE T H E  CREW IS I MMED I A T E L Y  
ENDANGERED • T E RM I NAT I ON O F  THE MANEUVER W I LL N O T  I MPROVE THE S I TUAT I ON 
S l GN l F I CANT L.Y • 

4o TRANSPOS I T l O N o  DOC K I NG •  AND E X T RAC T I ON - THt:: ONLY F A I LURE FOR W H I C H  TD&E 
W I L L  8 E  I NH I B I T E D  IS F A I LURE OF THE DOCK I N G  LATCHES T O  THE E X T E N T  T H A T  L E S S  
T H A N  THREE L A T C H E S  LOCA T ED 120 D E G R E E S  A P A R T  OR THE STRUCTURAL EQU ! VAI.ENT 
E X I S T ,  W I TH T H I S  CON� ! T I ON •  THE. �OCKED CON F I GURAT I ON IS ' STRUCTURALLY ' 
UNSOUND AND DAMAGE TO THE SPACECRAFT MAY R E SUI.T o ALTHOUGH TD&E AS O U T L I NED 
HERE CAN B IO  PERFOR�ED W I TH A MUI. T ! TUDE OF F A I L U R E S •  T H I S  DOt::S NOT ! M P I.Y THAT 
THE M I SS I ON W l l.l. e E  CON T I NUED • NOR DOES IT MEAN THAT TD&E W I L L  B o  PERFORMED 
� JUST THAr

' 
I T  COULD B E  PERFORMED IF DES ! R E D o  I T  SHOUI.D B E  NOTED THAT SU I T  

! NT F. GR ! TY I S  NOT REQU I RED FOR TO&Eo FOR M I S S I ON RUI.E PURPOSES AND FOR 
PRAC T I CAL PURPOSES •  CAB I N  I N TEGR I T Y  IS NOT CONS I D E RED A S I NGLE P O I N T  
F A I L U R E ,  
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M I S S I O N  R U L E S  

S EC T I ON 5 - CSM SYSTEMS 

5 ,  POST DOCK I NG / LM JET T I SON - T HE L M t  W I TH OR W I THOUT T H E  DESCENT STAGE W I LL B E  
RETA I N E D  THROUGH T t l  ( W I TH I N  DELTA V CONOTRA I � T I I  F O R  THOSE CSM SYSTEMS 
F A I LURES WH I CH LEAVE THE CSM W I TH ONE REMA I N I NG CAPAB I L I T Y T O  PERFORM AN 
tSSEN T I AL FUNC T I ON AND •HERE SUBSEUUENT LOSS U F  THE REMA I N I �G CAPAB I L I TY 
W I LL BE SUPPLEME�TED AND/OR REPLACED BY THE LM S Y S T E M S ,  

B o  B Y  SPACECRAFT S Y S T E·� Or' COMPONENT - M I S S I ON PHASES D I SCUSSED I N  THE PREV I OUS SECT I ON 
! S E C T I ON A I  ARE NOT COVERED I N  T H I S  SEC T l ON o  

l o  ENV 1 RONMENT A L  CONTROL SYSTEM 

( A l  C A B I N  I �T E G R I T Y  - CAB I N  I NT EGR I T Y  IS REUU I RED T O  I N I T I A T E  AND CONT I NUE ALL 
M l SS l UN PHA S � S .  THE LOSS Of CAS I N  l NT t�k l T Y  N E C � S S l TAT�S T H �  R E L l ANC� ON THt 
SU I TS TO PROV I D E  THE CREW W I TH A V I ABLE ENVl RONM E N T o  THE SU I T S  ARE 
UNCOMFOR TABLE • ARE E X T R E � E L Y  F A T I GU I NG WHEN CREW A C T I V I TY I S  REQU I R E D •  CAN L I M I T  
CAPAB I L I T Y  T U  PERFORM ROU T I NE CREW FUNC T l ON S o  ANO CAN PLACE ONE O R  A L L  CREWMEN I N  
A HAZARDOUS ENV 1 IW.�MENT AS A RESULT O F  ONLY A 5 1  NuLE F A  1 LURE • FOR T H E S E  REASONS o 
I T  I S  CONS lUERED UNSAF� ANO I MPRAC T I CAL TO CON T I NU E  THE M I SS I ON W I TH LUSS OF 
CAB I N  I N TEGR I T Y •  

I B l  F I R E  O R  SMOKE I N  CAB I N  - T O  I N I T I AT E  AND CONT I NUE ALL M I S S I ON PHASES • THE CAB I N  
MUST � E  F R E E  OF F I RE UK SMOKEo A S I D E  FKUt'\ T H E  OBV I OUS I MM E D I A T E  HAZARD T O  T H E  
CAEw o F I RE W I L L DAMAGE EwU l PMENT I N  THE SPACECRAF T ,  THE E X T E�T OF WH I CH I N  A � L  
L I KE L I HOOD W I LL N O T  Bt KNOWNo CONSt�UE�T�Y o E V E N  I F  T H E  F I RE H A S  S E EN 
CONTROL L E D • ALL M I S S I ON PHASES W I LL BE T E R M I N A T ED ! F  A F I RE HAS OCCURRED, 

( C l  02 MAN I FOLD LEAKS - THE O Z  MAN I FOLD IS DEF I NED AS THAT POR T I ON OF THE 900 P $ 1 A  
S Y S T E1-1 !.>OW>�STR.EAM OF T H E  S M  SUPPLY VALV E • AND THt: 100 PS I A  :) Y S T E M •  02 MAN l FUL.D 
LEAKS RESULT lN EXCESS I VE 02 USAGE AND OVERPRESSU R ! ZA T I ON OF T H E  C AB I N  AND/OR 
LOSS OF CAPAB I L I T Y  T O  PRESSUR I Z E  W A T E R  TANKS I RE SU L T ! Nu IN POS S I BLE LOSS OF WATER 
DUMP CAPAB I L I T Y W I TH I T S POTEN T IAL E F F E C T  ON FUEL C � L L S ) t  LOSS OF WATER REMOVAL 
FROM THE CAB I N  ( 't H TH RESULT I NG H l GH HUM I D I T Y AND EXC E S S I V E  FREE WATER I N  THE 
CAB ! N i o AND LOSS OF AUTOMAT I C  CAB I N  PRESSUKE CUi, m U L o  I F  T H E  �EAK RESULTS I N  
EXCES� l V E  D E P L ET I ON OF THE OXYGEN SUPP L Y •  I T  W I LL B E  NECESSARY T U  I SO L A T E  T HE 
MAN I FO L D ,  CAd i N  PRESSURE C A N  BE M A I N T A I NED BY MANUALLY I N TRODUC I NG O X Y G E N  I NTO 
THE C A � l ."� THROUGH THE P.UPTUHED 1"1AN I FOLD OR THI�OUGH THt:: REPRESS OG VALVE. W l iH 
T H �  E X l STE�C t:: OF COLD CAB I N  WALL& ANU COLO GLYCUL L I I� E S t  I T  I S  UNL I KELY THAT 
EXCESS I V E  HUM I D I T Y  W I LL RESU�T FROM LOSS O F  SU I T  LOOP W A T E R  REMOVAL CAPAo ! L I TY •  
A L T HOUGH C O , S I DERABLE F R E E  WAT ER W l cL UNOOUSTEDLY E X I S T  I N  T H E  C A S I N o  T H I S  CAN SE 
COLLECTED FROM I TS CONDE NSAT I ON P O I N T S  U S I N G  T H E  VACUUM CONNEC T I ON T O  THE 
OVERBOARO DUMP S ,  IF NECESSAR Y •  FORCED EVAPORAT I ON CAN B E  USED T O  O l SPOSE OF 
EXCESS FU�L C �LL W A T EH ONCt THE WATER TANKS ARE F U L L •  I T  W l �l 8 E  NECESSARY T O  
CHECK r H E  C 0 2  CANN ! S TERS P E R I UU I CALLY T U  l N�URE THAT SWEL � l NG DOES NUT OCCUH A S  A 
RESULT OF T H E  ADD I T I ON A L  •ATER I N  T H E  C AB I N  ATMOSPHERE• BECAUSE THESE 
CAPAB ! L ! T ! E S  DO E X ! S T o  T H E  M ! SS ! ON W I LL BE CO,T l NUED ONCE UNDOCK ! NG HAS B o e N  
P E R FUKr'lt:: o. ( U NDUC K I NG W I L L  NOT B E  PERFURMED W I TH T H I S  CVND I T l ON BECAUSt:: THE 
BACKU� MEANS OF CHEW TRANSFER FROM T H E  LM T O  THE CSMt l • E • •  E V T t I S  LOS T • l T H E  
I NCI{t:ASE I N  M I SS I ON T I � E  RESUL T I N G  FROM CON T I NU I NG T H I:.  NOM I NAL. M I SS I ON PROL)UCES A 
S L I GH T  I NCREASE I N  R I SK N H I CH I S  CON S I DI:.REL) ACCE�TABLE I N  L I GHT OF T H f  OBJ E C T I V ES 
W H I CH CAN B E  ACH I EV E D ,  HOWI:.V�R t BECAUSE T H I S  PRUBLEM W I LL REUU I RE CON S I DERABL� 
CREW A T T EN T I ON AND BECAUSE IT DOES REPR�SE�T SOME I NCREASE !N R I SK T O  C R E w  
SAFET Y • ALL � l SS I ON P H A S t S  P R I OR T O  UNDOC K l �G W I LL BE T E R M I NATED• 

( !.)}  M A Lii V.:. RE0ULATURS - T L I  W I L L  B E  l NH l B l T C.D iF  ONf:. MA l N  02 tH:':l:IULATUR HAS F A I LE!) 
CLO&EO BECAUSI:. F A I LU R E  OF T H E  REMA I N ! �� H�GULATOK I N  THE CLOSED POS I T I UN w i LL 
RESULT I N LOSS OF THt: CAPAB I L I T I ES D I SCUSSED I N  1 1 ( 1 1 ABOVE ( FOR 02 MAN I FOLU 
LEAKS WH I C H  R El�U l R E.  I SOLA T I ON OF T H E  lvlAi' U FO LD l •  Bt.CAUSE OF THE CREW TASKS 
I NVOLV ED A�O T H E  I NCREASE 1� R I SK T O  THE CREW• T L I  W I LL NOT � E  P�RFORMEU, IF ON� 
MA I N  :;2 REGULATOR HAS F A I L E D  OPEN AND T H E  OTHER I S  FUNLT l ON l �G NORMA L L Y • T L l  W I LL. 
BE P�RFORMED· FULL CAPA B I L I T Y RtMA l � S  BY MA�UAL REGULA T I ON OF THE F A ! LtD UPtN 
REGULATOR I� T H E  EVENT T H E  VTHER REGULATOR F A l LS CLOSED• ONCE T L l  HAS B E E N  
PERFOR.-�E D ,  T H E  M I SS I O N  W I  L.L 1'3E CO,'H I NUED A S  L U N G  AS O N E  MA I N  REGULATOR PERFORMS 
NORMALLY �ECAU5E FULL CAPAB I L I TY REMA I NS •  I F  T H E  REGULATOR F A l l S  P R I O R  T U  
UNDUC � l N G t  T H E  LOSS OF CAPA B I L I TY ASSOC I A T E D  W I TH T H I S  F A I �UKE KEWU l k � S  M l S5 1 UN 
T E k M l i� A T I CN-- HU�EV E R t  T HE REMA I N I N G  CAPA6 I L I T Y AS DESCR 1 8EO I N  1 1 ( 1 1 ASOVE W I LL 
ALLV'tl � A T I SFAC TW<Y TlRM I NAT I ON OF THE �l l .S S l UN •  U N D0 C i<. l N G  W I LL NOT BE PERFORi\lEO 
I F  80T rl, ;>1A l N  1-it:GJLATOR::O. HAVE F A I LEO �ECAUSt: THE t:IACKUP CAPAI:) l l l T Y  T O  TRAN�fER T H E  
C k � �  F � O W  THE L M  TO T H E  CSM I S  LOST e A F T � R  U�DUC K I NG HAS � E E N  P E K F O R M � u ,  T H E  
M l .S� t 0 N  � I L L  B� CON T I NU E D  B�CAUSE ADD I T l UN-L R I SK ASSUC I A T E D  W I T H  C�NT l N U l NG F O R  
T H E  APD I T !UNAL T I ME I NVOLVED W I TH B O T H  M� l N  R�GULATORS F A I LED I S  CON� l DE K E D  
ACC � P T A9LE I N  L I GHT OF THE OBJECT I VES 'N H 1 C. H  CAN B E  ACH I EV E D •  

�� I SS !  ON REV DP.. T E  SECT ! ON 
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N A S A  - M a n n e d  S pacecraft C e n t e r  

M I S S IO N  R U L E S  

S E C T ION S • CSM SYSTEMS 

l o l  ECS COO,ANT "OOPS t ECS RADI ATORS • AND ECS EVAPOHATORS - N E I THER ECS EVAPORATOR I S  
REQU I RED T O  I N I T I A T E  O R  CONT I NUE ANY M I SS I ON PHA S E o  EARTH ORB I T  W l " L  BE 
CON T I NUED AS "ONG AS E I TH ER COO,ANT "OOP W I T H  I T S  ASSOC I ATED  RAD I ATOR I S  
AVAI ,AB"E AND AS "ONG A S  I T  I S  PRAC T I CA,, TH I S  CAN Bo DO N E BECAUSE BY POW E R I N G  
T H E  SPACECRAFT DOWN AFTER F A I ,URE O F  THE R E MA I N I N• COO,ANT LOOP • AT L E A S T  4 HOURS 
OF POWERED DOWN OHB I T  L I F E T I M E  FO,,OWED BY l o 5  HOURo POWEREO UP CAN B E  A C H I EVED 
AFTER "OSS OF A"" COO, I N G o  W H I C H  W I " "  AL,OW A SA T I SFACTORY E N T R Y o  T O  COMM I T  TO 
TLI OR " 0 1  OR TO C O N T I NUE T"C REQU I RES BOTH COOLANT "OOPS AND BOTH R AD I A TORS , I F  
E I THER "OOP I S  L05T o AN ADD I T I ONAL F A I LURE W I L L  R E SULT I N  LOSS O F  ALL COOL I NG ,  

I N  PAN T I CU,AR t LOSS O F  T H E  P R I MARY LOOP W I " "  RESULT I N  "OSS OF T H E  G & N  SYSTEM 
\·JH I CH \H LL. ,'V!AKC "'U S S I ON CON T I NUAT I ON I MPRAC T I CA L •  S I NC E  LOSS OF E I TH E K  RAD I A TOR 
MAKES THE RESPECT I V E  LOOP DEPENDENT UPON I T S EVAPORATOR WHICH IS L I M I T E D  I N  
CAPAB I , I TY B Y  T H E  WATER AVAI ,AB'E • T H E  LOOP I S  "OST A " T HOUGH U " T I MAT E "OSS W I "L 
BE EXTENDED U�T I L  THE W A T E R  SUPPLY I S  E X P ENDED , CONSEQUENTLY • LOSS OF THE 
RAD I ATOR I S  TREAToD A S  "OSS OF  THE RESPEC T I VE LOOP AFToR T " l •  AFT ER LUI , T H E  

I F  I 

M l SS I UN W I L L t3E CON T I NUED I F  THE SECONDARY LOOP l·S LOST AS LUNG AS THE PK I 1"1ARY 
"OOP IS AVA I ,AB' E '  THE SUBSEQUENT "OSS O F  THE P R I MARY COOLANT LOOP I S  ASSOC I A T E D  
W I TH MEAN T I M E  �EFORE F A I LURE C R I TER I A  ESTA B , I SHED I N  T H E  l N T RODU C T l ON o  A L S O •  
CONS I DERA T I ON W I LL BE G I VE N  T O  CONT I NU I NG THE M I S S ION I F  T H E  PR IMARY RAD I A TORS 
ARE LOST AS LONG AS THE SECONDARY LOOP AND THE P R I MARY LOOP W ITH EVAPOR A T I V E  
COOL I N G  ONLY ARE S T I LL AVA I L A B L E •  I N  T H I S  CON F I GURA T I ON F U L L  CAPAB ! , I TY REMA I NS •  
AND T H E  OBJ E C T I V ES MAKE I T  WORTHWH I LE T O  CON T I NU E ,  

A F T E R  PO l HAS 6 E E N  I N I T I A T E D •  THE M I SS I ON W I LL B< CON T I NUED T O  T 3  E V E N  I F  A L L  
COOL I N G  I S  LOS T •  E V E N  THOUGH T H E  T I ME ReQU I RED F O R  R ENDEZVOUS W I LL BE I N  EXCESS 
OF THE NO COOL ING CAPAB I , I TY OF CSM SYSTEMS • ANA,Y S I S  I N D I CATES THAT T rtE CSM CAN 
CONT I NUE FOR AN EXTENDED PO:R I OD POWERED DOWN W I TH NO COOL I N G o  S I NC E  A POWER DOWN 
W I "' B E  REQU IRED PR IOR TO COMPLE T I ON OF RENDEZVOUS IN ANY C AS E t  THE "UNAR LAND I NG 
MAKES I T  WORTHWH I L E  TO C O N T I NUE o 

AFTER TOUCHDOWN• T H E  NOM I NA L  M I S 5 1 0N W I LL BE CON T I NUED I f  THE PR I MARY LOOP I S  
LOST A S  LUN� A S  T H E  SECONDARY LOOP REMA I N S •  S I NC E  T H E  G&N WOULD HAVE T O  B E  
POWERCD DOWN � R l OR TO COMPLET I NG A REND EZVOUS • NOT H IN G I S  "OST BY CONT I N U I NG THE 
NOM INAL LUNAR STAY. T HE PROBAB I L I TY OF FA I LURE OF THE SECONDARY LOOP I S  
ASSOC I A T E D  W I TH TH E MEAN T J r<o BeFORE F A I LURE C R I T ER I A  DEVE,OPED I N  T H E  
I NTRODUC T I ON ,  

SU I T  I N T EGR I TY - SU I T  I N T E GR I TY I S  REQU I RED  T O  B E  G O  
BACKUP MEANS o F  C R E W  TRANSFER I EV T I  I N  T H E  EVENT THE 
REDOCKEDo A L L  OTHER M I S S I ON PHASES W I L L  BE CON T I NUED  
BECAUSE CAB I N  CAN PROV I D E  ALL NECESSARY L I F E  SUPPORT 
PURPOSES t CAB I N  I NT EG R I T Y  I S  NOT CON S I DERED A S I NGLE 

FOR UNDOC K I NG T O  PROV I DE A 
TWO SPACECRAFT CANNOT B E  

W I TH LOSS OF SU I T  I NTEGR I T Y  
FUNC T l ONSo FOR M I SS I ON RULE 
P O I N T  F A I LURE I TE M •  

i G I  GLYCOL LEAK I N  COMMAND MODULE - T O  I N I T I ATE AND CONT I NUo A L" M I SS I ON PHASE S •  T H E  
COMMAND MODULE MUST BE F R E E  O F  GLYCOL LEAKS • GLYCOL I S  TOX I C  AND I TS PRESENCE I N  
T H E  C M  ATMOSPHEI<E I S  HAZARDOUS T O  TH E CREW• I T  I S  NECESSARY TO M I N l  M i l E  EXPOSURE 
TO T H I S  ENV I RONMENT-- CONSEQU E N T L Y ,  A LL M I SS I O N  �HASES W I L L  BE T ER M I N A T E D  IF A 
GLYCOL LEAK HAS OCCURRED• TH E LM W I L L  BE R E T A I NED FOR T E l  T O  PROV I D E  T H E  CREW 
�l i TH A NON-TOX I C  ENV I RONMENT FOR TRANSEAIUH COAST FOR AS MUCH T I ME AS POSS I BL E ,  

I H I  EXCES S I V E  CAB I N  HUM I D I T Y  • TO I N I T I A T E  AND CONT I NUE A L L  M I S S I ON PHASES o T H E  
COM,'IAND MODULE �UST BE F R E E  O F  EXCESS I Ve C A B I N  HUM I D I T Y •  EXCESS I VE HUM I D I T Y 
RETARDS THE CREW ' S  CAPAB I , I TY TO REJECT BODY HEA T o  T H E  CAPA C I T Y  OF T H E  HUMAN 
BODY TO RET A I ;, HEAT W I T HOUT A REDUC T I ON IN PHYS I CAL CAPAB I L IT Y  IS L I M I TED 
( A PPRO X I MA T � � y  400 B TU I .  IT  IS  NECESSARY TO M I N I M I ZE �XPOSURE T O  T H I S  
ENV I RONMENT-· CONSEQUENTL Y •  ALL M I S S I ON PHASES W I LL BE T E R M I NA T E D  I F' EXCESS I V E  
CAB I N  HUM I D I T Y OCCURS, THE L M  W I LL B E  RETA I N ED FUR T E l  T O  PROV I D E  T H E  CREW W I TH A 
SAT ISFACTORY ENV I RONMENT FOR TRANSEARTH COAST• 
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N A S A  - Ma n n e d S p a c e c r aft C e n t e r  

M I S S I O N  R U L E S  

S EC T I ON 5 - CSM S Y S T E MS 

I l l  POTABLE H20 TANK A N D  W A S T E  H 2 0  TANK - N E I T H E R  T H E  POTABLE TANK NOR T H E  WASTE TANK 
15 REUU I R E D  TO I N I T I ATE OR T O  CON T I NUE ANY M I S S I ON PHASE E X C E P T  EARTH OR� I T •  

WHERE THE POTA"LE TANK I S  NECESSARY FOR D R I NK I NG W A T E R ,  N E I T H E R  EVAPORATOR I S  
REUU ! R E D  FOR A N Y  M I S S I ON PHASE-- THEREFORE . THE W A S T E  TANK I N  NOT NECESSAk Y •  I F  
T H E  POTABLE TANK I S  LOS T •  T H E  LM WATER SUPPLY C A N  BE USED F O R  C R E W  CONSUMP T I O N •  
A L T HOUGH I T  MAY B E  NECESSARY T O  AMEND T H E  LM T I M E L I N E  BECAUSE O F  DEPLE T I ON O F  LM 
WATER BY T H I S  MEANS , THE AMOUNT OF W A T ER A V A I LAB L E  IN THE ASCO:NT S T A G E  A F T ER A 
NOM I NAL LU�AR STAY AND R E NDEZVOUS W I LL BE �PPROX l MA T E lY 2 5  POUNDS • W H I L E  T H I S  I S  

L E S S  THAN NOM I NAL CREW CONSUMP T I ON ,  I T  I S  ADEWUATE T O  ALLOW A SAF E R E T U R N  T O  
E A R T H •  

t J J  S U I T  COMPRESSOHS - O N E  S U I T  COMPKESSOR OR THE VACUUM CLEANER I S  RE:.fJUZRED 10 

CONT I N UE E A R T H  ORB I T  S I NC E  E N T R Y  CAN B E  P E R F ORMED IN A T I M E  FRAME COMPAT I B LE W I TH 
C02 B U I LDUP I N  T H E  CM A N D  USE OF T H E  02 F A C E  MASK S ,  BOTH SU I T  COMPRESSORS MUST 
B E  AVA I LABLE T O  PERFORM l L I •  I F  ONE SU I T  COMPRESSOR HAS B E E N  LOST B E T W E EN LAUNCH 

ANO T L i o  THE OTHER COMPRESSOR W I L L NATURAL L Y  �E SOMEwHAT S U S P E C T ,  I N  A DU I T I O N o  
I T  I S  CONS I Df:.I\ED UNDES 1 R A 6 L. E  T O  COMi�l l T  Tv A L.UNAR iv! l S S l ON w i TH ONLY ONE S U I T  
COMPRESSOR, A F T E R  T L I • O N L Y  O N E  SU I T  COMPRESSOR I S  REuU I RED T O  I N I T I A T E  AND 
CONT I NU E  ALL M I S S I O N  PHAS E S •  I F  T H E  RHMA I N I NG COMPRESSOR A N P  T H E  VACUUM CLEANER 
ARE L.OS T t AN ARRANGEMENT CAN t3E MADE USING THE S U I T  HUS i:::S ANI) T H E I R  l N T E RCONfl.l E C T S  
T O  ALLO>i T H E  LM S U I T  FANS T O  PU.�P 02 THROUoH T H E  CM SU I T  LOOP F O R  C 0 2  A N U  WATER 
REe,OVAL ,  CS'· PO'tlok OR LM POWER MAY B E  USED TO PUWER T H E  LM SU I T  FANS U N D E R  T H I S  
ARRANGEMENT I F  T H E  L M  D E S C E N T  STAGE I S  S T I L L  ATTACHED· T H I S  CONF I GU R A T I ON SHOULO 
PROV ! D f  ADICQUATE C02 REMOVAL T O  ALLOW SAF E T E R M I NA T ION OF THE M I S S I O N o  F O R  LOSS 
OF t30 ( H  SU I T  COMPRESSORS ANU THE VACUUM C L � A N E R ,  THE LM DESCENT STAGE W I L l B E  
R E T A I NED FOR T E l  I F  POS S I B L E ,  I f  T H E  O � S C E N T  STAGE CANNOT B E  R E T A I NE D t  T H �  
ASCENT STAG[ W I LL BE RETA I NED• 

I K I  S U I T  C I R CU I T  - T H E  SUIT C I RCU I T  IS REWU I R E D  T O  I N I T I A T E  A N D  CON T I NU E  ALL M I SS I ON 
PHASE S ,  I F  T H E  SU I T  C I R CU I T  I S  L OS T •  T H E  CAPA B I L I T Y TO PROV I D E  C02 REMOVAL ANO 
WATER l{f�OVAL IS LOST• LOSS QF C02 REMUV.AL PLACES THE CREW I N  A HAZARDOUS 
E N V I RONME. N T t AND COi\15EWUENTLY T H E  M I S S I ON MUST BE T E R M I NAT E D •  l i T  M A Y  BE 
D E S I RA B L E  T O  U T I L I Z E  LM SYSTEMS IN A MANNER S I M I L I AR T O  THAT DESCR I B E D  IN ' 1 J 1 1  
ABOVE, I I F  POSS I B L E •  THE LM W I L L B E  R E T A I N f. D  FOR T E l  TO U T I L I Z E  T H E  LM S U I T  
C I RCU I T  DUR I � G  TRANS£ARTH COA S T •  A N  EVALUA T I ON U F  THE CAPAd i L I T Y  REMA I N I NG I N  

THE LM ASCENT STAGE AND T H E  F A I LURE W H I C H  CAUSED LOSS O F  T H E  S U I T C I RCU I T  W I L L BE 
1'-'l.to.DE TO D E T E R M I N E  WHETHER OR NOT 11 l S  ADV.ANTAGfUUS TU R E T A I N  THE LM ASCENT STAGE 
ONLY FOR T E I . 

1 UV l: RBOAI<D DUr'-1PS- AT LEAST ONE OVERt30ARD DUMP I S  Rf.WU I R EO TU CONT J NU E  
ORB ! T o  T O  I N ! T I A T �  TL ! o  T O  CON T I NU E  TLC A N D  T O  I N I T I A T E  L O I , THESE 
W I LL BE T E � • I NATED BECAUSE ONE DUMP IS NECESSARY TO ALLOW DUMP I N G  OF 
WAT I:: R ( I NCLUD I NG FUEL C E L L. W A T E H.  PRODUCT I O N )  AND TO ALLOW D I SPOSAL OF 

EARTH 
PHASES 

WAS T E  
UK l N E e  

A F T ER L O I  HAS B E E N  PERFORMED• THE NOM I NAL M I S S I O N W I LL B E  CON T I NU E D  W I TH 
LOSS OF ALL OVERBOARD DUMPS. T H E  FLU I D  STORAGE CAPA C I T Y OF T H E  CSM ( WH I CH 
l �CLUOE5 F I VE-ONE GALLON �AG S '  3 U T S I S  ANU j uCTA ' S l  COUPLED W l TH FURCEO 
WATER BOI L I NG T O  MANAGE F U E L  C E L L  WATER PHODUC T ! O N o SHOULD ALLOW 
ACCOMPL. I SHMEI\: T OF A NOI·� 1 NAL. L.UNAH STAY • 
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N A S A  - M a n n e d  S pacec raft C e n t e r  

M I S S I O N  R U L E S  

SECT I ON ; - CSM SYSTEMS 

3 o  CRYOGE N I C  STORAGE SYSTEM 

OXYGEN STORAGE TANKS-- HYDROGEN STORAGE TANKS - FOR EARTH ORB I T  T H E  M I S S I ON 
W I LL BE CON T I NUED W I TH A M I N I MUM OF ONE 02 TANK AND ONE H2 TANK o SO LONG AS 
SUF F I C I ENT QUAN T I T Y  REMA I NS I N  THE TANK TO ALLOW M I SS I ON CON T I NUAT I ON ,  T H I S  
CAN B E  DONo BECAUSE ENTRY AREAS A R E  ALWAYS READ I L Y  AVAI LABLE I F  THE 
RlMA I N I NG TANK IS LOST t W I TH I N  1 OR 2 HOURS l o  

A L L  OTHER M I SS I ON PHASES - HYDROGEN - BOTH H2 TANKS ARE REQU I RED TO 
I N I T I AT E  AND CON T I NUE A L L  M I S S I ON PHASES t EX C E P T  P O !  l o  T H I S  REQU I REMENT 
E X I S T S  BECAUSE - t 1 l  LOSS OF THE REMA I N I NG TANK RESULTS IN LOSS OF THE FUEL 
CELLS PLAC I NG A L L  POWER R EQ U I REMENTS ON T H E  SM AUX BATTERY AND ENTRY 
BAT T ER I ES t T HESE POWER SOURCES ARE SUF F I C I ENT FOR LOW POWER LEVEL RETURNS• 
ONLY ) ,  t 2 l  ALTHOUGH SUF F I C I EN T  H2 IS M A I N T A I NE D  I N  EACH TANK T O  ALLOW A T  
L < A S T  A POWERED DOWN o SAFE RETURN TO EAR T H •  SUF F I C I ENT UUAN T I T Y  I S  NOT 
AVA I LABLE TO PERM I T  M I S S I ON CONT ! NU A T I O N o  ONCE POWERED DESCENT HAS BEEN 
� �� I T I AT E D t  THAT PHASE W I L L BE CONT I NU E D  TO ALLOW A LUNAR LAND I NG W I TH A 
LUNAR STAY FOR A DURAT I ON OF ONE CSM REVOLUT I ON ( T3 h THE POWERED DESCENT 
PHASE IS TOO SHORT TO P E R M I T ADE�UAT� S Y S T EMS ANALYS I S  AND THE ADD I T I ONAL 
T I ME I NVOLVED IN LAND I NG W I T H  A T3 L I F TOFF DOES NOT S I G N I F I CA N T L Y  I NCREASE 
THE TOTAL M I SS I O N  T I M E •  

ESSoN T I ALLY o T H E  SM1E RA T I ONALE APP L I ES T O  OXYGEN EXCEPT T H A T  T H E  OXYGEN 
SUBSYSTEM HAS THREE TANKS• THE AMOUNT OF OXYGEN AVA I LA B L E  IS ALMOST DOUBLE 
THE NOM I NAL M I S S I ON REQU I REMEN TS • S I NC E  TWO TANKS t TANKS 1 + 2 l CAN M E E T  
M I S S I ON OXYGEN REQU I REMENTS W I T H  A M P L E  MARG I N S •  I T  I S  A P P A R E N T  THAT L O S S  OF 
ONE TANK t PART ! CU L A R L Y •  TANK 3 )  COULD BE SUS T A I N E D  w i THOUT S I GN I F I CA N T L Y  
AF FEC T I NG THE CAPAB I L I T Y  TO PERFORM THE NOM I NAL M I S S I ON ,  F O R  T H E S E  REASONS 
CONS I DERAT I ON W I LL BE G I VEN TO CONT I NU I N G  THE M I S S I ON A F T ER T L !  W I TH T H I S  
F A I LURE I F  SYSTEM I NTEGR I TY REMA I NS •  

I N  BOTH H2 A N D  02 S Y S T E M S •  R E C L I NES A R E  BASED ON LOSS OF A S I NGLE 
THUS • THE OXYGEN REDL I N E S  ARE BASED ON THE TWO LOWEST TANKS 
NOM I NA L L Y  E I THER TANK 1 OR TANK 2 W I "L HAVE SUF F I C I EN T  QUANT I T Y TO 
S I NG"E TANK RETURN • 

TANK -
HOWEVER • 
ALLOW A 

4 ,  E�ECTRICAL POWER SYSTEM 

t A l  FUEL CELLS - TWO F U E C  C E L L S  ARE REQU I RED T O  CONT I NUE EARTH ORB I T •  T W O  FUEL 
ARE ADEQUATE TO PROV I D E  A L L  NOMINAL FUEL C E LL FUNC T I ONS-- HOWEV E R •  ONE FUE" 
CAN ON"Y SUPPLY A SEVERELY POWERED DOWN OPERA T I O N ,  E"So BATTERY SUPPLEMENT 
BE REQU I R E D ,  ADD I T I ONAL L Y •  FA I LURE OF TWO FUe L C E LLS SEVERELY UNDERM I N ES 
CON F I DENCE I N  TH� REMA I N I NG FUEL C E L L o  AND F A I LUNE OF T H E  REMA I N I N G  FUEL 
WOULD REQU I RE AN ASAP ENTRY US I NG THE AUX BATTERY AND ENTRY BATT ER I ES •  

CElLS 
CELL 
W I LL 

THE 
CELL 

ALL T H R E E  FUEL C E L L S  ARE REQU I R E D  TO I N I T I A TE T L ! o  EVEN THOUGH TWO FUEL C E L L S  
C A N  SUST A I N  ALL NOM I NAL F U E L  CELL REQU ! REME ,TS o I T  I S  CONS I DERED U N D E S I RAB"E TO 
COMMI T TO A "UNAR M I SS I ON W I THOUT FULL E L EC T R I CA L  POWER CAPAB I L I T Y ,  

t B  I 

FROM T L I  THROUGH PD I I N I T I A T I ON CONS I D ERAT I ON W I LL BE G I VEN TO CON T I NU I NG THE 
M I SS I O N  IF ONE FUEL CELL HAS BEEN LOS T •  I F  THE F A I LUR< I S  A RANDOM F A I LUR E •  THE 
M I SS I ON 'H I L L  BE CON T I NUED S I NCE TWO FUEL C E LLS CAN SUSTA I N  NOM I NAL REQU I REME N T S •  
I F  T H E  F A I LURE I S  A T Y P E  W H I C H  WOULD L E A D  TO S E R I OUS SUSP I C I ON OF T H E  I N TEGR I TY 
OF THE TWO REMA I N I NG FUEL C E LL S •  T H E  M I SS I ON W I LL BE TERMINATEOo 

ONCE POtiERED DESCENT HAS BEEN I N I T I A T E D ,  I T  W I LL BE CONT I NU E D  AND SO LONG AS ONE 
FUEL C E L L  R E M A I N S  LUNAR STAY N E E D  N O T  BE T E RM I NA T E D  UNT I L  T 3 o  

ENTRY B A T TE R I ES - TWO ENTRY BAT T E R I ES ARE REQU I RED T O  CON T I NU E  EARTH ORB I T •  
I S  NECESSARY BECAUSE o A L THOUGH EARTH ORB I T  COuLD B E  CONT I NUED ON ONE BATTERY 
A SAFt ENTRY PERFORMED• FAi lURE OF THE R E MA I N I NG BATTERY W I LL LEAVE 
SPACECRAFT I NCAPABLE OF PERFOR M I N G  AN ENTRY • 

TH I S  
AND 
THE 

THREE ENTRY 
THE BATTERY 
UNDES I RABLE 
CAPAB I L I T Y •  

BATTER I ES ARE REQU I RED T O  I N I T I A TE T L ! o  ALTHOUGH TWO BAT T E R I E S  W I T H  
CHARGER CAN PROV I D E  A L L  BA T TERY k � � U l R�MEN T � t  I T  l S  CON S l OEREO 

TO COMM I T  TO A LUNAR M I S S I ON W I THOUT FULL ELEC T R I CAL POWER 

ONCE T L !  HAS BEEN PERFORMED • CONS I DERAT I ON •• I L L  B E  G I V E N  TO CON T I N U I NG ALL 
M I SS I O N  PHASES W I T H  TWO ENTRY BATTER I ES ,  IF THE F A I LURE I S  JUDGED T O  B E  A RANDOM 
F A I LU R E ,  THE M I S S I O N  W I LL B E  CON T I NUED S I NC E  ALL M I SS I ON REQU I REMENTS CAN BE 
SUPP L I ED BY TWO BATTER I E S  AND THE BATTERY CHARGER, IF THE F A I LURE IS SUCH THAT 
THE I N T EGR I T Y  OF THE OTHER TWO BATTER I ES IS SUSPEC T •  THEN THE M I S S I ON W I LL BE 
T E R M I N A T E D  TO M I N I M I Z E  THE REMA I N I N G  M I S S I ON T I ME AND REDUCE THE R I SK OF LOSING 
THE TWO REMA I N I NG BATT E R I ES PR I OR T O  ENT R Y ,  
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I C J  MA I N  �USES-- BATT ERY BUSES-- A C  BUSES-- ANU PHASE A OF AC BUSES - · A L T HOUGH ALL 
ESSEN T I AL F U NC T I ON S  DER I VE POWER FROM REDUNDANT SOURC E S t  LOSS OF ANY ONE OF THESE 
BUSES W I LL RESULT I N  LOSS OF SOME VERy USEFUL FUNC T I ONS A N D • MORE I MPORTANT • W I LL 
RESULT I N  A SPACECRAFT COND I T I ON SUCH THAT ONE A DD I T I ONAL F A I LURE W I LL RENDER T H E  
SPACECKAFT I NCAPABLE OF RETURN I N G  THE CREW TO E A R T H o  I T  SHOULD � E  N O T E D  T H A T  T H E  
AD D I T I ONAL FAI LURE NECESSARY FOR T H I S  COND I T ION IS NOT L I M I TED T O  L O S S  DF T H E  
RE,�A I N I NG BUS S I NC E  S O M E  OF THE SPA C E C R A F T  CONTROL PROPULS I ON SYSTeMS ARE 
REDUNDANT B U T  E A C H  O F  T H E  REDUNDA�T SYSTEMS HAS A S I N W L E  E L ELT R I C AL POWER SUURCE o 
CONSEWUE N T l Y t ALL M I S S I ON PHASES W I L L BE T E RM I NA T E D  I F  ANY ONE UF T H E  L I ST E D  
BUSES I S  LOS T o I F  POSS I B L E •  THE LM DESCENT STAGE W I L L B E  R E T A I N E D  F O R  TE l  A N D  T H E  
D E S C E N T  PROPULSION SYSTEM W I LL B E  U S E D  T O  PERFORM T H E  T E l  �URN o TH I S  I S  DONE TO 
PROTECT AGA I NST THE EFFECT UF A S l NG � E  F A l �URE DUR I NG THE T E l  BURN WH I CH WOULU 
E I THER LEAVE T HE SPACECRAFT I NCAPABLE OF COMP LE T I N G THE BURN OR LEAVE T H E  
SPACECRAFT I N  A N  UNCONTROLLABLE CON D l T ! O N o T H E  LM ASC E NT STAGE W I LL B E  R E T A I N!:.D 
FOR T E l  FOR LOSS OF A �,A ! N  BUS OR AC BUS A S  A BACKUP ELECTR I CAL POWER SOURC.E AND 
FOR TRACK I N G ,  COM�U N ! CA T ! ONS , A T T I T UD E  CONTROL FOR E N T R Y  AND MCC CAPAB I L I T I ES 
VJ H ! CH WOULD BE LOST I N  T H E  CSM I N  THE Evt:N T OF ANOTHER BUS FAIWREo 

1 0 1  BA T T ERY RELAY BUS - THE B A T T ERY RELAY BUS IS RE�U I R<D TO CON T I NU E  E A R T H  OR B I T •  TO 
! N I T ! A T E  AND CONT I NUE TRANSLUNAR COAST • T O  I N ! l ! A T E  ANU CON T I NUE L U N A R  O RB I T •  T O  

I ' I T I A T E  P D J , A N D  T O  CON T I NUE LUNAR S T A Y o  I F  T H E  B A T T �RY R E L A Y  BUS IS  LOS T t  T H �  

CAPAB I L I T Y T O  S W I T C H  F U E L  C E L L S • I NV E R T ERS ANU T H E  A U X  B A T T ERY ON A N D  OFF BUSES 
AND THE OVt RCURR E N T / OVERVOLTAGE PRO T E C T I ON IS LOST, TO CON T I NUE THE M I S S I ON W I TH 
T H I S  COND I T I ON IS CONS I DE RED UNSAT I SFACTORY • PAR T I CULARLY I N  L I GHT OF PROBABLE 
FUEL C E LL SVJ ! T CH ! NG REQU I R EM E N T S  AS DEMONSTRATED B Y  THE FUEL CELL ANOMAl i ES 
DUR I N6 APOLLO 7 •  9 t  AND 10 M I SS I ONSo  ALSO , T H E  LOSS OF S W I TCH I NG CAPAB I L I T Y  
LEAVES T H E  SP AC ECRAF T I N  A COND I T ION WHERE A S I NGLE FA I LURE I THE POS S I B L E  S I N G L E  
F A I LURES ARE GR E A T L Y  I NCR EASED I N  T H I S  COND I T I ON I  C A N  RESULT I N  LOSS OF THE BUS 
OR , AS I N  THE CASE OF SHO R T E D  6USES t CAN RESULT I N  LOSS O F  AN AC BUS t  A MA I N  DC 
BUS t AND TWO FUEL C ELLSo  

1 !:. 1  I NV E R T E R S  - A L L  M I S S I ON PHASES W I LL B E  CONT I NUED SO LONG AS TWO I NV ERTERS REM A I N  
OPERA B L E o T W O  I NV E R T ERS CAN SUPPLY A L L  SPACECRAFT A C  LOADS W I T H  REDUNDANT AND 
SEPARATE SOURCES FOR THii: TWO AC B U S E S ,  I F  O N E  A DD I T I ONAl I NV E R T E R  IS LOS T t  THE 
REMA I N I NG I N VERTER C A N  SUPPLy A L L  A C  LOAUS ON 60TH AC BUSES NECESSARY FOR A S A F E  

R E T U R N  T O  EARTHo CON T I NU I N G THE M I S S I ON ON A S I NGLE I NVERTER I S  N O T  CONS I DE RE D  
DES I RA B L E  BECAUSE AFTER LOSS OF TWO I NVERTERS THE REMA I N I NG I NVERTER BECOMES 
SUSPE C T t AND LOSS OF THE T H I RD I N V E R T ER W I L L  RENDER THE SPACECRAFT I NCAPABLE OF 
P!:.RFORM ! NG A SAFE R E TURN T O  E A R T H o  IF TNO I NV ER T ERS A R E  LOST THE LM DESCENT 
STAGE W I L L  BE R E T A I NED FOR TEl I F  POSS I B L E •  AND T H E  DESCENT PROPU L S I O N  SYSTEM 
W I L L B E  USED T O  PERFORM T H E  T E l  �URN• T H I S  IS DONE TO PROTECT A GA I NS T  T H E  
POSS I � I L I T Y  OF L O S S  OF T H E  REMA I N I N G  l NV � R T E R  O U K l N G  T H E  T E l  BURN • THE LM A S C E N T  
STAGE � I LL BE R E T A I NED FOR T E l  FOR TH E S A M E  R EASONS I N  I C I  AijOVE. 

5 ,  DOCK I N G  SYSTEM 

I A l  DOCK I N G  LA T CHE S  - T O  REMA I N  DOCKED FOR I NAC T I V E  M I S S I OI; PHASES REQU I RES A T  L E A S T  
T H R E E  GOOD DOCK I N G  LATCHES L O C A T E D  1 2 0  D E G o  APART OR T H E  S T R U C T U R A L  E�u i VA L E N T o 
I ND I CAT IONS AkE T H A T  T HR E E LATCHES SO LOCATeD C A N  MA I NT A I N  TUNNoL PRoSSURE AND 

SUST A I N THE LOADS ASSOC I A T E D  W I T H  RCS MANEUVERS AND AT T I T U D E  CON T RO L •  

TO PERt'ORM A N Y  DOC K ED SPS BURN OR D P S  BURN RE�U I R ES AT L E A S T  N I N E GOOD DOCK I N G 
LATCH t::S .  T H I S  NUMBER OF LATCHES CAN S U ST A I N  ALL NOM I NAL L.OAOS Oi\1 T H E  I NT E R F A C E  
ASSOC I A T E D  W I T H  MAJOR BURNS WHEREAS ANY F E w E R  L A T C H E S  S I G N I F I C A N T LY I NC R E A S E S  T H E  
POSS l � l L I T Y OF STRUCTURAL F A I L U R E •  

I B J  GN2 B O T T L E S  - TO UNDOCK REQUI RES T H A T  A T  L E A S T  T W O  G N 2  BOTTLES IN T H E  DOCK I N G  
SYSTEM B E  AVA i lABLE F O R  REOOCK ! N G o  TO P ER�1 I T UNDOCK I N G t  REASONABLE ASSURANCE 

MUST BE AVA I LABLE THAT REDOC, ! NG CAN BE ACCOMP L I SH E D •  B A S E D  O N  T H E  F A I LURE ��ODE t 

CONS I D ERAT I ON W I L L  BE G I VEN TO UNOOC K I NG W I TH ONE GN2 BOT T L E .  T H A T  1 S t  I F  T H E  
F A i lURE WH I CH H A S  R E SU L T E D  I N  A ONE-BOTTLE REDOC X I NG CAPAB I L I T Y  I S  THE RESULT OF 
AN E L E C T .< ! CA L  F A I LU R E  I N  O N E  SYSTEM I D ! SCOVERED AT TD&E t THUS REUU I R ! NG THE USE 
OF A T H I R D  B O T T L. E l t  THEN UNDOC K l NG WOULD B E  PERFORMED W I TH ONLY ON E  8 0 T T L. E  
I�E�A I N l N G •  CONVER S E L Y • I F  T HE F A I LURES W H I CH RESU L T  I N  ONE -�OT T L.E CAPAB l � I T Y  A H E  
THE R E S U L T  O F  SEPAR A T E  F A I LURES OF TWO G/";2 e O T T L ES t UNDOC K. I N U  l� l L L NOT BE 
PlRFOR�\ED UECAUSE T H E  REMA l � I N G  � O T T L E  I S  SUSP E C T ,  
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6 o  SEQUE N T I A L  SYSTEM 

I A I  SMJC NOT ACT I VATED - I F  T H E  S E RV I C E  MODULE JET T I SON CONTROL L E R  
PREMATUR E L Y • I T  W I L L  SHUT DOWN AUTOMA T I CA L L Y  I N  25 SEC , T H E  
CON T I NU E D  I F  THE· SOURCE OF AC T I V A T I ON C A N  B o D E T E RM ! No D  A N D  
SOURCE OF ACT I VAT I O N  CANNOT B E  I SO L A T E D •  T H E N  THo RAT I ON A L E  OF 

I SMJC I ACT I VA T E S  
M I S S I ON W I LL B E  

J SOLA T E D •  I F  THE 
( !::! ) APPL I ES •  

1 8 1  StQUEN T I AL SYSTEMS - T O  CONT I NU E  EARTH ORB I T o  T O  I N I T I ATE T L l o T O  CON T I NU E  T L C o  
A�D T O  I N I T I A T E LO I REQU I RE S  THAT BOTH SEUUENl l A L  SYSTEMS B E  OPERABLE, TO 

CON T I NU E  THE M I S S I O N  I N TRODUCES THE R I SK O F  A S I NGLE F A I LURE L O A V I NG THE 
SPACECRAFT I NCAPABLE OF P E R FORM I N G  ENTRY• ONCE LUNAR ORB I T  HAS B E E N  ACH I E V E D •  

T H E  M I SS I ON W I LL BE CON T I NUED W I TH F A I LU R E  OF O N E  stuutNT I A L  SYS T E M ,  T H I S  W I L L  
B E  DONE BECAUSE T H E  L I K E L I HOOD O F  A FA I LU R E  I N  T H o  REMA I N I N G  SYS T EM I S  ASSOC I A T E U  
W I TH T H E  MEAN T I ME BEFORE F A I LURE PRUBAB I L I TY DEVt:.LUPEv I N  T H E  I N TRVDUC T I UN ,  AND 
THE St'UUEN T I AL S Y S T E M  I S  I NACT I V E  I N  LUNAR ORB I T  E X C E P T  FOR UOC K ! NG AND LM F I NAL 
SEPARA T I ON ,  S I NCE T H E  R E TURN T O  EARTH l i Mo S  ARE L E N G T H Y o  T H E  S L I GH T  ADD I T I ONAL 
R I SK ASSOC I AT ED W I TH CONT I NU I NG THE M I SS I ON W I TH T H I S  COND I T I ON IS oFFSET BY THE 
VALUE. OF T H E  OBJEC T I VES W H I CH CAN BE OBTA I NE D .  

l o  INSTRUMENTAT ION SYSTEM 
I A I  CR I T I CA L  I NSTRUMENTA T I ON - CR I T I CAL I N STRUME NTA l l ON IS DEF I NED AS THAT 

I NSTRUMEN TAT I ON o  E I THER T E L EM E T ERED OR UNBOARD o RoUU ! R E D  T U  D E T E R M I N E  THo 
GO/NO-GO STATUS OF THE SPACECRA F T •  C R I T I C � L  I NSTRUMENTAT I ON I NCLUDES T H E  PR I MARY 
I NSTRUMENTAT I ON WH I CH IS THE D I R ECT MoANS OF D E T oRM I N I NG T H E  STATUS OF A 
PAR T I CULAR FUNC T I ON AS W E L L  AS SECONUARY I N S TRUMEI, T A T I ON 'NH I CH I S  T H E  I ND I R E C T  
MEANS O F  D E T E RM I N I NG T H E  S T A T U S  OF A FUNC T I ON ,  T O  "OSE CR I T I CAL I NSTRUMENTA T I ON 
HEUU I HES THE LOSS OF MORE THAT ONE PARM1 E T E R ,  AL THOUGH GROU P I NG OF PARAMETERS T O  
SPEC I F I CALLY DEF I NE C R I T ! CA "  I NSTRUMENTA T I ON H A S  NOT BEEN A T T EM P T ED BECAUSE O F  
TH E A"MOST L I M I T LE S S  POSS I B L E  COM B I NA T I ON S •  I T  ! S o  NEVERTHE"ESS o RECOGN I Z E D  THAT o 
AT SOME P O I N T  A F T E R  A CON T I NUOUS PROGRE S S I ON OF I N S T RUMENTA T I ON F A I "UR E S o  
SUFF I C I ENT I NSTRU�E N TAT I ON W I LL NOT B E  AVA I LABLE T O  DET ERM I N E  SYSTEMS S T A T U S •  
ONE REA D I LY RECOGN I ZE D  GROUP OF C R I T I CAL I NSTRUMENTAT I ON I S  T H A T  GROUP OF 
�ARAMETERS S I GNAL COND I T I ONED BY T H E  COLD-PLATED SCE• 

T O  CON T ! .WE eARTH ORB I T  I N I T I A T E  T L ! o  L O l o C I R C  OR CONT I NU E  LUNAR ORB I T  AND LUNAR 
STAY kE�U I R E 5  THAT C R I T I CA �  I NS T RUMENTA T I ON BE AVA I �A6 �E . T H I S  I S DONE �ECAUSE 
IT IS CONS I D ERED UNSAFE TO CON T I NUE THE M I S S I ON W I THOUT THE AB I L I TY T O  DETERM I N E  

SYSTEMS S T A T U S o  

ONC E TL! HAS BEEN P E RFORM E D • TLt W I L L  BE C O N T I NUED TO PERFORM A F LYBY A N D  R E TURN 
TO EA�TH. CONT I NU I N6 T H E  M I S S I ON lN T H I S  CONF I GU H A T I UN IS CONS I DE R � O  MOk� 
D E S I RABLE THAN A D I RECT ABORT • A L S O •  CONT I NU I NG TLC REPRESENTS A S T EADY S T A T E  
OPERA T I ON WH I C H  I S  THE COND I T I ON W H E R E  ANO�,AL I ES A RE LEAST L I KELY T O  OCCUR o A S  
OPPOSED BY T H E  P E R T URBA T I ON O N  SPACECRAFT SYSTE>IS IMPOSED ON SPACECRAFT SYSTEMS 
BY THE D I RE C T  ABORT SPS BURN, 

LUNAR 
DONE 
CR E W 

ONCE D O !  H�S BEEN P ERFORMED THE M I S S I ON W I LL BE CON T I NU E D  TO ALLOW A 
LAND I NG W I TH A LUNAR STAY OF THE DURA T I ON OF ONE CSM LUNAR ORB I T ,  T H I S  I S  
BECAUSE THE LOSS O F  INSTRUMENTA T I ON I TS E L F  DOES NOT PRESENT A HAZARD T O  T H E  
E X C E P T  WHEN COMPOUNDED BY ACTUAL SYSTEMS F A I LU R E S ,  THE L I K E L I HOOD 
COMPOUND I NG SYSTEM F A I LU R E  IS ASSO C I AT E D  W I TH THE MEAN T I ME BEFORE 
PROBAB I L I TY DEVELOPED I N  T H E  I N TRODUC T I ON •  

U F  A 
FA I LURE 

1 " 1  C&M T E LEMETRY - CSM T E L E M E T R Y •  E I TH E R  H I G H  B I T  R A T E  O R  LOW B I T  RA T E o  I S REUU I R�U 
FOR ALL M I SS I ON PHA S E S o  E XC E P T  THAT ONCE C I KC HAS BEE� PERFORMED THE M I S S I ON W I CL 
BE CON T I NUED TO l � C LUDE A LU�AR LAND I NG AND A LUNAR S T A Y  OF THE DURA T I ON UF ONE 
CSM LUNAR ORB I T •  T E LEME TRY I &  NECESSARY TO CONT I NU E  THE M I SS I ON l EV E N  THOUGH 
MOS T  C R I T I CA L  PARAMETERS ARE D I SPLAYED ON"OARO I "ECAUSE I T  I S  NECESSARY TO 
R E L I EV E  THE CREW OF THE C O N T I NUOUS DUTY OF NON ! T UR ! NG SPACECRAFT S Y S T E M S ,  DUR I NG 
H I G H  AC T I V I T Y  P E R I O D S  AND S L E E P  P E R I ODS THE CREw CANNOT REASONABLY PERFORM T H E S E  
TASKS , HOWEVE.R ... - O N C E:  C l RC H A S  BEEN PERF0Rt-1EDt A R E N D I:. ZVOUS I S  N E C E S S A R Y ,  T O  
AL L0\·1 A LUNAR LANO I N G  W I TH A LUNAR STAY W I T H  DURA T J O,, OF ONo C S M  LUNAR ORB I T  A U O S  
L I T T �.o i:.  TO TOTAL.. M I S S I ON T I ME A N D  T H E  OBJt.C T I VE S  WH I Oi C A N  b t  ACH I EV E D  BY A L.Ui'IIA R  
LAND ING MAKES I T  'NORTHWH l l. E T O CONT I NU E •  
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-----------------------------------

CSM G&C AND PROPULS I ON RAT l ON A � E  
-------------------------------- ---

TI-lE FOL LO\IJ I NG J S  TH E kAT I ONAl.E FOR THE CSM G&C AND PRUPU L S lON M l S S l UN RULES • 
S E C T IONS 1 5 •  1 6 •  1 7 ,  AND 1 8  OF THE APOLLO 14 M I SS I ON RUL E S •  

T H I S  INCLUDES 

1 5 - 1  LAUNCH 

THE MOST I MPORTANT FUNC T ION OF THE GUI DANCE AND CONTROL SYSTEM I S  TO PROV I DE FOR SAFE RET URN OF 
THE C R E W ,  T H I S  I NVOLVES THE CAPAB I L I TY TO E F F E C T  A DEORB ! T o  THERE I S  NO S I NGLE F A I LURE NOR 

REASONABLE COMB I N A T I ON OF F A I LURES IN THE GUIDANCE AND CONTROL S Y S f E M  WH I C H  PRECLUDE A DEORB ! T o  
TIIERE ARE F A I LURES W H I C H  N I LL CAUSE A DEGRADED METHOD OF CONTROL FOR T H E  DEOR B I T  MANEUVER AND 
SUBSE�UEN T ENTRY-- HOWE VER • T H I S  SUBJECTS THE CREW T O  L E SS OVERALL POT ENT I AL HAZARD THAN A 
LAUNCH ABOR T ,  I N ADD ! T ! O <\ •  THE MAJOR I TY OF T HE GU ! DANCi: AND CONTROL S Y S T E M  I S  I N  A PASS I V E  OR 
MON I TOR I N G  >TATE DUR I NG THE LAUNCH PHAS E •  THUS MAK I N G  I T  D I FF I CULT • AND IN SOME CASES 
I MPOSS I �L E • TO DETECT AND I SOLATE FA I LU R E S •  

1 5 - 2  EARTH ORB I T 

TD RE,v, A I N  I N  OR B I T ,  THE GU I DANCE AND CONTROL SYSTEM MUST ALWAYS PROV ! U E  A M I N IMUM OF THREE BAS I C  
T H I NGS--- ADEUUATE A T T I TUDE CONTROL OF T H E  SPACECRAF T •  S P S  DEORB I T •  AND ONE BACK-UP DEOR� I T  
METHOD I SM OR HYBR I D ) ,  ADEQUATE A T T I TUDE CONTROL CON S I S T S  OF D I REC T RCS AND RAT E DAMP I NG I N  
EACH AX I S  AS A M I N I MU>h DI RECT RCS I S  THE REDUNDANT BACKUP RCS CONTROL MODE OPERATED FROM 
PARALLEL HAKD STOP S W l  TCHE.S IN El THER R H C •  1 T CONTROLS AN INDEPENDENT SE T OF RCS V A L V E  CONTROL 
C O I L S •  THUS PROV I D I N G  A CONTROL PATH TO THE THRUST ERS THAT IS I NDEPENDENT OF ANY AUTO CONTROLo 
IT IS THE P R I �ARY l AND FOR C E RT A I N  F A I LURES THE ONLY I METHOD OF RECOVoRY FROM AUTOMAT I C  CONTROL 

S Y S T Er-1 f'I·Al.FUNC T I ON S .  RA T E  DA"1P I NG IS CONSl iJERED TH E M I N I MUM ACCEPTABLE CAPAt H L l TY FOR EXTENOED 
OPERAT I ON OF THE CONTROL SYSTEM, OPERA T I ON OF T HE CONTROL SYSTEM W I TH NO R A T E  I NP U T S  DOES NOT 
PRUV ! �E A W t L L  BEHAVED V E H I C L E •  GeNERAlLY RE�U ! RES CONS I DeRABLE C R E W  A T T E:NT J O N o  AND I N  T H E  
P RE SENCE O F  D I STUR e i N G  FO.R C E S  C A N  CAUSE EXCESS I V E  PROPELLANT CONSUMPT I O N •  RATE DAM P I NG I S  NOT 
MANDATORY FOR V E H I C L E  ATT I TUDE CONT ROL I E o G o  SCS M I N I MUM I MPULSE I S  ADE�UATE AND USES L I T T L E  
P f< O P E L L A "' T  1 ,  B U T  I S  A P R E R E�U I S I TE FOR 'lOST M I SS ION A C T I V I T I E S  RE<J<J i k iNG A T T ITUDE CONTROL , R A T E  
DAM P I N G  C A N  BE PROV I DED B Y  E I THER T H E  S C S  US I NG REDUNDANT BMAGS A S  THE R A T E  D A T A  SOURCE O R  T H E  
O�C f((5 DAP l,:S I r-..:G T HE 1 SS A S  THE R A T E  DATA S O U R C E  • 

THEI�E AHE THkt:: E PA.::i 1 C r E. C HI\ 1 i..IUE.S AVA 1 LABLE FOR. UEORi.i 1 T-- SPS t S,\1 RCS AND H Y B R l  O. THERE ARE 
REAS0NS O T H�R TrlAN b U l DANCE AND CONTROL PROBLEMS FOR NOT tl � l N G  ABLE TU ACCO�P L I SH A PART I CULAR 

DL U � B l T �:E T H C D .  HOWE V E � t  A T  L E A S T  SPS DEOHB I T  A N D  ONE OF T HE OTHER TWO DEORB l T  MET HODS M U S T  BE 
AVA I L AB LE TU 5 T AY F>� OR B I T-- A/\0 W H I CHf-: VE R  ARE A P P L I CABI..E t  T H E  l,UJ DANCE AND CONTROL SYSTEM MUST 
S UPPO RT. 

THE P• I C A R Y  METHOD Of DEORB I T 15 THE SP s , T O  BURN THE S P S •  THE CONTROL S Y S T E M  MUST P R OV I DE A 
SERV' '  LUOP I N  P I T CH A�D YAW TO G I M B A L  T H E  ENG I NE AND A CONTROL MODE TO P R OV I DE I NP U T S  TO T H E  
SE RVO LOOP , T H E R E  AKE TWCl COMP L E T E L Y  REDUNDANT ( J NCLUD l N� POWE R  SUPPL I E S !  S�RVO LOOPS I N  EACH 
A x i S .  r � : EI�t ARE F (li.H<  .V.ETHODS OF PROV I D I N G  I N PUTS TO THE SERVO LOOPS--- CMC ( TVC DAP ) t  SCS AUT O ,  
1'1 T VC RATE CU/'\HAND At-..U :-HVC ACCEL COMMANO. tvHVC ACCt:.L CUMMAND I S  NOT A N  ACCEPTABLE MODE O F  TVC 
DUE TO THE LACK OF RA T E DA�•P I N G  C l 'lC U I T R Y o  HIE UNACCEPTAB I L I TY OF T H I S  MODE HAS BEEN 
DEMO�S T R A T ED l N C S �  � � �ULATORS AND � I SS I ON EVALUATO�S• 
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N A S A  - Man ned Spacecr aft C e n t e r  

M I S S I O N  R U L E S  

S EC T I ON 5 - CSM SYSTEMS 

THE PRI MARY METHOD OF BACKUP DEORB I T  IS THE SM RCS o THE SECONDARY METHOD IS A HYBR I D  U S I NG SM 
RCS F I RST , AND THEN CM RCSo BO-TH METHODS REQU I R E  THE AB I L I T Y  TO DO RATE DAMPED TRANSLA T I ONS 
W I T H  THo SM RCS, THE THC IS NECESSARY FOR THE TRANSLAT I ON COMMANDS • AND THE RATE DAMP I N G  MAY B E  
PROVIDED B Y  E I THER THE SCS OR THE CMC ( RCS DAP i o  DI RECT ULLAGE AND A T T I TUDE HOLD W I TH O ! RtCT 
RCS I S  NOT CONS I DERED AN ADEQUATE METHOD OF ACCOMPL I SH I N G  TRANSLA T I ONS DUE TO H I GHER PROPELLANT 
CONSUMP T I O N  AND P I LOT VAR I AB I L I TY AFFEC T I NG THAT CONSUMPT ION• BOTH METHODS ALSO REUU ! H E  AN 
ON�OARD AT T I TUDE REFERENC E ,  FOR MOST RCS DEORB I TS t  A L I GHTED HOR I ZON I� NOT AVAI LABLE FOH 
SEVERAL REASONS. THi:. BURN ARC IS EXTREMELY LON<> • THE I:'NTRY F L ! <>HT PATH ANGLE IS SHALLO W o  AND I F  
DAYLIGHT REUU I R EMENTS I N  THE RECOVERY AREAS ARE MA I N T A I NED ( P LUS THE FACT THE MANEUVER MUST BE 
DONE AT APOGEE DUE TO PROPELLANT RESTR I CT I ONS ! THE MANEUVER MAY WELL BE E N T I RELY OR PAR T I ALLY 
Vi I Tt10UT A HOR I ZON REFERENC E ,  THE ONBOARD A T T I TUDE REFERENCE MAY B E  PROV I DEO BY IMU OR THE GOC 
AND ON E I TH�R FDA i o  RATES AND AT T I TUDE ERRORS ARE D ES I RABLE •  BUT NOT MANDATORY• THE HYBR I D  
,\1C:THOD REQUI RE:S SEVt.RA� ADD I T I ONAL. Er..lU I PMENTS t A L L.  CONN EC T ED W I TH T H E  CM PVR T I ON OF T Hi::. 
MANEUV ER.  T H E  RATE DAMP I N G  MUST BE SCS BECAUSE THERE I S  NO RCS DAP FOR THE CM ! NO T E  THE SM RCS 
DAP COULD B E  lJSE·D·• HOWEVE R o  I T S  KNOWLEDGE OF THE MASS AND I N ER T I A  I �  REST R I CTED TO THE CSMo AND 

HENCE, I TS AB I L I T Y  TO PROV I DE RATE DAMPED AT T I TUDE HOLD I S  SLOPPY AT BEST I •  THE TECHN I QUE DUES 
NOT CON T I NUALLY APPLY THRUST I N  A CONSTANT D I R E C T I O N ,  

T O  DETERM I N E  T H E  DELTA V TO APPLY • A C M C  D I SPLAY OF P E R I GEE ALT I T UDE I S  MUNITORED•  A N D  T H E  BURN 
I S  T E R M I NATED WHEN P�RI GEE IS N e M e  T H I S •  JN TURNt REQU l R�S T H E  lMU T O  SENSE THE DE�TA V t  
THE CMC TO NAV I GA T E o  AND E I THER DSKY ! BOTH ENCODER AND DECODE R !  T O  PROV I D E  CUNTHOL O F  AN� 
DI SPLAYS FROM THE CMC o I T  I S  POSS I BC E o  PROVIDED THE PRESCR I B ED A T T I TUDES ARo MA ! N T A I N E D o  TO uO 

THE CM POR T I ON ON T I M E  ONL Y ,  THE PREFERRED METHOD USES THE CMC • HOWEVER, BOTH RHC ' S  ARE 
REQUIRED TO M A I N T A I N  PI TCH AT T I TUDE WH I L E F I R I NG THE OPPOSING P I TCH J E T  TO OBTA I N  THE DELTA V, 
AGA I N o  AN ALTERNATE TECHN I QUE E X I S TS US I NG ONLY 1 RHC AND " wOBBL I NG " THE S/C ACRUS� THE 
D E S I RED P I TCH A T T I TUDE BY F I R ING F I RST PLUS THEN MI NUS P ! T C H o  THE 2 RHC METHOD I S  PREFEkAHLE , 

THERE ARE TWO I NDEPENDENT WAYS TO OBTA I N  ULLAGE-- ONE U�ING THE SCS OR CMC I RCS DAP I  • AND THE 
OTHER U S I NG THE D I REC T  ULLAGE PUSHBUT TCNo THE FORMER USES THE THC ( +X I  FOR THE ULLAGE CUo�MANDS 
AND THE AUTO RCS COI L S o  W H I L E  THE LATTER USES THE D I RECT ULLAGE PUSHeUTTON AND THE D I RECT RlS 

CO I LS.  ALL NON'-C R I T I CAL SPS BURNS AFTER THE STORAGE TANKS ARE tMPTY RtUU I Rt THE GU I DANCE AND 
CONTROL SYSTEM PROV I D E  AN ULLAGE TO S E T T L E  PROPELLANTS I N  THE SUMP TANKS • THERtBY PRECLU D IN G  
H E L I UM I NGEST ION I NTO THE B A L L  VALVE/ENG I N E  D I SCUSSION OF TH I S  SUBJEC T ) ,  

THE T L I  GO/NO GO DEC I S I ON I S  ESSENT I ALLY A COMMITMENT TO ALLOW THE SPACECR.AFT T O  B E  SUBJECTED TO 

A H I GH SPEED ENTRY•  AND TO SUSTA I NED SYSTEMS OPERAT I O N ,  SPS CONTROL REDUNDANCY IS  REUU I RED TO 
ASSURE THAT ABORT AND MCC CAPAB I L I TY IS AVAILABLE FOR THE TRANS LUNAR AND TRANSEARTH COAST 
PHASES. LM CAPA B I L I TY IS NOT CONS I D ERED IN THE TLI COMM I TMENT B"CAUSE IT COULD POSS I BLY NOT BE 
AVA I LABLE IF  TD&E IS NOT ACCOMP L I SHED • AND BECAUSE THE LM IS  NUT CHtCKED OUT PRE•TL I •  THE 
GU I DANCE AND CONTROL SYSTEMS MUST THEREFORE PROV IDE TWO GUUD SEkVU LOOPS• AND TVC CONTROL V I A  
BOTH THE CMC I DA P I  AND THE SCSo BOTH CMC AND SCS TVC ARE REQU I RE D •  BECAUSE T H E  SCS TVC MODE� 
ARE NOT E N T I R ELY I NDEPENDENT OF S I NGLE P O IN T  F A I LURES ( t o G o  LOSS OF AC2 PHI A CAUSES LOSS OF 

RATE CMD o ACCEL CMDo AND SEVERELY DEGRADES SCS AUTO TVC i o  

D I R ECT RCS AND RATE DAMPING ARE NEEDED FOR THE SAME REASONS AS L I STED I N  THE EARTH ORB I T  PHA�ESo 
THE ABI L I T Y  TO MA I NTA I N  AUTOMAT I C  PASS I V E  TH"RMAL CONTROL SHOULD ALSO BE AVAI LABLE I AT T I TUPE 
HOLD IN P I TCH AND YAW ) ,  E I THER CMC I DAP I OR SCS PTC I S  ACCEPTABLE• 

THE G&N I S  THE P R I ME NAV I G A T I ON AND CONTROL SYSTEM , AND•  AS SUCH MUST BE FULLY OPERATIONAL P R I O R  
T O  COMM I T T I NG TO A H I GH SPEED ENTRYo TO PROV I DE HIGH SPEED ENTRY CAPAB I L I T Y ,  THE CMC MUST eE 
OPERABLE TO PROCESS TH E  I N E R T I AL I NFORMA T I ON OBTAI NED BY THE I S S o  OPT I C S •  COAS OR OTHER sACK U P  
ME THODS M U S T  BE AVAILABLE TO PROV I D E  ESSEN T I A L  ALI GNMENT I NFOR�1A T 1 0N TO ESTABL I SH THE ENTRY 
CORR I DOR AND NECESSARY HIGH SPEED ENTRY A T T I TUDE CONTROL, THE MDC DSKY IS REWU I RtD TO PROCESS 
CREW INSTRUCT IONS TO THE CMCo AN OPERATI ONAL F L I GHT D I R ECTOR A T T I TUDE I ND I CATOR IS R E Q U I RED TO 
PROV I D E  T L I  MON I TO R I NG CAPAB I L I T Y  T O  THE CREW, 

TWO SOURCES OF A T T I TUDE I NFORMAT IO� MUST BE AVA I LABLE FOR THE H I �H SPEED ENTRY IN OkOER TO 
COMM I T  TO TkANS�UNAR COAS T ,  FOUii D 1 SP�AYS ( NOT CUMPl.ETE�Y I N DEI-'ENDEI'. T )  Af.(E A VAl � A B � E  l i'O T Ht:: 
SPACECRAFT--- THE RS I •  TWO FOAl 0 S AND THE DSKY , T HE FOUR D I SPLAYS ARlO D R I VEN BY THRi.E SOURCES 
OF ATT I TUDE I NFORMAT I ON--- E I THER BMAG PACKAGE OR THE I �U .  FA I �UR ES OR COM� I NAT IONS OF FAi l.URES 

THAT CAUSE LOSS OF REDUNDANT MEANS TO D E R I VE AND D I SPLAY A T T I TUDE I N F ORMAT I ON ARE CAUSE TU 
I NH I B I T T � I .  APOl.�O 8 CREW REPORTS ARE THAT AN 0UT-THE-WIND0W kEF ER ��C E IS NOT AVA I CAB�E F U H  
ENTRY,  

r� I SS I ON REV DATE SECT I ON 
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N A S A  - Ma n n ed S pacec r aft C e n t e r  

M I S S IO N  R U L E S  

S E C T I ON 5 - CSM S Y S T E M S  

1 5 - 3  TRANSLUNAR C OAS T 

ONCE T L ! HAS B E E N  PERFORME D •  THE M I N I MUM REUU 1 REMENT OF T H E  G�N I S  TO PROV I DE REUUNDANT 
CAPAB I L I T Y  T O  MA I N T A I N  A FREE RETURN TRAJECTORY AND PASS I VE THERMAL CONTROL• T H I S  C APAB I L I T Y I S  
MET  B Y  R E QU I R I NG R A T E  DAMP ! fi (,  AND D I R E C T  RCS I N  E A C H  AX I S  PLUS A M E THOD O F  PROV I D I NG A PLUS X 
MANEUVER FOI< ULLAGE OR TRANSLAT I ON ,  T H E  AT T I TUDE CONTROL REQU I R EM E N T S  ASSURE REDUNDANT 
CAPAB I L I T Y T O  POS I T I O N  THE SPACECRAFT F O R  M 1 DCOURSE CORRECT ! O N S o U ! RE C T  RCS IS REUU I RE D  TO 
PROV I DE BACKUP CONTROL IN THE EVENT OF AUTO CO I L  MALFUNC T I ON S ,  

1 5 - 4  LO ! ,  LUNAR OR B I T  

T H I S  RULE I S  WR I T T EN TO BE APPL I ED WHENEVER C R I T I CAL SYSTEMS REDUNDANCY I S  REQU I R ED T O  ASSURE 
S AFE SPACE C ilAFT RE TURN, T H E  REDUNDANCY REQU I RED BY T H I S  RULE I E o G o  REDUNDANT S P S  CONTRO L ,  
REDUNDMT A T T I TUDE CONTROl. , AND NON-CRl T I CAL BURN CAPAB I L I T Y !  ASSURES THAT A N  A D D I T I ONAL S I NGLE 
PO I N T  F A I LURE W I LL NOT COMPROM I S E  T E l o  T H E  AT T I TUDE CONTROL REQUI REMeNTS ARE THE M I N IMUM TO 
ASSURE PR OP ER G&N THRUST VECTOR POS I T I ON I NG •  TWO SERVO !.OOPS AND TWO CONTROL MODES FOR TVC 
A S S U R E REDUNDANCY , OF COURSE • ULLAGE CAPAB l i. I T Y  W I LL B E  REQU I R ED FOR T H E  TEl BURN S I NCE THE 
S T O R AG E T A NKS W I L L  BE EMPT Y AFT E R  L O i o ULLAGE V I A  T H E  T HC OR D I RECT ULLAGE IS ACCEPTABL E ,  THE 
C � C  AND I S S  AHE RC�U I R ED FOR PROPER LOI ANU T E l  CONTROL• iHE CAPAB I L I T Y  T O  A L I GN T H E  PLATFORM 
''lUST BE A V A I LABLE IN ORDER T O COMt,l l T  T O  LO l o AL I GN l N G  SPEC ! F I CAI.LY W I T H CSM O P T I C S  IS NOT 
REUU I RED • AS COAS A L I GNMENTS AND TRANSFERRED A L I GNMENTS FRO.� LM ARE ACCEPTABI.E. ONE FDA ! AND ONE 
DSKY ARE REwu l R ED FOK CREW " ON ! TOR ! NG OF LOI A ND TEl �URNS TO VER I F Y  S Y S T EM S  PERFORMANCE• 

I.OSS OF THE ABOVE REDUNDA�CY REWU I R EMENTS l l o E o  SPS CONTROL AND REDUNDANT A T T I TUDE CONTROL ) I N  
T H E  LUNAR ORB I T  PHASE W I LL REWU ! R E  PLANN I NG FOR A DPS T E l MANEUV E R ,  UNDOC K I N G  SHOULD B E  
I NH I B I T ED AND I. M  R ETA I N ED • I F  L;·, DPS I S  AVA l i.ABLE AND C H IO C K E D  OUT • AN EARLY T E l  NEED NOT BE 
ACCOMP L I SHED . 

1 5 - 5  UNDOCKED 

TO UNDOCK T H E  CSM MUST PROV I D E  A STABLE PLATFORM FOR REDOC K I NG PURPO S E S ,  THIS I MP L I ES THE 
GU I DANCE ANU C ONTROL. S Y S T E M  �-US T PROV I OE RATE DAMP EO A T T I TUDE HOLDo 1 N CASE THE CSM HAS TO 
PAR T I C I P A T E  IN T H E  DOC K I N G •  T H E  CONTROL SYSTEM MUST ALSO � E  A B I. E  TO TRANSLATE I N  ALL T HREE A X E o o  
D I R E C T  R C S  I S  AGA I N  R EQU I R ED F O R  RECOVERY FROM A U T O  CONTROl. S Y S T E M  MALFU NC T I ON S ,  

TH E  GU I DANCE AND CONTROL S Y S T E M  M U S T  PRO V I DE T H E  CAPAB I L I T Y  T O  PERFORM A L.M R E S C U E  P R I OR TO 
COMM I T T I NG OR C ONT I NU I NG T H E  UNDOCKED AND SUBSEQUENT PHASE S o  LM RESCUE I NVOLVES THE CSM 

TR ACK ! NC THt L•�• CW,PU T I N� I T S  UWN MANEUVERS AND EXECU T I NG T H E M o  T H o  C S I  AND CDH MANEUVERS W J L. I. 
00 TARGE T E D  FROM THE oROUNDo HOW E V E R •  T H E  SMAI.L. T I M E  I NT ERVAL BETWEEN TP i t  EACH M I OCOURSE• AND 
THE eRAK I N G MANEUVERS REWU I RE:: THE CSM T O  DO l T S  OWN TRACK I NG •  S T A T E  VECTOR UPDATES AND MANEUVER 
SOLU T I ON > ,  TO T R A C K  THE LM T H E  C S M  S C I  OR S X T  M U S T  B E  OPoRA�i.E o T H E  C S M  MUST B E  ABI.E TO TRACK 

Lr>-1 W I T H E I TH ER AUTO QPT J C S t  tv".ANUAL.. OPT I C S t  VHF RANG I NG t  OR M I N I MU M  It•'If-'ULSE A T T I TUDE CONTROL. ( U K  
SOME COI>1B I NA T ! ON O F  THESE ) •  THE O P T I CS DATA ( SHAF T •  TKUNf' d ON A N D  MAf<K REWUES T l . MUST B E  I NPUT TO 

THE G\C E I T H E R  AUT 0,1A T 1 CALLY OR >1ANUAL L Y o  ALTHOUGH CUMBERSOME • THo DATA MAY Bo I NPUT THROUGH 
THE DSKY I F  N E C E S SARY • US I NG AN A L T E R N A T E  L I NE OF S I GHT MA�K ROuT I N E •  T O  •E OP E RAT I ONA L  FOR LM 
R E SCU E o  T H E  LM MuST "E V I S I BLE I N  E l T H E� THE SCT OR TH� SCT-- T HE Y MUST �E ABI.E TO TNACK THE L M •  
A N D  T H ERE MUST BE A w A Y  TO G E T  T H E  OPT I CS DATA I N TO T H E  C M C .  

A DSKY I S  RoQU l R ED TO OPERA T o  T HE CMC , E I T H E R  DSKY I S  ACCEPTABLE S I N CE T H E  C R E W  H A S  SA I D  T H E Y  

C A N  0° �R A T E  A N Y  AC T I V I T Y F R O �  E I T H E R  DSK Y t  EV E N  I N  T H E  O N �  M A N  RESCU� S l T U Al i ON e  

TRANSL A T I ON CAPAB I C ! T Y •  RA T E  DAMP I NG A N D  ASSOC I A T E D  HAND CONTROLLERS A R E  NECESSARY FOR O�V l OUS 
REASON S .  � l T H E R  RHC I S  SAT I SFACT ORY • THE F O A l  I S  REWU l R E D  S I NC E  RESCUE MANEUVERS MAY NOT HAV E 
AN E X T ERNAL A T T I TUDE R E F E R E N C E  A V A I LABLE • T H E  CMC AND PLATFOR� ANE REWU I R ED FOR NA V l GA T l 0N o 
PRE THRUST T AKUE T I  N G ,  TP I AND MI OCOURSE R ENDEZVOUS SOLUT 1 ONS t AND �AN t:::UVERS • T H E GU I DANCE Ai>IO 
CO•\l TROL.. S 'T'S T f:'f.i MUS T ALS�J PROV I D E  THE PREV l OUSL Y D E F I N E D  M I N I MUM SPS NON-C R I T I CAL BURN 
CAPAB I L l  T Y •  

1 5-6 ASCEN T t U E SCE�T 

TH � (5� I S  A PASS I V t V � H l C L �  DUR I NG THE OESC�NT AND ASC� N T  PHAS�S. 
R A T l U.'>;ALE IS COVE:<ED I i" R.ULl 1 5 - 5 • 
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1 5 • 7  "UNAR STAY PHASE 

N A S A  - Ma n n e d  Spacec raft C e n t e r  

M I S S I O N  R U L E S  

SEC T I ON 5 • CSM SYSTEMS 

T H I S  RU"E I S  A RE,AXATION OF ATT I T UDE CONTRO" REQU I REMENTS I N  THAT TWO A X I S  ATT I TUDE HO"D AND 
RATE DAM P I NG ARE SUFF I C I ENT TO PERM I T  CONT I NUA T I ON OF THE "UNAR STAY PHAS E o  "OSS OF AT T I TUDE 
CONTRO" I N  AN AX I S  REUU I RES MANUA" CONTRO" IN THAT A X I S o  MANUA" CONTRO" OF O N E  V I C E  3 AX I S  AUTO 
CONTRO" DOES NOT SEVERELY HAMPER CREW ACT I V I T I ES AND DOES NOT AFFECT THE A B I L I T Y  TO POS I T IUN THE 
SPS FOR THE T E l  BURNo T H I S  "OSS DOES CONS T I TUTE A REDUC T I ON I N  "M RESCUE CAPAB I , I T Y •  HuWEV <R • 
TERMI NAT I ON OF THE "UNAR STAY PHASE W I "" NOT RE,I EVE THt REQU I R EMENT FOR ON< A X I S  MANUAC CONT RO" 
FOR T E l  POSI T ION I N�o 

REDUNDANT SPS CONTRO" I S  THE ON"Y CSM CONSTRA I NT WHICH REU U I R ES TE�MI NAT I ON OF THE "UMR STAY 
PHASE, "OSS OF OPT I CS AND THE NAV DSKY ARE NOT CONS I DERED CR I T I CA" I N  THAT VHF RANG I NG A,';D 
BACKUP AL I GNMENT TECHNI QUES ARE AVA I LABLE FOR PCATFORM A C I GNMENTS ANO LM RESCUEo 

M I SS I ON REV DATE SEC T I ON 

APO,,O 14 FN" 1 2 / 1 5 / 7 0  CSM SYSTEMS 
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N A S A  - Ma n n ed S pa c e c r aft C e n t e r  

M I S S I O N  R U L E S  
SEC T I ON 5 - CSM SYSTEMS 

R I I  EM 
--

1 5 - 1 0  A T T I TUDE CONTRO" 

IF AT A"" AVO I DA 8 L E o  THE "M AND CSM SHOU"D NEVER BOTH BE IN ACT I VE A T T I TUDE CONTROL AT THE SAME 
T I M E o  I F  O N E  I S  I N  CONTRO I. o  THE OTHER SHOUI.D BE I N  FREt:: DR I F T o  . T H E  NON-CONTROLLING V E H I CLE MAY 
OR MAY NOT BE POWERED UPo IF IT IS POWERED UPo NO ATTEMPT W I I.L BE MADE TO ELECTR I CALl-Y ! SOI.ATE 
ITS CONTROL SYSTEM-- RA THER o  IT W l l.l. BE KEPT FROM ANY AUTOMAT I C  CONTROL B Y  PROCEDURE I E o G o  
CMC/ FREE o WHEN I.M IS  CONTROL I. ! NG } ,  THE ONI.Y T I ME SI MULTANEOUS A T T I TUDE CONTROL BY BOTH V t::H I C"ES I I S  COMTEMPI.ATED I S  JuST P R I O R  TO I.M JET T I SON, I N  TH I S  CASEo  THe CSM SHOUI.D ALWAYS BE I N  A 
T I GHTER DEAPBAND THAN THE LM o THUS I NSUR I NG THE MANNED V E H ! C I. E  MA I N T A I NS CONTRO" OVER THE 
COMB I NA T I ON •  THE "ENGTH O F  T I ME I N  T H I S  CONFIGURAT I ON SHOULD BE M I N I M I ZED TO AVOID THE CONTROL 
SYSTEMS F I GH T I NG EACH OTHER DUE TO I Ne R T I A l.  REFeRENCE D R ! F T S o  eTC o 

15-1 1 UPDAT I NG P I PA/ ! R I G  B I AS 

THE REUU I REMEI;T . FOR UPDAT I NG P I PA B I AS WHENEVER THE ACTUAL VAI.U E  D I F F E RED FROM THE PRELAUhCH 
VAI.UE BY MORE THAN + /- O o 0 0 3  FT /SEC 2 WAS STATED IN THE G&C D I V I S I ON MEMO DATED 27 JUNE 1 9 6 9 ,  
THIS  REUU ! REMENT I S  S T I Ll. V A I. I D  W I TH THE  FOLI.OWING UUA" I F ICAT !ONS 1 8ASED ON APO"LO 11  DATA l ,  
P I PA B I AS UPDATE SHOU"D BE ATTEMPTED ONI.Y AFTER THE CSM/LM SEPARATES FROM THE S-IVB AND I S  ON 
COAS T I N G  F L I GH T •  SHOUI.D ANY P I PA EXH I B I T  NUI.L C O ! NC I DENC E o  NO UPDAT< SHOULD BE A T T EMPTED S I NCE 
THE I N D I CATED B I AS IS ZERO AND THE ACTUAL B I A S  VALUE IS NOT KNOWNo THE PRELAUNCH VAI.UE W I Ll. BE 
USED UNT i l.  A VAI. I D  P I PA B I AS DR I F T  NUMBER IS EMP I R I CAI.I.Y DETERM I N E D  DUR I NG THE M I SS I ON , T H I S  
AC T I ON IS  BASED O N  THE FACT THAT T H E  P ! PAS W l i.L D R I F T  AT A CERTA I N  RATE UNDER 1 1 G 1 1 i.OADSo 

THe RAT I ONALE FOR COMPENSAT I NG THE I SS T O  AI.I.OW FOR IN F I. I GHT I R I G  D R I FTS IS BASED ON THE G&C 
D I V I S I ON MEMO DATED 27 JUNE 1969 W H I CH REUU! RED AN UPDATE FOR ALl. ! R I G ' S  AT THE SECOND P 5 2 o  
DATA COMP ! I.ED FOR THE APOLLO ll M I SS I ON I ND I CATE THAT UPDATES I N  ACCORDANCE W I T H  T H I S  •�EMO 
PRODUCED A P"ATFORM ! R I G  COMPENSA T I ON ACCURATE TO l o 5  M<RU AND W I TH I N  THE +/- 3 o 0  MERU REQU I RED,  
THE PRESENT UPDATE CR I T E R I A  WERE ARBI TRATED V I A  THE DATA PR I O R I TY PANEL OF 1 5  SEPTEMBER 1 96 9 o  

1 5 - 1 2  DELTA V COUNTER D R I F T  

T H E  DECTA V couNTER I S  A BACKUP METHOD F O R  SHU T T I NG DOWN G&N CO�TROI.I.oD BURNSo BOTH METHODS HAVE 
A T H I RD TOOl. FOR SHUTOFF• THAT B E I N G  BURN T I ME ( PROV I D I NG NOMINAL THRUST • BURN IS NOT TOO SHORT t 
ETCo l o  THE COUNTER RE" ! ES ON A S ! NG"E ACCE"EROMETERo MOUNTED ALONG THo X-AX ! S o  T HE ACCELEROMETER 
DR I F T  W I " " BE MEASURED AND USED I N  THE COMPUTA T I ON OF THE DEI.TA VC ENTRY TO THE MANEUVER PADo  
FOR SPS BURNS , TH� ACCELEROMETER DRIFT I S  ONLY APPLlCAe�E OURING T H E  P E R I O D  AFTER TH� EMS MODE 
SWI TCH IS PcACED IN THE NORMA" POS I T I ON AND BEFORE SPS THRUST ONo NOMI NAI.I.Y T H I RTY SECONDSo FOR 
RCS BURNS o THE ACCEI.EROMETER D R I F T  IS APPLI CABl-E FOR T H I R T Y  SECONDS PLUS THE BURN T I ME• THE 
PHYS ! CA" PROPER T I ES OF THE ACCE"EROMETER SUSPENSION ARE SUCH THAT UNDER SPS T YP E  ACCE"ERAT !ONSo  
THE  B I AS DETERMI NED F D R  N O  OR LOW ACCEI.ERATIONS I S  NOT APPI.! CABEI. l l o E o  D I F FERENT POR T I ONS OF 
THE BEAR I NG SURFACES ARE I N  CONTACT AT H I GHER ACCE"ERA T ! D N  I.EVE"S• IN ADD I T I O N o  THE V I BRAT I ON 
RESU"T ING FROM SPS THRUST ING TEND TO REDUCE THE D R ! F T l o  

PERFOI<MANCE CHARAC TER I STICS OF THE ACCEI. EROME TER W I LL ALSO BE USED TO D EF I NE A BROKEN SYSTEf<o A 
MEASUR ED , REPEATABLE • ZERO-G B I AS OF O o 1  FT /SEC2 I S  REPRESENTAT I V E  OF AN I NOPERAT I V E  
ACCELERuME T tR ! RE FERENCE NR INT ERNAL " E T T ER F T / EP-68- l2 7 o  DATED 1 2  D E C o  1969 l o  A STANDARD 
PROCEDURE eX I S TS FOR DETERM I N I NG THE ZERO-G B I AS•  S I NCE THE ACCELEROM<TER IS ALSO USED AS THE 
BAS I C  I NPUT D E V I C E  FOR THo ENTRY MON I TOR I NG SCHEME l THE SA�•E B I A S  T ESTS ARE USED T O  DETERM I N E  
T H E  SYST EMS PERFORMANCE F O R  E�TRY• 

15-13 DAP I N I T I A " I ZA T ! ON 

THE CO"OSSUS TVC DAP KEEPS MUCH BET TER TRACK OF G ! MBA" TR I MS AND WEI GHTS THAN I TS PREDECESSOR• 
SUND ! SK o  O'CE PROPERU IN I T ! AL ! Z E D o  PACTOFF AND YACTOFF ARE UPDATED EVERY P ! TCH-OAP/YAW-DAP 
CYCI.E 1 40 OR 80 MS l o  HENC E o  AT CUTOF F •  TH.Y W l i.L BE CURRENT TO • I T H I N  4 0  OR 80 MS OF TH. EXACT 
c , G ,  "OCAT i uN , W E I �HTS ARE A"SO UPDATED EVERY l O  SECONDS DUR I N G  A �URN o AND AT CUTOFF , 
CONSEQUENT L Y •  AS "ONG AS T H E  CMC I S  CONTROI.L ! NG BURNS• THE ONLY NEED TO UPDAT E T R I MS SHOU"D BE 
WHEN THE 1..� I S  UNDOCKED o HOWEVER • SHOUI.D AN SCS BURN TAKE PLAC E •  THE DAP W l "L HAVE NO KNOWLEDGE 
OF THE T R I M  CHANGE • AND THE T R I MS SHOULD BE OBTA I NED FROM TELEMETRY JuST P R I OR TO CUTOFF, THE 
DATA P R I OR I T Y PANELS HAVE SPEC I F I E D THAT NO ADVERSE EFFECTS ON GU I DANC E •  CONTROL OR MANEUVER 
ACCURACY W I C L  BE EXP<RI ENCED FOR T R I M  ERRORS UP TO 0 , 5  DEG o iA X ! S  AND W E I GHT ERRORS UP TO 10 
PERCENT OF ACTUAl. W E I GHT•  W E ! GtHS AND T R I MS W ! I.L BE PROCODURALLY PASSED T O  THE CREW • I TH EACH 
�ANEUVERo 5MA"L DELTAS BETwEEN GROUND AND ONBOARD I CMC STOREO I VALUES NEED NOT BE UPDATE�-- ANY 
T R I M  OR WE I �HT ERROR cARGER THAN O o 5  D E G ,  OR 10 PERCENT RESPECT ! Vf."Y e\UST BE UPDATED IF THE �&N 
IS  TO PERFOI<M THE MANEUVER .  
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15•20 LOSS OF E I THER BMAG 1 OR 2 IN E I THER P I TCH OR YAW CHANNEL 

BMAG 1 IS RoUU I RED FOR SCS AUTO. TVC AND SCS AUTO RCS CONTROL.o BMAG 1 IS USEO AS A BACKUP FOR 
ALL THE RATE FUNC T I ONS PERFORMED BY BMAG 2 o  

S I NCE OTHER MODES O F  TVC AND A T T I TUDE CONTROL. ARE AVA I L.ABLEo  TH I S  MALFUNC T I ON DOES NOT PRECLUDE 
CON T I NU I NG THE M I SS I ON ,  I F  THE L.OSS IS I N  YAW BMAG • •  THE RSI I S  USABLE IF RATE ! I S  SELECTtUo  
I f  THE F A I LURE OCCURRED AFTER o 0 5  G o  THE RSI  WOULD HAVE TO BE REA L I GNED BECAUSE OF  THE OFFSET 
THAT WOULD o X I S T  DUE TO AN I MPROPER RATE I NPUT FOR THE PER I OD OF T I ME IT TAKES TO RECOG N I Z E  THE 
FA I LURE• 

IF  THE YAW B M A G  1 I S  LOST , THEN THE SCS FDA! ROLL A T T I TUDE W I LL B E  ERRONEOUS AFTER ,05  G S I NC£ 
BOTH ROLL AND YAW �MAG l OUTPUTS ARE CROSS-COUPLED TO D K I V E THE FDAI AFTER e 0 5  G .  

1 5 - 2 1  LOSS OF BOTH BMAG 1 AND 2 IN  E I THER P I TCH OR YAW CHANNEL 

W I TH TH I S  COMB I NA T I ON OF FAI LURES o THE ENT I RE G�C CAPAB I L I TY IS CONTI NGENT UPON S I NGLE 
IN THE G&N SYSTEMo SCS ATT I TUDE HOLD AND RATE DAMP I NG o  SCS TVC o AND THE SCS AS AN 
SOURCE FOR O:NTRY ARE ALL LOSTo A LL PHASES REUU I R ! NG REDUNDANT SPS CONTROL. ARE 
I N H I B ! TEDo  

FAI LURES 
A T T I TUDO: 

THEREFORE 

MTVC-ACCEL CMD IS THE ONLY CONTROL. MODE AVA I LABLE FOR MODE I l l  OR IV SPS CONTROL o  "ECAUSE THE 
G�N CAN NOT BE TARGETED FOR THE LAUNCH CONTI NGENCY MANEUVERSo IT IS OBV I OUSLY SAFER TO CON T I NU E  
I N T O  ORB I T  A N D  DEORB I T  U S I N G  T H E  G�N T H A N  I T  WOULD B E  TO ABORT T H E  LAUNCH PHASE F O R  THESE 
F A I LURES• l EVEN THOUGH ACCEL CMD IS CONSI DERED A POOR CAPA B I L I T Y o l 

I N  LUNAR ORB I T •  AND LUNAR STAY PHASES EARLY T E l  I S  ACCOMP L I SHED TO PRECLUDE POS S I BLE G&N 
FA I LURES FROM NEGAT I N G  THE AB I L I TY TO CONTROL AND MON I TOR TE ! o  

EVEN THOUGH REDUNDANT A T T I TUDE REFERENCES FOR ENTRY ARE L.OST o THE TRANSLUNAR COAST PHASE I S  
CONT INUEDo THE ALTERNAT I V E  I S  T O  ABORT US I NG T H E  GoN W I TH N O  ACCEPTABLE �A�KUP CONTROL MUDESo 

15·22 L.OSS OF ROLL BMAG 

LOSS OF ROLL BMAG 1 OR 2 WOULD REOU I R E  MANUAL ROL.L. A T T I TUDE CONTROL I I< ALL. SCS MODES S I NCE ROL." 
AUTO CONTROL IS L.OS T o  SCS TVC IS RETAI NED W I TH ROL.L A T T I TUDE HELD MANUAL L Y o  THESE F A I LURES HAVE 
NO EFFECT ON REDUNDANT SPS CONTRO"' 

AFTER o05 G FOR A LOSS OF ROLL BMAG 1 o  THE SCS FDA ! ROLL �TT I TUDE W I LL BE ERRONEOUS S I NC E  BOTH 
ROLL AND YAVI BMAG 1 ARE REQU I RED,  THE R S I  WI LL BE VAL. I D  S I NC E  IT  IS  DR I V E N  B Y  BMAG 2 o  

L.OSS OF ROLL BMAG 2 MEANS LOSS OF REDUNDANT SCS ROLL RAT E o  I F  THE F A I LURES IS A 1 1 HARDOVER 1 1 o 
THE USE OF ATT o /RATE 2 AND L I M I T  CYCLE CONF I GURAT I ON 15 POSS I BLE I F  BMAG • I S  POWERED DOw N o  
T H I S  WOULD REQU I R E  A L L  THREE AXES TO B E  I N  A R A T E  DAMPED ( L I M I T  CYC L ii l  A T T I TUDE HOLDo I F  ANY 
RCS MANEUVERo ARE REQU I RE D •  THE L I M I T  CYCLE MUST BE REMOVEDo IF RATE 1 IS SELECTED FOR THE ROLL 
BMA G o  80TH RSI AND SCS FDA ! ROLL ARE USABLE FOR E N T R Y ,  I F  THE FAI L.URii OCCURRED AFTER , 05 G o  THE 
RSI W0ULD HAVE TO BE REAL I GNED BECAUSE OF THE OFFSET THAT W I LL. E X I S T  OUE TO AN I MPROPER RATE 
I NPUT FOR THE PER I OD OF T I ME I T  TAKES TO RECOG N I ZE THE F A I LUR E o  

15-23 LOSS O f  BOTH ROLL BMAGS 

LOSS OF THE EMS FOR oCS THRUST VECTOR CONTROL DOES NOT PRECLUDE USE OF THE SCS TO CONTROL BURNS • 
THRUST DURAT I ON CAN BE T I MED AND C / 0  EFFECTED BY MANUALLY PL.AC I �G THE DELTA V A AND B THRU5T 
s·• I T CHES T O  OFFo THE CMC IS P R I ME FOR ALL TVC ANYWAY , FOR ENTRY CON S I DERAT IONS • THERE IS NO •AY 
TO I MPROVE THE S I TUAT I O N o  THo CMC I S  P R I ME FOt< ENTRY • AND THiiRE ARE T H I RD ORDER BACKUP 
TECHN I QUES I E tG •  SANK REVERSE BANK t ZERO L l F T t  CONSTANT G ETC t l  NOT D�PENDENT ON E I THER TH� CMC 
OR THE EMS • 

THE EMS I S  NOT I NSTRUMENTED V I A  T I M  BUT DELTA V TESTS ARE NORMALLY PERFORMED BEFORE T L I  AND SPS 
MANEUVERS TO VER I FY I T S  OPERAT I ON ,  A COMPLETE SET OF EMS TESTS I S  MADE PRE-ENTRY ,  
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15-24 LOSS OF E I THER SERVO LOOP I N  P I TC H  OR YAW 

W I T H  L OSS OF A SERVO LOOP o TVC CAPAB I L I T Y IS AVAILABLe U S I NG THt: REMA I N I NG SoRVO LOOP IN T H E  

FA I LE D  A X I S-- HOWEVoR o RoOUNDANCY F O R  T H A T  AX I S  I S  LOST • 

RCS PROPELLANTS MUST Bo M A I N T A I NoD FOR RoCOVERY FROM A HAROOVER E NG I No S I TUAT I ON I N  T H o  A X I S  
W l THOUT T H E  REDUNDANCYo THE PROPELLANT RE�U I REO W I LL VARY I N  THE DOCKED AND UNDOCKED C A S E S o  I F  
THE L M  HAS BEEN CHECKED OUT AND D E T E R M I NED CAPABLE O F  SUPPOR T I NG TE l •  ONE SERVO LOOP F A I LURE I N  
LUNAR ORB I T  WOULD NOT REQU I RE T E RM I NA T I O N  OF T H I S  PHAS E o  T H E  LUNAR STAY PHASE MUST � E  
TERM I N AT ED F O R  LOSS O F  REDUNDANT SPS CONTROL• DESCENT MUST B E  I N H I B I T E D  FOR CONF I RM E D  LOSS O F  
REDUNDANT S P S  CONTROL, 

1 5 • 2 5  LOSS OF BOTH TVC SoRVO LOOPS 

FOR EARTH ORBI T •  THE M I SS I O N  WOULD Bo T o R M I NATED BECAUSE THo P R I M E  OtOR B I T  CAPAB I L I TY IS LOST 
! S P S I ,  

I N  T H E  LAUNCH PHASE o THERE I S  NO MODE I l l  OR IV CAPAB I L I T Y  
L I M I T E D  LA ND I NG P O I N T  CONTROL I S  A VA I LABLE US I NG SM-RCSo 
DE P END ENCY ON SM RCS OR L>l SYSTEMS DUE TO LOSS OF ALL SPS 
PHASES MUST BE TER�II NATED O R  I NH I B I T E D  FOR LOSS OF ALL SPS 

1 5 - 2 6  LOSS OF RHC ' S  

BECAUSE Of N O  SPS CONT�OL CAPAB I L I T Y ,  
ALL OTHER M I S S I ON PHASoS REUU I RE 
CAPAB I L I T Y o  THEREFORo ALL OTHER 

CAPABI L I TY • 

W I TH A LOSS OF E I THER RHC PROPORTI ONAL CONTRO L o  T H E R E  ARE NO M I N I MUM REQU I REMENTS THAT HAVE BtEN 
V I OLAT E D •  A N D  THE REM A I N I N G  R H C  C A N  BE USED W H E N  PROPORT I ONAL C O N T R O L  I S  REUU ! RE O  FOR MTVC OR 
RCS CONTROL • 
W I TH A LOSS OF PROPORT I ONAL CONTROL FROM BOTH RHC ' S •  THE M I N I MUM REQUIREMENTS FOR SPS ARE NOT 
V I ULAT t. D .  THt::R �  I S  NO MTVC RAT E  OR M T V C  ACCEL. CMD CAPAB l i.. I TV ,  BUT S C S  A U T O  TVC l S  AVA I LABLE AND 
IS AN ACCE PT ABLE BACKUP TO G&N TVC o RATE DAMP I N G  IS A A I N I MUM REQUIREMENT AND IS AVA I LA B L E •  

T H E R E  W I LL BE NO M T V C  R A T E  OR M T V C  A C C E L  C M O  CAPAB I L I T Y  U S I NG THE F A I LED R H C  BECAUSE ' THE 
PROPOR T I ONAL cONTROL TRANSDUCER IN THE RHC I S  USED TO FURN I S H  THE NECESSARY COMMAND S I GNALS FOR 
BOTH R A T E  Ai'.;D ACCE.L. CMD MODES OF ivl TVC. 

��ANUAL MANEUVtRS U S I NG R C S  WOULD H A V E  TO B E  M A D E  U S I N G  ACCEL CMD OR D I R Ei C T  S W I T CHeS I F  ALL 
PROPORT I ON AL CONTROL IS LOS T ,  

T H I S  CAPAB I L I T Y USES T H E  BREAKOUT SWI TCHES AND T H E  D I RECT S W I TCHES O F  T H E  RHC AND I S  COMPLE T E L Y  
I NDEPENDENT O F  T H E  TRANSDUCER WH I C H  I S  R EQU I RED FOR P ROPOR T I ONAL CON T ROL . 

1 5- 2  L O S S  OF D I RECT RCS 

W I TH A LOSS OF D I REC T RCS CONTROL FROM ONE RHC o THt REMA I N I N� RHC CAN BE I NT E RCHANGED W I T H  T H E  
L O S T  RHC I F  D t o i R E D ,  THERE ARE T W O  S E T S  O F  D I RECT S W I T C H E S  I N  T H E  R H C o  I F ONE S ET SHOULD FA I L •  
THE REMAI N I NG S E T  W I LL PER M I T  MANUAL D I RECT RCS CONTROL • BUT W I TH HALF THE AUTHOR I T Y •  �ECAUSE 
EACH SET O F  S W I TCHES D R I V E S  D I FF ERENT J E T S •  

W I TH THE LOSS OF O ! R"CJ R C S  CONTROL FROM B O T H  RHC ' S  THE M I N IMUM RE�U I REMENT F O R  AT T I TUDE CONTROL 
HAS BE EN V I O LA T W EXCEP T FOH LUNAR STAY• THE D I RECT RCS CONTROL. IS THE ONlY MEANS Of CONT ROL 
OVER THE RCS COMPLETELY I NDEPENDENT FROM THE AUTO RCS S Y S T E M o  ALL SCS LOG I C  IS BYPASSED I N  
D I RECT o I NCLU D I NG T H E  SOLE N O I D  DR I VERS, THERE IS NO CORRECT I VE AC T I ON T O  I MPROVE T HE S ! TUA T I ON o  
FUR THE R  OE�RADAT I ON O F  THE D I RECT RCS SYSTEM SHOULD NOT OCCUR • THUS T H E  STAY PHASE N E o D  N O T  � E  
T E R M I N A T E D •  S T R I C T  ATT I TU D E  CONTROL V I A  D I RECT RCS I S  NOT REQU I R E D  FOR T E l  S P S  CONTROL AND I S  
NOT APPL I CABLE T O  THE LUNAR STAY PHASEo T H I S  F A I LURE DOES NOT PRECLUDE THE USE OF AUTO A T T I TUDE 
CONTROL V I A  SC$ AND G&N SYSTEMS• 
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l S - 2 8  L O S S  OF A U T O  A T T I TUDE I N  P I TCH O R  YAW CHANNELS 

T H I S  RULE IS WR I T TEN T O · COVER A S I NGLE P O I N T  F A I LURE MODE IN T H E  R•EC WHEREBY P I TCH AND YAW AUTO 
AT T I TUDE HOLD I S  LOS T •  PROCEOURALL Y t  FOR THESE F A I LU R E S ,  CONTROL M l �HT B E  REGAI NED B Y  SW I T CH I NG 
TO CMC CONTROL OR OPE N I NG T H E  E.MS C I R CU I T  BREAKERS THUS REMOV I N G  PC>WtiR FROM THE AUTO A T T l TUDt 
CONTROL � ! SABLE C I RC U I T R Y ,  I F  CONTROL I S  N O T  REGA I NE D  BY OPE N I NG T H E  E M C  C6 ° S  OR BY SW I T CH I NG 
TO CMC o AN UNCORRECTABLE F A I LURE I S I  I N  T H E  R•EC E X I S T S ,  

I F  CONTROL I S  REGA I NE D  BY S W I TC H I N G  TO CMC CONTROL o A L L  G&N BURN CAPAB I L I T Y AND AUTO CONTROL I N  
P I TCH AND YAW W I LL B E  AVA I LABLE• IF CONTROL I S  NOT REGA I N E O o  AN UNCOKRECTABLE F A I LURe E X I S T S  I N  
BOTH CMC AND SCS AND W I LL REUU I RE T E RM I NA T I ON OF ALL M I S S I ON PHASES tXCEPT LUNAR STAY• O I R t C T  
RCS AND D I RtcT ULLAGE W I LL R o  REUU I RED FOR P I T c H  A N D  Y A W  A T T I TUDE CONTROL PR I OR T O  SUBSEUUoNT 
BURNSe 

If OPEN I NG THE EMS CB 1 S  REGA I NS CONTROL• G&N BURNS W I LL REUU I RE MANUAL BACKUP ENGI NE OFF V I C E  
EMS CUTO F F •  S c S  BURN cONTROL cAN ALSO B E  AccOMP L I SHED FOR T H I S  F A I LURE B Y  RESET T I NG THE EMS 
BREAKERS AT I GN I T I O N  AND O P E N I NG THE BREAKERS AT ENG I N E  O F f ,  

lS-29 L O S S  O f  FOA l 

W I TH LOSS OF ONE F DA i o  THE REMA I N I NG F O A l  CAN BE USED AND RECONF i oU R E D  FOR � ! SPLAY AS 
AND THE M I SS I ON CAN B E  CON T I NUED• W I T H  THE LOSS OF BOTH F DA I 1 S o  AN ONBOARD A T T I TUDE 
SYSTEM IS NUT AVA I LABLE TO MON I TOR BURNS• THE REMA I N I N G  A T T I TUDE R E F ERENCE SOURCE 
SUBJECT T O  S I NGLE F A I LURES IN THE G&N AND IS NOT CONS I DE R E D  ADEUUATE AS AN A T T I TU D E  
FOR MON I TOR I NG MANEUVERS BECAUSE I T  I S  USED T O  D I SPLAY O T H E R  PARAMETERS C R I T I CAL T O  
( V M t TGO E T C •  I •  

NECESSARY 
Rli.FiiRENCo 

I OS K Y I I S  
REFERENCE 
MANEUVtRS 

AT LEAST ONE FOA l I S REQU I RED TO MON I TOR LOI BECAUSE LOI I S  ESPE C I ALLY C R I T I CAL IN T ER�S OF 
P I T C H  AT T I T U D E  AND OUT-THE- W I NDOW REFERENCE I S  NOT ACCEPT�BLE AS A P R I M E  A T T I TUDE SOURCE, THE 
LUNAR HOR I ZON I S  NOT AVAI LABLE UNT I L  L A T E  IN THE MANEUVER AND BORES I GHT STAR AVA I LAB I L I TY I S  A 
FUNC T ION OF L I G H T I NG AND LAUNCH W I NDOWo THE SAME CONS I DERAT I ONS APPLY TO THE T E l  MANEUVER, 

FOR LOSS OF BOTH FDA I 1 S o  T H E  LM DPS SHOULD BE USED FOR T E i o I F  POSS I BL E •  AND T E l  SHOULD BE 
ACCOMPL I SHED AS SOON AS POS S I BL E  T O  PRECLUDE G&N F A I LURES FRUM OESTRO Y J NG T H E  ONLY REMA I N I NG 
CAPAB I L I T Y  TO MON I TOR T E l  AND E N T R Y  A T T I T U D E S •  

FA I LURE OF BOTH F OA l ' S  DUR I NG THE LUNAR STAY PHASE W I LL REUU I R E  USE OF T H E  DSKY F O R  
READOUT• IN ANY EVEN T o  T E RM I NAT I ON OF THE LUNAR STAY WOULD NOT IMPROVE THE ONBOARD 
CAPAB I L I T Y • THESE F A I LURES WOULD RE�UIRE �ET ENT I ON OF THE LM ASCENT STAoE TO PROV I D E  AN 
A T T I TUDE REFERENCE TO I NSURE AN A T T I TUDE REFERENCE FOR T E l  I R EUU I RES A S I N GLE G&N F A I L  
DSKY F A I L S I •  

IS-30 LOSS Of ACl PHASE A 

A T T  I TUUE 
READOUT 
OI\IBOARO 
OK TwO 

LOSS OF ACI PH I A CONST I TU T E S  A LOSS OF SCS RA T E  DAMP I N G o  AND o  THiiREFOR E o  E L I M I NATES THE HYBR I �  
OEORB I T  CAPAB I L I T Y ,  SPS CCNTHOL WOULD B E  LOST BY A FURTHER S I NGLE P O I N T  FA I LURE OF AC2 P H I  Ao 

THE FOLLOWING SUMMAR I Z ES A V A I LABLE CAPAB I L I T Y---

Ao AUTO A T T I TU�E CONTROL U S I NG DAP 

B• RATE DAMP I N G  U S I N G  DAP 

C o  T V C  U S I NG DAP 

o, AT T I TUDE R�FERENC� W I T H  FDAI NO, 2 AND CMC SOURCE 

E, ONLY ONE T V C  SERVO "OOP POWEA SOURCE 

F ,  MTVC FROt< RHC NO, < I N  R A T E  AND ACCEL COMMAND 

G ,  MANUAL CONTROL OF R C S  US I NG D A P o  O R  D I RE C T  RCS FROM BOTH RHC 0 S o  

H ,  GPl P I TCH-YAW DR I VE NO• 2 

I ,  R S I  
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R I T E� 
--

lS-30 
CONT 

THE EARTH ORB I T  PHASE I S  T E R M I N A T E D  BECAUSE BOTH REMA I N I NG DEOR B I T  METHODS ARE SUBJECT TO THE 
AC2 PHI  A F A I LURE, 

ALL OTHtR PHASES ARE TERM I NATED FOR LACK OF $PS CONTROL REDUNDANCY AS T H E Y  ARE ALSOo OF COURS E o  
SUBJECT T O  T H E  AC2 PH I A F A I LURE• TRANSLUNAR COAST IS CONT I N U ED EVEN THOUGH REDUNDANCY 
REUUI REMENTS FOR AN ENTRY A T T I TUDE REF ERENCE ARE V I OL A T E D  BECAUSt I T  IS CON S I DERED MORE 
CONSERVAT ! Vt TO ACH I EV E / MA I N T A I N  FREE RETURN THAN TO ABORT W I THOUT REDUNDANT SPS CONTROLo LOSS 
OF ENTRY A T T I TUDE REFERENCE REDUNDANCY I S  A FURTHER REASON TO NO GO T L i o  

1 5 • 3 1  LOSS O F  AC2 PHASE A 

LOSS OF AC2 P H I  A CONS T I T U T E S  A LOSS OF ALL SCS TVC AND SUBJECTS CONTROL OF THE SPS AND RCS TO A 
S I NGLE-P O I NT CMC F A I LURES OR AC 1 P H I  A F A I L U R Eo  REFo MR RAT I ONALE l S- 3 0 •  

COMMENTS 

THE FOLLOWING SUMMAR I ZES THE AVA I LA B L E  CAPAB I L I T Y·--

A .  AUTO ATT I TUDE CONTROL US I NG OAP 

B e  R A T E  DAMP I N G  U S I N G  CAP 

C e  TVC USING DAP 

D o  AT T I TUDE REFERENCE W I T H  FDA! N O o  l AND CMC SOURCE 

E o  ONLY ONE TVC SERVO LOOP POWER SOURCE 

F e  MANUAL CONTROL O F  RCS US I NG OAP O R  D I RECT RCS FROM BOTH RHC 1 S  

G e  G� l P I TCH-YAW DR I V� NO. l 

H e  TVC US I NG G P I  THUMBWHEE�S I NC T  CONS I D�RED A N  ACCEPTABLE MODE BECAUSE OF T H E  
LACK O F  A N  AUTOMAT I C  A T T I TUDE ERROR I NPUT A N D  T H E  CONSTRA I NT THAT T H E  ENG I N E  
MUST B E  ALTERNATELY STOPPED AND R EL I T  T O  K E I N I T I AL I ZE T H e  SCS I N T EGRATOR FOR 
BURNS OVER APPROXe 3 M I NUTES l e  

15•3 LOSS OF ORDE AL 

T H E  ORDEAL I S  A CONV E N I ENCE TOOL NOT MANDATORY TO THE ACCOMP L I SHMENT OF ANY M I S S I ON ACT I V I T Y •  
THEREFORE o I TS LOSS WARRANTS NO S I G N I F I CANT M I SS I ON A L T E R A T I ONS , 

1 5 - 3  LOSS OF E N T�Y MON I TOR S Y S T E M  

LOSS O F  THE E"S F O R  o C S  T H R U S T  VECTOR CONTROL D O E S  N O T  PRECLUDE USE OF THE S C S  TO CONTROL BURN S •  
THRUST DURAT I ON C A N  i;E T I MED AND C /0 E F F ECTED B Y  MANUALLY PLA C I NG T HE O E L. T A  V A A N D  B 1HRUST 
S>< I TCHES T O  OF F o THE CMC IS P � I M E  FOR ALL TVC ANY•AY o FOR ENTRY CONS I DERA T I ON S •  T HERE IS NO 
WAY TO I M PROV E:: T�E S l T UAT I U N , T H E  CMC IS P R I M E  FOK ENT�Y • AND THERE A RE T H l �D OH.DER BACKUP 
TECHN !�UES I E . G o  BAN< REVERSE BANK o ZEI<O L I F T •  CONSTA1'<T G t ::T C o l NOT D�PENDENT ON E I TH E R  THI:': C�.C 
OR THE EMS • 

E L I M I NA T I NG T H E  24•HOUR LUNAR ORB I T  ACT I V I T I ES POST RENDEZVOUS PRUV I D E S  THE POSSI B I L I T Y  Of 
R EACH I NG E o l o  24 TO 48 HOUR> EARL I ER I N  THE T I ME L I N E •  THUo DECREAS I NG T H E  T I ME I N  W H I CH T HE 
M I SS I O N  I S  eXPOSED T\l AN E N T RY E N T I RELY W I THOUT GU I DANCii ! SHOULD THE C.�C F A ! L l. •  

T H E  E M S  I S  �OT I NSTRUMiNTED V I A  T I M  B U T  DELTA V T ESTS A R E  NORMALLY PERFORMED SEFOME T L I  A N D  SPS 
t<1ANEUVf:.RS TU V E R I F Y  I T S  OPf:.RA T I O N e  A COMPLETE S E T  OF EMS TESTS IS tJ\AUE PHE-EN T R Y e  
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R I T EM 

N A S A  - M a n n ed Spacecraft  C e n t e r  

M I S S IO N  R U L E S  
SEC T I ON S • CSM SYSTEMS 

lS-34 GROUND AT E I T H E R  SPS SO"ENO I D  D RI VER 

THE MAJOR CONCERN I S  T O  PROTECT A G A I NST I NADVERTENT F I R I N G  OF THE �PSo THERE A R E  THREE F A I LURE 
MODES W H I C H  COULD CAUSE I N D I CAT I ON OF A GROUNDED SOLENO I D  DR I VE R •  T H • S E  A R E··- A N  ACTUAL SHORT 
OR ON COMMAND A T  THE SO"ENO I D  D.R I VE R o  A GROUND OR SHORT UPSTREAM OF THE PROPELLANT CONTROC P I LO T  
VA"VE SO"ENO I DS o  A N D  SHORTS I N  THE EMS OR G&N "OG ! C t  

GROUNDED SOLENO I D  D R I VERS CAN B E  I DENT I F I ED B Y  MA"FUNC T I ON PROCEDURES 
MANUAL"Y OPERA T I NG THE DELTA V THRUST SW I T CHES PRECISEcY AT luN I T ION 
I NADVEHTANT OPERA T I ON OF THE S P S IS GUARDED AGA I NS T  BY OPEN I NG THE 
BREAKERS •  

AND CAN � E  HANDLED BY 
T I M E .  FOR T H I S  CASE t 

SPS P I LO T  VALVE C I RC U I T  

A GROUND UPSTREAM O F  T H E  PROPE"LANT CONTROL P I "OT VALVES WOULD I SOLATE ONE S E T  O F  BALL VALVES 
AND COUCD ONCY B E  CONF I RMED BY ENG I N E  OPERA T I ON AND WOULD RESULT IN A S I NG L E  BANK BURN 
CAPAB I L I TY •  M I SS I ON RULE 16-22 WOULD B E  APPLI CAB"E ONCE S I NGLE BANK OPERA T ION IS CONFI RMED• 

SHORTS T O  GROUND IN T H E  EMS OR G&N LOG I C  ONCE CONF I RMED BY PRUPER ENG I N E  OPERAT I ON AND NOT 
A F F E C T I N G  REDUNDANT SPS CAPAB I " I T Y  ARE NOT SUF F I C I EN T  REASON TO C UR T A I L  OTHER M I SS ION PHASES, 
FOR THESE COND I T I ONS MANUAL ENG I N E  CUTOFF IS ACCEPTABLE• 

S I NC E  PROPER ANALYS I S  O F  T H I S  MACFUNC T I ON REQU I RES ENGI NE OPERA T I ON •  THE F A I LURE MODE MAY NOT B E  
D E T E R M I N E D  PRE T L I  OR PRE " O i o S I NC E  T H E  P R I ME CONCERN I S  T O  PREVENT PREMATURE I GN I T I ON •  BOTH 
T L I  AND LOI ARE NOT I N H I B I T E D ,  THE WORST CASE S I NG L E  FA I LURE WOULD I NH I B I T  ONE SET OF �ALL 
VALVES AND SUBJECT CONF IRMAT I ON OF THE F A I LU R E  T O  L O l - l  IN W H I C H  CASE M I S S I ON RULE 16-22 WOULD 
APPLY, 

1S-3S LOSS OF TRANSLAT I ON HAND CONTROLLER 

THE ONLY WAY TO CONTROL THE +X l OR -X I TRANSLAT I ON MANEUVERS U S I N G  AUTO CO I LS ( l o E o  W I T H  R A T E  
DAMPED A T T I TUDE HOLD ! I S  W I TH T H E  T H C o  T H E  CAPAB I L I TY TO PERFORM A TRANSLA T I ON MANEUVER I S  
REQU I R ED F O R  BOTH BACKUP DEOR B I T  T ECHNI UUES • T D & E ,  LM RESCUE T ER M I NAL PHAS E •  UNDOC K I NG AND 
DOC K I N G •  

COMMENTS 

THE THC CON T A I NS COMPCETELY REDUNDANT RELAYS ( I NCLUD I N G  SEPARATEi POWER SUPPL I ES I FOR EACH 
TRANS LAT I ON D I RE C T I O N  IN ALL THREE AXES• 
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R I T E M  

N A S A  - Ma n n e d  S pacec raft  C e n t e r  

MI S S IO N  R U L E S  

SEC T I ON 5 - CSM SYSTEMS 

15•50 LOSS OF COMMAND MODULE COMPUTER 

THERE ARE NUMEROUS SPEC I F I C  F A I LURES THAT CONS T I TUTE LOSS OF THE CMC• SOME uF THEM I E • � • POWoK 
LOSS ! W I LL COMPROM I S E  THE CMC FOR ALL FUNC T I ONS-- OTHERS I E , G o  LOSS O F  CHANNEL o I W I L L  RESULT 
I N  LOSS OF A S I NGLE FUNCT I O N ,  IN EACH CASE, THE PAR T ICULAR FAI LURE MUST �E EVALUATED IN L I GHT 
OF M I S S I ON DEMANDS ANO REMA I N I NG CAPAB I L I T Y TO MEET THOSE DEMANDS, RATHER THAN W R I T E  NUMEROUS 
MI S S I ON RULES COVER I NG A MULTI TUDE OF DEGRADED AND F A I LED CMC S I TUAT I ON S •  ONE RULE WAS W R I T T EN 
TO COVER THE PR IMARY CMC FUNC T I ON--- PROV I DE GUI DANCE AND CONTROL• 

THE CMC IS REUU I RED TO MON I TOR PER I GEE A L T I TUDE FOR THE CM POR T I ON O F  THE HY61< 1 D  DE0t< 6 1 T-

CONSEUUE N T LY • I TS LOSS EQUALS LOSS OF HYBR I D •  THE TWO REMA I N I NG DEOR 6 I T  METHODS CAN BOTH 6E 
ADEQUATELY HANDLED BY THE S C S •  AND NO S I NGLE SCS F A I LURE W I LL PRECLUDE BOTH OF THEM• 

THE CMC IS USED TO PIOKFORM RETURN•TO•EARTH NAV I GAT ION FOR THE COAST I NG PHASES• A COMMUN I CA T I ON S  
LOSS WOULD SEVERLY DIOGRADE RETURN-TO-EARTH CAPA B I L I T Y  W I T HOUT T H E  C M C o  THE C M C  1 5  A L S O  REUU I KE D  
TO EFFECT T H E  LM RESCUE • I T S  LOSS PRECLUDES CSM ACT IVE RENDEZVOUS• 

THE EMS PROV I DES A BACKUP TO THE CMC FOR ENT R Y o  THE EMS I S  FURTHER �ACKED UP 6Y MANUAL REENTRY 
TECHN IUUES .  

LOSS O F  T H E  CMC I S  ALSO CONSI DERED LOSS O F  REDUNDANT SPS CONTROL • BECAUSE A L L  REMA I N I NG 
ACCEPTABLE SCS TVC MOUES ARE SUBJECT TO A S I NGLE POI NT FA I LURE l AC 2 PH!  A I •  LOSS OF THE CMC 
AFFECTS REDUNDANT SPS CONTROL AND AS SUCH WOULD REOU ! R E  TERM I NA T I ON OF LUNAR STAY PHASE S ,  I F  
F A I LURE OCCURI<ED PRI OI< T O  DESCENT I N  LUNAR ORB I T •  AN EARLY T E l  US I NG THE OPS WOULD 6 E  PLANN E:Do 
I F  NO DPS AVA ! LABLt:,  EARLY T E l  WOULD B E  ACCOMPL I SHED US I N� THE SCS TU CONTkUL THE SPSo  CMC LOSS 
PR I OR TO LM J t' T T I SON NECESSI TATES RETA I N I NG THE ASCENT STAoE FOR COMMU N I C A T I ONS 6ACKUP S I NCE 
GU I DANCE . NAV IGAT I O N ,  AND CONTROL DATA MUST �E VO I CED UP FROM t•1CC-Ho 

COMMENTS 

THE FOLLOW I NG FA 1 LURES W I LL C ONS
.
T 1 TUTE LOSS OF THE CMC TO PROV I DE I T S  PR !MARY FUNCT I ON OF 

GU I DANCE AND CONTROL FOR MANEUVERS·--

( l l  CMC WARN I NG FOR---

I A I  SCALAR F A I L  

I B I  COUNTER FA I L  

I C I  SCALAR F REUUENCY 

I D I  PAR I T Y F A I L  

( E J  RUPT LOCK 

( F )  T C  TRAP 

I G I  N I GHT WATCHMAN ALARM I 

I H I  VOLTAGE FA I L  

I I  I O S C I LLATOR F A I L  

( 2 1  F A !  LURE TO CONTROL TVC ENABLE 5 1  GNAL 

1 3 1  F A I LURE TO CONTROL OPT I C S  ERROR COUNTER ENABLE S I GNAL 

( 4 1  F A I LURE T O  RESPOND T O  SIC CONTROL S W I TCH 

( 5 J FAI LURE TO CONTROL SPC G I MBAL V I A  OCDU DACS I N  E I THER A X I S •  

*COULD REPRESENT A FA I LURE OUT S I DE O F  T H E  CMC I E o G o  P ! PA FA ! L I  BUT NONETHELESS• ST I LL 
REPRESENTS A NO/GO FOR THE CMC. 

15•5 LOSS OF DSKY 

LOSS OF A SINGLE DSKY IS NOT CAUSE FOR ANY S I GN I F I CANT M I SS I O N  ALTERAT I O N ,  TO COMMUN I C A T E  • I TH 
THE CMC• THERt: MUST BE l ENCODER Ai<D l DECODER • E I THER DSKY CAN FURN I SH E I THER OK BUTH 
FUNC T I ONS,  ThE CREWS F EEL THEY CAN OPERATE THE C�C SAT I SFAC TOR I LY uNDER ANY COM� I NAT I ON OF 
ENCODER/DE CODER F A I LURES AS LONG AS ONE OF EACH REMA I NS OPERABL E ,  ! T  I S  OBV IOUSLY I NCONVE N I ENT 
TO PERFURM LM RESCUE W I THOUT THE NAV DSK Y t  OR SPS MANEUVERS W I THOUT THE MDC OSKY, 

LOSS OF BOHl OSK Y 1 S ( ENCODER AND DECODER FUNCT 1 ONS l IS EQUI VALENT TO LOSS OF THE CMC S I NCt: THE 
CC.'·'PUTER IS ESSEN T I ALLY USELESS IF THE CREW CANNOT CONTROL I T o  THE RAT I ONALE FOR LOSS OF CMC 
! l 5-5 0 J  APP � I ES IN TOTAL H�RL•  
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R l T  E�l 

N A S A  � M a n n e d S pacec raft C e n t e r  

M I S S IO N  RU L E S  

SEC T I ON 5 - CSM SYSTEMS 

1 5 - 5 2  COSS OF I NERT I A l.  SUBSYSTEM 

THERE ARE NUMoROUS SPEC I F I C FA! CURES THAT CONS T I TUTE cOSS OF THE PcATFORMo IN EACH CASE • THE 
PART I CULAR F A I LURE MUST BE EVALUATED I N  L I GHT OF M I S S I ON DEMANDS AND REMA I N I NG CAPAB I L I T Y  TO 
��t::C T  ThUSE l)f�'.ANDS • AS WAS THE CASE W J TH THE CMC t RA THt::R THAN WR I T t:: NUMEROUS M I SS l UN 1-<ULE.S 
COVER I NG A MUL T l  TUDE OF DEGRADED AND FA 1 LEU 1 SS S I TUAT 1 UNS • UNE RULE wAS W�l TTEN TO COVER THE 
PR HlARY I SS FUNC T I ON--- PROV I DE THE CMC W I TH VEcOC I T Y  MAGN I TUDE AND D I RECT I ON IN ORDER THAT I T  
! THE CMC I CAN PROV I D E  GUI DANCE AND CONTROCo FOR M I S S ! UN RULE PURPOSE S •  LOSS O F  THE P LA f FORM ' S  
AB I L I TY TO PROV I D E  THE CMC W I TH T H E  NEEDED DATA I S  EQU IVALENT T U  LOSS OF THl-. CMCo THo RAT ! ONACE 
FOR LOSS OF CMC 1 1 5-50 1 APP L I ES •  

15-53 LOSS O F  O P T I C  SUBSYSTEM 

THE BAS I C  CAPAB I L I TY �EQU ! RED TO USE THE OPT I C S  FOR NAV I GA T I O N  AND RENDEZVOUS IS DESC R I BED I N  
THE RAT I ONALE FOR RULE 1 5-5 o THE OTHER P R I MARY FUNC T I ON OF THE OPT I C S  I S  PCATFORM A L ! GNMENT o  
THE SAME RAT I ONALE APP L I E S  FOR A L I GNMENT • BUT A BACKUP I S  AVAI LABLE, THE COAS PROV ! UES AN 
ADEQUATE MoANS FOR OBTA I N I NG ! NO: R T I AL REFERENCES T O  A L I GN THE ! MU AND IS COMPLETELY I NDePENDENT 
OF THE OP T I C S ,  LOSS OF OPT I C S  IS DEF I NED AS THE I NAB I L I T Y  TU SEE A STAH THROUGH THE OPT I C S •  
A L T HOUGH AUTO DRI VE CAPAB I L I T Y  I S  ADM I T TEDLY CONVEN I EN T •  OPT I CS POS I T I O N I N G  C A N  BE DONE MA�UALLY 
V 1 A THE DR IVE ASSEI�BL Y, THo UN! VERSAL TOOL OF OR SPACECRAFT A T T I TUDE CONTROL, 

15-54 LOSS OF OPT I CS COUP L I NG DATA U N I T S  

T H E  OP T I CS COU ' S  I SPEC ! F I CALLYo  THE D I G I TAL TO ANALOG CONVERTER POR T I ON )  L I NK THE CMC TO T H E  
SERVO LOOPS F O R  D A P  T V C  PURPUSESo LOSS OF T H I S  CAPAB I L I TY IN THE OCDU PRECLUDES ALL CMC CONTROL 
OF THE S P S •  T H I S  F A I LURE V I OLATES T H E  T V C  REDUNDANCY REQU I REMENTS F O R  LUI  AND T E ! o �ECAUSo SCS 
TVC MODES ARE NOT I NDEPENDENT OF S I NGLE FA! LURESo I REF MR 1 5- 3 1 ) ,  

COMMENTS 

THo CMC MAY S T I L L  BE USED TO MON I TOR �URNS E I THER I N  P40 OH P47 o 
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R I T EM 

1 6 - 1  

N A S A  - M a n n e d  S pacec raft  C e n t e r  

M I S S I ON R U L E S  

S E C T I ON 5 - CSM SYSTEMS 

A o  SPS PROBlEMS HAVE BEEN D I V I D E D  I NT O  THREE CATEGORI ES--- THOSE W H I CH CAUSE THE SPS T O  B E  
UNSA F E • THOSE W H I C H  PROH I B I T  THE USE O F  T H E  S P S o  AND THOSE W H I CH DEGRADE T H E  CAPA B i l i T Y  O F  
THE S P S o  

I l l  THO:�E A�E ONLY T W O  PHOBLEMS I N  THE F IRST CATEGORY••• PROP !OlLANT LEAKS AND 
OVER-PRC:S!:iUt<E PROBLEM�. A PROPELLAI'H LEAK I NS J l.>E THE SM ( L l YU I D  OK VAPOR t 
OX OR FUEl l S E T S  UP A HAZARDOUS S I TUAT I ON DUE TO T H E  OBV I OU S  EXPLOS I V E  
POTEN T I AL P l U S  T H E  CORROS I VE E F F E C T S  OF THE PROPEllANTS ON O T H E R  S M  
COMPONE N T S •  AN OVERPRESSUR I Z A T I ON S I T UA T I ON I S  E X T R E M E L Y  R E M O T E  S I NC E  I T  
I NVOlVES MUl T I P l E  F A ! l�RES I NClUD I NG TWO REGS I N  S E R i oS o  A R El i EF VALVEo AND 
PI<OBABlY T H E  HE VAlVE IN S E R I E S  W I TH THE �oGUlATORSo W I TH T H E  EXCEPT I ON OF 
TRANSlUNAR COAS T o  THE ACT ION FOR E I THER CASE IS T O  T E R M I N A T �  THE PHASE ASAP 
AND ENTER ''E X T  B E S T  P T P o  A lUNAR FlY-BY I S  CONS I DE R E D  SAF�R THAN ABOR T I NG 
THE TRANSlUNAR COAST PHASEo 

1 2 1  THE �AJOk i T Y  OF SPS PROBlEMS FAll I NTO THE SECOND CATEGORY, T H E S E  I NClUDE 
SCCH COND I T I ONS AS FLANGE TEMPERATURE GREATER THAN 4b0 DE� F DURING THE 
p,,t:V I OuS BURNo A F U El /O X  DELTA P GREATER THAN 2 0  P S I D o  E T  C E T ERA • AND All 
RoS U l  T IN  Trl E  SPS B E I NG I NOPERABlE •  O R  AT BEST o UNSAFE T O  OPERAT E •  FOR 
TdESE F A i l U R E S •  A l l  P H A S ES  EXCEPT T RANSlUNAR COAST AND l M  DESC<NT PHAS�S 
W i l L  BE T ER M I NA T E D .  T H I S  W I Ll BE FOLLOWED BY E N T RY I NT O  THE NEXT BEST P T P o  
OBV I OUSl Y •  T L C  W I Ll NOT B E  ABORTED U S I NG AN I NOPERABlE S P S o  S I NC E  T H E  
PROPELLANT T A N K  l E A K  I S  TH E  O N l Y  C A S E  W H " � "  SPS CAPAB i l i T Y I S  DECREAS I N G  
W I T H  T I M E o  TH E DESCENT PHASE W i ll NOT BE ABOR T E D  FUR T H E  SECOND ClASS O F  
FAI LURES• A NORMAl L I F TOFF FROM THE LUNAR &UKF�CE I S  PREF"RABlE T O  ABORT I N G  
POWERED DESCEN T .  

1 3 1  I N  T H E  T H i k D  CAT EGORY A R E THOSE S P S  PROBlEMS W H I C H  CAUSE T H E  S P S  TO B E  
CAPABLE U F  ONlY O N E  MOf�E S T A R T  I E o G o o NO ULlAGE A F T E R  T H E  STORAGE TANKS A R E  
EMP TY l OR CAPABlE OF DEGRADED PERFORMANCE I E o G o o lOW GN2 PRESSURE• I N  A 
BlUW•DOWN MODE• ET C E T E R A i o  I N  T H I S  S I TUAT I ON •  T H E  E NG I NE W i l l  B E  U S E D  FOR 
CRI T I CA L  BURNS ONLY , NO COMM I TMENT W I LL BE MADE TO A PHASE REUU J R I NG SPS 
bURNSo FOR THE S P S  H EL I U M  SOURCE LOSS CAS E o  THE LUNAR STAY PHASE W i ll NOT 
� e T E RM I NA T E D  S I NCE THE SPS HAS SUFF I C I EN T  SlOWDOWN CAPAB i l i T Y  FOR T E l  AND 
TEC .� I DCOURSE CORRECT I ON S •  FOR All OTHER F A i lURES I N  T H I S  CATEGOR Y •  ALl 
PHASES E XC E P T  TlC AND lM DESCENT W I Ll B E  TERM I N A T E D •  T H I S  W I Ll B E  FOLLOWED 
BY E N T R Y  l f'TO  NEXT BEST PTPo THE RAT I ONAlE FUR CON T I NU I N G  TlC AND DESCENT 
PHASE HAS �EEN STATED ABOVE, 

� .  UllAG" MANEUVERS A R E REUU I RED P R I OR T O  SPS BURNS WHEN T H E  STORA<iE T ANKS ARE EMPTY o  THE 
ULLAGE S E T T L E S  THE SPS PROPELLANTS AND REDUCES HEL l U M  I NGEST I ON INTO THE ENG I N E  W H I CH CAN 
RESUlT IN ROUGH COMBUS T I ON AND/OR lOW THRUS T ,  lACK OF ULLAGE CAPAB i l i T Y  IS NOT CAUSE FOR 
I NH I B I T I NG C R I T I C A L  �URNSo BUT NO COMMI TM E N T  W i ll � E  MADE T O  A PHASE REUU I R I NG SPS dURNS I F  
ULLAGE CAPAB I L I T Y  DOES NOT E X I S T •  A S  SHOWN O N  APOlLO 7- 1 3 '  TWU-JET O R  FOUR-JET U�LAGE I S  
ACEUUATE-- T•O·JE' I S  PREFoRRED FOR PURPOSES O F  RCS MANAGEMENT • 

c, THtRE ARE NO SPS ANOMAl i E S •  CONO I T I O�S o OR MAlfUNC T I ONS THAT A R E  CAUSE FOR SHU T T I N� DOWN A 
CR I T I CA l  8 U R � , 

1 6 · 2  LAUNCH PHASE 

THE REWlJ I R E,itONT FOR AN S P S  BURN D U R I NG lAUNCH IS PRED I C T E D  ON A F A I LURE O F  T H E  lAUNCH V EH ! C lE o  
I F  AN S�S F A i lUi'E OCCURS RoSUl T I NG I N  T H E  SYSTEM B E I N G  NO•GO FOR A �U�N o T H E  SM RCS W i ll bE USEO 
FOR D E C ·< � I T-- T H I S  IS CONSI DERED lESS HAZARDOUS THAN A lAUNCH ABOR T o  

COMMENTS 

THE ONlY SPS F A i lURE "H I CH COUlD BE CONS I DE R E D  A lAUNCH ABORT S I TUAT I U N  I S  A S I MIJlTANEOUS 
LEAr< UF FUEL AND O X I D I Zf:.R IN Ai'l AHEA WHERE M I X l N� OF PH.OPEli..ANT COULD OCCUHe I F  PRUPElLAI�T 
I G • I T IUN DOES NOT PCCUR BY THE T I ME A lEAK IS VER I F I E D o  I GN I T I ON IS I MPROBABlE• 
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R I T E�\ 

16•4 NO RAT IONALo REQU I RED 

16·5 NO RAT IONALE REQU I RED 

1 6 • 6  NO RAT IONALE REQUI RED 

16•7 DESCENT PHASE 

N A S A  - Ma n n e d  S p a c e c r a f t  C e n t e r  

M I S S IO N  RU L E S  

SECT ION 5 - CSM SYSTEMS 

FOR THE CAS< UF CONF I RMED SPS F A I CURES o IT IS DESI REABCE 1 0  R ENO�lVOUS W I TH AS MUCH CM 
PROPELLANT AS POSS I B L E ,  THU S •  PDI SHOULD BE ABORTED ANY T I M E  FOR SPS LEAKS• 

16-8 

16-9 

16- 1 0  

16- 1 1  

COMMENTS 

AS SUM IN� A NOMINAL M I SS I ON TO T H I S  PO I N T o  THE SPS HAs SLOWDOWN CAPAB I L I T Y  TO COMPLETE THE E N T I Ko 
M I SS I ON o  

NO RAT IONALE 

NO RATIONAL< 

NO RAT I ONALE 

NO RATIONALE 

REQUI RED 

REQU I RED 

REQU I RED 

RE<.>U I REO 
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R I T E M  

N A S A  - Ma n n e d  S pacecraft  C e n t e r  

M I S S IO N  R U L E S  

S EC T I ON 5 - CSM SYSTEMS 

1 6 - 1 2  PROPELLANT GAG I NG 

FOR ALL S P S  BURNS o THE ' W.U DELTA V OBT A I NO: D '  METHOD W I LL BE THE P R I Mo M< THUD OF D o T E RM I N I NG SPS 

PROPELLANT UUANT I T I E S o  T H I S  METHOD USES THE I N I T I AL WE I GH T  OF THE S PACECRAFT P R I OR TO A BURN• THE DELTA V O B T A I NEU FROM THE I MU o  AND THE NOMINAL I SP •  T HE VALUE OF T H E  DELTA V O B T A I NED I S  

ACCURATE T O  +1- o , z  F PS W H I C H  CONVERTS T O  2 LBS O F  PROPELLANT I N  T H E  wORST CASEo B Y  VARYING THE 
! S P  BY I T S  3-S ! GMA D I SPERS I O N ,  THE VALUE OF THE PROPELLANT USED VAR I ES BY l � O  LBS I N  THE wORST 

CASE, THC TOTAl I NACCURACY I S  +1- 152 �65 OR Ot4 PERCEN T •  

FOR S P S  BURNS LESS T!<AN 25 SECOND S ,  T H E  ' FLO'II RATE T I MES BURN T I ME '  METHOD ( ACCURACY + I - 3 
PC'RCoN T l  I S  SECONUARYo ON BURNS L E S S  THAN 5 SECONDS• T H E  PUGS I S  NOT POIIoRED--- PROPELLANT SLOSH 

PRECLUDeS THE USE OF THE PUGS UP TO 2 5  SECONDS AFTER I GN I T I O N o  ACTUAT I O N  O F  THt PU VALVE ANU 
OFF-NO� I NA L  I NL E T  PRESSURES I NTRODUCE ERROR I NT O  THE CALCULAT I ON OF FLOW R A T E  T I MES BURN T I ME • 
THE 3 PeRCENT ACCURACY F I GU R E  WAS DER I VE D  US I NG 3 - S I GMA D I SPERS I ON F I GU R E S  FOR FLOW RAT E •  AND 

ASSUM I NC BURN T I ME CAN BE D E T E R M I NED W I TH I N  O o 5  SECONDSo THE ACCURACY I NCREASES AS T H t  BURN T I ME 
DECREASE.S, 

FOR BURo% OVER 2 5  SECONDS 1 :' DURAT ! O N o  THE ONBOARD GAG I NG SYSTEM W I L L  BE CON S I DERED THE 
SECONDARY 1·1lTHOD OF D E T ER;•1 ! N ING SPS PROPELLANT QUANT I T I ES ,  THE 2 5  SECONQ P ER I OO IS T I ME REUU I RED 
FOR THE PROPELLANT� T O  S E T T LE AFToR I GN I T I ON, THE ACCURACY OF THE TOTAL SYSTEM I NCLU D I N G  SENSOR o 

PCM CONVER S I O N •  AND T RANSM I S S ION I S  l PERCENT I RE F •  NR TDR GS-003 REV A o  DATED o-15-6 6 1 ,  

REV DATE SECT I ON GROUP 
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R J T E�I 

N A S A  - Ma n n e d  S p a c e c raft  C e n t e r  

M I S S I O N  R U L E S  

SECT I ON S - CSM SYSTEMS 

. 

1 6 - 1 3  PU VALVE U T I L I ZA T I ON 

TWO CONTR I BU T I N G  FACTORS RESULT I N  AN OX I D I ZE R  UNBALANCE BoFORE SP5 CROSSOVER-- THESE ARE HEL I UM 
A�SORP T I ON I N  THE OX I D I ZER TANK AND A B I AS I N  THE OX I D I ZER GAUG I NG PROBE . 

THE PHENOMENON OF HEL I UM ABSORP T I ON OCCURS I N  THE OX I D I ZER TANKS OUE TO THE CHEMICAL STRUCTURE 
OF THE O X I D I Z E R ,  TH E  I N T E RST ICES ! SPACE �ETWoEN MOLECU L E S !  O F  N ! TROYEN T E T ROX I D E  A R E  SUCH THAT 
HtL ! UM MOLECULES CAN • IN E F F EC T •  G O  I N TO SOLUT I ON, T H I S  IS NOT A CHEMICAL REAC T I ON •  BUT 
l i<VOLVES H E L I UM MOLECULES MOV I N G  I N TO THE SPACES BETWEEN OX ! D IHR MOLECULES• UDMH I FUEL l HAS A 
STRUCTURE SUCH THAT HEL I UM ABSORPT I ON I S  PRAC T I CALLY N I L o  S I NCE THE SUMP TANK CONTA I NS ,�uRE 
OX I D I ZER THAN THE STORAGE T A N K o  MORE HEL I UM CAN BE ABSORBED I N THE SUMP TANKo THE N E T  tFFECT 1 5  
A GREATER DtCREASE I N  PRESSURE I N  T H E  SUMP TANK-- ABOUT 1 S U  POUNDS OF O X I D I ZER TRANSFERS f ROM 
T HE  STORAGt TANK TO THE SUMP TANK DUE TO A DELTA PRESSURE 8 E T W E tN THE SUMP AND STORAGE TANKS o 
T H I S  QUANT ITY OF O X I D I ZE R  I S  ABOVE THE GAUG I NG S T I LLWELL AND I S  NOT �AUGED 8Y THE SYSTEMo 

AFTER CROSSOV E R •  T�IE CAPACI TANCE PROBE I N  THE O X I D I Z E R  STORAGE TANK I N D I CA T E S  A UUAN T I T Y  O F  
OX I D I ZER R E MA I N I NG I APPROX O o 3  PERCENT l o  AFTER P A D  LOAD I N G •  A D I ELECT R I C  COMPENSATOR I S  S E T  TU 
B I AS OUT T HE ERRONEOUS REA D I NG, T HE N E T  EFFECT OF T H I S  PROCEDURE I S  A SMALL NEGA T I VE PERCENT 
1 - 0 o 1  PERCENT ! SUMMED I N TO T H E  STORAGE PROBE OUT P U T o  

SUe1MA T I ON O F  T H E  TRANSFERR t::D OXI D I ZE R  A N D  THO: GUAG I N G  COMPENSA T I ON R t S U L T S  I N  A NE.T � l AS PR I OR 
TO CROSSOVt::R I APPROX 2 0 0  LBS DECREASE ) ,  T H E  PU VALVE SHOULD BE OPERATED TO MA I N T A I N  THE 
UNBALANCE THAT I S  I N D I CATED AFTER THE SYSTI:M S E T T L ES OUT •  A T  CROSSOVER • T Ht:: � l AS COMPENSAT I ON 
GOES TO ZERO I NO NEGA T I VE OUTPU T ! -- A F T E R  THE OX I D I Z E R  LEVEL REACHI:S THE TOP OF THE GAUG I N G  
PROBEo T H E  UNBLANCE � E T E R  o l LL HAVE MOVED I N  A CLOC K W I SE D I RE C T I ON ! EN G I NE Pi:RFORMANCE W I LL 
DoTERM I Nt:: WHI:THt::R THI:. N I: E OL £  MOVI:S TO ZI: RO-- I F  THE FUEL. FLOW RATE I S  H l 6H •  THE UNBALANCE MAY HE 
SUCH THAT AN I NCREASE I N  PU VALVE P05 1 T I ON I S  ALWAYS Rt::UU I RE O l o  S I NCE THE B I ASES W I L L B E  
REMOVED A F TE R  CROSSOVE R •  T H E  P U  VALVE SHOULD B E  OPERATED T O  D R I VE T H E  UNBALANCE T O  ZERO, 

COMMENTS 

THE 2 5  SECOND PE R I OD I S  A FUN C T I ON OF PROPELLANT S E T T L I NG-- A F T E R  T H I S  P E R I OD o THE SLUSH 
SHOULD Bf S E TTL E D  OUT AND THO: PUGS READ I NG S  CAN BE USED• 

1 6 - 1 4  DUAL BANK VS S I NGL E  BANK O P ERAT I ON 

PR i OR TO T H o  F I RS T  SPS I GN I T I ON •  T H E  F E E D L I NES DOWNSTREAM UF THE BALL VALVI:S ARE UNWET T E D o  T HE 
ARRANGEMENT OF  I NJECTOR FEEDLINES I S  SUCH T H A T  A DUAL BANK I G N I T I ON CAN RESUL.T I N  A F U E L  l.E AD I N  
THE I N Jt::CTOR HUB, FUEL VAPOR ENTERS THE OX I D I Z E R  OR I F ICES AND CAUSES AN EXPLOS I ON W I TH I N  T HE 
INJE C TO R , THE: OX I D I Z E R  P O R TS  M AY B E  DEFORMED AS A RESU L T ,  

COMMENTS 

THE FUEL LEAD PHENOMENON SHOULD NOT OCCUR WHEN THE L I NES HAVE BEEN W E T T ED • 
TH E  P05S I B I L I T Y  AND TO STANDAR D I Z E  I GN I T ION PROCEDURI::S o  ALL I GN I T I ONS W I LL 
BANK A I •  USED FOR TH E  F I RST START-- THAT BANK I S  CLOSER TO THE I NJECTOR, 
SMOOTHER STAR T ,  

M I S S I ON REV DATE SECT I ON . GROUP PAGE 
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R I T EM 

N A S A  - Ma n n e d  S pa c e c r aft C e n t e r  

M I S S I O N  R U L E S  

SECT ION S - CSM SYSTEMS 

1 6- l �  PROPElLANT MANAGEMENT 

A o  T H E  PROPELLANT REOL ! N E  T O  COMM I T  T O  LUNAR ORB I T  I S  BASED 
LOI • DO l •  TEl ! NORMAL RETURN ! AND AN ALLOWANCE FOR T EC 
3-oiGMA SC5 CUTOFF ON T E l l o  LM RESCUE I S  NOT I NCLUDED I N  
A N  ALTtRNATE LUNAR M I SS I ON MAY B E  SUBS T I TU T E D •  

ON A NOM I NA� M I S S I ON PROF I �E FOR 
M l DCOURS� CORR�CTIONS ( lQ O  FPS 
THE GO/NO-GO FOR �UNAR ORB I T  S I NCE 

Bo THE PR0PELLANT R E C L I N E  TO COM M I T  TO UNDOC K ! NG IS BASED ON NOM I NA L  C ! RC •  LOPC �M R E SCUE • T C: I  
f SLOW RETURN ) ANU T E C  MCC ' S •  

COMMtNTS 

NOM I NAL DELTA VELOC I T Y VALUES WERE USED FOR THE SP5 MANEUVERS• A L T E RA T I ONS MAY BE MADE TO 
THE F L I GHT PLAN BASED ON SPS OE�TA VELOC I T Y  CAPA8 1 L I T Y  P R I OR T O  A G I V E N  MANEU V E R o  

1 6 - 1 6  PROPELLANT F E E O L I N E  T EMPERATURE MANAGEMENT 

F E E D L I N E  AND ENG I N E  VALVE T EMPERATURE MANAGEMENT I S  NECESSARY TO PRECLUDE POSSI BLE F R E E Z I N G  OR 
VAPOR I Z I NG OF PROPELLANTS• THE E N G I N E  W I LL NOT B E  OPERATED IF T H E  T EMPERATURE EXCEEDS THE 
L I M I TS OF  2 o DEG F OR 10 0  D EG  F o  E X CEED I NG T H E  �OWER L I M I T  COU�D RESU�T I N  FUE� F R E E Z I NG WH I CH 
WOULD CAUSE L I NE BLOCKAGE OR EXPLO S I ON DUE T O  AN I MPROPER M I XTURE R A T I O ,  EXCEED I N G  T H E  U P P E R  
L Wo i T  COULD RESULT I N  O X I D I ZER VAPOR I Z I NG W H I C H  I N  T U R N  WOULD R E S U L T  I N  AN I MPROPER M I XTURE 
RAT I O .  

COMME�TS 

FUEL F R E t Z E S  AT 1 9  D EG  Fo OX I D I ZE R  AT 1Z D E G  Fo O X I D I ZE R  VAPOR I Z ES A T  150 DEG F o  THE 
L l i� I T S  FOR C YC L I NG TH E L I NE HEATERS ARE OBV I OUSLY WELL PADDED W I T H  RESPECT TO CR I T I CAL 
L I M I T S  ON PROPELLANT TEMPERATURE• 

16- 1 7  ULLAGE MANAGEMENT 

TWO-JET U L LAGE> HAVE S EEN PROVEN S A T I SFACTORY ON APOLLO 7 THRU 1 3  FOR PURPOSES OF PROPELLANT 
S E T T L I NGo THE TWO-JoT MANEUVER PROV I D E S  MORE LAT I TUDE FOR RCS MANAGE M E N T •  

COMMENTS 

;Oo" CURVES ARE AVA I L A"LE SHOW I NG ULLAGE T I ME REQU I RED AS A FUNCT I ON OF SPS PROPELLANT 
REMA I N I N G  AND SPACECRAFT W E ! G H T o  

M I SS I ON REV DATE SECT I ON GROUP 
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N A S A  - Ma n n e d  S pacec raft C e n t e r  

M I S S I O N  R U L E S  

SEC T I ON 5 - CSM SYSTEMS 

l6-20 PRESSURE DECAY IN FUE" OR O X I D I ZER TANK 

A PRESSURE DECAY IN E I THER PROPE""ANT TANK I N D I CATES E I THER H E " I UM OR " I OU I D  OR VAPOR I ZED 
PROPE""ANT I S  "EAK I NG I NTO THE SMo D I F F ERENT I AT ION BETWEEN PROPE""ANT AND HE"IUM CANNOT BE 
MADE,  THE POSS I B I " I TY E X I S T S  OF CORROSION W I T H I N  THE SM-- THE PROBAB I " ! TY OF AN EXP"OS!ON IS  
"OW FOR THE CASE Of A MONOPROPE""ANT "EAKo THE MOST SERIOUS CONSEUUENCES OF SUCH A "EAK WOU"D 
"E I NA" I C I TY TO MAINTA I N  PRESSURE IN THE TANKS OR PROPE""ANT OEP"ET ION DUR ING AN SPS BURN, 

C0f-1MENTS 

MANUAC R�PRES.UR I ZAT ION OF THE TANKS MAY BE A T T EMPTEU PR I OR TO ANY REQU I RED SPS 
PROBAB I L I TY OF TANK RUPTURE DUE TO REPRESSUR IZAT I ON IS CON& l DERED �OW ( REF 
SYSTEMS ENG I N E EI< I NG D I V I S I ON DATED OCTOBER 8 •  l968-- SUBJEC T--- CONSTRA I NTS 
PRESSUR I ZAT I ON OF SPS PROPEc"ANT TANKS ! •  

l6-2l "OSS OF ONE GN2 TANK PRESSURE 

t:.uH.N . T H C:  
MEMU FIWM 
ON t'1ANUAL 

A GN2 TANK PRESSURE "E"OW 400 PSI W I " "  R ESUcT IN S"ow , PAR T I A " '  OR NO BAc" VA"VE OPERAT I ON ,  
BECAUSE O F  T H E  UNPRED I C TABCE NATURE OF VACVE OPERA T I ON A T  LOW PKESSUKE • T H E  AFFECTED BANK WOULD 
NOT BE USED FOR SPS BURNS, T HUS•  LOSS OF A GN2 TANK CONST I TUTES LOSS OF SPS REDUNDANCY• NO 
COMMI TMENT W I L" B E  MADE TO A PHASE RE�U I R I NG SPS BURNS, LUNAR STAY AND cUNAR ORB I T  I I F L M  DPS 
NOT AVA I LABCE FOR T o l l WOULD BE T E RMI NATED S I NCE THE MEAN T I ME TO F A I LURE OF THE REDUNDANT oN� 
SOURCE WOULD NOT BE AN ACCEPTABLE R I SK, 

COMMENTS 

THE GN2 PRESSURE �1EASUREMENT IS A S I NG"E PO !NT OF I NS TRUMENTA T I UN o 
CON F I R�ED ONLY BY ENG I NE OPERAT ION, 

l6-22 "OSS OF ONE BANK OF BA"" VA"VES 

LOSS OF GN2 CAN BE 

THE SPS NO "ONGER HAS REDUNDANT CAPAB I " I T Y  W I T H  THE "OSS OF ONE SANK OF BA"" VAcVES, NO 
COMMITMENT WOUcD BE MADE TO A PHASE REQU I R I NG SPS BURNS• cUNAR ORB I T  t l f  DPS NOT AVAI CABcE I AND 
CUNAR STAY PHASES WOU"D BE TERM I NA T ED DUE TO THE cACK UF REDUNDANCY T O  PERFORM T E l • 

COMMENTS 

THE LOSS OF A BANK OF BA"L VALVES MAY BE DUE TO A F A I LURE IN THE GN2 SYSTEM I PREVALVE •  
SOLENO I D  CONTROL VALV E •  cEAK I N  PLUMB I N G !  O R  A F A I CURE I N  THE RACK AND P I N I ON GEARSo 

l6-2 "OSS OF BOTH GN2 TANK PRESSURES 

THE LOSS OF BOTH GN2 TANKS PRECLUDES USE OF THE- SPS EXC E P T  FOR �MERGENC I ES •  THE SPS MAY BE 
I NCAPABLE OF PERFORMING A BURN-- OR WORSE , AN EXPLOS I ON MAY OCCUR AT I GN I T I ON DUE TO IMPROPER 
M I X TURE RA T I O• 

16-2 PROPELLANT FEEDL I N E  TEMP LESS THAN 40 DEG 

A TEMPERATURE OF 40 DEG F I S  THE L l.\1 I T  BELOW W H I CH NON-CR I T I CAL MANEUVERS W I LL BE I NH I B I T ED• 
THE TEMPERATURE BE"OW WH I CH THE SPS I S  CONS I DERED LOST IS < 5  DEG F o  WHEN THE TEMPERATUkE DROPS 
BEcOW 40 DEG F• NO COMMI TMENT W I LL BE MADE TO A PHASE REQU I R I NG SPS BuRNSo ADD I T I ONAL" Y '  A PHASE W I LL BE TERM I NAT ED TO PKECLUDE REACHING THE CRI T I CAL T EMPERATURE L I M I T  I AL L . UNDOCKED 
OPERAT I ONS EXCEPT DESCENT ! •  IF THE LM DPS IS AVA I LABLE • AN ACTERNATE LUNAR ORB I T  M I SS I ON MAY eE 
SUBST I TUTED•  ' l E I  WOULD BE PERFORMED P R I OR TO THE 2 5  DEG F C I M I T-- THE LM UPS WOULD BE AVA I "ABLE 
AS BACKUP I N  THE DOCKED CON F I GURAT IONo 

COMMENTS 

REFERENCE RAT I ONALE FOR RULE l6-l4 ( PROPE"LANT FEEDL INE TEMPERATURE MANAGE,�ENT I • 

M I SS I ON REV DATE SECT I ON GROUP 
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M I S S I O N  R U L E S  

SEC T ION 5 - CSM SYSTEMS 

16-25 FLANGE T EMP GREATER THAN 480 DEG 

TEMPERATURES IN EXCESS OF 4 8 0  DEG F IN THE ENG I N E  FLANGE AREA MAY RESULT IN FLANGE BURN-THROUGH 
WH I CH CAN RESULT I N  THE NOZZLE SEPARA T I NG FROM TliE E N G I N E  CHAMBER, T H I S  CONST I T UT ES LOSS OF THE 
S P S ,  

COMMENTS 

THE CREW HAS NO ONBOARD I N � I C AT I O N  OF SPS FLANGE T EMPERATURE, GROUND TELEMETRY IS THE ONLY 
MEANS AVA I LABLE FOR D E T ERM I N I NG THAT THE FLANGE TEMPERATURE CONSTRA I N T  HAS BEEN V I OLAT E D •  

1 6 - 2 6  CHAMBER PRESS LESS THAN 70 P S I  

ENG I NE OPERA T I ON AT A CHAMBER PRESSURE BELOW 7 0  PS I CAN R E S U L T  I N  UNSTABLE COMBUST I ON W H I CH MAY 
DAMAGE OR �oSTROY THE ENG I N E o  THE SPS I S  CONS I DERED NO-GO FOR SUBSE�U.ENT BURNSo 

COMMENTS 

ACTUAL. T E S T  DATA HAS SHOWN S T ABLE COMBUST I ON BETWEEN 60 AND 70 PS ! o  
CON S I �ERED MARGINAL AND SHOUL.� BE A V O I D E D o  

1 6 - 2 7  L A C K  O F  ULLAGE CAPAB I L I TY 

T H I S  AREA I S  

LACK OF ULLAGE CAPAB I L I T Y W I TH EMPTY STORAGE TANKS CAN RESULT I N  H E L I U M  I NGEST I ON I NT O  T H E  
ZE RO-G CAN AND ENG I NE F E E D L. I NES A T  I GN I T I ON ,  THE WORST CASE RESULT OF H E L I UM I NGES T I ON WOULD BE 
THE PRES�NCo OF A HEL I UM "UBBLE A T  THE O X I D I ZER BALL. VALV E S o  THE POSS I B I L I T Y THEN E X I S T S  T H A T  A 
FUH Lt:ADo AND CONSE�UENT L. Y  ROUGH COMBU S T I O N •  WOULD OCCUR UN A SUBSEYUENT :; T A R T o ONE NO ULLAGE 
SPS BURN CAN BE PERFORMED• THE S P S  IS CAPABLE OF I NGES T I NG SMALL. AMOUNTS OF HEL IUM THROUGH THE 
ENG ! r.; (  'tii THOUT ADVERSE EFFECTS. 

COMMENTS 

NO C0,�>11 TMENT W I L L  BE MADE T O  A PHASE REUU I R I NG SPS BURN So 

16-28 DELTA P BE TI<EEN FUEL AND O X !  Dl ZER GREATER THAN 2 0  P S I  

A D I FFERENCE I N  PROPELLANT TANK PRESSURES I N  EXCESS OF 2 0  P S I  CAN RESULT I N  A M I X TURE RAT I O  
OUTS I DE T H E  D E S I R E D  OPERAT I NG RANGEo ROUGH COMBUS T I ON COULD RESUL.T o 

CO�MENTS 

MANUAL R�PREssu• I ZA T l O N  WOULD BE CONS I D E RED P R I O R  T O  A BURN T O  B N I N G  THE D�LTA P � ! T H I N  T H E  
20 P S I  L I M I T ,  

16-2 LEAK OR COMPLETE LOSS OF HEL I UM 

<..OSS OF T H E  HEL.W" SOURCE DUE TO A LEAK OR MU L T I PL E  VALVE F A I LURE !. �POSES BL.OWDOWN OPERA T I ON ON 
THE SPS• THE DELTA V CAPAB I L I T Y  OF THE SPS W I LL B E  DETERM I NE D  FRUM 6L.OWDUWN CURVES FURN ISHED I N  
T H E  sooe. 

COM�ENTS 

OPERAT ! Of'< OF THE SPS IN A BLOWDO>IN MODE IS ACCEPTABlE •  PROV I D I N G  ALL OTHER CONS I DERA T I ONS 
ARE MtT l t , E . , I NL E T PHESSUR E S t  DELTA P LESS THAN � O t  E T  C E T ER A ) •  BLO�OOWN CAPAb i L I TY 'IS A 
FU�CT IO• OF PROPELLANT WUANT I TY AND TANK PRESSURE AT ! GN I T I ON o  

r�', I SS I ON REV DATE SECT I ON GROUP 
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N A S A  - Ma n n ed S p a c ec � aft C e n t e r  

M I S S I O N  R U L E S  

S EC T ION 5 - CSM SYST EMS 

1 7 - 1  LAUNCH 

LOSS OF A S I N�LE SM RCS QUAD DOES NOT PRECLUDE ROT A T I ON OR TRANSLAT I ON CAPAe i L I T Y o  TRANSLA T I ON 
I N  THE Y OR Z AXES W I L L  BE S I NGLE JET l i N THE A F F E C T ED AX I S I -- THE ROLL J E T S  I N  THE OTHER A X I S  
W I L L  CC,;;'H t:.kACT THE ROLL TORUUE· O F  THE S I NGLI:: TRANSLA T I ON J E T o  T H I S  I S  A N  EXPENS ! Vt MtANS OF 
fRANSLA T I ON FROM A PROPEL�A�T STANDP O I N T • 

LO SS OF A WUAD HEOUCoS BY Olit-HALF THii R CS Dt L TA V lAPAB I L I T Y •  I F  RCS Dt:OR" I T  CAPAB I L I T Y DOES 
NUT E X I S T  AT I N SE R T I ON o  THE SPS IS ST I L L  AVAI LABLE FOR DEOR B I T •  DEORS I T  FROM EARTH OR" I T  I S  
Lt.SS HAZARDOUS THAN A LAUNCH ABOR T ,  T H E  PRO"AB I L I T Y O F  MUL T I P L E  F A I LURES LEAD I N G  T O  THE LOSS OF 
TWO OR �.ORE QUADS DUI< I NG T H E  R ELAT IVELY SHORT SPAN OF LAUNCH I S  CONS I DE R E D  LOWo THEKiiFORE o 

THE R E  ARlO NC SM RCS F A I LURiiS WH I C H  ARE CONS I DE R E D  CAUoE FOR A�Ok T o  

1 7-2 EARTH ORB I T  PHASE 

THE CAPAB I L l TY W ! TH LOSS OF ONE QUAD IS RELAT E D  IN THE RAT IONALf. FOR RULE 1 7 - l  • THE PR I �,E 
C O � S I DERA T I DN FOR THE ORB I T  S I TUAT I ON I S  M A I N T ENANCii OF BACKUP oEOR� I T  CAPAoi L I T Y o  S I NCE SM RlS 
D E OR B I T  DELTA V I S  DECREASED ON THE ORDER OF 50 P ERCENT BY LOSS OF A WUA D o  U R" I T  SHA P I N G  MAY BE 

NECESSARY TO PRESERVE SM RCS DEOR" I T  CAPAB I L I T Y o  

LOSS O F  T W O  ADJACENT QUADS PRECLUDES A L L  TRANSLAT I ON CAPAB I L I TY ,  S I NC E  "OTH S M  AND HYB R I D  
DEORB I TS ARt Ut::PENDEIH UPON TRANS L A T I O N S ,  THE M I SS I ON W I LL B E  T ERM I NA TED W I T H  T H E  ONLY RI:.MA I N I N� 
D�ORB I T  T E CHN lUUE • SPS. 

LOSS OF TWO OPPOS I T E  UUADS PRECLUDES PREC I S E  A T T I TUDE CONTROC IN E I THt:R +/- P I TCH OR +/- YAW AND 
TRA�SLA T I ON IN E I THER +/- Y OR +/- z ,  E VEN THOUGH +/- X TRANSLA T I ON CAPAB I L I T Y  REMA I NS o  I T  I S  
I M P OS S I BLE T O  PERFURr-1 EXTENDED TRANSLA T I ONS S I NCE ROT A T I ONAL. MU T I ON ( I NDUCED B Y  C G  L.H SPL.AC Ei-1 !::1\lT 

FROM T H E  X A X I S I  CANNOT BE CONTROLLtD I N  THE A F F E C T t: D  A X I S o  M I S S I ON T E RM I NA T I ON IS REWU ! �ED FOK 
THE SAME REASONS STATED ABOV t:: FOR LOSS OF TWO ADJACENT UU A D S •  

17-3 TRANSLU�AR COAST 

THE CAPAB I L I T Y  W I TH LOSS OF ONE UUAD I S  G I VEN I N  T H E  RAT I ONACE FOR MR ! 7 - 1 •  SuBSEUUENT LOoS OF 
AN ADJACENT UUAD PRECLUDES ALL TRANSLA T I ON CAPAB I L I T Y •  THE RCS WOULD THt:N BE UNAV A I LABLE FOR 
MCC ' S o T R I.,�;; I NG A F T Eil SPS BURNS o AND ULLAGE$ A F T E R  THE SPS STORA� E  TAN�S W t::Rt. E.'1PT Y o  LOSS OF 
THE OPPOS I T E  WUAD WOULD PRECLUDE PREC I S F.  A T T I TUDE CONTROL IN ONE A X I S  ANO TRANS L A T I ON CAPAB I L I TY 
I N  t>NE A X I S  1 + /- Y t  + 1 - Z l .  

COMMENTS 

T E R M I NAT ION OF THE TRANSLUNAR COAST PHASE W I LL B E  D E P ENDENT ON CAPAB I L I T Y  OF THE LM RCS T O  
PROV I DE A T T I TUDE CONTROL FOR A FLY-BY M I S S I ON ,  

1 7-4 LU�AR ORB I T  

THE LOSS OF A S I NGLE WUAD I MPOSES S I NG L E  JET ROTAT I ONAL CONTROL I N  ONE A X I S •  T H I S  I S  A NORMAL 
MODE OF OPERAT I ON IN LUNAR ORB I T  FOR PROPELLANT MANAGEMEN T •  THE POSS I B I L I T Y OF A oECOND WUAD 
F A I LURE I S  CONS I DE R E D  UNL I KELY-- HOWEVER o  IN THE EVENT Of SUCH A F A I LU R E o  THE LM ASCENT S T A� E  

WOULD BE R E T A I NED FOR A T T I TUDE CONTROL P R I O R  TO A N D  POST T E ! o T H U S  THE LUNAR ORB I T  A N D  LUNAR 
S T A Y  PHASES W I LL NOT BE T E RI-I J NA l E D  FOR LOSS OF A S I NGLE l.lUA D ,  uNDOC K. l i\IG W I LL B E  I NH I B I T ED DU� 
TO LOSS OF THREE-AX I S  TRANS L A T I ON ! WH I CH PRECLUDES CSM AC T I V� DUCKI NG ) ,  D O l  W I L L BE I NH I B I T ED  
S I NC E.  THE C�rv: R E S C U E  <..APAB I L l TY IS YREA TLY DEGRALl EI.h Vf\ICE P D I  HAS Bt-: E N  Pt:RFORMEO , COM,,l J TME!'I.T 
HAS BEEN I"'ADE TO A Rt::.SCUE S I TUA T I ON .  THE N0"1 1 NAL. M I SS I UI'II W li.. L.. 6 t.  CON T I N U E D  FUR WUAD L.OSS A F T I:. K  
DO l •  

FOR LOSS OF TWO OUADS t THE LUNAR S T A Y  W I L L  8 �  TERM I NA T E D t E I T H E R  TRANSL A T I ON CAPAB I L l T ¥  OR T H R E E  
AX I S  A T T I TUDE CONTROL W I L L �t L C ST FOR LUSS OF TWO UUADSo T H E  LM ASCENT STA�E • I L L BE R I T A I N t: D  
FOR T F. I e 

M I SS I ON REV DATE oEC T I ON 
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R I T EM 

N A S A  - M a n n e d  S pa c e c r af t  C e n t e r  

M I S S I O N  R U L E S  

< E C T  I O N  5 • C S M  SYSTEMS 

1 7 - 1 5  PROP�LLANT GAG I NG 

RCS GAG I NG CAN BE ACCOMP� I S H ED TWO W A Y S •  OBV IOUSL Y t  THE MOST ACCURATE OF THE TWO I S  P R I ME •  
THER E ARE SEVERAL REASONS W H Y  T H E  RTCC EI.IUAT I ON I S  MORE ACCURAT E  THAN T H E  ONBOARD P I T  Tt:CH N I � U E o  
B A S I C  TO THO UNBOAKD GAUGE I S  TH E PIT TRANSDUCER A N D  ASSOC I ATED C I RCU I T RY WH I CH I S  NOTHING MURE 
THAN SOME HARDWARE R E P R ESE N T I NG A GAS EQUAT I ON o  AT BEST • IT APPROX I MATES THE EQUA T I ON •  G I V I NG 
R I SE TO A S I GN i f i CANT ERROR AT T H E:  OUT S E T  1 5  P ERCENT l o  T H E  RTCC �,QDELS T H E  GAS E�UAT I ON 
EXACTL. Y o  ANO ! N  ADDI T I ON COMPENSATES FOR HE COMPRESS I B I L I TY I N  T HE FUEL AND OX TANKS US I NG 
MAN I FOLD PRtSSURE S o  I T  A L S O  COMPENSATES F O R  EXPULS I ON E F F I C I ENCY AND HAS A VARI ABLE M I XTURE 
RAT I O o  EV'-' THROUGH SOME OF THESE FACTORS ARE TAKEN I N T O  ACCOUNT IN THE NOMOGRAPH TO CORRECT 
THE  ONBOARD READ I N G •  THE .�CCURACY CANNOT B E  I MPROVED TO THAT OF THE GROUND El.lU A T I ON o  THE 
PRI:SENT ACCURACY F I GUR E S  FOR THE TWO T E CHN I QU E S  wERE O " T A I NED FROM NR ANALYT I CA L  S T U D I E S  OF T H E  
T w O  METHODS. T H E S E  S T UD I ES ARE DOCUMENTED I N  SD-68- 1 6 7 •  R E V  A o  AUGUST 16o  1 9 6 8 •  SU�JECT --
ClHT ! F ! C. � T  !U' MALYS I S - SM RCS PROPELLANT UUANT ! T Y  GAUG I N G  S YS T tiMS o 

1 7 - 1 6  �UAD PROPELLANT BALANCE 

THE D�S ! R EU PROPELLANT D I FFERENCE B E T WEEN I.IUADS 
RE �AT I ONSH l P  TO I Tb VAR I OUS REDL I N E  VALUES, HOWEVER , 

EXCESS UF 30 TO 5 0  PUUNDS SHOULD NOT NORMALLY EX I S T •  
I N  LATER PROBLEMS , ESPE C I A LLY I F  I T  I S  DES I R E D  T O  
MANEUVER , SUCH A S  CHANG I NG FROM G&N T O  SCS• 

CO"'�ENTS 

IS ACTUALLY DET ERM I NE D  BY EACH QUAD ' S  
EXPERI ENCE HAS SHOWN THAT AN UNBALANCE I N  
ANY UNBALANCE ! N  EXCESS OF THAT CAN R E SULT 

CHANGE CONTROL T E C H N I QUES FOR A LARGER 

PROP !SOLA T I ON VALVES SHOULD NOT B E  USED FOR QUAD BALANCE T O  PRECLUDE I NADVERTANT 
EVACU A T I O N  OF TH E PROPELLANT L I NE S •  IF THE J E T S  ARE F I RED WH I L E  THE PROP VALVES ARE CLOSED t 
AN oFF-NOM I NA L  M I X TURE RAT I O  W I L L  HESULTo ENGINES MAY THE:N B� D t. S T ROY f::D B Y  EXPLO S I ONS DUE 
TO UNST AULE BURN I NG .  

I F  PROPELLANT I S  TRAPPED BETWEEN TH E I SOLA T I ON VALVES AND ENG I N E  VALVE S o  THERMAL EXPANS I ON 
OF T H E  TRAPPED L ! UU ! D  MAY RUPTURE T H E  PROPELLANT L I NE S o  PRESSURE W I LL I NCREASE 1 0 0  TO 200 
PSI FUR EV�kY 1 DEG F T E�PekAT URE I NC � E A S E •  �EFOKE E L EC T R 1 CAL I SOLAT I ON OF THE UUAO• THE 
JETS SHOULD eE F I RED T O  DECREASE THE PRESSURE OF THE TRAPPED PROPELLANTo AFTER THE PROP 
!SO VALVE IS REOPENED • THE F I RS T  JET F I R I NG SHOULD BE AT LEAST 1 SECOND I N  DURAT I O N  TO BURN 
OUT T HE H E S I DUE WH I C H  MAY H.O.VE FORMED DUE TO UNSTABLE BURN I N G •  

T H t.  C A S E  OF TRAPPED PRUPELLANT I S  COf\S I D ER!:.D M O R E  HAZARDOUS T H A N  F I R I NG T H E  Jf::.T S  W I TH THE 
PROP I�O VALVE� CLOS E D .  N E I THER CASE IS AN ACCEPTABLE MODE OF O P E RA T I ON. 

1 7- 1  SECO�DARY PkOPELLANT FUEL PRESSURE VALVE 

CROSSOVeR l " T u  THE SECONDARY RCS FUEL TANKS OCCURS AT A USABLE PROPE"LANT UUANT I TY OF l 1 9  L B o  
D U E  TO T H E  ACCU<ACY O F  T H E  R TCC P V T  PROGRAM• CROSSOVER WOULD OCCUR AT 1 l 9  + / - 2 0  L �  USA�LE 
PkUPELLAN T o A B I AS OF 20 LB IS I N T RODUCED I NTO THE CALCULAT I O� TO I NSURE THAT THE UUANT I TY 
REI�A ! N ! i;G I S NUT LESS THAN T HE VALUE CALCULATED BY T H E  R T C C o  THUS • CROSSOVER OCCURS AT A 
D I S P L A Y E D  VALUE CF 99 +/- 20 L B o  ALLOW I N G  THE MAN I FOLD PRESSURE TO REACH l50 P S I A  I S  THE 
Pl{t:FEKr-<ED "�t.THOD OF D ET ERt>' I N I N G  C R OSSOV E R t  UNLESS AN UPCOM ING P C: R I OD OF H l UH USAGE. ( U LLAGE ' ETC ) 
v> ! LL DROP T e E VALUE OF WPU BELO'< 1 1 9  LB R EMA I N I NG ,  

A •AN ! FOLD PRESSURE UF 1 5 0  P S I A  W I L L T R IGGER T H E  C&W L I�HT FOR T H E  �UAOo 
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N A S A  - M• n n e d  S pac e c raft  C e n t e r  

M I S S IO N  R U L E S  

SEC T I ON S - CSM SYSTEMS 

17-20 SUSTA I NED LEAK I N  HEL I UM TANK 

A H E L I U�I SOURCE LEAK I MPOSES SLOWDOWN OPERAT I ON I N  A QUAD WHEN THE SOURCE PRESSURE DROPS BELOW 
400 PS i o  THE QUAD I S  CAPABLE OF NORMAL OPERAT I ON ABOVE 400 P S I -- SLOwDOwN OPERAT I ON RESULTS I N  
DEGRADED PERFORMANCE, 

FOR LOSS O F  A S I NGLE UUADo COMM I TM ENT W I LL NOT BE MADE TO A SUBSEQUENT PHASE WH I CH WOULD E X T END 
THE T I ME REUU I RED FOR THE QUAD TO FUNC T I O N •  THC: RAT I ONALE FOR THE GENERAL SM RCS RULES 1 1 7-1 
THROUGH 1 7-4 1 COVERS T H E  QUAD LOSS CASE FOR I ND I V I DUAL PHASES o 

COMMENTS 

SLOWDOWN CAPAB I L I T Y IS A FUNC T I ON OF PROPELLANT REMA I N I NG AND MAN I F OLD PRESSURE• 
REMA I NS OPERA T I V E  UNT I L  HE MANI FOLD PRESSURE DROPS BELOW 7 5  PS i o  

1 7 - 2 1  SUSTA I NED LEAK BELOW HE ! SOLAT I ON VALVE 

A I.JUAD 

PRESSURE LOSS BELOW THE H E L I UM ISOLAT I ON VALVES MAY OR MAY NOT CAUSE LOSS OF THE QUA D •  DEPENDENT 
ON LEAK RATE AND LOCAT I O N o  I N  A N Y  CAS E •  T H E  PROBABI L I TY O F  HAV I NG BOTH A FUEL A N D  OX I D I ZER 
LEAKo THUS C R EA T I NG A HAZARDOUS S I TUAT I O N  IN THE SMo IS LOWo IF THE LEAK CAN �E STOPPED • I T H 
THE PROPELL.ANT I SOL.A T I ON VALVES • THE QUAD MAY BE USt:D I N  A,; EMERGENCY S I TUAT I ON o  THERE I S  A 
POSS I B I L I T Y  THE LEAK MAY BE AT THE ENG I N E  VALVE AND ON THE OX I D i l ER S I D E o  THUS S E TT I NG UP A 
POTEN T I ALLY EXPLOS I V E  S I TUAT I ON I F  THE UUAD WERE TO BE USED. I F  THE LEAK I S  NOT STOPPED W I T H 
THE PROPELLANT ISOLA T I ON VALVES• THERE I S  A REPRESS PROCEDURE WH I CH CAN BE USED I N  AN A TT EMPT TO 
IDENTIFY WH�THE� THE �EAK I S  HEL I UM OR PROPE�LAN T .  IF  THE LEAK I S  PROPELLANT , THE REPRESS 
PROCEDURE I TSELF W I LL FORCE MORE PROPELLANT I NT O  THE SM W H I CH IS NOT A DESI RABLE S I TUAT I ON o  
AGA I N •  T H E  UUAD MAY B E  USABLE I N  A N  EMERGENCY S I TUAT I ON •  I F  THE MAN I FOLD PRESSURE CAN B E  KEPT 
UPo IF T H E  LFAK I S  H E L I UM o  THE QUAD IS ALSO USABLE IN AN EMERGENCY S I TUAT I O N •  AGA I N  AS LONG AS 
THE MAN I FO�D PRESSURE IS KEPT U P o  THE POINT HERE IS THAT EVEN THOUGH THE YUAD MAY OR MAY NOT BE 
USABLE IN AN EMERGENCY S I TUAT ION o IT SHOULD BE CONS I DERED UNUSABLE FOR ANY FURTHER M I SS I ON 
AC T I V I T I E S •  I NCLUD I NG THE CURRENT ACT I V I T Y o  REF RAT I ONALE FOR RULES 1 7- 1 • 2 o 3 •  4 FOR LOSS OF 
ONE UUAD• 

COMMENTS 

THE RAT I ONALE FOR RULE 1 7 - l o  D I SCUSSES THE EFFECTS O F  CLOS I NG PROPELLANT I SOLA T I ON VALVES• 

17-22 PACKAGE TEMP 

A PACKAGE TEMPERATURE OF 55 DEG CORRESPONDS TO A TEMPERATURE OF 3 0  DEG F ON THE E N G I N E  NOZZLE 
BoLL NUT• T H I S  IN TURN CORRESPONDS TO A TEMPERATURE AT THE I NJECTOR WH I CH COULD RESULT I N  
OX I D I ZER F Ro E Z I N G o  T H I S  I S  PARTI CULARY TRUE FOR A PERI OD OF SHORT DURAT I O N  THRUSTER F I R I NG&-

&HORT I MPULSE F I R I NGS CAUSE EVAPORAT I V E  COOL I NG •  THUS I NCREAS I N G  THE R I SK OF OX I D I Z ER FREE Z I NG o  
T H E  QUAD 1 ;  CONS I DERED UNUSABLE FOR A PACKAGE T EMP LESS THAN 5 5  D EG F o  R E F  RAT I ONALE FOR RU I..ES 
1 7 - 1 • 2 o 3 o 4 FOR LOSS OF ONE QUADo 

COMMENTS 

OX I D I ZER FREEZES AT l2 DEG F o  

1 7 - 2  LOSS OF I ND I V I DUAL THRUSTERS 

I N D I V IDUA� THRUSTERS CAN BE t�EC T R I CALLY I SOLA T E D ,  US I NG THE AUTO RCS SELECT S W I TCHES • 
AND YAW ROTA T I ONAL MOT I ON I S  AVAI LABLE THROUGH TWO THRUSTERS PER AX I S  PER D I RECT ION AND 
FOUR THRUSTERS PER AX I S  PER D I REC T I ON o  Y AND Z TRANSLA T I ONS ARE AVAI L.ABLE THROUGH ONE 
PA I R  PER A X I S  PER D I K E C T I ON AND X TRANSLAT IONS THROUGH TWO THRUSTER PA I R S  PER 
D I RECT ION,  

>1 1 SS I ON REV D A T E  SECT I ON GROUP PAGE 
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R I T EM 

N A S A  - Ma n n e d  S pacec raft  C e n t e r  

M I S S I O N  R U L E S  

SECT I ON 5 - CSM SYSTEMS 

l B - 1  LAUNCH 

LOSS OF ONE CM RCS R I NG IS NOT CAUSE FOR ABORT S I NCE ENTRY OR ABORT ATT I TUDE CONTROL CAN BE 
ACCOMPL I SH <: D  W I TH A S I NGLE R I NGo HOWEV <: R o  LOSS OF ONE R I NG W I L L  REQU I RE ENTRY I NT O  NEXT BEST 
P T P  S I NCE THE SYSTEM; ARE NO LONGER REDUNDANT • AND ONE ADD I T I ONAL F A I LURE I N THE REMA I N I NG R I NG 
I E o G o o  H E L IUM LEAK ) iiOULD REUU I RE US I NG T HE " CONT I NGENCY S�1 RCS SP I N-UP 1 1  METHOD ! OR I ENT S I C  I N  
ENTRY AT T I TUDE AND ESTABL I SH A ROLL R A T E  W I TH T H E  S M  R C S  P R i O R  T O  CMISM S E P l ,  E V E N  THOUGH T H I S  
I S  CONS I DERED A MARG I NAL METHOD OF SAFE ENTRY CONTROL o I T  I S  T H E  ONLY O P T I ON REMA I N I N G o  

LOSS OF BOTH CM RCS R I NGS I N  T H E  MODE 1 ABORT REG I ON I S  JUST I F I CA T I ON FOR AN ABORT o S I NCE CM RCS 
CONTROL IS "OT REI.IU I RED FOR MODE 1 ABORTSo A MODE I ABORT IS C O N S I DER�D OPERAT IONALLY 
PREFtRAeLE TO PERFORM I N G  A CONT I NGENCY SM RCS SP I N-UP W H I C H  IS T H E  ONLY REMA I N I NG T E C HN I QU E  I F  
THE S I C  I S  ACLOWEO T O  GO I N TO ORB I T o  AFTER T O,IER J E T T I SON o CUSS OF BOTH C M  RCS R I NGS I S  f';OT 
CAUSE FOR ABORT S I NCE THE A B I L I T Y  TO P E R F ORM A SAFE ENTRY I NTO THE A T C AN T ! C  AT T H E  END OF THE 
F I RS T  �EV S T I LL E X I S T S  BY U S I NG THE CON T I NGENCY SM RCS S P IN-UP P R I OR TO CMISM SEPARA T I ON ,  T H I S  
METHOD O F  ENTRY I S  CONS I D E  RED OPERAT I ONALLY PREFERAeLE TO PERFORM I NG A MODE I I  O R  MODE I l l  
ABORT o S I N CE BOTH OF THESE "ODES R E UU I R E  CM �CS AT T I TUDE CONTf<VL TO Er;TER SA F E L Y o  ENTRY WOULD 

BE ACCOMPL I S h E D ·  AS SOON AS PRACT I CA L •  S I NC E  ADD I T I ONAC F A I LURES COULD PRECCUDE PERFORM I N� THE SM 
RCS S P I N-U P •  

COMMENTS 

HEL I U M  SUPPLY COSSES CAN B E  CONF I RM E D  BY U S I N G  I NDEPENDENT 1 NSTRUMENTAT I ON I PRESSURE MD 
TEMPERATURE TRANSDUCE R S o  l o E o o LOSS OF PRESSURE RESULTS IN CORRESPONDIN� TEMPERATURE DROP l o  
HEL I UM MAN I FOLD LEAKS CAN BE CON F I RMED BY REDUNDANT P R ESSURE TRANSDUCERS• ONE TRANSDUCER 
IS T E L � M E T E R E D o  AND THE OTHER I S  ON AN ONBOARD M E T E R , IN ADD ! T ION o BOTH TRANSDu,oRS IN 

E I T H E R  R I NG W ! LC T R I GGER A C&W L I GHT IF A PRESSURE DROP IS SENSED A F T ER S Y S T E M  
PRESSUR I ZA T I ON .. 

18-2 LUNAR ORB I T •  LUNAR STAY PHASES o LM DESCENT PHASE 
1 8- 3 
18-4 THE RAT I ONALE FOR LOSS OF ONE OR BOTH R I NGS IS STATED I N  THE RAT I ONALE FOR M I SS ION RULE 1 8 - l o  

I T  SHOULD B E  NOTED THAT A R I NG F A I LURE I N  ORB I T  ALSO SEVERLY REDUCES T H E  DELTA V AVA I LABLE F O R  A 
HYBR I D  DEORB I T  ( 8 0  F PS- 1 30 L BS I •  

EARLY ARM I NG OF THE C M  RCS CAN �ESULT I N  TWO P OT E N T I A L  PROBLEMS---

I l l  A F T E R  ARM I N G o  THE H E L I U M  SUPPLY I S  OPEN TO THE REL I E F  V A L V E S o  SMALL 
VAR I A T I ONS IN THE H EL.. l Uf'l', T E,'-1PERA TURE ( 10 OEG I CAN f<ESUI.. T I 1'. A PRESSURE; 
INCREASE SUF F I C I ENT TO UNSEAT THE R E L I E F  VALVES 1 10 P S I  I NCREASE I N  T HE 
L I N E S  CAN CRACK T H E  VALV ES ) • CRAC K I NG A REL I <: F  VALVE A L'nAYS R A I S E S  T H E  
PUSS l B l l l TY OF I T S  N O T  RESEA l i NG PROPER L Y t  THUS LOS I NG THE H E L I U M  S U P P L Y •  

1 2 )  I F  hEAT I NG O F  THE C M  R C S  ThRUSTERS I S  REI.IU I R E D o  AN IMP ROPEf<LY SEATED 
PROPELLANT I SOLAT ION VALVE COULD RESULT IN A MONOPROPELLANT S I T UA T I ON 
EX I S T ING DUE TO T H E  VACVES B E I NG OPEN DUR I NG THE HEAT I NG AS WEcc AS T H E  
ATT ENDANT C O S S  OF PROPELLANT, THE PROPELLANT I SOLA T I ON V A L V E  POS I T I ON 
I N S T RUMENTAT I ON DOES NOT G I V E  THE CREW A P OS I T I V E  CLOSED I N D I CAT I ON o  

FOR LOSS OF A S I NGLE R l NGt LUNAR OPERA T I ONS W I LL CONT I NUE-- A L L  O T H E R  PHASES W I L L  B E  T E RM l �AT ED t 
THE MEAN T I ME TO F A I LURE l A S  MUCH AS 56 HRS)  OF THE SECOND R I NG I S  A R I SK THAT I S  ACC E P T E D  
DUR I NG LUNAK OPERAT I ON S .  �H TH L O S S  OF A S I NG L E  R I NG A N O  DEGRADA T I O N  J N  THE SECONDt " A L L  PHASES 
EXCEPT L �  D�SCENT WOULD BE T ER M I NA T ED AS THE CM RCS CAPAB I L I T Y IS DECREAS I NG W I TH T I M E •  THERE 
IS PRESE N T L Y  NO KNOW' ACCEPTABLE METHOD FOR PERFORM ING - H I GH S P E E D  ENTRY W I THOUT CM RCS 

CAPAB I L I T Y •  

COMMENTS 

A SOURCE PRESSURE OF 2800 PSI IS SUFF I C I E N T  TO EXPEL ALL THE PROPELLANT !N A R I NG o  AN 
OPt � E D t  UNUSED , STABLt I� I N �  HAS ABOUT 3 5 0 0  P S I  suuRC� PKESSUkE . TO ARM THE K I N�S---

f l l  e C T H  THE S E o  ARM I NG BuS AND THE PY RO BUS MUST BE POwERED FOR MANUAL 
A C. T 1 VAT I �:.; OF THE CM RCS PRt:.SS SUU 1 B VALVES 01<t FUR A SHOk T ACROS� THE CM RC.S 
P k E S S  S � l TCH TO CAUSE AI� M I NG .  

l 2 )  THE St::\J M/.1'<1 1 �G t1US t THE SEtJ LOG I C  BUS ' AND THE P Y RO BUS MUST B E  PuwfRE D  FOR 
ANY ! NADVE.RTENT AUTOMA T I C  ACT I VA T I ON OF THE CM RCS PRESSU R I Z A T I ON s�u l e  
VALVES, THESE:. BUSSES A�E UNLY POWER t::D D U R I N G  LAUNC H t  SL.A SEP t LM 
w i T HDRAWA L •  LM F I NAL S E P t AND ENTRY · HENC E t  TH� PROBAB I L I T Y  OF I NADVER T E N T  
Ai..;fv1, 1 N G  I S  FA I RLY REMOT E ,  AL.. S O t  THE CM RCS PRESSUR I ZA T l Oi'-4 Sl'. l TCH I S  GUARDED• 
I T  SHCULD ALSO B E  POI N T E D  OUT THAT THE R I NGS CAN,'<DT B E  l ND I V I DUAccY ARMED• 
ALL HEL I UM I SOLAT I ON StJU l B  VALVES AHE ACT I VA T � D  IN PARA L L E L •  
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R I T EM 

N A S A  " M a n n e d  S pacec rlft · c·e n t e r  

M I S S I O N  R U L £ 5 .  

SEC T I ON S - CSM SYSTEMS 

1 8 - 1 0  THRUSTER T EMP CONTRO" 

CM RCS THRUSTERS � I LL BE HEATEO WHEN REQUIRED TO PRECLUDE THE POSS I B I L I T Y  OF OX I D I ZER FRtEl i N� 
AT THE E N G I N E o  

COMMENTS 

OXI D I ZER FREEZES AT 12 OEG F PROPE""ANT TEMPERAT U R E o  HEAT I NG IS RoCOMMENDE� WHEN ANY 
I NJECTOR TEMP IS BE"OW 2 8  DtG Fo ON"Y S I X  THRUSTERS HAVE TEMPERATURE MEASUREMENTS ON 
THEM--- NUMBERS 1 2 o  1 4 o  16o 2 1 o  2 4  AND 2 S o  

1 8 - 1 1  HE" I UM I NT ERCONNECT 

I NTERCONNECT I NG BOTH R I NGS W I " L  RESULT IN THE I N TERCONNEC T I ON OF H E L I UM o FUE L o  AND OX ! D i l o k o  
S I N C E  ONE SWI TCH ACT I VA T I O N  S I MULTANEOUSLY F I RES ALL SQU I B  I SOLAT I ON VALVESo HENC E •  T H I S  
PROCEDURE SHOULD ONLY BE USED WHEN BOTH RI NGS A R E  I NOPERAT I VE •  OBV I UUSL Y o  WHEN I NT ERCONNEC T ! t<<>•  ONE R I NG V,AY BE DUMPEO THROUGH THE OTHER ' S  LEA�• BUT THERE IS  NO OTHt.R ALTERNAT I VE o  

COMMENTS 

I N T ERCONNECT I NG THE R ! N�S REO U ! RoS THAT THE CREW POWER THE SEU AI1 M I NG �US o THE PYRO dUS AN� 
THE RCS LOG I C  BUSo AND THEN DEPRESS THE C M  PRPLNT DUMP SWI TCH FUR ABOUT 2 SECONDSo 

. 
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R I T EM 

N A S A  - Ma n n e d  S p a c e c raft  C e n t e r  

M I S S IO N  R U L E S  

SECT ION 5 - CSM SYSTEMS 

lB-20 LOSS OF H E L I UM SUPPLY PRESS 

cOSS Of THE HEc i UM SUPPCY PRESSURE RESUCTS IN B"OWDOWN O P E RA T I ON IN T H E  AFFECTED R I NG o  THE TwO 
R I NGS CAN BE I NTERCONNECTED SO THE GOOD SOURCE CAN B E  MADE AVA I "AB"E FOR 60TH R ! NG S o  ONE SOURCE 
CAN EXPEC A�PRO X I MATECY 65 PERCENT OF T H E  TOTAC PROPECLANT ! BOTH R l NGS I BE fORE B COWDOWN STAR TS• 
TOTAc BCOWDOWN CAPAB ! c ! T Y  WOUcD E X I S T  I N  BOTH R I NGS A F T ER SOU RCE  DEPcE T ! ON o  

COMMENTS 

THE MEAN T I �\E BETWEEN F A ! cURE OF T H E  SECOND SOURCE IS A R I SK THAT IS NOT CON S I DERED 
ACC EPTABcE. IF  TERM I NAT I ON O F  A PHASE W l cc D EC REASE BY 2 4  HOURS T H E  T I ME THE SECOND SOURCE 
MUST REMA I N  I NTAC T o  THE PHASE W I CL BE T E R M I N A T E D •  

l B - 2 1  LOSS OF H E C IUM MAN I FOcD PRESS 

LOSS OF T H E HEL I U" �tM I FOCD PRESSURE CONST I TU T E S  cOSS OF � R I NG o  FOR A SMALL CEAK o T H E  R I N G  MAY 
BE USAB L E •  THE R J ,�GS SHOULD .�OT BE I N T E RCONNECTED TO PRECLUDE THE POSS I B I L I TY OF DUMP I NG T H E  
GOOD SOUHCE THROUGH THE LEAK • 

COMMENTS 

A PHASE V< l L L  BE T E R M I NA T E D  IF THE:: T I ME REI.ti U I RED FOR T H E  S I:::C OI':D MAN I FOLD TO FUNCT I O N  I S  
DECREASED BY l4 HOURS. 

IB-22 CM RCS ARMED 

AR,V, ING uF THf. CM RCS RE�U I RES ARM I NG THE SE�Ut;.NT I A "  AND L OG I C  BUSES AND ACT !  VAT I ON OF A GUARDW 
S W I T C H ,  A C T I V A T ION OTHER THAN BY THE CREW WOU"D BE A REoUC T OF MUC T I PeE ELECTR I CAC FA I CURES • 

THE RAT I ONALE FOR INADVERTENT ARM I NG I S  COVERED I N  TH E RA T IONAL� FOR RULE lS-4 • 

M I S S I ON REV DATE SECT ION 

APOLLO l4 FNL l 2 / l 5 / 7 0  CSM Sy:;TEMS 
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R I T EM 

N A S A  - M a n ned S pacec raft C e n t e r  

M l  S S IOM I U L E S  

S EC T I ON 6 • L M  SYSTEMS 

EMU/EVA 

19•1 T O  I N I T I A T E  AND CONTINUE LUNAR SURFACE EVAt THE EMU MUST PROV I DE THE FOLLOWING M I N I MUM 
CAPAB I L I T I ES·-· 

A •  CRI T I CAL I NSTRUMENTAT I ON 

1 ,  DEF I N I T ION I REF MR 19•42 1 
CR I T I CAL I NSTRUMENTAT I ON IS CONS I DERED LOST I F  THE FOLLOWING I N D I CATORS F A I L  
T O  PROV I DE I B Y  GROUND O R  CREW READOUT ! DATA NECESSARY T O  DEF I NE SYSTEM 
OPERA T I ON AND MALFUNCT IONS, 

I A I  PLSS 0 2  PRESS OR PLSS 0 2  QTY I N D I CATOR 

1 6 1  PGA PRESS GAGE OR LOW PGA PRESS TONE OR PGA PRESS 

( C J  LOW VENT FLOW TONE OR PLSS BATTERY CURRENT OR SUBLIMATOR 02 OUT 
TEMPERATURE 

z ,  GENERAL OPERATIONAL I MPACT 

LOSS OF CR I T I CAL I NSTRUMENTAT I ON WOULD RESULT IN AN I NAB I L I T Y  TO MON I TOR 
L I F E  SUPPORT SYSTEMS PERFORMANCE FOR CREWMAN SAFETY o  THE PLSS . 0 2  PRESS OR 
THE PLSS 02 QTY I N D I CATOR IS REQUIRED TO SAFELY MONITOR AND MANAGE THE PLSS 
OXYGEN SUPPLY, THE PGA PRESS GAGEt LOW PGA PRESS TONE OR PGA PRESS I S  
REQUIRED T O  SAFELY MONITOR PGA PRESSURE, THE LOW VENT FLOW TONE O R  PLSS 
BATTERY CURRENT OR SUBLI MATOR 0 2  OUT TEMPERATURE IS REQUIRED T O  DETECT THE 
LOSS OF OXYGEN C I RCULAT I ON I PLSS FAN FAI LURE ! •  LOW PGA PRESS AND LOW VENT 
FLOW WARNING TONES ARE CONSIDERED SUFF I C I E NT FOR C R I T I CAL I NS T RUMENTAT I ON OF 
THE APPROP R I A T E  SYSTEMS S I NCE THE ASSOC I ATED FLAGS ARE ONLY PAS S I V E  WARN I NG 
I N D I CAT I ONS TO THE CREWMANt 

3 .  SPEC I F I C  OPERATI ONAL IMPACT ( REF M R  1 9 � l B t  19-33 ) 

I A J  NOMINAL EVA I TwO•MAN I 

LOSS OF THE TM CAPAB I L I TY ALONE WOULD REQU I R E  THE ONBOARD C R I T I CAL 
I NSTRUMENTAT I ON IN ADD I T I ON TO PER I OD I C  READOUTS FROM THE CREWMAN IN ORDER T O  
SAT I SFY T H E  I NSTRUMENTA T I O N  REQU I REMENT, LOSS O F  THE CREWMAN ' S  I NSTRUMENT AT I ON 
WOULD REQU I RE PER I O D I C  CONF I RMAT I ON OF SYSTEMS OPERATION BY THE GROUND• THE 
I NABI L I T Y  TO VER I FY CRI T I CAL SYSTEMS PERFORMANCE WOULD RESULT IN TERMI NATION OF 
THE EVA AND/OH I N I T IAT I NG A ONE·MAN EVA, 

I B J  ALTERNATE EVA IONE•MANJ 

AN ALTERNATE OR ONE-MAN EVA WOULD BE CONSTRAINED BY THE SAME CRI T I CAL 
I NSTRUMENTAT I ON L I M I TAT I ONS AS FOR THE NOMINAL EVA , 

e ,  THERMAL CONTROL 

1 •  DEF I N I T I ON I R EF MR 1 9•2 1 

THERMAL CONTROL I S  CO�S I DER6D �05T !�-;-
I A J  LCG/LTL C I RCULAT ION I s  LOS T ,  

I B I  THE LCG H20 TEMPERATURE AND SUBL I MATOR 02 OUTLET TEMPERATURE ARE S O  DEG F AND 
I NCREASING AND THE LCG H20 DELTA T I S  LESS THAN 5 DEG F AND DECREAS I NG W I TH THE 
D I VERTER VALVE I N  ' ' MAX ' ' POS I T ION I T H I S  CONS T I TUTES A FAI LED SUB L I MATOR l o  

I C I  UNABLE T O  SUPPLY H20 T O  THE SUBL I MATOR • 

A LOSS OF LCG/LTL COOL I NG WOULD BE I N D I CATED BY NON-CORRELATION OF THE LCG 
H20 TEMP AND LCG H20 DELTA T AND WOULD BE A RESULT OF E I THER PUMP· 
DEGRADA T I ON OR EXCESS IVE COOLANT LEAKAGEo AN LCG H20 TEMPERATURE OF 
50 DEG F AND I NCREA S I NG IN COMB I NAT I ON W I T H  AN LCG H20 DELTA T OF LESS THAN 
5 D£G F AND DECREASING I N  " MA X "  D I VERTER VALVE POS I T I ON I S  A D I RECT 
I N D I CAT I ON OF A SUBL I MATOR F A I �URE• I NAB I L I TY TO SUPPLY H20 T O  THE 
SUBciMATOR .WOULD RESULT FROM BLOCKAGE I N  E I THER THE FEED H20 SUPPLY L I NE OR 
THE GAS SEPARATO R t  BLADDER RUPTUREt H20 SUPPLY L I NE LEAKt OR FEED H20 
DEPLE T I ON ,  

M I SS I ON REV DATE SEC T I O N  

APOLLO 1 4  FNL 1 2 / 1 5 / 7 0  LM SYSTEMS 
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R I T EM 

19•1 
'ONT 

N A S A  - Ma n n e d  S pa c e c raft  C e n t e r  

M I S S IO N  R U L E S  

SE, T I ON 6 - e M  SYSTEMS 

2 ,  GENERAc OPERAT IONAc I MPA'T 

THE PRIME METHOD FOR THERMAe 'ONTROc OF THE EVA 'REWMAN IS BY HEAT TRANSFER 
V I A  THE c'G/ cTco  SHOUcD THIS CAPABi c i TY BE cOST t THE BA,KUP SYSTEM AVAicABcE 
WOUcD BE THE BScSS OR THE OPS I H I PURGE FcOW MOD E l  DUE TO c i M I TED c ! FE T I ME 
OF E I THER THE SScSS OR THE OPS o  EVA W l cc NOT BE INI T IATED•  OR I F  I N  
PROGRESS• W l c" BE TERMINATED I F  THERMA" CONTRO" I S  "OST o 

3 o  SPEC I F I C  OPERAT IONA" IMPACT ! REF M �  19-18• 19•3 t 19-30 ) 

NOM I NAL OR ALTERNATE EVA 

"OSS OF THERMAe CONTRO" WOUcD PRECcUDE COMM I T T I NG TOt OR CON T I NUAT I ON OF THE 
EVAo IF THE cOSS OCCURS DUR I NG THE EVA o ACT I VAT I ON OF THE OPS OR THE BScSS 
MAY BE NECESSARY TO REDUCE HEAT STORAGE IN THE CREWMAN, IF THE cOSS OF 
THERMAe CONTROc IS ISOcATED TO SUBclMATOR B�EAK•THROUGHo THE 'REWMAN MAY 
ATTEMPT A WET SUB" IMATOR RESTART • 

C o  PRIMARY 02 SUBSYSTEM 

1 o  DEF I N I T ION ! REF M R  19-2 ) 

THE P R I MARY OXYGEN SUBSYSTEM IS CONS I DERED cOST I F ·--

I A l  THE SOURCE PRESSURE READING I S  cESS THAN 1 3 o  PSIA I TM l  OR o PERCENT ! GAGE l  

I B l  I T  I S  UNABcE TO SUPPcY 02 T O  THE OxYGEN VENT i cAT I ON cOOP 

I C )  EMU P�ESSURE REGUcAT !ON I S  IMPROPER ( cESS THAN 3 o 7o OR GREATER THAN 4 o 0o PS I D l  

THE M I N I MUM SOURCE PRESSURE C R I TERION CONSI STS OF THE PcSS 0 2  PRESS 
INDICATOR �EADOUT ERROR ( +/- 4 o  PS I A l  AND THE M I N I MUM UPSTRoAM PRESSURE 1 100 
PS I A l  AT WHICH THE REGUcATOR IS CAPABCE OF SUPPcYING ADEUUATE MAKEUP OXYGEN 
TO SUSTAIN THE EXPECTED METABOL I C  LOADS• EMU PRESSURE REGU�ATION I S  
CONSIDERED "CST I F  PGA PRESSURE CANNOT BE MAI NTA INED A T  3 o 9  + 1 - o 1 5  PS I A o  A 
SUSTAI NED PGA PRESSURE. OF cESS THAN 3 o 7 0  P S I A  AND DECREAS ING WOU"D BE 
UNACCEPTABCE AS I T  MAY F A i c  TO PROVIDE ADEQUATE 02 PART IAc PRESSURE TO 
SAF EcY SUSTA I N  THE CREWMAN, A SUSTAINED PGA PRESSURE OF GREATER THAN 4 o 0 5  
PS I A  AND I NCREASI NG W l cc RESU"T I N  REDUCED PGA MOB I " I TY AND EVENTUA� �OSS OF 
THE P R I MARY OXYGEN SUPPcY THROUGH THE PGA REL I Ef VACVEo 

z ,  GENERA" OPE�ATIONAc IMPACT ! REF M R  19-1 1 t  19-1 4 1  

"OSS O F  THE PRIMARY 0 2  SUPP�Y WOUcO NECESS I TATE THE USE O F  THE OPS T O  SUPP�Y 
OXYGEN FOR PRESSU R I ZAT I ON AND METABOL I C  CONSUMPT IONo REDUNDANCY OF OXYGEN 
SOURCES IS LOSTo LOSS OF EMU PRESSURE REGULAT I ON COULD RESULT IN THE USE OF 
THE CPS ! MAKEUP MODEl TO PROVIDE PROPER PRESSU�E REGUcA T I ON o  

3 ,  SPEC I F I C  OPERAT I ONAL IMPACT I REF M R  19-1Bo 19•2 t 19-1oo 19•31 !  

NOM ! NAC OR ALTERNA TE EVA 

CUSS OF THC: PLSS 02 PRESSURE REGUl.ATOR PROH I B I T S  USE OF THAT PLSS FOR EVA• 
SHOUL.D A PLSS 02 PRESSURE . R��Vl.AT.PJLLOSS O�C�R DUR I NG THE EvA • .. THE o�� � .I c c  
B E  ACT I VATED AND T H E  EVA TEkM INATEOo 

' 

LOSS OF A PRIMARY 02 SUPPLY DUR I N G  CHECKOUT PRECCUDE COMM I T T I NG THAT PLSS TO 
EVA,  LOSS OF THE PRI MARY 02 SUPPLY DUR ING EVA WOUcD REQU I RE ACT IVAT I ON OF 
THE CPS IN A MAKEUP MODE TO PROVIDE 02 FOR PRESSU R I ZAT I ON AND METABOL I C  
CONSUMPT ION, EVA W ! L� BE TERMI NATED FOR �OSS OF 02 SUPPLY REDUNDANCY, 

D .  PL..SS FAN t S J  

1 o  DEF I N I T I ON 

THE PLSS FAN I S  CONSIDERED LOST I F  I T  CANNOT MAINTAIN  A M I N I MUM OF S o 3  ACFM 
02 FLOW THROUGH THE OXYGEN VENT i cATION �COP AND PGAo 

AN 02 FLOW OF LESS THAN O o 3  ACFM IS INADEQUATE TO REMOVE C02 FROM THE 
ORAL•NASAc . AREA OF THE CREWMAN FOR NOMINAL METABOL I C  PROF I LESo 

M I SS I ON REV DATE SEC T I ON 
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R I T EM 
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CONT 

. 

N A S A  - Mu n e d  Sp1c:ec:nft C e n t e r  

U I S S IO M  R U L E S  

SECT I ON 6 - �M SYSTEMS 

2 o  GENERA� OPERATI ONA� IMPACT 

�OSS OF THE P�SS FAN WOU�D REQU IRE  U T I � I ZA T I ON OF THE OPS ! PuRGE MODEl TO 
PROV IDE ADEQUATE VENT I �A T I ONo 

3 o  SPEC I F I C  M I SS I ON I MPACT I REF M R  19-1B o 19-2 1 1  

NOM I NA� OR A�TERNATE EVA 

�OSS OF A PLSS FAN DUR ING CHECKOUT W I �� PROH I B I T  USE OF THAT P�SS FOR EVAo 

�OSS OF THE P�SS FAN DUR I NG EVA WOU�D REQU I RE AC T I VAT I ON OF THE OPS ! PURGE 
MODE l TO PROV I DE C02 WASHOUT AND WOU�D REQU I R E  I MMEDIATE TERM I NAT I ON OF THE 
EVA• 

Eo P�SS POWER SUPPLY 

1o DEF I N I T ION I REF MR 1 9-2 ) 

THE P�SS POWER SUPP�Y I S  CONS I DERED �OST I F---

l A )  THE P�SS BATTERY VOLTAGE I S  �ESS THAN 16o0 VDC AND DECREAS I NG 

I B I  THE PLSS BATTERY CURRENT DRA I N  I S  GREATER THAN 3 o 0  AMPS AND I NCREAS I NG 
! DOES NOT I NC�UDE CHECKOU T ) , 

A PLSS BATTERY VOLTAGE OF �ESS THAN 16o0  VDC AND DECREASING I ND I CATES A 
DEP�ETED BATTERY OR THE �OSS OF ONE OR MORE CE��S • E I THER OF WHICH W I �� 
RESU�T IN DEGRADED OPERA T I ON OF THE P�SS E�ECTRON I CS o  A P�SS BATTERY 
CURRENT DRA I N  OF GREATER THAN 3o0 AMPS AND I NCREAS I NG IS A D I RECT I N D I CAT I ON 
OF P�SS E�ECTRON ICS I PUMPo FAN o EVC I DEGRADAT I ON OR FAI �URE AND W I L� RESU�T 
I N  EAR�Y DEP�ET ION AND LOSS OF THE PLSS BATTERY• 

2 o  GENERAL M I S S I ON I MPACT I REF MR 19-10 1 

LOSS OF THE P�SS BATTERY RENDERS THAT P�SS USE�ESS UN�ESS THE BATTERY CAN BE 
REPLACED• 

3 o  SPEC I F I C  M I SS I ON IMPACT ! REF M R  19-1Bo 19-3 2 )  

NOMINA� O R  A�TERNATE EVA 

�OSS OF A P�SS BATTERY DUR I NG CHECKOUT PROH I B I T S  USE OF THAT P�SS FOR EVAo 

�OSS OF A PLSS BATTERY DUR I NG EVA WOU�D REQUIRE ACT IVAT ION OF THE OPS I H I  
PURGE F�OWI OR BS�SS AND OPS I �OW PuRGE F�OW) FOR COO� I NG VEN T I �A T I ON AND 
IMME D I ATE TERMINAT I ON OF THE EVA o 

F o  EMU PRESSURE INTERGITY  

1 o  DEF I N I T ION I REF MR 19-2 1  

EMU PRESSuRE I NTEGR I TY I S  CONS I DERED �OST IF---

/ A I  YHE EMU Is UNA�LE T6 MEET THE LEss' rk!.N o i �  i>sl if.h N  �RESSURE bEtAY CRI TER I 6N 
DUR I NG THE EMU PRESSURE I NTEGR I TY CHECK 

I B )  EMU REGU�ATED PRESSURE I S  EQUAL T O  O R  �ESS THAN 3 o 7� PS I D  AND DECREASING ON THE 
�UNAR SURFACE WH I CH REPRESENTS AN 02 USAGE RATE GREATER THAN Oo7 �BS /HRo 

THE l NAB I � I T Y  TO MAINTA I N  A LEAK RATE OF GREATER THAN O e 3  PS l / M J N  I ND ICATES 
AN EXCESS I V E  LEAK THAT WOULD RESULT I N  EARLY TERM I NAT I ON OF THE EVA • AN EMU 
RoGU�ATED PRESSURE OF �ESS THAN 3 o 7 5  PS I D  AND DECREAS I N G  REPRESENTS AN 02 
USAGE RATE OF GREATER THAN O o 7  LB/HRo 

2o GENERA� OPE RAT IONA� I MPACT 

LOSS OF EMU PRESSURE I NTERG I TY PROH I B I TS THE EVA ACT I V I T I ES IF THE �EAK I S  
I N  THE PGAo I F  THE FAI LURE CAN B E  I SOLATED T O  THE PLSS THEN THAT P�SS 
CANNOT BE USED FOR EVA• 

M I S S I ON REV DATE SECT ION GROUP PAGE 

EMU/EVA 
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CONT 

N A S A  - Ma n n ed S pacec raft  C e n t e r  

M I S S I O N  R U L E S  

SECT ION 6 - � M  SYSTEMS 

3 0  SPEC I F I C  OPERATI ONA� IMPACT ! R EF M R  19-1Bo  19-2 0 1 

! A I  NOMINA� OR A�TERNATE EVA 

�OSS OF A S I NG�E EMU ' S  PRESSURE INTEG R I T Y  DURI NG THE EMU PRESSURE I NTEGR I T Y  
CHECKS WOU�D RESU�T I N  ONE O F  T H E  FO��OWI NG---

I l l  I F  THE F A I �URE CAN B E  ISO�ATED TO THE PCSSo ONE CREWMAN WOUCD REMA I N  ON THE 
�M ECS W H I C E  THE OTHER C REWMAN WOU�D ATTEMPT THE ACTERNATE I ONE-MANI EVA, 

1 2 )  IF THE V I O�AT I ON OF PRESSURE I NTEGR I TY IS IN THE PGA o IT WOU�O PREC�UDE THE 
POSS I B I C I TY OF ANY DEPR�SSURI ZED CAB I N  ACT I V I T I E S o  

I F  T H E  COSS OCCURS DUR I NG E I THER T H E  NOM I N � C  OR A�TERNATE EVA o I T  W I �� REQU I R E  
ACT I VAT I ON O F  THE O P S  ! MAKEU P )  A N D  T E RM I NAT I ON OF T H E  EVAo 

I B I  RENDEZVOUS /DOCKING 

�OSS OF EMU PRESSURE I NTEGR I T Y  IN THE PCSS WOU�D NOT CONSTRA I N  A CEVA ASSUM I NG 
BOTH OPS U N I T S  ARE GOOD o COSS OF EMU PRESSURE I NTEGR I TY I N  THE PGA WOUCO RESUCT 
IN A SHORTER OPS C I FE T I M E  AND WOU�D P�ACE S ER I OUS T I ME CONS TRAINTS ON THE AB I � I T Y  

T O  PERFORM A CEV T o  

G ,  OPS 02 BOTTLE I S l  

1 o  DEF I N I T I ON 

THE OPS 02 BOTT� E I S I  IS CONS I DERED �OST IF THE OPS 02 SOURCE PRESSURE I S  
LESS THAN 5 3 8 0  PS I A  AND THE OPS HAS NOT BEEN P R E V IOUS�Y USED O R  T H E  OPS 02 
SOURCE PRESSURE IS LESS THAN 4900 PS I A  IF THE OPS HAS BEEN USED• 

AN OPS 02 SOURCE PRESSURE OF �ESS THAN 5360 PS I A  W I THOUT P R I O R  USE I ND ICATES 
A CEAK RATE I N  EXCESS OF THAT W H I CH WOULD BE CONSIDERED SAFE FOR CREWMAN 
OPERA T I ON o  AN OPS 02 SOURCE PRESSURE OF LESS THAN 4900 PS I A  WOU�D NOT 
PROV I D E  SUFF I C I ENT 02 FLOW FOR THE 30 M I NUTES OF PURGE OPERAT I O N  REQU I RED 
FOR P,_ CEVA• 

2 0  GENERAL OPERATI ONAL IMPACT 

3o 

LOSS OF AN OPS 02 BOTTLE RESULTS IN THE COSS OF AN OXYGEN BACKUP SYSTEM AND 
CONS TRA I NS EX TRAVEHICULAR ACT I VI T I ES TO A S I NGLE EVA CREWMANo 

SPEC I F I C  OPERAT I ONAL I M PACT ! REF MR 19-1Ao 19- l B •  19-4o 1 9 - 1 4 1  

! A I  UNDOCK I NG 

LOSS OF AN OPS 02 BOTT�E P R I O R  TO UNDOC K I NG PROH I B I T S  UNDOCK I NG U NT I �  THE PR I MARY 
02 SUPPCY PRESSURE OF ONE PCSS I S  VER I F I E D o  

t B I  NOMINAL O R  ALTERNATE EVA 

Loss oF AN oPs o� 1\orrl:li P�loR TO THE EVA wouLb �duLT iN THE ALT EkNATE l oNEI.MAN l 
EVAo THE F A I LED OPS COU�D BE U T I � I ZEO AS � BACKUP TO THE PLSS SHOU�D THE CREWMAN 
IN THE "M BE REQU I RED TO A I D  THE EVA CREWM�No 

I C I LUNAR l I FTOFF 
LOSS OF AN OPS 02 BOTTLE P R I OR TO �UNAR C I FTOFF WOULD REQU I RE OFF-LOAD I N G  OF THE 
F A I �ED OPS AND RETENT I ON OF AN OPERA T I ONA� P�SS I N  O RDER TO FUCF I CC THE 
REQU I R EMENT FOR TWO GOOD C I FE SUPPORT SYSTEMS FOR A POSS I BCE CEVTo 

I D I  RENDEZVOUS /DOCKING 

LOSS OF ONE OR BOTH OPS 02 BOTT�ES P R I OR T O  RENDEZVOUS/DOC K I NG WOULD E U M I NATE 
THE CAPAB I L I T Y  OF SAFELY PERFORM I NG A CEVT IN THE EVENT THE CREWMEN WERE UNABCE 
TO EFFECT A NORMAe TRANSFERo 

M I SS I ON REV DATE SEC T ION 

APOLLO 14 FNC 1 2 / 15 / 7 0  LM SYSTEMS 
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CONT 

NASA - Manned Spacecraft Center 

IIU SSIO. I U U : S  

H o  C P S  02 PRESSURE REGU�A T I ON 

l o  DEF I N I T ION 

SEC T I O� 6 • �M SYSTEMS 

OPS 02 PRESSURE REGU�AT ION IS CON.S I DEREO �CST .I F A REGU�ATED PRESSURE BAND 
OF 3 o 7  +/• O o 3  P S I D  CANNOT 8! MAINTA

.
INEDo 

A SUSTAINED CPS REGU�ATED PRESSURE OF �ESS THAN 3 o 4  PS I D  WOU�D F A ! �  TO 
PROV IDE ADEQUATE 02 PARTIA� PRESSURE OR PURGE F�OW T O  SAFE�Y SUST A I N  THE 
CREWMANo A SUSTAI NED CPS REGU�ATED PRESSURE OF GREATER THAN 4o0 PSID WOU"D 
RESU�T I N  A H I GH OPS PURGE F�OW RATE AND A POSS I B�E R E � I E VED SU I T  COND I T I ON 
WH I CH WOU�O REDUCE THE � I FET I ME OF THE CPS AS WE�� AS EXPOSING THE CREWMAN 
TO A POTENTI A��y HAZARDOUS S I TUATIONo 

2o GENERA� OPERATIONA� I MPAC T 

"OSS OF AN OPS P RESSURE REGU�ATOR RESU�TS I N  THE �OSS OF AN OXYGEN PRESSURE 
BACKUP AND CONSTRAINS EXTRAVEHI CU�AR ACT I V I T I ES TO A S I NG�E EVA CREWMAN• 

3 ,  SPEC I F I C  OPERAT I ONA� IMPACT I REF M R  l9•lA• 19-l B o  1 9· 4 o  l9·14l  

IAl  UNDOCKING 

�OSS OF AN CPS PRESSURE REGU"ATOR P R I OR T O  UNDOCK I NG PROH I B I T S  UNDOCKING UN T I �  
THE PR IMARY 02 SUPP�Y PRESSURE OF ONE P�SS I S  VER I F I ED •  

I B l  NOM INA� O R  A�TERNATE EVA 

"OSS OF AN OPS PRESSURE REGU"ATOR P R I OR TO THE EVA WOU"D RESU�T I N  THE A�TERNATE 
I ONE•MAN) EVAo THE FAI �ED CPS CANNOT �E USED E I THER BY I TSE"F OR AS A BACKUP TO 

THE P�SS SHOU"D THE CREWMAN I N  THE �M BE REQUI RED TO A I D  THE EVA CREWMANo 

I C l  "UNAR � I FTOFF 

"OSS OF AN OPS PRESSURE REGU"ATOR P R I OR T O  "UNAR " I FTOFF WOU�D REQU I RE 
OFF•"OAD ING Of THE F A I �ED OPS AND RETENT I ON Of AN OPERA T I ONA" P"SS I N  ORDER TO 
FU" F l " "  THE REQU I REMENT FOR TWO GOOD � ! F E  SUPPORT SYSTEMS FOR A POSS I B"E CEVAo 

I D l  RENDEZVOUS /DOCKING 

"OSS OF ONE OR BOTH CPS PRESSURE REGU�ATORS P R I OR TO RENDEZVOUS/DOCK I NG WOU"D 
E � I M I NATE THE CAPAB I � I TY OF SAFE"Y PERFORM ING A CEVA IN THE EVENT THE CREWMAN 
WERE UNAB"E TO EFFECT A NORMA� TRANSFER, 

M I S S I ON REV DATE SECT ION 

APO""O 14 FN� fLZIU/70 � M  SYSTEMS 
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1 9 - 1  
CONT 

N A S A  - M1 nned S"plcecnft C e nter  

M I S S I O N  R U L E S 

SEC T I ON 6 � "M SYSTEMS 

l o  BSLSS/OPS TRAVERSE " IM I TAT I ONS I R E F  MR l9�lB t l 9•2 l 

1 o  THE BSLSS PROV I DES LCG COO,ING TO THE FAI LED PLSS AND CAN REJECT APPROXIMATELY 1 400 

BTU 0 S/HR WHEREAS THE OPS CAN ONLY PROV I DE FOR HEAT REMOVAL IN THE RANGE OF 800•1000 
BTU ' S /HRo METABO L I C  ACT I V I T Y  ABOVE THIS RATE BECOMES HEAT STORED• AS�UM I NG A WORSE CASE 
FAI LURE OF THE PLSS l l o E o o  POWER SUPP"Y FA I ,URE I THE BACKUP SYSTEM MUST SUPPLY PROPER 02 
VENT I LAT I O N o  02 PRESSUR E •  AND METABOL I C  COO, I NG o  THE BSLSS/OPS COMB I NAT I ON CAN PROV I U E  T H I S  
FUNCT I ON US I NG T H E  OPS LOW FLOW RATE l 4 o 0  LB/HR l o  F O R  T H I S  CAS E o  � S  LONG A S  SUFF I C I EN T  
WATER I S  AVA I ,AOLE TO SUPPORT BOTH CREWMEN ' S  RETURN TRAVERSE o T H E  O P S  02 AT T H E  4 LB/HR 
RATE BECOMES THE CONSTRAINT, AN EXAM I NAT I ON OF WALK I NG RATES FOR CONT I NGENCY TRANSLAT I ON BY 
THE MROO HAS REVEALED THAT APPROXIMATE"Y 3o3 KM/HR IS THE MOST OPT I MUM RATE• ASSUMING T H I S  
R A T E  AND USING T H E  l o 2 5  H R o  OPSo DEDUCT I NG 13  M I NUTES I NGRESS T I ME A N D  5 M I NUTES BSLSS 
ACT I VAT I ON T I ME Y I ELDS AN APPROX I MATE 3 KM MAX I MUM RADIUSo  AS THE F E E D  WAT ER SUPPLY OF EACH 
CHEWMAN • s  PLSS IS DEPLETED• THERE IS A TRANS I T I ON T I ME WHEN THE FEED WATER BECOMES THE 
CONSTRA I NT ;  THERE MUST BE SUF F I C I ENT WATER I N  E I THER CREWMAN ' S  PLSS T O  SUPPORT BOTH 
CREWMAN ' S  RETURN TRAVERSEo THE ACTUAL WATER REMAI N I NG IS A FUNCT I ON OF THE METABO L I C  RATE 
IN REAL T I ME o  

2 •  FOR L I M I TED EVA EXCURS I ON S •  T H E  OPS BY I TSELF AT T H E  8 LB/HR RAT E •  PROV ID ES SuFF I C I ENT 
METABOL I C  COOL I N G o  PROPER OXYGEN VENT I LAT I ON AND PRESSURE REGULA T I ON •  S I NC E  THE OPS I S  
S T R I CTLY A GASEOUS COOL I NG SYSTEM o THE T I M E  CONSTRA I NT BECOMES NOT S T R I CTLY A FUNCT I ON OF 
CONSUMABLE$ RoMA I N I N G o  �UT OF CREWMAN MAX I MUM HEAT STORAGEo THE MROD HAS G I VEN A MAX I MUM 
CREW HEAT STORAGE CAPAB I L I TY OF 300 B TU ' S  o BASED ON T H I S  HEAT STORAGE CONSTRA I NT >  A 3 o 3  

KM/HC WALK R A T E •  AND DEDUCT I N G  A 1 3  M I NUTE I NGRESS T I MEo  T H E  MAX I MUM D I STANCE F O R  OPS USAGE 
I H I  FLOW RATE I IS l o O  KMo TH I S  IS BECAUSE OF THE REL� T I ONSH I P  BETWEEN CREW HEAT STORAGE AND 
METABOL I C  RATEo 

M I SS I ON REV DATE SECT I ON 

APOLLO 14 FNL 2 / 1 5 / 7 0  LM SYSTEMS 
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N A S A  - M a n n ed Spacec raft  Cen ter  

1111 55 101 R U L E S  

SECT ION 6 • l M  SYSTEMS 

I T EM 
-----

19•2 REF RAT I ONAlE FOR MR 19•1 

19•3 REF RATIONAl.E FOR MR 19-1 

19•4 REF RAT I ONAlE FOR MR 19•1 

19•5 CREW SAFETY 

19•6 NO RAT I ONAl.E REQU I RED 

19•7 REF RA Tl ONAl. FOR MR 19•1 

19-
'
10 NO RAT I ONALE REQU I RED 

19- 1 1  NO RATIONAl.E REQUIRED 

1 9 - 1 2  N O  RAT I ONALE REQU I RED 

19-p NO RAT I ONAl.E REQUIRED 

19-14 CREW SAFETY FOR A POSSI Bl.E CONTINGENCY TRANSFER 

1 9 - 1 5  REF RAT I ONAl.E F
.
OR MR 19•1 

19-16 NO RAT I ONAl.E REQUI RED 

19•20 REF RAT I ONAl.E FOR MR 19•1 

19-2 1 RO:f RAT I ONAl.E FOR MR 19-1 

19•22 CONTAM INAT I ON IN THE VENT i l.A T I ON SYSTEM 

1 o  DEFI N I T I ON 

CONTAMI NAT I ON I N  THE VENT i l.AT I ON SYSTEM I S  DEFI NED AS THE PRESENCO: Of ANY FOR E I GN SUBSTANCE 
IN SUFF I C I ENT QUANT I T Y  TO PROVE UNCOMFORTABl.E OR NOXIOUS TO THE CREWMANo 

THE P R I MARY SOURCE OF CONTAMINA T I ON I N  THE VENT I LA T I ON SYSTEM I S  l. I OH AND/OR I TS 
DER I VA T I VES FROM THE CONTAMINANT CONTROl. ASSEMBl.Y l. I OH/CHARCOAl. CAR T R I DGE RESUL T I NG FROM 
�HANNEh i N� OR BREA�THROU�H !  .. . . 

2 o  GENO:RAl. OPERAT I ONAL IMPACT 

CONTAMI NA T I ON IN THE VO:NT i l.A T I ON SYSTEM WOUl.D PRECl.UDE USE OF THE Pl.SS AS A l. I FE SUPPORT 
SYSTEM AND WOUl.D RESUl.T IN THE USE OF AN OPS IN THE l.OW PURGE MODEo 

3 o  SPEC I F I C  OPERATI ONAl. I MPACT ! REF M R  19• 1 3 •  19•15 

NOMINAl. OR ALTERNATE EVA 

CONTA M I N A T I ON IN THE V E N T i l.A T I ON SYSTEM CUR I NG EVA WOULD REQUIRO: ACT I VA T I ON OF THO: OPS I N  A 
PURGE MODE TO ClEAR THE HEl.MET AREA OF THE CONTAMINAT ION ANO TO PROV I D E  BREATHABLE OXYGENo 
TERMI NAT ION OF THE EVA W I L l.  RE REQUIRED I F  THE OPS IS ACT I VATED, 

19•3 REF RAT I ONAl.E FOR MR .19•1 

19•3 REF RAT I ONAl.E FOR MR 19•1 

' M I SS I ON REV DATE SEC T I ON 

APOl.l.O 14 FNL 1 2 / 1 5/70 l.M SYSTEMS 
. . 

GROUP PAGE 
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6-7 
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19-32 REF 

19-33 REF 

RATIONALE FOR MR 

RAT I ONALE FOR MR 

M I SS I ON 

N A S A  - M1n n e d  S pittc nft C n t e r  

M I S S I O N  R U L E S  

SEC T I ON 6 - L M  SYSTEMS 

19-1 

19-l 

REV DATE SECT ION GROUP 

APOLLO 14 FNL 1 2 1 1 5 170 LM SYSTEMS EMU/EVA 
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R I TEM 

N A S A  - Man ned Spacecraft  C e n t e r  

MI S S IO N  R U L E S  

S EC T I ON 6 • �M SYSTEMS 

�M INiTRUMENTATION 

20•45 T O  BE SUP P � I E O  

20•46 

Ao 

B o  

C o  
D o  

E o  

F o  

A�� COMMANDS CAN B E  UP � I NKED V I A  V O I C �  

T H E  M I SS I ON W I �" BE A��OWED T O  CON T I NUE W I TH �OSS OF T H E  CAUT I ON AND WAR N I N G  S Y S T E M  DUE TO 
T H E  FACT THAT "OSS O F  THAT SYSTEM W I �� NOT REMOVE CREW OR GROUND CAPAB I � I T Y  OF MON I TOR I NG 
SYSTEMS PARAMET E R S ,  

N O  M I SS I ON I MPACT o 

REF RAT I ONA"E FOR MR 19•1o 
RESU"TS I N  � O S S  OF TV ON�Y-W H I CH I S  ON�Y D E S I RAB�Eo 

RF DOPP�ER IS SUFF I C I ENT 

G o  REMA I NI NG CAPAB I � I T I E S  ( OP T I C S  AND R R I  ARE ADEQUAT E o  

20•50 � M  USB/TM MANAGEMENT 

Ao FOR NORMA� �M POWERED UP PHA S E S •  THE �M STEERAB�E ANTENNA W I TH THE POWER AMP� I F I ER W I �� BE 
USEDo DUR I NG �UNAR S T A Y • I F  THE ERECTAB�E ANT�NNA IS U S E D •  TH� POW�R AMP� I F I ER MAY B� 
TURNED OFF- IF HBR TM AND VOICE  C I RC U I T  MARGINS ARE ADEQUAT E o  

R A T I ONA�E 

IN ORDER FOR BOTH HBR TM AND V O I C E  TO BE R EC o l VED FROM LUNAR D I S T ANCE •  THE S T EERAB�E 
ANTENNA AND POWER AMP" I F I E R  MUST B E  USEDo DUR I NG �UNAR STAY OP�RA T I ONS o C I RCU I T  MARG I NS 
MAY A��OW TUR N I N G  O F F  OF T H E  POWER AMP� I F I ER WHEN T H E  �RECTAB�� ANTENNA I S  I N  U S E o  
FAVORAB"E C i RCU I T  MARG I N S  F R O M  �ARGE GROUND ANTENNAS M A Y  A L S O  A � � O W  H B R  T M  FROM T H E  
STEERABLE ANTENNA W I TH NO POWER AMPL I F I �R o  

B o  DUR I N G  P ER I OD S  OF � M  OUT O F  S T AT I ON CONTACT ( �UNAR F A R  S I DE i o T H E  TM B I T  R A T �  W I "� BE 
S W I TCHED FROM H B R  TO �BR AND TRANSM I T T E D  T O  T H E  CSM OVER VHF B EXCEPT DUR I NG VHF RAN G I NG 
! WH I C H  REQU I R ES VHF A TRANSM I T T ER ! AND P E R I ODS OF CR I T I CA� V O I C E  COMMUN I CAT I O N S o  

RAT I ONAL� 

BY S W I T C H I NG THE B I T  RATE TO "OW W H I LE BEH I ND THE MOONo THE CSM CAN RECORD �M DATA AND PLAY 
I T  BACK WHEN IN � I NE O F  S I GH T  OF EAR T H o  T H I S  ENAB�ES GROUND CONTRO��ERS T O  MON I TOR �M 
P�RFORMANCE WHEN T H E  �M IS NOT IN S I GHT OF THE MSFNo OTHER M I SS I ON P E R I ODS RE�U I RE THAT 
T H E  VHF S Y S T E M  BE USED FOR VHF RANG I N G  OR THAT THE VHF B DATA XMTR B E  USED AS A V O I C E  
BACKUP TO V H F  A o  DUE T O  T H E  EQUIPMENT CONF I GURAT ION REQU I RED F O R  T HE SE FUNCTIONS• "OW B I T  
RAT E DATA TRANSFER I S  PREC�UDED DUR I NG THESE OPERAT I ON S o  

c ,  FOR A I. �  �UNAR S T A Y  OPERA T I ON S  I N  �H I �H T H �  PGNS I S  POWERED � HBR 
,
T� � � � �  BE �SED : 

R A T I ONAI.E 

WHEN THE PGNS I S  POWER�O IT I S  D E S I RABI.E TO REMA I N  IN HBR SO THAT I T S  STATUS MAY BE 
CON T I NUOUSLY MON I TORE D •  THE LBR TELEMETRY FORMAT DOES NOT CON TA I N  THE LGC DOWN L I NK ANO 
MANY OTHER PGNS PARAM�TERS THAT AR� ON THE HBR FORMA T o  

M I S S I ON REV DATE SEC T I ON 

APOL�O 14 FNL 2 / 15/70 �M SYSTEMS 

GROUP PAoE 

�M I NS T R  
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R I T EM 

N A S A  - Ma n n e d  Spacecraft  C e n t e r  

M I S S IO N  R U L E S  

SECT I ON b - LM SYSTEMS 

20•55 LM TELEMETRY 

Ao DEF I N I T I ON OF LOSS 

LM T E LEMETRY IS CONS IDERED TO B E  LOST I N  THE EVENT THAT VSEABLE TELEMETRY CANNOT BE 
RECEI VED AND RECORDED BY THE REMOTED S I TE AND TRANSM I TT E D  TO HOVSTON FOR REAL•T IM E  F L I GHT 
CONTROLLER EVALUA T I ON AND T H I S  TM CAPAB I L I TY CANNOT BE RESTORED W I T H I N  A REASONABLE P E R I OD 
OF T I ME .  

e .  OPERAT I ONAL IMPACT O F  LOSS 

THE LOSS OF HBR TM PRECLUDES THE MON ! TO R ! N G o  BY GROUND CONTROLLERSo OF THE P E RFORMANCE O F  
T H E  L G C  A N D  AEAo A NUMBER OF G U I DANCE AND CONTROL PARAMETERS ARE TRANSM I T TED ONLY ON HBR 
TM AND OTHERS ARE TRANSM I T TED AT A H I GH SAMPLE RATE ONLY O N  HBR• THE LOSS OF ONLY LBR TM 
PRECLUDES THE LBR DATA TRANSFER FROM THE LM TO THE CSM AND WOULD THUS PRECLUDE THE 
EVALUAT I ON OF BEH I ND T H E  MOON ACT I V I T Y  AFFORDED BY DATA PLAYBACK, THE LOSS OF A L L  
TELEMETRY RESULTS I N  I NAB I L I TY O F  THE GROUND CONTROLLER TO MONI TOR ONBOARD SYSTEM 
PERFORMANCE• 

Co SPEC I F I C  OPERAT I ONAL IMPACT C REF MR 20-5 5 1  

l o  NOMINAL M I SS I ON 

C A l  UNDOC K I N G o  DESCENT ORB I T •  POWERED DESCENT - IN ORDER TO ADEQUATELY MONiTOR T H E  
POWERED F L I GHT PHASES OF THE M I S S I ON A N D  TO I NSURE CREW S A F E T Y  A N D  SYSTEM 
COGNIZANCE DURING POWERED DESCENT o HBR TM IS NEC ESSARY T O  LO GAT E o  SPEC I F I CALLY • 
SUF F I C I ENT HBR DATA TO DETERMI NE GO/NO•GO STATUS I S  MANDATORY DUR I NG POWERED 
DESCENT TO DETECT SLOW D R I F T I NG O F  PGNS OR AGS I N  REAL T I ME C ONLY THE GROUND CAN 
DO T H I S I  AND FOR POSTFLIGHT ANALYS I S• AFTER LO GATE o ABOR T I NG DUE T O  LOSS OF H B R  
TM WOULD BE M O R E  HAZARDOUS THAN CON T I NU I NG TO LANDo 

C B I  LUNAR STAY - HBR OR LBR T M  W I L L  B E  ADEQUATE FOR SYSTEMS EVALUAT I ON W H I LE O N  T H E  
LUNAR SURFAc E ,  HBR I S  H I GHLY D E S I RABLE FOR ASCENT AND RENDEZVOUS BUT THE LM IS 
COMM I T T E D  TO THESE PHASES REGARDLESS OF T M o  SHOULD A L L  TM B E  LOST o LUNAR STAY 
W I LL � E  ABBREVIATED DUE T O  DEGRADED VEH I C L E  MON I TOR I NG CAPAB I L I T I ES •  FOR A LOSS 
OF ALL TMo ONLY A ONE-MAN EVA MAY B E  PERFORMEDo 

C C I RENDEZVOUS AND DOC K I NG - THE LOSS OF TM DOES NOT AFFECT THE AB I L I TY O F  
RENDEZVOUS A N D  DOC K o  BUT ONLY PROH I B I TS GROUND CONTROLLER A I D  I N  T H E  
O F  S Y S T E M  P E RFORMAN C E ,  I N  TH I S  E V E N T o  A LM•ACT I VE RENDEZVOUS W I LL B E  
S I NCE T H I S  I S  T H E  NOMINAL RENDEZVOUS PLANo 

2 o  ALTERNATE M I S S I ONS 

UNDOCK I NG AND S T A T I ON K E E P I NG W I LL B E  PERFORMED IF A�L TM IS �OST S I N C E  THE 
LM WOULD NUT BE cOMM I T T E D  TO LONG PER I ODS I NDEPENDENT OF THE CSMo E I THER 
H B R  OR L B R  D A TA  IS  ADEQUATE FOR A RENDEZVOUS ALTERNATE M I S S I O N •  

2 0 • 5 6  C R I T i cAL I NSTRUMENTAT I ON 

A e  DEF I N I T I ON OF �OSS 

TH E  L.M TO 
MON I TOR I N� 

PERFORMED 

CR I T I CAL I NS T RUMENTAT I ON IS CONS IDERED LOST WHEN I NFORMA T I ON PROV I DE D  BY 
9NBOARD D I SPLAYS I S  NOT ADEQuATE TO MQN ! TOR. T�E . .  PERFORMANCE . OF, ANr 
FUNCt i<IN ,  

TELEMETRY AND/OR 
CR,I,� .! CAL ONBOARD 

B o  GENERAL OPERATIONAL I MPACT 

LO&S OF CR I T I CAL I NS T RUMENTAT I ON COU�D JEOPARD I Z E  CREW SAFETY IF A C R I T I CAL ONBOARD 
FUNC T I O N  COULD NOT BE MON I TORED E I THER BY THE CREW OR THE GROUND• 

M I SS I ON REV DATE SEC T I ON GROUP PAGE 

APOLLO 14 FNL 2 / 1 5 /7 0  LM SYSTEMS LM I NSTR 
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R I T EM 

20•56 
CONT 

N A S A  - M1 n ne d  S p1cec:nft C e n t e r  

M I S S IO N  II U L E S  
SEC T I ON 6 • L M  SYSTEMS 

Co  M I S S I ON RULE RAT I ONALE I REF MR 20•5 6 1  

1 o  NOM I NAL M I SS I ON 

I A l  UNDOCK I NG o  DESCENT ORB I T •  LUNAR STAY • THE MON I T O R I NG OF ALL CR I T I CAL ONBOARD 
FUNCT I ONS IS NECESSARY TO I N I T IATE ANY CR I T I CAL M I SS I ON PHASE• LOSS OF T H I S  
CAPAB I L I T Y  COULD AFFECT CREW SAFETY, 

I B )  POWERED DESCENT • CREW SAFETY I S  JEOPARD IZED I F  I NSTRUMENTAT I ON CR I T I CAL TO 
PERFORM I NG A SAFE DESCENT AND LANDING OR TO MON I TO R I NG SYSTEMS ESSENT IA L  FOR A 
SAFE ASCENT AND RENDEZVOUS I S  LOS T ,  

i C l  RENDEZVOUS • CSM RESCUE W I LL B E  REQU I RED ONLY WHEN LM I NSTRUMENTAT I ON ESSE N T I A L  
TO PERFORM I NG A LM·AC T I VE RENDEZVOUS I S  LOST o  

2 o  ALTERNATE M I SS I O N  

T H E  LOSS OF C R I T I CAL I NSTRUMENTAT I ON PRECLUDES THE CONSI DERAT I ON OF ANY 
ALTERNATE M I SS I ON ,  

M I SS I ON REV DATE SEC T I ON 

APOLLO 14 FNL 1 2 / 1 5 / 7 0  LM SYSTEMS 

GROUP PAGE 

LM I NSTR 



R I T EM 

N A S A  - Ma n n e d  S pacec raft  C e n t e r  

M I S S I O N  R U L E S  

SECT ION o - � M  SYSTEMS 

----------------------------
LM SEQUENT I AL AND PYROTECHNIC 

----------------------------

2 1 - 1  T O  I N I T I AT E  MANNED � M  M I SS I ON PHASES• T H E  PYROTECHN I '  SYSTEM MUST PROV I D E  T H E  FO��OWING M I N I MUM 
CAPAB I � I T I ES ! REF �M TE�MU GO CRI T ER I A  IN SECT ION 3 OF MR I ---

PYROTECHN I C  SYSTEM 

1 ,  DEF I N I T I ON ! REF MR 2 1 - 2 1  

A PYRO SYSTEM I S  CONSIDERED �OST I F  A PYRO BATTERY OPEN C I RCUI T VO�TAGE �ESS THAN 35 VDC OR 
I F  THE SYSTEM I S  I NCAPABLE OF BE I NG ARMED• A PYRO BATTERY OPEN C I RCUIT  VO�TAGE I S  
NOMINA��y 3 7 o 2  VDC A N D  THERE I S  NO REASON FOR T H E  VO�TAGE TO EVER F A � �  BE�OW 3 5  V D C  OPEN 
C I RCU I T ,  I F  I T  SHOU�D I T  WOU�D I ND I CATE A DEGRADING BATTERY O R  �OSS O F  CELLS ! l o a6 VOLTS 
PER CE�� I o  I F  THE MASTER ARM RE�AY • Kl • CANNOT BE C�OSED THEN THE PYRO BATTERY CANNOT BE 
CONNECTED TO THE PYRO BUS AND NO PYRO FUNC T I ON CAN BE PERFORMED W I TH THIS SYSTEM• 

2 ,  GENERA� OPERAT IONAL IMPACT ! R EF MR 2 1 - 1 2 1  

�OSS O F  ONE PYRO SYSTEM MEANS LOSS O F  A � �  REDUNDANCY FOR PYROTECHN I C  fUNCTIONSo 
CR I T I CA� IMPACT IS ON STAG ING•  I F  STAG I N G  I S  PERFORMED W I T H  LOSS OF ONE SYSTEM 
S I NG � E  POINT FAI CURES WHICH COUCD RESU�T IN THE I N AB I � I T Y  TO STAGE OR I N  
STAG I NG ,  

T H E  MOST 
THERE ARE 
I NCOMP�ETE 

3 o SPEC I F I C  OPERATIONA� I MPACT ! REF MR 2 1-20 1  

( A I  NOMINA� M I S S I ON 

! 1 1  UNDOCK I NG THROUGH P O l  +5+30 - THE �M MUST HAVE REDUNDANT PYROTECHNIC SYSTEMS TO 
COMM I T  TO M I SS ION PHASES I N  W H I CH STAGING IS MANDATORY• IF ONE SYSTEM IS �OST 
P R I OR TO PDI +S+30 ! AFTER THAT POINT • THE �M MUST STAGE TO RETURN i t  THE NOMINA� LM 
M I SSION W I � �  BE ABORTED, THE LM W I � �  NOT BE STAGED W I T H  THE REMA I N ING PYRO 
SYSTEM UN�ESS CREW SAFETY D I CTATES ! SE E  MANAGEMENT RU�E 21-12 1 o  

( 2 1  PD l + S+30 TO TOUCHDOWN - THE �M I S  NOW COMM I TTED TO STAGING FOR E I THER A N  ABORT OR 
�UNAR SURFACE CAUNCHo IF A PYRO SYSTEM WERE �OST DUR I NG T H I S  PERIOD• THE �M 
WOUCD HAVE TO STAGE W I TH ONCY ONE PYRO SYSTEM SOONER ! ABOR T I  OR �ATER ( �UNAR 
SURFACE LAUNCH AFTER A ONE-REV STAY i o  THEREFORE• THERE I S  NO S I G N I F I CANT 
ADVANTAGE TO ABORT I NG •  

! 3 1  �UNAR STAY - IF ONE PYRO SYSTEM IS �OST ON THE LUNAR SURFAC E ,  THE LM MUST � 1 F T  
OFF AT THE NEXT BEST OPPORTUNI T Y  BECAUSE SUBSEQUENT F A I CURE O F  THE OTHER SYSTEM 
WOUCD RESU�T IN THE l NAB I � I TY TO � I F T  OFFo 

( 8 1  ACTERNATE M I SS I ONS 

THE �M W I L� NOT UNDOCK OR I F  UNDOCKED PROCEED W I T H  EXTENDED SEPARATED 
MANEUVERS W I T H  �OSS OF SOTH PYRO SYSTEMS BECAUSE THE CAPA B I L I T Y  TO STAGE 
! R EQU I RED FOR DPS PROPE��ANT CEAKS • ETC,  I IS LOST • �OSS OF ONE SYSTEM 
PREC�UDES A RENDEZVOUS M I SSION BECAUSE THE �M MUST HAVE THE REDUNDANT 
CAPAB I � I TY TO STAGE BEFORE COMM I T T I NG TO A �M-AC T I V E  RENDEZVOUS• 

MISSION REV DATE SEC T I ON 

APO��O 14 FN� 1 2/ 1 5 / 7 0  �M SYSTEMS 

GROUP 
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2 1-2 

2 1 - 3  

2 1-4 

2 1 - 5  

2 1 - 6  

N A S A  - Manned Spacecraft C e n t e r  

MI S S I O N  R U L E S  

S EC T I ON 6 - LM SYSTEMS 

REF RAT I ONALE FOR MR 21-1 

REF RAT I ONALE FOR MR 21-13 AND < 1 -22 

NO RAT IONALE REQU I R ED 

NO RAT I ONALE REQUI RED 

THE COND I T I ONS REQU I R I N G  A NEXT 6 E S T  OPPORTUN I TY L. I FT-OF F I L.OSS OF 
D I SARM A S Y S T E M I A R E  NOT O F  SUFF I C I ENT T I ME CR I T I CAL I TY TO RE�U I RE 

M I S S I ON REV DATE S EC T I ON . GROUP 

APOLLO 14 FNL 1 2 1 1 5 1 7 0  LM S Y S T EMS LM SE� 
AND PYRO 

A PYRO SYSTEM OR UNA�LE TO 
A T l  OR T2 L .! F T  O F F o  
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R I T E M  

N A S A  - M a n n e d  Spacec raft C e n t e r  

M I S S I O N  R U L E S  

S EC T I ON 6 - e M  SYSTEMS 

2 1 - 1 0  APS PRESS U R I ZAT I ON 

APS W l cc NORMAccY BE PRESSU R I Z E D  I MMED I A T E c Y  P R I OR TO S T A G I N G o  APS W l cc NOT NORMAccY BE 
PRESSU R I Z E D  MORE THAN 2 4  HOURS P R I OR TO T H E  cAST APS BURN-- HOWEV E R ,  I N  A CUNT I N�ENCY o THE APS 
MAY BE P R E SSUR I Z E D  UP TO 3- 1/2 D A Y S  PR I O R  TO T H E  cAST APS BURNo 

BY WA I T I NG UNT i e  IMMEO I AT E c Y  PR I OR TO STAG I NG TO PRESSUR I Z E  APS o THE OP T I ON T O  PRESSUR I Z E  ONE OR 
BOTH TANKS E X I STS IF AN APS H E C I U M  cEAK HAS DEVEcOPEDo T H E  T I ME CONSTRA I NT OF 2 4  HOURS AND 
3 - 1 / 2  DAYS I S  DUE TO T H E  AMOUNT OF T I ME THE PROPEccANTS CAN B E IN CONTACT W I TH THE UUAD CHECK 
VAcVES AFTER PRESSUR I ZA T I O N  W I THOUT DAMAGE TO T H E M o  

I F  UNABcE TU DEPLOY ONE O R  M O R E  cAN O I NG GEAR • A cAND ING W I LL N O T  BE A T TEMPTEDo DESCENT o N G I N E  
BURNS W I LL B E  CONT I NU E D  S I NC E  CONTROL PROBcEMS A R E  N O T  EXPEC TED TO E X I ST A N D  DAMAGE T U  THE 
LAND I NG GEAR f'ROM THE: BURN W I LL NOT AFFECT NON-LAND I NG M I SS I ONS• 

S E L F  EXPLANATORY. 

2 1 - 1 2  ONE PYRO SYSTEM S TA G I NG 

UNDOCKED S T A G I NG W I TH ONE PYRO SYST EM W I C L  BE PERFORMED ONcY I F  ABSOLUTEcY ''ECESSARY TO MA I N T A I N  
CREW SAF E T Y •  

W I TH ONLY O N E  PYRO SYSTEM T H E R E  A R E  MANY S I NG L E  P O I N T  F A I LURES W H I C H  COOeD CAUSE I NCOMPL E T E  
S T A G I N G •  

F OR A K l  THHOUGH K6 F A I L U H � t  THE · GOOD S Y S T E M  W I LL BE D I S ABLED A N D  A PYRO FUNC T I ON t  OTHER THAN 
STAG I N G •  A T T E M P T E D  TO DETERMI NE IF K 1  I PYRO SYSTEM ARM RECAY I HAS F A I LED CcOSEDo 

AN E X T RA S E T  OF CONTACTS ON EACH R E LAY K 1  THROUGH K6 I N  BOTH PYRO SYSTEMS . A R E  W I R E D  I N  
SER I ES / PARALLEL TO M A K E  UP A D A IS Y  CHA I N  W H I C H  l S  MUN I T URED V I A  TM A N D  ON�VARD. AN I NADV�RTENT 
CLOSURE OF ONE OF THESE RELAYS CAN B E  D E T E C T E D o  HOWEVER • T H E  PARTI CULAR F A l cED RELAY CANNOT BE 
I SOLATED EXCEPT IN T H E  CASE OF THE MAS T E R  ARM R E cA Y •  I F  A RELAY CLOSURE I S  DETEC T E D •  A PYRO 
FUNC T I ON W I LC BE ATTEMPTED W I THOUT ARM I NG E I T H E R  SYSTEMo F A I LURE T O  PERFORM T H E  PYRO FUNC T I ON 
W I Le I N D I C A T E  THAT T H E  F A I L E D  RELAY WAS NOT K l o  T H E  RELAYS OF T H E  CHA I N  MAKt UP T H E  S T AG I N� 
SYSTEM AS FOLLOWS---

Kl - MASTER ARM 

K5 AND K5A - I N T ERSTAGE BOLTS ! SYSTEM A I  AND N U T S  ( SY S T EM B l  

K6 - ELECTR I CAL C I RCU I T  I N TERRUPTERS 

A F T ER I SOLAT I NG K 1  AS NOT B E I NG T H E  F A I LED RELAY • T H I S  PYRO SYSTEM MUST BE � I SABLEO BY PULL I NG 
THE AP P L I CA"LE LOG I C  POWER BREAKER BECAUSE T H E  FUNCT I ON CONTROLLED BY T H E  F A I LED 'ELAY W I L L  "E 
PERFORMED SHOULD T H I S  SYSTEM BECOME ARMEDo I N  T H E  CASE W H E R E  K< MAY HAVE F A I LED • T H E  SYSTEM 
WOULD Bt IN A CON F I RMA T I ON WHERE THE SUBSEIJUENT FA I LURE Uf K l  WOULD CAuSE AN INADVeR T E N T  S T A G I N �  

- WH I CH WOUlD NURMALY � E  CAUSE F O R  ABOR T •  HOWEV E R • A K 2  F A I LURE C A N  N O T  BE CONF I RMED • l T  C A N  ONLY 
BE DE T ERM I N t D  THA T ONE OF THE RELAYS K 2  THRU K6 HAS F A I L E D o  O N  THE BAS I S  THAT A K2 F A I LURE CAN 
NOT BE CONFI RMED THE M I SS I ON SHOULD BE CONT I NU E D o  

M I SS I ON R EV  D A T E  S EC T I ON 

APOLLO 14 F N L  2 / 1 5 / 7 0  LM S Y S T EMS 
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R ! T E M  

N A S A  - M a n n e d  S pa c e c r aft  C e n t e r  

M I S S IO N  R U L E S  

SEC T I ON 6 - L M  SYSTEMS 

2 1 - 1 4  ARMED PYRO SYSTEM 

AN ARMED PYRO SYSTEM I S I  THAT CANNOT BE DEARMED !S CONS IDERED UNSAFE FOR THE V I BRAT I ON / SHOCK 
ENV I RONMENT ASSOC I ATED W I TH LUNAR TOUCHDOWNo 

SUBSEQUENT CLOSURE OF ANOTHER PYRO RELAY WOULD RESULT ! N  THAT PYRO FUNCT I ON B E I N G  PERFORMED• 
THE WORST CASE WOULD BE INADVERTENT STAG I NG WH ICH COULD BE CATASTROP H I C  DUR I NG THE LAN D I NG 
PHASE• 

2 1- 2 0  REF RAT I ONA•E FOR MR 2 1 -1 I T EM 3 

2 1 - 2 1  UNABLE TO DI SARM 

1 o  DEF I N I T I ON 

I A I  PYRO SYSTEM CANNOT BE D I SARMED I F  THE PYRO BATTERY CANNOT B E  D I SCONNEC TED 
FROM THE PYRO BUS o THIS WILL BE DETECTED BY ATTEMP T I NG A PYRO FUNCT I ON 
OTHER THAN STAG I NG W I TH THE SUSPECT SYSTEM I S I  AFTER AL• ATToMPTS HAVE BEEN 
MADE TO D I SARM THE FAI .ED SYSTEMo IF THE PYRO FUNCT ION OCCURS o T H E  
SYSTEM I S I  I S  CONS I DERED ARMEDo 

2 o  GENERA" OPoRAT!ONAL IMPACT 

W I TH AN ARMED PYRO SYSTEM I S I  o SUBSEQUENT CLOSURE OF ANY OTHER PYRO RELAY W I L L  RESULT ! N  
EXECU T I ON O F  THAT PYRO FUNC T ! ONo MOST C R I T ICAL WOULD BE A CLOSURE OF ONE OF THE STAG I NG 
RELAYS CAUS I N G  I NADVERTENT STAGING ! PART IAL OR COMPLET E i o  

3 o  SPEC I F I C  OPERAT I ONAL IMPACT I REF MR 2 1 - 1 4 o 2 1 - 5 1  

I A I  NOMINAL M I S S I ON 

I l l  UNDOCK!NG THROUGH TOUCHDOWN - THE NOMINAL M I SS I ON W I L L  BE ABORTED I F  UNAijLE TO 
D I SARM E I THER OR BOTH PYRO SYSTEMS, OF MOST CONCERN !S I NADVERTENT STAGING WH I CH 
WOULD BE CATASTROPH I C  DUR I NG POWERED DESCE N T o  ALSO • THE SHOCK AND V I BRAT I ON 
ASSOC I A TED W I T H  LANDING COULD CAUSE A PYRO RELAY TO SET �NO ! N ! T ! ATE A P YRO 
FUNCT IONo  

1 2 1  LUNAR STAY - EVA W I LL NOT B E  I N I T IATED W I TH E I THER OR BOTH PYRO SYSTEMS ARMED o 
I NADVERTENT STAGING WOULD ENDANGER ANY EVA CREWMAN I N  THE NEAR V ! C ! N I T Y  OF THE LM 
DUE TO SCHRAPNEL FROM THE PYROTECHN I C  DEV I CESo  W I TH THE CREW I N S I D E  INADVERTENT 
STAG I N G  I S  NOT S E R I OUS S I NCE THE LM WOULD REMA I N  IN PLACE ON THE DESCENT STAGE 
EVEN THOUGH ALL CONNECT I ONS BETWEEN THE STAGES MAY BE SEVEREDo HOWEVER• A NEXT 
BEST OPPORTUNI TY L I F TOFF W I LL BE REQU I RED TO M I N I M I Z E  THIS POSS I B I L I T Y •  

I B I  ALTERNATE M I SS I ONS 

DOCKED • UNDOCKEDo DESCENT ORB I T  - THE M I S S I ON W I LL BE CONT I NUED W I TH AN 
ARMED PYRO SYSTEM OR SYSTEMS ASSUMING THE CREW CAN RECOVER FROM I NADVERTENT 
STAG I NG o  STAGING WILL BE PERFORMED NORMALLY IN ORB I T o  

M I SS I ON REV DATE SEC T I ON 
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R I T EM 

N A S A  - Ma n n ed S pacec raft  C e n t e r  

M I S S I O N  R U L E S  

SEC T I ON 6 - L M  SYSTEMS 

2 1-22 K 7-Kl5 CLOSED 
l o  DEF I N I T I ON I REF M R  2 1 - 3 B I  

A PYRO SYSTEM I S  CON S I DERED UNUSABLE AND W I L L  B E  D I SABLED UNT I L  A F T E R  D P S  CRYOGE N I C  
PRESSUR I Z AT I ON AND T H E  D E S  F U E L  AND OX VENTS A R E  CLOSED FOR AN I NADVE R T E N T  CLOSURE O F  A K7 
THROUGH K l 5  RELAY, 

2 .  GENERAL OPERAT I ONAL IMPACT 

AN I NADVERTENT CLOSURE OF ANY R E LA Y •  K 7  T H ROUGH K 1 5 o  I N  E I TH E R  PYRO SYSTEM CAN � E  D E T E CToD 
V I A  T M  BUT TH E PARTl CUL.AR RELAY FA I L ED CANNOT B E  I SOLAT E D •  THESE RELAYS PERFORt-1 THE 
FOLLOW I NG FUNC T I ONS---

K7 - RCS PRESS 

KB & K8A - LAND GEAR DEPLOY 

K9 - DPS CRYO HE PRESS 

K10 & K 1 1  - ASC H E  PRESS 

K12 & K 1 2 A  - ASC FUEL AND OX COMP VALVES 

K 1 3  - DPS FU & OX VENT VALVES 

K14 - DPS AMB I ENT H E  VALVES 

K15 - OPS FU � OX COMP VALVES 

PREMATURE OPERAT I ON OF ANY OF THE R E LAYS I S  NOT S E R I OUS EXCEPT FOR DPS CRYOGE N I C  H E  PR ESS 
I K 9 l  AND DPS FU AND OX VENT VALVES I K1 3 l o  IF T H E  DPS CRYOGEN I C  H E L I UM VALVE IS OPENED 
P R I OR T O  F I RS T  ! G N ! T I ON OF THE DPSo T H E  FUEL/HE L I UM HEAT EXCHANG<R W I LL FREEZ E o  C UT T I NG OFF 
FUEL FLOW T O  THE ENG I N E •  I F  T H E  D P S  F U  AND O X  VENT VALVES WERE T O  OPEN P R I OR T O  TOUCHDOWN• 
THE F U  AND O X  WOULD VENT OVERBOARD S I NC E  THE SOLENO I D  VENT VALVES ARE NORMALLY TO B f.  L EF T  
OPEN• 

3 ,  SPEC I F I C  OPERAT I ONAL I MPACT 

! A I  NOMINAL M I S S I ON 

I ND I C AT I ON OF A K7 THROUGH K 1 5  RELAY CLOSURE I N  E I TH E R  PYRO S Y S T EM R E QU I RES 
OPEN I NG TH E CORRESPOND I N G  LOG I C  POWER C I RC U I T BREAKER TO D I SABLE THAT PYRO 
SYSTEM FOR ALL SUBSEUUENT PYRO FUNC T I ONS UNT I L  A F T E R  OPS CRYOGEN I C  HEL I UM 
PRESSUR I ZAT I ON AND TH E D ES  FU & Ox SOLENO I D  V E N T  VALVES ARf. CLOSED• TH I S  
W l ll PREVENT I NADVERTENT F I R I N G  ( OP EN I NG )  O F  T H E  CRYOGE N I C  !iEL l U M  VALVE OR 
THE DES FU & OX SUU I B  V E NT VALVES• lF BOTH PYRO SYSTEMS SHOW I N D I CAT I ONS OF 
A K 7  THROUGH K 1 5  CLOSURE , THE DESCENT H E  R EG VALVES 1 AND 2 AND THE DES FU & 
OX sOLENO I D  VENT VALVES SHOULD BE CLOSED BEFORE ARM I N G  THE PYRO SYSTEM FOR 
ANY PYRO FUNC T I ON S  P R I OR TO P O l o  

I B I  ALTERNATE M I SS I ONS 

SAME RA T I ONALE AS FOR NOM INAL M I SS I ON S •  

2 1 - 2  UNABLE T O STAGE I R EF MR 2 1 -4 1 

1 ,  DEF I N I T I ON 

THE LM IS CONS I DERED UNABLt TO STAGE IF E l THER STAG I N G  CANNOT BE I N I T I AT E D  DUE TO LOSS OF 
BOTH PYRO SYSTEMS OR DOUBLE F A I LURES W I TH I N  THE PYRO SYSTEMS RESULT I N  I NCOMP L E T E  
SEPARAT I ON O F  TH E ASC E NT AND DESCENT STAG E S o  

2 ,  GENERAL O P E  R A T  1 ONAL 1 MPACT 

F A I LURE TO STAG< ON THE LUNAR SURFACE !S CATASTROPH I C •  F A I LURE T O  S T AGE IN ORB I T  REUU l RES 
T HE  L M  TO ATTE�PT TO COMPLETE A RENDEZVOUS UNSTAGED IF THE DESCENT STAGE IS R I G I DLY 
ATTACH£D, I F  THE DESCENT STAGE IS NOT R I G I DLY A TTACH E O t  THE LM MUST 6� RESCUED, 

3 •  SPEC I F I C  OPERAT IONAL I MPACT 

( A I  NOMINAL M I SS I ON 

FOR THE NOM I NAL M l SS ! ON o  KNOWN l NAB ! L l T Y  TO S T AG E t  PR I OR TO P O I + 5 o  WOULD B E  
CAUSE TO A�ORT TH E NOMINAL M I SS I ON •  A F T E R  PD ! + 5 o  T H I S  S I TUAT I ON I S  
CATASTROPH I C •  

M I S S I ON REV DATE SEC T I ON GROUP PAGE 
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2 1-23  
CONT 

N A S A  - Ma n n ed Spacecraft  C e n t e r  

M I S S IO N  R U L E S  

SEC T ION 6 - � M  SYST EMS 

I B I  A�TERNATE M I SS I O N  

RENDEZVOUS - I F  STAGING CANNOT B E  I N I T I ATED O R  I F  I T  I S  A N D  DOES NOT 
PHYS I CA��y SEPARAT E •  THE M I SS I ON W I � �  BE CON T I NUED US I NG THE RCS AND DPS I F  
AV A I �AB�E T O  COMPcETE T H E  RENDEZVOUS A S  �ONG A S  THE STAGES ARE S T i ce REG I D � Y  
ATTACHED • C S M  RESCUE W I �� BE REQU I RED F O R  THE TERMI NA� PHASE OR I f  RCS 
REDciNES ARE V I O�ATEDo SHOUcD PART I AL STAG I NG OCCUR SUCH THAT THE STAGES 
ARE NOT R I G I DcY ATTACHE D o  MANEUVER CAPAB I � I TY O F  THE LM IS �OST o THE LM 
W I LL GO TO D R I F T I NG F L I GHT AND CALL FOR A CSM RESCUEo 

M I SS I O N  R E V  DATE SECT I O N  
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R HEM 

N A S A  - Ma n n ed S pacecraft  C e n t e r  

M I S S I O N  R U L E S  

S E C T ION 6 - L M  SYST �MS 

LM ELEC T R I CAL POWER 

2 2 - 1  TO I N I T I A T E  MANNE D � M  M I S S I ON PHAS E S •  T H E  ELEC T R I CAL P O W E R  S Y S T �M MUST PRUV l D E  T H E  FOLLOW I NG 
M I N IMUM CAPAB I L I T I E S l R EF LM TELMU GO C R I T E R I A  I N  S E C T I ON I uF FMR DOCUMEN T ! ---

l •  D�F I N I T I ON t R EF MR 22-2 1 

T H E  C D R  Of< L�AP B US 1 S CON S 1 DE RED LOST 1 F T HI:: BUS VOLT AGE CANI'lOT tl l:: 
MA I N T A I ��D G R E A T E R  THA� 2 6 . 5  VDC OR lF TH� BUS C U R R E N T  I S  � R E A l E R  THAN 9 0  

AMPS.  A BUS VOLTAoE LESS THAN 2 o o 5  VDC W I L' P�vV I DE OUT UF S P E C  VULTAoES FUR SEVERA� CR I T I CA L  LM EYU l PM E N T S  t E • G •  COMM t �CS • PGNS t � CS • ET C e l .  BUS 

CURRENTS GH EA T ER THAN 9 0  AMPS l Nl.> l CATE A SHORT ON T H E  BUS AND WOULD LXC t:. E D  

T H E  S P E C W I NE M A T I NG O F  THE F E EDER L I N ES o 

2 o  GEN ERAL OPERA T I ONAL I MPACT 

LOSS OF E I THER �US R E S U L T S  I N  L O S S  OF L M  EQU I PM E N T  REDUNDANCY AND S E R I OU S L Y 
DtGkAO�D �L £C TR 1 CA L POWER SUBSYSTEM. SU8SEUUtNT F A I LU R E  UF T H E  UTH�R BUS 
WOULD RESULT I N  T HE I NAB I L I T Y T C  POWER ANY SPACECkAFT E UU I ��EN T S •  

3 e  SPEC I F I C  OPERAT l O�AL I M PACT ( R EF M R  Ll-20 ) 

! A l  NO M I NA L M I SS I ON 

I l l  U�DOCK I NG THI�OUGH LUNAR STAY - LOSb OF A BUS MoANS LOSS OF CAPAS l L l TY T O  
LAND A N D  LUSS OF R EDUNDAN CY O F  C R I T I C A L  S Y S T E M S •  DUR I NG �UWERED DESC E NT t  �055 Of 
T H E  CUR OR L M P  BUS W I LL CAUSE T H E  DESCENT E�u ! NE T O  THROT T L E  TO 1 00 P ERC EN T WH I (H 
W I � �  PR�V Ef'H ANY AT Tt:.MPT TO �A ND AND CAUSE AN ,O..t3VIH T U B E  I N I T I AT E D •  I MM t. D l A T �  
R E TURN T O  T H E  CS M I S  NECESSARY T O  REDUC E  T H E  T I ME I N  WH I CH A F A I L�RE O F  A 
REMA I N I NG CR I T J CA� SYST EM OR T H E  REMA I N I NG BUS CAN OCCuR . 

( 2 )  LM-AC l i VE RENDE ZVOUS - ONCE COMM I T C� TU RCNDEZVUUSt T HE LM SHUU LD R � M A I N  T HE 

AC T I VE V E H I C L •  BECAuSE I T  cAN S T I L L COMPUTE AND EXECUTE A L L  RENDEZVOUS MA���VERS 
AND I T  IS B E � T  TO R E MA I N  W I TH THE NOM I NAL R ENDEZV00S � L A � .  

( � )  A L T ERNA T E  M I SS I O N ( $ )  

NO UNDOC�ED M I SS I ON I S  ACC EP T ABLE I N  V l �W OF T H E  R l S K  I N V O L V E D •  

M l �S l Oi� R E V  D A T E  SECT I O N  
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2 2 - l  
CONT 

N A S A  - Ma n n e d  S p acecraft  C e n t e r  

M I S S I O N  R U L E S  

B o  DESCENT FEEDER I S I  

SEC T I ON 6 • eM SYSTEMS 

F I GURE l· EPS FEEDER CONF IGURA T I O N  

l o  DEF I N I T ION ! REF M R  2 2 - 2  AND F I G  4 1  

ASCENT f'EEDEII 

l..:c. , 1.-c -0  

cOSS OF A DESCENT FEEDER I S  DEFI NED AS THE I NAB i c ! T Y  TO USE AS A POWER PATH 
TH E  EcEC TR ICAc CONNECT I ONS FROM THE OUTPUT TERMI NAc OF TH E DESCENT ECA TO 
THE DEADFACE REcAY o FROM THE DEADFACE REcAY TO THE BUS t THE DESCENT AND 
ASCENT BATT E R I ES USE THE SAME MA I N  FEED c i N ES AND T H I S  POR T I ON OF THE M A I N  
F E E D  c i NES I S  CONS I DERED PART O F  T H E  ASCENT FEEDER ONcY , 

2 o  GENERAL OPERATIONAL I MPACT 

AN OPEN DESCENT F EEDER IS NOT A S E R I OUS MALFUNCTION AS THE SUBSEQUENT 
F A I LURE OF THE OTHER DESCENT OR ONE OF THE ASCENT FEEDERS W I LL NOT RESULT I N  
INABI L I T Y  TO POWER THE SPACECRAFT, THERE ARE TWO S I NGLE POINT FAI LURES THAT 
CAN CAUSE AN OPEN FEEDERo ! A I  THE I NADVERTENT OPEN I N G  OF ONE OF THE TWO 
DEADFACE RECAYS AND ( 8 )  AN OPEN ECA ONBOARD CONTROL CAPAB I L I T Y  EXI STS ONLY 
TO OPEN OR CLOSE BOTH OF THE DEADFACE R ELAYS S I MULTANEOUSL Y •  AN OPEN 
DESCENT FE.DER RESULTS I N  THE LOSS OF CONSUMABLE CAPAB I L I T Y  OF TWO DESCENT 
BAT T ER I ES •  CONSUMABcE C R I T E R I A  THEN D I C TATE THE EFFECT ON THE M I SS I ON, 

A SHORTED DESCENT FEEDER CAN RESULT FROM A S I NGLE POI N T  FAI LURE ( SHOR T ! 
ANYWHERE ALONG THE POwER FLOW PAT H •  I SOLA T I ON OF THE SHORT REQU I RES 
o•ADFAC ING AND . . THUS . THE !oOSs OF . 'ONSuMABLE CAPAC I T Y  UF ALL DEsCENT 
aAnER ! E $ •

' i-o MWmiN A POWE�EO UP �PACEcRA�r BOTH AstE�T BATTEii! ES W I LL 
BE PLACED ON THE I R  NORMAL FEEDPATHSo I T  SHOUcD BE NOTED THAT SPEC I F I C  
PROCEDURES MUST B E  FOCLOWED T O  DETERM I NE WHERE ALONG THE BATTERY• TO•BUS 
POWER FLOW PATH THE SHORT E X I ST S •  IF I NSUFF I C I EN T  T I ME IS AVAI CABLE TO 
THOUBcESHOO T o  A SHORT MUST BE ASSUMED TO BE ON THE BUS ( WORST CAS E !  AND THE 
MISS ION ABORTED• 

3 o  SPEC I F I C  OPERATI ONAL IMPACT ( REF MR 22•2 1 1  

( A I  NOMINAL M I S S I ON ! A c e  PHASES ! 

THE NOMINAL M I SS I ON WILL  BE CON T I NUED I F  CONSUMABcE REDL I NES ARE NOT V I OLATED AND 
SUFF I C I ENT CONSUMABcES REDUNDANCY REMA I N S •  FOR AN OPEN o CONSUMABcE C R I T E R I A  
NOMINALcY PERMIT  CONT I NUA T I ON O F  THE LUNAR LANDING M I SS I ON W I TH A N  ABBREV I ATED 
LUNAR STAYo FOR A SHORT • AcL DESCENT ELECT R I CAL CONSUMABCES ARE LOST I SEE 
22•1 o B o 2  ABOVE AND THERE ARE I NSUFF I C I ENT ASCENT CONSUMABLES TO COMPLETE THE 
NOMINAc M I SS I ONo 

I B I  ALTERNATE M I SSIONS 

ANY AcTERNATE M I SS I ON THAT DOES NOT V I OcATE CONSUMABcES C R I TE R I A  I S  ACCEPTABcEo 

M I SS I ON REV DATE SECT ION 
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CONT 

C .  ASCEN T F E E D E R I S l  

N A S A  - Ma n n e d  S pacec r aft C e n t e r  

M I S S I O N  R U L E S  

S E C T ION 6 - L M  SYST EMS 

1 ,  DE F I N I T ION ( R EF MR 22-2 AND F I G 1 1  

LUS� OF AN ASCENT F E EDER I S  D E F I NED AS T H� l NA� i L I T Y  TO U S E  AS A POWER P A T H  

T H E  ELEC T R I CA L  CONNEC T I O NS FROM THE OUTPUT T ERM l �ALS OF T H E  A S C E N T  E C A 1 S  T O  

THE BAT F E E D  T I E  C I RCU I T  BREAKERS, S I �C E  NO • I N�LE U P E •  F A I L U N E  C A N  R E S U L T  
1 �  LO�S UF AN A S C E N T  f E E D t R t  ON L Y SHOR T E D  F E � U E K S  ARE CONS l U E H E U •  

2 .  GEI\ERA L OPt:.kA T J ONAL I MP A C T  

T H E  A F F E C T t:. J  B U S  C A N  O N L Y  B E  P O W E R � D  V I A  T H E  B U S  CI<GS S T i t  C I R CU I T  HREAKEK& 

MAKl �� EACrl BUS SU�CEPT ! B L E  TO A SHORT ON THt U f H E R •  I N  1 � 1 5  CUNf l GURA T l ON •  
LUSS UF T H �  REMA I N I N G F t:. EUER I S  C A T A S T ROPH I C •  A LSO t A SHOR T E D  ASlENT F E � D E R  
� � S U L T S  I N  LOSS UF THL C U H R E SPOND I N� D E S C t � T  F E E D t H  ( I f U�STAG ED I A N D  T W O  

D c S C E � T  BAT T E R I � S .  T H E  ASCE � I  B A T T E R Y  THA I PUWE �EQ T H f  L O S T  BUS V I A  I T S  
NOR�IAL FEEPPATH CA�I 8 E  U S E D  C �  I T S  8ACKUP F E E�PA fH T U  POWER T H E  R EMA I N I NG 
t.;uoP � u s .  

3 ,  S�EC I F I C  UP E� AT I ONAL I M�ACT t R EF MH 2 2 -2 1 )  

( A )  NOr'-1 l NAL :� I SS I ON 

A L l  PHASES - LOSS OF M-. A S C E N T  F E. E D E R  W I LL kEUU l R t:. AN ABOKT ANI.) I MMED I AT E  K E TURN 

T O  THE CSM e E C A U S E  THE S U B S E W U E N T  F A I LURE O F  T H E  O T H E R  ASCE�T F E E D E R  OOULD R E S U L T  
I N  T H E  I N AB I L I T Y TO PO.ER T H E  SPACECRA F T •  DOCKED o Y S T E"b EVALUAT I O.� CAN HE 

PERFORMED � I T H T H �  HATCH OPEN AND T H E  T U � N E L  CLEAR. T H E  C R E W  COULD SAF E L Y R E T URN 

TO THE CSM IF ALL POWER WAS L 0 S T  DUE TU A SUB S EUU E N T SHUR T .  

t B )  A L T ER N A T E  M I S S I GNS 

NO UNOCCKED A L T E R N A T E  M I S S I ON W I L L  BE CONS I D ERED BECAUSE OF T H E  I MPACT OF A 
SUBSE�UENT L P S  F A I LU R E ,  

D e  D E S C E N T  BA T T E HY t S l 

1 ,  D E F PH T I ON t R E'F t·1R 2 £ -2 ) 

A D l S C t N T  � A T T E R Y  I S  CON S I DE R E D  LOST l F ---

( A I  T H E  BA I T ERY OUTPUT I S  EQUAL T O  OR L E S S  THAN 2 AMPS W H E N  C O N N E C T E D  T O  A 6Uo - T H I S  
I N D I CA T E S  T H E  BA T T E R Y  I S  I NCAPABLE O F  � E L l V ER l NG POWEk ANU I S  A REASUNA8LE L I M I T  

T O  D I F F E R E N T I A T E  S E T W t E N  A NORMAL ANU A R E V E R S E  CURR E�T . A LOW OUTPUT SHOULD A LSO 
B E  ACCOMPAN I ED BY A LOW B A T T E � Y  V O L T A G E .  

t � l  BA T T E K Y  TEMPEI{ATURE EQUAL T O  O R  G R E A T E H  T H A N  1 4 5  D E G  F W I T H VOLTAGE AND (URRENT 
H I GHE� T HA·"l Nur-1 I .'!AL - DE T E C T ED BY A BATTERY f.',ALFUNC T l UN ANU wARN I NCJ L I GH T  W I THOUT 

THE BAT T ERY AUH.J,>;A T I CA L L Y  B E I NG TAKEN OF F L i r.; e .  AT T E I•HJERATURES GREATEI< T HAI'-l l45 
� E : ,  F t  P E R � A N E N T  DA�\AGE T O  T H E  ' B A T T E � Y  O C C U R S •  

1 ( 1  I r� A ::S i L l T Y  T : J  �'>'·E E T  REl�U ! R £[) VOL TAG E REGULA T I U!\1 UNOER LUf\0 - S � L F  E X P L A N A T U R Y e  

I O l  l NA d i L I T Y  T U  H E  CON N E C T E D  TO A FfEO�H OU� T U  A MALFUNC T l O�ED E C A  - SELF 
E X P L A N A T OR Y .  

t � l  bA T T E R Y OPE \ C I RCU I T  L E S S  THAN 3 1 • 8  VDC 5 T EADY S T A T E  - T H E  NUM i NA L  OPEN C I RC U I T  

V O L T A G £  >'iHE.'\1 uPERA T l NG I N  T H E  PERUX I O �  r< t:. C d l.N ( L t:: SS T HAi\! � U  AMP-HOURS Rt::MOVEl) l OF 
T H l  0 l �C HAH G t  CURV� I S 37V 1 1 • � 5  V / C E L L l • THt M I N I MUM UP�N C I RC U I T  V O L T A b �  WHt::N 

G P E R A T I N G IN THE ,\10NUX I DE R E G I ON ( GREA'l t:: R THAN l!O AMP -HOU RS RE['I,OV t:: D l  OF THE 

D I 5C�A�GE CURVE IS 3 1 . 8  V ( 1 · �� V / C E L L l •  A LOWER VUL TAGE I ND I C A T ES A D E P L t T E U  

BA T T t�Y O R  L U S S  C l F  C E L L S  W I T tl i �  T H E  B A T T � R Y  l l e 8 b  V O L T S / C E L L l .  

2 .  G t � � R A L  0Pt � A T I U NAL I �P A C T  

L C S S  OF U�t U� T o O  D E � C t N T  8A T T E k i �S � I LL HAVE NO E FF EC T  Uo T H E  M I S S I ON FROM 
A S Y � T E�� ST ANUPO I N T •  A S  UEF I � E �  ABOV E ,  TWO U E S C E i\I T  �AT T E � l �S (UULD clE LOST 

F Uk CU� P L � T ELY U N k � L A T � D  REASONS t AND NOT CAUSE LOSS U F  CUNF l UE N C E  IN T H E· 
tlA T T t � l ES �  FOR EXAMP L E •  ONE B A T T E R Y  COULD SE L U S T  DUE TO A� I N T ERNAL 
B A T T E � Y  PROBLEM AND A.�OTHEH LOST OUE TO AN E CA MALFUNC T I ON •  I F  B O T H  

�AT T E R I � S  � E R E  LOST DUE T O  I D ENT I CA L  MALFUNC T I ON S t  S Y S T �MS CONF I DE N C E  WOULD 

� t WtAK��tD BUT TH� � � � S I ON WOULD �E CUN T I N U E U  UNLtS� A D EF I N I T E  PROPAGAT I N G  

� A l L U H E  t L t:: � E N T  I S  FOUND . D E SC E N T  POWER REDU1�0AI,CY S T I Ll HtM A l N S  AND BOT H 

ASCf N T  � A T f E � I E S ARE AVA I LA�LE . LOSS OF T H R E E  OR MORE D � S C E � T  BA T T E R I ES 
J ·> D l C A T t S  A S ER I U� S L Y D�GRAD I � G  t�EC T � l C A L  S Y S T t M  kEGARDLESS OF T H t  REASON 

FUR T H E  LOSS AND T H E  LM SHOULD RETURN T O  THE V I C I N I T Y O F  THo C S M o  

M l S S I O� R E V  O A T E  SEC T I ON GROU P PACE 
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N A S A  - Man ned Spacecraft  C e n t e r  

M I S S I O N  R U L E S  

SEC T I ON 6 - �M SYSTEMS 

3 o  SPEC I F I C  OPERAT IONA� IMPACT I REF M R  22-2 3 1  

l A  I NOMINAL. M I S S I ON 

I l l  A�� PHASES EXCEPT �0 GATE TO TOUCHDOWN - �OSS OF ONE OR TWO DESCENT 
BATTE� I E S  W I �� HAVE NO EFFECT ON THE NOM I NA L.  OR ALTERNATE M I SS I ONSo  CONSUMAB�ES 
PERMI T T ING, LOSS OF THREE OR MORE DESCENT BATTER I ES W I � �  CONST I TUTE· A M I SS I ON 
ABORT • RENDEZVOUS• AND DOC K I NG W I TH THE CSM ASAP• SERI OUS ELECT R I CAL SYSTEM 
PROB�EMS ARE SUSPECTED AND EVEN W I TH A COMPLETELY NOMINA� ASCENT SYSTEMt THE 
E�ECT�I CA� SYSTEM SHOU�D NOT BE RE� I ED UPONo DOCKED SYSTEMS EVA�UAT I ON CAN BE 
PERFORMED W I TH THE CONNECT I NG HATCHES OPEN AND THE TUNNEL C�EARo 

1 2 1  �0 GATE TO TOUCHDOWN - THE T I ME TO RETURN TO DOCK W I TH THE CSM I S  4 HOURS 
WHETHER THE M I SS I ON I S  ABORTED DUR I NG T H I S  PHASE OR THE �M �ANDS t AND THEN � I FTS 
OFF AT T l o  AFTER LO GATE THE RECOMMENDED PROCEDURE I S  TO �AND AND � I F TOFF AT T l  

OR T 3 o  THIS PROCEDURE I S  CONSIDERED SAFER THAN ABORT STAG ING AT A �OW A�T I T UDE o 

I B I  A�TERNATE M I SS I ONS 

THE SAME RAT I ONALE AS FOR NOM I NAL M I S S I ONS APP � I ES ! REF PARA Do 3 o 1 A I I o  SEE A�SO 
ASCENT BATTER I ES - ALTERNATE M ! S S I ONSo 

E o  ASCENT BATTERY I S I  
l o  DEF I N I T I ON 

SAME AS FOR DESCENT BATTERY I R EF PARA D o l l  

2 o  GENERA� OPERATIONAL I MPACT 

�OSS OF AN ASCENT BATTERY CONSTI TUTES AN ABORT FROM THE NOMI NAL M I SS I ON 
BECAUSE �OSS OF THE REMA I N ING BATTERY WOU�D RESU�T I N  THE I NAB I L I TY TO POWER 
THE SPACECRAFT FOR STAGE OPERATI ONS• 

3 o  SPEC I F I C  OPERAT IONA� IMPACT I REF MR 22-221  

I A I  NOMINA� M I S S I ON 

I l l  UNDOCKI NG THROUGH PDI +;+30 • THE NOMINAL MISS ION W I LL B E  ABORTED FOR THE 
LOSS OF ONE ASCENT BATTERY TO AvO I D  COMM I T T I NG TO STAGED OPERATIONS W I TH ONLY ONE 
ASCENT BATTERY , STAG ING SHOU�D NOT BE PERFORMED UNLESS NECESSARY FOR CREW SAFETY 
AND THE LM SHOU�D DOCK ASAPo 

1 2 1  PDI  +5+30 TO TOUCHDOWN • THE LM SHOU�D LAND TO PREVENT A ONE BATT ERY/ONE BUS 
ABORT AND STAGING ON ONE PYRO SYSTEM• 

M I SS I ON REV DATE SEC T I ON 
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N A S A  - Ma n n e d  S pa c e c r aft C e n t e r  

M I S S I ON R U L E S  

SECTION 6 - " M  SYSTEMS 

SEVERA� OPT I ONS ARE AVAI �ABLE---

ONE BATTERY/ONE BUS ABORT STAG I NG - T H I S  I S  NO T  CONS I DERED TO B E  A GOOD SO"U T I ON 
S I NC E  THE LOSS OF A BUS MEANS A LOSS OF REDUNDANCY AND/OR L I M I T E D  CAPAB I L I T I ES I N  
PYRO SY S TE M o GUIDANCE SYSTEMS o E C S o  E T C o  

ONE BATTERY/ TWO BUS ABORT STAG I NG - T H I S  I S  N O T  CONS I DERED T O  B E  A SOLUT ION S I NCE 
THE REMA I N I NG ASCENT BATTERY WOULD NOT BE COND I T I ONED TO SUPPORT THE CURRENT ST EP 
ASSOC I ATED W I TH ABORT STAGI NG •  HENCE I T  COULD RESULT IN A LOSS Of GUIDANCE 
SYSTEMS AND REQU I R E  A MANUAL ASCENT o 

ONE BATTERY/ TWO BUS MANUAL SEUUENCING OF DESCE NT T O  ASCENT POWER o STAG I NGo  AND 
APS ON - T H I S  IS  NOT CONS I D ERED TO BE A GOOD SOLUT I ON S I NC E  THE REMA I N I N G  BATTERY 
�lAY OR MAY NOT COND I T I ONED FOR TH I S  PROCEDURE 1 5  AMP /HOURS MUST HAVE BEEN REMOVED 
BEFORE THE LAST DESCENT BAT T ERY IS DI SCONN ECT ED ) • ALSO ADEUUATE T IME MAY NOT BE 
AVA I LABLE TO COMPL E T E  T H I S  PROCEDURE• 

LAND o CONF IGURE FOR A ONE BATTERY/TWO BUS Tl L/0 US I N G  NORMAL L/0 PROCEDURES -
T H I S  I S  A REASONABLE SOLU T I ON S I NC E  I T  RETA I NS T H E  TWO BUS REDUNDANC Y •  AND THE 
�E,�A I N I NG ASCENT BATTERY SHOULD B E  ADEQUA TEI.Y CON D I T I ONED W I TH 5 AMP HOURS 
REMOVED I N SU R I NG THAT THE GU I DANCE SYSTEMS W I L l.  NOT B E  APVERSEI.Y AFFECT E D ,  I T  
ALSO SHOULD PROV I DE ADEUUATE T I ME T O  PROPERLY CONF I GURE THE- SPACECRAFT FOR THE 
L / 0 •  T H E  RENDEZVOUS AND DOCKING T IME FOR A L / 0  A T  Tl I S  4 HOURs-- WHEREA S •  THE 
TOTAL T I ME FOR LUNAR STAY RENDEZVOUS AND DOCK I NG I S  6 HOURS FOR A L/0 AT T2 OR l 
REV LAT ER AT T 3 ,  THE ADVANTAGE OF A T 3  1./0 I S  THAT DESCENT POWER CAN BE USED FOR 
THE LUNAR STAY T I ME-- THEREBY • REDUCING THE ASCENT POWER REQU I REME N T S o  T H E  
ADVANTAGE OF A T Z  L /0 I S  THAT T H E  LM I S  I N  OR B I T  ALMOST IMMED I AT E I.Y AND T H E  T I ME 
FOR T HE REMA I N I NG ASCENT BAT T O  FA I L  ON THE LUNAR SURFACE IS REDUCED, THE 
D I SADVANTAG E  OF A T Z  L /0 IS THAT THE LM MUST B E  POWERED DOWN S I NC E  ONE BATTERY IS 
NOT ADEQUATE T O  PERM I T  A 6 HOUR POWERED UP RENDEZVOUS, THE RENDEZVOUS AND DOC K I NG 
T I ME FOR A L / 0  AT T l  I S  4 HOURSo WHEREAS THE TOTAL T I ME F OR I.UNAR STAY• 
RENDEZVOUS • AND DOC K I NG I S  o HOURS F O R  L/0 AT TZ OR O N E  REV L A T E R  A T  T3o  T HE 
ADVANTAGE OF A T3 L /0 I S  THAT DESCEN T POWER CAN 8E USED FOR THE LUNAR STAY T I ME-
THERE B Y o  REDUC I NG THE ASCENT POWER R EUU I REMENT S o  THE ADVAN TAGE OF A T 2 L/0 I S  
THAT THE LM I S  I N  ORB I T  ALMOST IMME D I AT E L Y  AND THE T I ME FOR THE REMA I N I NG 
ASCENT BAT TERY T O ' FA I L  ON THE LUNAR SURFACE I S  REDUCED• T HE · D I SADVANTAGE OF A TZ 
L / 0  I S  THAT THE LM MUST B E  POWERED DOWN S I NCE ONE BATTERY IS NOT ADEQUATE T O  
PERr; I T  A 6 HOUR POWERED UP R END EZVOUS • 

1 3 1  LUNAR STAY - LOSS OF AN ASCENT BATTERY W H I L E  ON THE LUNAR SURFACE REQU IRES A 
L I F TOFF AT THE F I RS T  OPPORTUN I TY BECAUSE F A I LURE OF THE REMA I N I N G  ASCENT BATTERY 
wOULD RESULT I N  THE INAB I I. I TY TO POWER THE SPACECRAFT AFTER STAG I NG o  

M I SS I ON R EV DATE SECT I ON 
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CO NT 

N A S A  - M a n n ed S p a c e c raft  C e n t e r  

M I S S IO N  R U L E S  

S E C T I ON 6 - L M  SYSTEMS 

1 4 1  RENDEZVOUS - LM-AC T I VE RENDEZVOUS W I LL BE PERFOKMO.D AS LONG AS 
SUF F I C I ENT E L E C T R I CAL· POWER TO SUPPORT RENDEZVOUS EUIJI PMI:.NT REMA 1 NSo 

I H I  A L T ERNA T E M I SS I ONS 

UNDUC K l N G  AND TH� D�SCENT OKB I T  PHASes MAY B� l N I T l A T �D W I T H  �OSS OF ONE A S , t N T  
B A T T E�Y BUT NOT POWERED DESCENT o ANY ALTERNATE M I SS I ON MAY BE PERFORMI:.D W H I C H  
W I L L NOT NUM l �ALLY COMM I T  T H E  L M  T O  S T A G I N G •  

4 o  LOSS O F  BOTH ASCENT BAT T E R I ES 

ALL PHASES - CON S T I TUTES AN ABORT AND RENDEZVOUS W I TH THE CSM A S A P o  I F  
DUC K E D t  THE L M  W I L L  NOT UNDOCK BECAUSE ANY F A I L URE WH I C H  COULD FORCE THE LM 
TU STAGE WUULD R ESULT IN THE I NA B I L I TY TO POWER THE SPACEC�AF T o 

� I S S ! ON REV DA TE SEC T I ON 
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F, I NV E R T ERS 

N A S A  - M a n n e d  S pacec raft  C e n t e r  

M I S S I O N  R U L E S  

S E C T  O N  6 - L M  SYSTEMS 

l o  DEF I N I T I ON < R EF M R  2 2 - 2 1 

AN l NV E R T E R  I S  CONS I DERED LOS T l f  T H E  AC BUS V O � T A G E  CANNOT BE MA I N T A I N E D  
EUUAL TO O R  GREATER THAN 1 1 0 , 5  V A C  AND L E S S  THAN 1 2 0  V A C  OR T H E  A C  BUS 
F�EWUENCY CANNOT tl E  MA I N T A I NE D  E�UAL TO OR GREAT o R  THAN 390 H Z  ANO EQUAL TO 
OR LESS THAN 4 1 0  HZ• A FUNC T I ONAL I NV E R T E R  SHOULD OP�RATE w E L L  W I T H I N  THESE 
RANGE S o  AN OUT OF S P E C  COND I T I ON EX I ST S  FOR ALL AC E�U I PMENT AT OR BEYOND 
T H E S E  L l l-i l l S a  

z ,  GENERAL OPERAT I ONAL I MPAC T 

LOSS OF E I T H E R  OF BOTH I NV E R T E RS DOES NOT P R E S E N T  ANY CREW S A F E T Y  PROB L E M •  
LOSS OF A L L  AC POWER OOE S •  HOWEV E R •  S E R I OUSLY H A ND I CA P  M I SS I ON P H A S E S  WH E R E  
L O S S  OF ��U I PMENT L I ST E D  I N  T H E  A C  B U S  LOADS / EWU I PM E N T  T A B L E  A F F E C T S  L M  
CAPAB I L I TY ,  

3 o  SPEC I F I C  OPERA T I ONAL I M PACT < R EF MR 2 2 - 2 4 1 

I A l  A L L  PHASES - FO� LOSS OF ONE I NVERTER T H E  M I SS I ON W I LL BE LONT I NUED o 

I B l  DOCKED • UNDOCKED - W I T H  BOTH I NV E R T E R S  LOST • C I �CULA R I ZA T I O N  W I L L  NOT B E  
P ERFORMED BECAUSE T H E  LM W I LL NOT BE COMM I T T E D  TO A RENDEZVOUS W I THOUT T H E  
RENDEZVOUS RADAR, 

l t l  C I RC T O  TOUCHDOWN - W I TH BOTH I NVERTERS LUS T •  T H �  L� o ! LL NOT B E  COMM I T T E D  TO 
POW�R�D D E S C E N T  OR t IF POl HAS A�READY OCC U R RE D •  W I LL ABORT IF P R lUR TO LO GA T E .  
LOSS OF ALL A t  REDUCES TOTAL SPACECRAFT CAPAB I L I T Y TO THE EXTEN T  THA T FURTHER 
PROGRtSS BECOMES HAZARDOUS, FUNCT I ONS LUST I N C LUDE--- RENUl ROR t R N 6 / A L T  M E T E R t 
BOTH F D A I  1 S t  THE S-ljAND S T Et::RASLE. A N T E NNA • DE:.:OA ONBOAF<O READOUT S •  NUt�E.� I C  AND 
I NT EGRAL C I GH T I NG •  DPS READOU T S  AND THE T I MERS o AFTER LO GAT E •  HOWEV E R •  I T  I S  
PREFERABLE T C  A T T E M P T  T O  LAND . 

l D l  LU�AR STAY - T H E  M I S S I ON W I LL BE CON T I NU o D  I'I ! T H  LOSS OF 80TH I NV E R T E RS S ! NC" T H E  
S l T U A  T I ON C A .\  N O T  W O R S E N  I NSOFAR A S  A C  I S  CONCERNW AND I T  I S  NOT CR I T 1  CAL TU 
THESE PI·IASES • 

r-------, 
I I U !  ;r:. I 

_II_ I lOA I .-r I I 
VCGR !. ........ .!�t.!J 

.. -------· 
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G o  A C  BUS I ES !  

N A S A  - Ma n n ed S p a c e c r aft C e n t e r  

M I S S I O N  R U L E S  

SEC T I ON 6 • � M  SYSTEMS 

l o  OEF I N I T ION I REF MR 22•2 1 

AN AC BUS I S  CONS I DERED �CST I F  POWER CANNOT BE SUPP L I E D  TO I T o  I F  THE BUS 
VO�TAGE CANNOT BE MA I N T A I NED EQUA� TO OR "ESS THAN 1 2 0  AND EQUA� TO OR 
GHEATER THAN 1 1 0 0 5  VACo OR THE BUS FREQUENCY EQUA� TO OR "ESS THAN 4 1 0  AND 
EQUA� TO OR GREATER THAN 390 H Z o  

2 o  GENERA� OPERA T I ONA� I MPACT 

�OSS OF AC BUS A W I LL RESU�T IN �OSS Of THE DESCENT ENG I NE G I MBA L I NG AND A 
SEVERE�Y HAND I CAPPED RENDEZVOUS BECAUSE OF �OSS OF THE RENDEZVOUS RADAR o 
RNG/RNG RT A�T/A�T RT METERo  GASTA o AND I N TEGRA� � I GH T I NG o  THE MAJOR IMPACT 
OF �OSS OF AC BUS B WOU�D BE �OSS OF THE HBR TM IF A 210 FOOT ANTENNA IS NOT 
AVAI �AB�E-· THUS HAND I CAPP ING SYSTEMS ANALYS I S  AND CAU S I NG �OSS OF 
TRAJECTORY I NFORMAT I ON o �OSS OF BOTH AC BUSES WOU�O CAUSE �OSS OF A�� OF THE 
ABOV E o  P�US BOTH FOAl ' S  AND THE ACT o 

3 o  SPEC I F I C  oPERATIONAL I MPACT I R EF M R  2 2•2 5 1  

I A I  NOMI NA� M I SS I ON 

I l l  DOCKEDo UNDOCKED • LOSS OF AC BUS A OR BOTH BUSES W I L� 
C I RCULA R I ZA T I ON DUE TO �OSS OF THE DESCENT ENG I N E  G I MBALS AND 
�OSS OF ON�Y AC BUS B W I LL NOT I NH I B I T  C i RCULAR I ZAT I ON 
FUNCT IONS ARE LOS T o  

PREVENT I N I T I A T I NG 
RENDEZVOUS RADAR• 

S I NCE NO C R ! T I CA� 

1 2 1  PDI THROUGH TOUCHDOWN • W I T H  THE �OSS OF E I THER BUS A OR BUS B 
W I �� BE CON T I NUED S I NCE TOTA� SPACECRAFT CAPAB I � ! T Y  I S  NOT SEVERE�Y 
W I TH �OSS OF ONE AC BUSo SHOU�D BOTH BUSES BE �OST o A�� AC IS �OST 
DESCENT o UNT I �  LO G A T E o  W I LL B E  ABORTED ! SE E  PARA F o3 o i C I  l o  

THE M I SS I ON 
HANDICAPPED 

AND POWERED 

1 3 1  LUNAR STAY - AFTER TOUCHDOWN • �OSS OF AC POWERED EUU I PMENT IS NOT 
ALSOo I F  ONE AC BUS I S  LOST o EAR�Y � I F TOFF W I � �  NOT COMPENSATE FOR 
MOREOVER o THERE IS  NO REASON TO EXPECT FA I � URE OF ONE BUS TO AFFECT 
OF THE REMA I N I NG BUSo 

C R I T I CA�o  
THE �oss . 

RE L I AB I � I TY 

22·2 NO RAT IONA"E REQU I RED 

22•3 NO RA T I ONA�E REQU I RED 

M I SS I ON REV DATE SECT I ON 
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N A S A  - Ma n n ed S pacecr aft C e n t e r  

M I S S I O N  R U L E S  

SEC T I ON 6 - � M  SYSTEMS 

2 2 - 1 0  OVERCURRENT PROTECTION 

THE M I SSION W I �� BE CON T I NUED WITH LOSS OF OVERCURRENT PROTECT I ON-- I F  TH I S  PROTECT I ON I S  �OST 
PR IOR TO EARTH L I FTOFF • A HOLD W I �� BE CA��EDo 

ECA C I RCU I TRY o ASSOC I A TED W I TH CURRENT MEASU R I NG • DETECTS AN OVERCURRENT COND I T I ON ! GREATER THAN 
150 AMPS /  AND APPL IES POWER TO THE ' ' RESET ' '  COI�S OF THE RELAY CONNECT I NG THE BATTERY TO THE 
FEEDER , 

ECA OVERCURRENT PROTECTION IS DEF I N I T ELY LOST IF BOTH C I RC U I T  B�EAKERS POWE� I NG THE DESCENT OR 
ASCENT ECA ' ;  F A ! �  OPE N o  OR I F  AN ASCENT BATTERY NORMA� FEED CONTACTOR IS �OSTo 

OVERCURRENT PROT ECT ION I S  PROBABLY LOST IF A BATTERY CURRENT CANNOT BE MEASURED OR A �ATTERY 
CANNOT BE SW I TCHED OFF� I N E o  I T  SHOU�D BE NOTED THAT I F  CURRENT CANNOT BE MEASURED • T H E  PROB�EM 
COULD BE IN THE CURRENT MEASURING C I RCUI TRY OR I N  THE I NSTRUMENTATIONo � ! KEWISE IF THE BATTERY 
CANNOT BE SW I TCHED OFF L I N E  MANUAL�Y o THE PROB�EM CAN BE IN THE ECA OR IN THE MANUAL s • I T CH AND 
ASSOC I A TED CONTROL L I NES E X TERNA� TO THE ECA o S I NC E  I T  IS I MPOSS I B L E  TO ! SO�ATE A FAULT 
EXTERNA� TO THE ECA I OVERCURRENT PROTEC T I ON REMA INS / FROM CERT A I N  FAULTS IN THE ECA I OVERCURRENT 
PROTECTION �OST i o  IT MUST BE ASSUMED THAT IF THESE ANOMA L I ES OCCUR IN F L I GHT THAT OVERCURRENT 
PROTEC T I ON HAS BEEN LOS T •  

A ,  I F  OVERCURRENT PROTECT I ON I S  �OST ON AN I N D ! V I DUA� DESCENT BATTERY o T H E  BATTERY W I �� B E  
LEFT ON� I NE I F  REQU I RED•  

THE OTHER DESCENT BATTERY CURRENTS AND VOLTAGES PROV I D E  THE NECESSARY I ND I CAT I ONS 
STATUS OF THE BATTERY I S I  WI THOUT OVERCURRENT PROTECT I ONo  THE BATTERY I S )  
IND I V I DUA��y TAKEN OFF L I N E  MANUA�LY I F  A N  OVERCURRENT COND I T ION I S  I N D I CATEDo IN 
THAT THE BATTERY I S I  CANNOT BE SWI TCHED OFFL I N E  MANUAL � Y o  ALL DESCENT BAT T ER I ES 
DEADFACED I F  AN OVERCURRENT COND I T I ON OCCURS ON THE BATTERY I S l  WHI CH CANNOT BE 
MANUALLY, 

AS TO THE 
W I �� BE 

THE EVENT 
W I �L BE 
S W I TCHED 

B, lf AL L  DESCENT OVERCURRENT PROTEC T I ON IS �OST t BOTH ASCENT BATTE R I ES W I LL BE PARALLELED 
'N ITH THE DESCENT �AT T E R I ES ONL I NE P E R I OD I CALLY TO MON I TOR CURRENT AND OBTA I N  A CONSUMABLE 
TREND• 

THE TOTAL CURRENT OF THE LM CAN BE EST I MATED BY THE CURRENT B E I NG DELI VERED BY THE ASCENT 
BAT T E R I E S  AND A CONSUMAB�E TREND DEVE�OPED• TH I S  W I � L  A��OW COMP�ETION OF THE NOM I NA� 
M I S S I ON EXCEPT FOR THE TWO MAN EVAo A ONE MAN EVA IS  CONS I DERED ADVI SAB�E TO ENABLE ONE 
CRfcW�AN TO ROlA I N  IN THE LM ' TO MONITOR THE EPSo I F  THE TREND DATA I S · I NADEQUATE AND THE 
BATTE R I ES OEP�ETE SOONER THAN EXPECTEDo SUFF I C I ENT CONSUMAB�ES W I L� BE AVA I LAB�E IN THE 
ASCENT BATTERI ES FOR A SAFE RETURN TO THE CSM o 

C .  J F  ONE O R  BOTH ASCENT BATTERY NORMAL F E E D  CONTACTORS F A I L  OPE N t  THE SPACECRAFT 
CONF I GURA T I ON FOR ASCENT STAGE ONLY OPERAT IONS W I L L  USE BACKUP FEEDS ON BOTH ASCENT 
BAT T E R I ES W I TH OPEN BUS CROS S T I ESo 

BOTH BUSES W I LL BE I NDEPENDENTLY POWERED AND ISOLATED FROM EACH OTHER SO THAT A SHORT ON 
ONE BUS OR FEEDER W I L L  NOT AFFECT THE OTHER• 
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R I TEM 

N A S A  - M a n n e d  Spacecr aft C e n t e r  

M I S S IO N  R U L E S  

SEC T I ON 6 • C M  SYSTEMS 

22- 1 1  THE ASCENT BATTER I ES w i LL BE PRECON D I T I ONED FOR·•-

Ao ABORT STAG I NG W I TH TWO ASCENT BATTER I ES/SPL I T  BUS OPERA T I ON �- BY REMOVING A M I N I MUM OF 2 • �  
AMP HOURS FROM THE BATTERY ON THE CMP BUSS I NORMACLY BAT TERY 5 1  AND A M I N I MUM O F  5 AMP 
HOURS FROM THE BATTERY ON -THE CDR SUS I NORMACLY BATTERY 6 1  I MMED IATECY PRI OR TO PO l o  

TESTS HAVE SHOWN THAT W I TH THE CURRENT STEPS ACCOS I CATED W I TH THE CDR AND 
ABORT STAG I N G •  THE ABOVE PRECOND I T ION I NG I S  REQU I RED TO PREVENT THE VOCTAGE 
FALCING BECOW 2 l o 5  VOC FOR GREATER THAN O o 5  SECONDS I COSS OF AEA MEMORY ) OR 
THE PGNS FROM FAC C I NG BELOW 22•6 + 1 - Oo3 VDC FOR GREATER THAN Oo5 SECONDS 
THE CURRENT STEP IN TH IS  CASE IS ESSENT I ACLY ONE CARGE STEP ON EACH SUSo 

CMP BUSES AT 
AT THE AEA FROM 
THE VOCTAGE AT 
I LGC RESTAR T ) ,  

B o  LUNAR L/0 OR STAG I NG DURING COASTING  F e i GHT WITH  TWO ASCENT BATTERI ES/SPL I T  BUS OPERAT I ON 
BY REMOV I NG A M I N I MUM OF 2 • >  AMP HOURS FROM EACH ASCENT BATTERY IMMEDIATELY PRIOR TO 
DI SCONNECT ING THE cAST DESCENT BATTERY FROM EACH BUS o 

THIS  PROCEDURE I S  REQUI RED TO AVO ID  UNDERVOCTAGES AT THE GUI DANCE EQU I PMENT I AEA AND CGC I 
WHEN THE CM I S  NOT IN POWERED FL IGHT o 

THE CURRENT STEP IN TH I S CASE IS SMACLER S INCE I T  I S  A SUCCESSION OF STEPS WHEN NOMINAL 
C I FTOFF/STAG I NG PROCEDURES ARE USEDo SEQUENT IACCY REMOV I NG THE TWO DESCENT BATTERIES  ON 
EACH BUS RESUCTS I N  TWO SMALLER STEPS • AND SUBSEQUENT STAG I N G t  APS ON t AND RCS JETS F I R ING  
CONST I TUTES THE  REMA I N I NG STEPS, 

C o  LUNAR L/0 OR STAGI NG DUR ING COASTING  FL I GH T  W I TH ONE ASCENT BATTERY/TWO BUS OPERAT ION - BY 
REMOV I NG A M I N I MUM OF 5 AMP HOURS FROM THE REMA IN I NG ASCENT BATTERY IMMEDIATECY PRIOR TO 
D ISCONNEC T I NG THE LAST DESCENT BATToRY FROM THE BUS , 

THIS PART OF TH I S  M I S S I ON RUCE COVERS THE CAPABI L I TY TO SWI TCH TO ASCENT POWER AND STAGE 
DURI NG COASTING F L I GHT OR DUR I NG CUNAR STAY AT ANY T I ME PROV IDED A M I N I MUM OF S AMP HOURS 
HAVE BEEN REMOVED IMMEDI ATELY PRIOR TO D I SCONNEC T I NG THE CAST DESCENT BATTERY• 

IF THE REMA I N I NG ASCENT BATTERY HAS A M I N IMUM OF 5 AMP HOURS REMOVED AT TOUCHDOWN• IT WOULD 
BE THERMAC.LY AND CHEMI CACLY COND I T I ONED TO SUPPORT A Tl OR T2 C/0 W I THOUT ADVERSELY 
AFFECT I NG THE GUIDANCE SYSTEMSo IN THIS  CASE THE CURRENT STEPS WOUCD BE A SUCCESS ION OF 
STEPS AS EACH DESCENT BATTERY IS D I SCONNECTED FOLCOWED BY ADD I T I ONAC STEPS AS A RESULT OF 
STAGING AND POWERED F L I GHT o HOWEVER t  A ONE BATTERY/TWO BUS ABORT STAG I NG DURI NG POWERED 
DESCENT IS PREC,UDED S I NCE THE REMA I N I NG ASCENT BATTERY WOUCO NOT BE CONDI T IONED TO SUPPORT 
THE H IGH  CURRENT STEP I NVOCVED WI TH ABORT STAG ING,  WH I CH IS CAUSED BY NEAR S I MUCTANEOUS 
SWI TCHOVER FROM DESCENT TO ASCENT POWERt STAGING •  APS ONt AND RCS JET F I R I NGS• 
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R I T EM 

N A S A  - Ma n n e d  S p a c e c raft C e n t e r  

M I S S I O N  R U L E S  

S E C T I ON 6 - L M  SYSTEMS 

22-12 BUS T I E  C I RCU I T  BREAKERS 

AT LEAST ONE . OF THE BAL LOAD CROSS T I E  1 3 0A I C I RCU I T  BREAKERS W I LL BE OPEN FOR MA I N  PROPULS ION 
BURNSt STAG I N G •  AND WHENEVER BOTH 1 ' AEA ' 1 C I RCU I T  BREAKERS ARE CLOSED. 

TH I S  PRoVENTS LOSS OF t OR VOLTAGE TRAN S I ENTS ON t BOTH BUSES DURI NG CR I T I CAL M I S S I ON PHASES 
SHOULD A SHORT OCCUR ON A BUS • THE AGS IS POWERED REDUNDANTLY V I A  D I ODES FROM BOTH BUSES AND 
W I LL NOT BE AFFECTED • 

AT LEAST ONE OF THE BUS CROSST I ES 1 100A I W I L L  NOMINALLY NEVER B E  CLOSoDo 

W I TH BOTH THESE BREAKERS CLOSED • A SHORT ON ONE BUS WOULD DEF I N I T E LY I NDUCE TRANS I ENTS ON THE 
OTHER B U S  WH ICH WOULD B E  DETR IMENTAL TO THE AEA o 

22-13 SHORT I SOLAT I ON ·  

ELECTR I CAL POWER WILL  NEVER B E  I NTENT I ONALLY APPLI ED TO A SHORT TO HELP DETERM I N E  I TS LOCAT ION 
UNLESS THE FEEDER FAULT L I GHT HAS FAILEDo A GOOD BUS WILL NEVER BE CROS S T ! ED I N TO A SHORT OR 
POSS I BLE SHORT o 

FOR LM-6 AND SUBSEQUENT • THE BUS FAULT L I GHT HAS BEEN CONNECTED TO THE FEEDERS ENAB L I NG A RAP I D  
DETERM I NA T I ON O F  r E EDER VS BUS SHORTS AND E L I M I NAT ING T H E  NEED T O  I NTENT IONALLY FEED A SHOR T o  

T H E  BUSES W I L L NEVER B E  CROSS T I ED T O  DETECT T H E  LOCAT I ON OF A SHORT WHICH EL I M I NATES THE 
POSS I B I L I T Y OF I NDUC I NG VOLTAGE TRANSIENTS ON THE REMA I N I NG BUS o 

22-14 I NVERTER SWI TCHI NG 

THE INVERTERS W I LL BE SWI TCHED FOR A VOLTAGE EQUAL TO OR LESS THAN 1 12VAC OR A FREUUENCY EUUAL 
TO OR GREATER THAN 402 HZ OR EQUAL TO OR LESS THAN 39B HZo  

SHOULD THE I NVERTER OPERATE OUT S I D E  THESE L I M I T S •  A MASTER ALARM W I LL B E  TRI GGERED I ND I CA T I NG 
DEGRADED I NVERTER OPERAT ION,  SWI TCHING I NVERTERS W I L L  CLEAR THE MASTER . ALARM AND I ND I CATE 
WHETHER THE FAI LURE WAS THE FAULT OF THE I NVERTER • THE AC D I S T R I BUTION SYSTEM• OR 
I NSTRUMoNTAT I ON o  

2 2 - 1 5  BATTERY MANAGEMENT 

BAT T ER I ES W I LL BE MANAGED DUR I NG LUNAR STAY TO MAINTAIN EQUAL D I SS I PA T I ON OF AVA I LABLE ENERGY 
W I TH I N  TBD AMP-HOURS BETWEEN ALL BATTER I ES ONL I NE , 

BATT E R I ES HAV I NG THE SAME CHARAC T E R I S T I C S  SUCH AS INTERNAL RESI STANC E ,  TEMPERATURE t  STATE OF 
CHARG E t  AND CHEMI CAL MAKEUP SHOULD DISCHARGE FAI RLY EVENLY WHEN PARALLELLEDo DUE TO THE 
PHYS I CAL LOCAT ION OF THE BATT E R I E S  ON THE COOLANT LOOPS THERE W I LL BE A DELTA IN TEMPERATURES 
CAUS I N G  SOME D I FFERENCE I N  THE D I SCHARGE RATES OF THE BATTER I E S •  HOWEVER t AT SOME POINT THE  
DELTA AMP-HOURS BETWEEN  THEM W I LL I ND I CATE THAT THE D I FFERENCE IN  THE I R  PHYSI CAL MAKEUP PREVENTS 
EVEN D I SCHARGING AND THEREFORE BATTERY MANAGEMENT W I LL BE EXERC I SED I F REQU I RED TO MEET M I SS I ON 
OBJECT IVES OR ,TO ('\AI NT A I N  ,NOMINA� CREW PRO�!;DJJRESo  . . A.T, A L L  T I M�S . THE (APAe i L i fX Of �PL I TT l NG THE  
BUSES W I T� NO� I NA L ASCENT )bESCEhT SHA� I NI �R I OR T6 LuNAR L I � TbFP W I LL �E MAINTAI �dD� . 
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R I T E M  

N A S A  - M a n n e d  S pacec raft C e n t e r  

111 55101 IULES 
S EC T I ON 6 - LM SYSTEMS 

2 2 - 1 6  SHORTED DESCENT F E EDER 

FOR A SHORTED DESCENT F EEDER o THE ASCENT BATT E R I ES W I LL BE PLACED ON NORMAL FEED W I TH THE SHORT 
I SOLATED V I A  THE DEADFACE RELAY o OPERA T I ONALLY THIS RESULTS IN THE LOSS OF ALL REMA I N I NG 
DESCENT ELECTR I CAL ENERGY FOR CONSUMABLE CONS I DERAT I ONSo  THE TWO DESCENT BATTER I ES THAT S T I L L  
HAVE A N  OPERABLE FEEDPATH W I L L  BE USED ONLY I F  NECESSARY TO MAI NTA I N  CREW SAFETYo 

IF THE DESCENT BATTER I ES ARE NOT DEADFACED FOR A SHORT ON A DESCENT FEEDER • A SUBSEYUENT SHORT 
ON THE OTHER FEE:DER SYSTEM OR BUS WOULD REMOVE ALL POWER FROM THE LMo POWER CANNOT BE RESTORED 
U S I NG THE ASCENT BAT T ER I ES AND FEEDERS BECAUSE THE SHORT MUST BE ISOLATED FROM THE BUS AND 
ASCENT FEEDERS V I A  THE DEADFACE RELAY W H I CH REQUIRES POWER TO BE OPERATED• BY I SOLAT I NG A 
DESCENT FEEDER SHORT o ALL DESCENT ELEC T R I CAL POWER I S  LOST o HOWEVER IN A CONTI NGENCY SUCH AS 
SUBSEQUENT LOSS OF ALL ASCENT BATTERIES THE TWO DESCENT BATTERI ES NOT ON THE SHORTED FEEDER 
COULD BE USED AGA I N  B Y  CONNECT I NG THE DEADFACE RELAY o THE CONSUMABLES I N  ALL DESCENT BAT T ER I ES 
W I LL BE CONS I DERED UNAVAILABLE FOR MISSION PLANNING SUBSEQUENT TO A FEEDER SHORTo 

2 2 - 1 7  LOSS OF ONE ASCENT BATTERY 

W I TH THE LOSS OF ONE ASCENT BATTER Y •  THE REMA I N I NG ASCENT BATTERY W I LL BE PLACED ON BOTH NORMAL 
AND BACKUP FEEDS W I T H  THE CROSST I E S  OPE N o  

TH I S  PROCEDURE POWERS BOTH BUSES W I TH A M I N I MUM VOLTAGE DROPo I T  ALSO PROVIDES AUTOMA T I C  
I SOLATION OF A SHORT O N  E I THER BUS o S I NC E  THE BUS T I E  I C IB ' S l  WOULD BE OPEN •  THERE WOULD BE NO 
PROTECTION FOR A SHORT ON E I THER FEEDER S I NCE THE VOLTAGE ON BOTH BUSES WOULD DROP TOO LOW TO 
OPERATE THE ECA RELAYS ,  
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R I T EM 

N A S A  - M1nned Sp1cecr1ft  C e n t e r  

M I S S IO N  R U L E S  

SECT I ON 6 - L M  SYSTEMS 

2 2 · 1 6  OPEN DESCENT FEEDER OR LOSS OF TWO DESCE N T  BAT T E R I E S  ON SAME BUS 

FOR AN OPEN DESCENT FEEDER OR FOR THE LOSS OF TWO DESCENT B A T TE R I ES ON THE SAME BUS THE CROSST I E  
BAL LOAD C I RCU I T  BREAKERS W I LL B E  CLOSED ON THE LUNAR SURFACE AND THE M I S S I ON CONT I NUED W I TH I N  
THE CONSUMABLES BUOGE T o  I F  ONLY ONE FEEDER I S  B E I NG UT I L I ZED T O  F E E D  POWER T D  THE BUSES AND A 
SHORT OCCURRED ON TH I S  F E E D E R o  T H E R E  WOULD BE NO WAY TO C L EAR THE SHORT AUTOMA T I CALLY S I NCE THE 
VOLTAGE 'IOULD B E  TOO LOW TO OPERATE TH E ECA RELAYSo T H E  POSS I B I L I TY OF A SHORT IN A STAT I C  
S I TUA T I ON ON THE LUNAR SURFACE I S  CONS I D ERED REMOTE ENOUGH T O  ACCEPT T H I S  R I SKo I F  A SHORT D I D  
OCCUR• A CONNE:CTOR O R  W I RE WOULD PROBABLY MELT T O  OPEN THE C I RC U I T  W I TH NO CATASTROP H I C  
CONSEWUENCE• 

2 2 - 1 9  SHORTED ASCENT F E EDER ON LUNAR SURFACE 

FOR A SHORTED ASCENT F E EDER ON T H E  LUNAR SURFAC E o THE ASCENT BAT T ER I ES W I LL NOT BE CONNEcTED 
UN T I L  THE NOM I NAL T I M E  T O  MEET P R ECOND I T I ON I NG RE�U I R EMENTSo DUR I NG LUNAR SURFACE OPERAT I ON S •  
T HE  ASCENT BAT T E R I ES A R E  N O T  PLACED O N  L I NE UNT I L  T H E  NOM I NAL T I ME TO CONSERVE ASCENT E LE CT R I CAL 
POW E R o  PlAC I N G  THE ASCENT BATTER I ES ON L I NE DOES NOT PROV I DE ANY ADD I T I ONAL PROTEC T I ON I N  THE 
EVENT O F  A SHORT ON T H E  GOOD BUS o T H E  LOAil REQU I REMe N T S  ARE W I TH I N  T H E  CURRENT HANDL I NG 
CAPAB I L I T Y  OF THE TWO REMA I N I NG DESCENT BAT T E R I ES, 

22-20 REF RAT I ONALE FOR MR 2 2•1 

2 2 • 2 1 RE F RAT I ONALE FOR MR 2 2 • 1  

2 2 - 2 2  RE F RAT I ONALE FOR M R  2 2• 1  

2 2 - 2 3  RE F RAT I ONALE FOR M R  2 2 • 1  

2 2 • 2 4  RE F RAT I ONALE FOR M R  2 2 • 1  

2 2 - 2 5  R E F  RAT I ONALE FOR M R  2 2• 1  
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R I T EM 

N A S A  - Ma n n ed Spacec raft  C e n t e r  

M I S S I O N  R U L E S  

S EC T I ON 6 - L M  SYSTEMS 

LM E N V I RONMENTAL CONTROL 

2 3 - l  L M  GO/NO-GO C R I TE R I A  C H A R T  A N D  ASSOC I A T E D  SPEC I F I C  M I SS I ON RULES 

TO I N I T I AT E  T H E  FOLLO W I NG M I SS I ON PHAS E S •  TH E E C S  SYSTEM MUST PROV I D E  THE FOLLOW I NG M I N I MUM 
CAPAB I L I T I ES I RE F  LM TELMU GO C R I T ER I A  IN S E C T ION  3 OF MR I ---

Ao LOSS OF SUIT LOOP I N T E G R I T Y  

l o  DEF I N I T ION I RE F  MR 23-2 1 

TOTAL PGA/S U I T  LOOP LEAKAGE EQUAL TO OR GREATER THAN O o 3  P S I / M I N  I +O o 6  
LB/HR I DUR I NG SU I T  LOOP PRESSURE CHECK O R  A V I S I BLE T E A R  I N  T H E  PGAo 

TH I S  USAGE RATE W I LL ALLOW UNPRESSUR ! ZE D  CAB I N  O P ER A T I ONS INCLUD I NG A TOTAL 
METABOL I C  0 2  USE RATE OF O o l 7  LB/HR FOR A M I N I MU M  O F  6 HOURS FROM THE ASCENT 
02 TANKS• 

z ,  GENERAL OPERA T I ONAL I MPACT 

THE LOSS OF S U I T  LOOP I N T E GR I TY REQU I RES THAT CABIN PRESSURE I NT EGR I TY BE 
M A I N T A I NED FOR CREW SAFE T Y ,  SHOULD T H E  CAB I N  PRESSURE SH EL L F A ! L t  T H E  C R EW 
WOULD BE L OS T t S I NCE T H E R E  I S  A MARGINAL SUPPLY OF ASCENT 02 1 2 o 06 LBS I I N  
EACH O F  TWO TANKS T O  MA I NTA I N  SU I T  PRESSURE DUR I N G  TH E RENDEZVOUS• 

3 •  SPEC I F I C  OPERAT I ONAL I MPACT I R EF M R  23�2 0 l  

I A I  NO.� I NAL M I S S I ON 

I l l  DOCKED - LM S Y S T EMS EVALU A T I ON MAY BE PERFORMED S I NCE TH E 
REPRESSUR I ZAT ! ON C I RCU I TR Y  W I LL BE A C T I V A T E D-- IN  T H E  EVENT OF 
THERE I S  APPROX I MA TELY  48 LBS OF 02 I N  TH E DESCENT TANK WH I CH 
MA I NTA I N  CAB I N  PRESSURE W H I L E  T H E  CREW I S  I NG R ES S I NG THE CSMo 

LM AUTOMA T I C  C A B I N  
A CAB I N  F A I LU R E •  

M A Y  BE USED TO 

1 2 1  UNDOCK I NG THROUGH PO I +5+30 - IN ORDER TO RETA I N  T H E  D ESCEN T  02 PURGE 
CAPAB I L I T Y •  S T A G I NG SHOULD NOT BE A T T EMPT E D ,  I T  I S  NECESSARY TO DOCK ASAP I N  
ORDER T O  REDUCE THE CHANCES O F  A C A B I N  PUNCTURE THAT WOULD D EPLETE T H E  ONBOARD 02 
SUPPLY • 

1 3 1  PO I +5+30 TO TOUCHDOWN - THE LM MUST BE STAGED fO REACH ORB I T •  I F  CAB I N  
PRESSURE I N T E GR I T Y  SHOULD B E  LOST ALS O •  T H E  SUPPLY O F  ASCENT 0 2  COULD NOT 
MA I NTA I N  SU I T  PRESSURE UN T I L  DOC K I N G  HAS BEEN COMP L E T E D ,  TH E M I S S I ON SHOULD 
THEREFORE B E  ABORTED IN ORDER TO AVO I D  POS S I B L E  DAMAGE TO THE CAB I N  SHELL AT T,OVCHD,OWN ! 

1 4 1  LUNAR S T A Y  - A LOSS OF SU I T  LOOP I NT EG R I TY P R I OR TO EVA PRECLUDES EVA AND 
REQU I R E S  TERM I NAT I ON OF LUNAR STAY A T  NEXT BEST OPPORTUN I T Y T O  M I N I M I Z E  THE T I ME 
TO CSM RETURN. 

1 5 l  RENDEZVOUS - S l NCE A CSM RESCU E WOULD NOT SAVE T I ME t  LOSS 
DUR I NG T H I S  PHASE I S  NOT CAUSE FOR A CSM-ACT I V E  RENDEZVOUS, 
AVAI LABLE SHOULD A CON T I NGENCY SUCH A S  LOSS OF CAB I N  I NTEGR I TY 
PHAS E •  

M I S S I ON REV DATE SECT I ON GROUP PAGE 
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R I T EM 

23-1 
CONT 

N A S A  - Ma n ne d  S pacecraft  C e nt e r  

M I S S IO N  !I U L E S  

SEC T I ON 6 - LM SYSTEMS 

I B I  ALTERNATE M I SSION 

DUE TO THE RI SKS I NVOLVED t  NO UNDOCKED ALTERNATE M I SSION W I LL BE CONSIDERED AND 
THE DOCKED ACT I V I T I ES SHOULD BE VERY L I M I TE D ,  

B o  CAB I N  PRESSURE I NTEGR I T Y  

l o  DEF I N I T ION I REF MR 23-2 1 

LM PRESSURE VESSEL LEAKAGE SUCH THAT CAB I N  PRESSURE CANNOT BE MAINTAI NED 
EUUAL TO OR GREATER THAN 4o6 P S I A  W I TH AN 02 FLOW RATE OF Oo6 LB/HRo 

T H I S  FLOW RATE W I LL ALLOW A TOTAL METABO L I C  02 USE RATE OF O o l 7  LB/HR FOR A 
MI N I MUM OF 6 HOURS FROM THE ASCENT 02 TANKSo FOR DOCKED ACT I V I T I ES •  T H I S  
WI LL BE RELAXED TO A FLOW RATE O F  6 LB/HRo T H I S  FLOW RATE ALLOWS E I THER THE 
CSM REGULATORS OR A S I NGLE LM DEMAND REGULATOR TO MA I NTA I N  CAB I N  PRESSURE 
GREATER THAN 4o6 PSIA W I TH I N  CONSUMABLE L I M I T A T I ONSo  

2o  GENERAL OPERAT IONAL I MPACT 

THE LOSS Of CAB I N  PRESSURE I NTEGR I TY REQU I RES THAT SU I T  LOOP I NTEGR I TY BE 
MA I NTAINED FOR CREW SAFETYo SHOULD THE SU I T  LOOP INTEGR I T Y  BE LOS T t  THE 
CR EvJ WOULD BE LOS T t  S I NCE THERE I S  A MARGINAL SUPPLY OF ASCENT 0 2  l 2 o 06 LBS I 
IN EACH OF TWO TANKS TO MA I NT A I N  CAB I N  OR SU I T  PRESSURE DURING THE 
RENDEZVOUS• 

3 t  SPEC I F I C  OPERATIONAL IMPACT I REF MR 23-2 1 1  

I A I  NOMINAl. M I S S I ON 

I l l  DOCKED - THE DOCKED PHASE W I L L  BE I N I T I ATED AND/OR CON T I NUED W I TH A CAB I N  
LEAK RATE I.ESS THAN 6 LB/HRo EACH DEMAND REGULATOR CAN SUPPLY A N  ADEUUATE 02 
FLOW UP TO 6o75 LB/HR AT 950 PSIAo AT T H I S  P O I NT IN THE T I ME L I N E t  THERE IS 
APPROXIMATELY 48 LBS OF 02 I N  THE DESCENT TANKt PROV I D I NG NORMAL LM 
PRESSUR I ZA T I ON FOR AT LEAST 6 HOURSo THE DOCKED PHASE CAN BE I N I T I ATED W I T H  ONE 
CREW MEMBER ON THE TRANSFER UMB IL I CALt W I T H  A CAB I N  LEAK GREATER THAN 6 o 0  LB/HRo 
HOWEVE R t  I F  THE LEAK RATE CANNOT BE REDUCED • THE LM M I S S I ON W I LL BE TERM I NATED• 
THE INFORMA T I ON T O  BE OBTAINED FROM A SYSTEMS EVALUA T I ON WOULD NOT WARRANT 
CONTINUED EXPOSURE OF THE CREW MEMBER TO T H I S  POTENT I ALLY HAZARDOUS COND I T I ON •  

1 2 1  UNDOC K I NG TO P O l  +S+30 - I N  ORDER TO MAINTAIN  THE DESCENT 02 SUPPLY t THE LM 
SHOULD NOT BE COMM I TTED TO STAGING, THE LM SHOULD ABORT AND DOCK ASAP TO REDUCE 
THE CHANCE THAT A GROSS LOSS OF SUIT PRESSURE I NTEGR I TY MAY DEPLETE THE ONBOARD 
oz.  

1 3 1  POl  +5+30 TO LO GATE - THE M I S S I ON SHOULD BE ABORTED TO AVO I D  R I SKS O F  
LANDING AND T O  M I N I MI Z E  T H E  RETURN T I ME TO T H E  CSMo 

1 4 1  LO GATE TO TOU�HDOWN - THE M I SSION SHOULD BE CONTINUED W I TH AN APPARENT 
CAB I N  LEAK RATE GREATER THAN O o 6  LB/HR BECAUSE IT CANNOT BE DEF I N I TELY ATTRI BUTED 
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POSS I B I L I T Y  OF DAMAGING THE SUIT LOOP AT TOUCHDOWN IS M I N IMAL WHEN COMPARED W I TH 
THE POSS I B I L I TY OF DAMAG I NG THE CAB I N  STRUCTURE, L I FTOFF SHOULD BE ACCOMPL I SHED 
AT THE NEXT BEST OPPORTUN I T Y •  

1 5 1  LUNAR STAY - A LOSS OF CABIN PRESSURE INTEGR I T Y  PRIOR TO THE EVA W I LL CANCEL 
THE EVA P R I MA R I L Y  BECAUSE ECSIPLSS/EC S TRANSFER WOULD BE PERFORMED IN A VACUUM 
AND EVA AC T I V I T I ES CAUSE CONS I DERABLE DELAY IN RETURN TO THE CSMo THE LUNAR STAY 
W I LL �E TER,\INATED AT THE NE�T BEST OPPORTUN I TY TO M I N I M I ZE THE T ! ME TO CSM 
RETURN • 

1 6 1  RENDEZVOUS - S I NCE THE ASCENT 02 W I L L  PERM I T  AT I.EAST 6 HRS OF CLOSED S U I T  
LOOP OPERA T I ON I SPEC SU I T  LEAK PLUS C R E W  CONSUMP T I ON O o 25 LB/HR l t  A N D  THE CREW 
CAN PE.RFORM ALL NECESSARY FUNCTIONS IN A HARDSuiT t LOSS OF CAB I N  I NT E�R I TY OUR I NG 
TH I S  PHASE WOULD NOT BE CAUSE FOR CSM RESCUEo OPS U N I T S  ARE AVA I LABLE SHOULD AN 
02 CONTINGENCY ARISE DUR I NG THIS PHASEo 
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C o  S U I T  FAN I S I  

l o  DEF I N I T ION 

N A S A  - Ma n n ed Spacecraft  C e n t e r  

M I S S I O N  R U L E S  

SEC T I ON 6 - L M  SYSTEMS 

A SU I T  FAN I S  CONS IDERED LOST IF IT CANNOT BE TURNED ON OR IF THE DELTA P 
ACROSS THE FAN IS LOW ENOUGH ( 6  IN H20 1 TO ACT I VATE THE CAUT I ON AND WAHN I NG 
SYSTEM, 

2 o  GENERAL OPERATIONAL IMPACT 

F A I LURE OF A S I NGLE SU I T  FAN IS NOT HA<ARDOUS S I NCE THE TWO LM SU I T  FANS ARE 
REDUNDANT,  FAILURE OF BOTH SU I T  FANS MEANS LOSS OF THE  CAPAB I L I TY TO R<MOVE 
C02 AND HUM I D I T Y  FROM THE CAB I N/SU I T  ATMOSPHERE• 

THE C02 BUILDUP IN THE HELMET I S  CRIT I CA L •  CAUS !Nu UNACCEPTABLE LEVELS 
W I T H I N  l TO 3 M I NUTES • THEREFORE THE HELMET SHOULD BE REMOVED I MMEDIATELY• 
C02 BUI LDUP I N  THE CABIN o WH I LE CR I T I CAL • PERM I TS APPHOXIMATELY 4 HOURS OF 
OPERA T I ON W I THOUT CREW DEGRADA T I ON, 

3o SPEC I F I C  OPERAT IONAL IMP ACT I REF MR 23-22 1 

I A I  NOMINAL M I S S I ON 

I l l  DOCKED - FAI LURE OF A S I NGLE FAN DOES NOT AFFECT THIS  PHASE AS THE REDUNDANT 
FAN CAN MEET PHYSIOLOGICAL REYU I REMENTSo THE LOSS OF BOTH FANS REYU I RES VNE 
CREWMAN TO I VT I NTO THE CSM WH I LE THE OTHER CON T I NUES DOCKED OPERATIONS ON THE 
CSM TRANSFER UMB I L I CAL,  S I NCE THE TRANSFER UMB I L I CAL MUST BE USED• LOSS OF S U I T  
C I RCULATION PRECLUDES UNDOCKED OPERAT I ONS, 

1 2 1  UNDOC K I NG TO PDI  +5 + 30 - F A I LURE OF ONE SU I T  FAN DOES NOT AFFECT T H I S  PHASE 
S I NCE THE REMA I N I NG FAN I S  CONS I DERED REL I ABLE AND AN ACCEPTABLE BACKUP PROCEDURE 
IS AVA I LABLE FOR RENDEZVOUS IF I T  SHOULD FA ! L o  IF THE REMA I N I NG SUIT  FAN F A I L S •  
AN ABORT W I LL B E  REQUIRED AND C A B I N  MODE OF OPERA T I ON O R o  EGRESS MODE W I TH 
DESCENT 02 PURGE USED T O  PREVENT C02 BUI LDUP, 

( 3 1  PDI + 5 + 3 0  TO LO GATE - AFTER PDI +5+30 o THE DESCENT TANK CANNOT BE RET A I NED 
FOR PURGING PURPOSES AND FOR A LO GATE TO TOUCHDOWN ABORT • THE T I ME TO DOCK IS 4 
HOURSo THEREFORE• IF BOTH SU I T  FANS F A I L o  LM W I LL ABORT TO AVOID POSS I B I L I T Y  OF 
CAB I N  RUPTURE UPON LAND I NG I CREW LOSS i o  

( 4 1  L O  GATE TO TOUCHDOWN - THE M I S S I ON W I LL NOT B E  ABORTED FOR LOSS O F  BOTH SU I T  
FANS S I NCE R I SK O F  LAND ING I S  LESS THAN R I SK O F  ABOR T I NG A T  THIS  POI N T o  

1 5 1  LUNAR STAY • THE M I SS I ON W I LL BE CON T I NUED w i TH THE LOSS OF ONE SU I T  FAN 
S I NCE AN ACCEPTABLE WORKAROUND IS AVA I LABLE SHOULD THE REMA I N I NG FAN BE LOS T o  

( 6 1  RENDEZVOUS • W I TH T H E  LOSS O F  BOTH FANS• NOMINAL RENDEZVOUS PROCEDURES 
�HOULD Bl' fO�i,.QWI;D � I TH OI>C!'ii N,G OC�U,R�ING A��P l . 

I B I  ALTERNATE M I SS I ONS 

UNDOC K I NG AND RENDEZVOUS • FAI LURE OF ONE FAN DO<S NOT PRECLUDE ANY ALTER�ATE 
M I SSION  WHICH ALLOWS RETENT ION OF THE DESCENT 02 TANK ! THROUGH DOCK I NG I F  
NECESSARY! FOR 0 2  PURGE CAPABI L I T Y ,  ALSO o A LOSS O F  CAB I N  I N T EGR I TY I S  LESS 
L I KELY FOR ALTERNATES WH I CH DO NOT SUBJECT THE LM STRUCTURe TO LAND I NG AN� F I TH o  
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N A S A  - M a n n e d  Spacecraft  C e n t e r  

M I S S I O N  R U L E S  

O o  0 2  DEMAND REGULATORS 

l o  DEF I N I T I ON 

SEC T ION 6 - LM SYSTEMS 

A REGULATOR W I LL BE CONS I DERED F A I LED I F  I T  CANNOT MAI NTA I N  THE D ES I RED 
PRESSURE LEVEL IN E I THER AUTOMAT I C  ! CABIN • 4o8 +/- ,2 PS I A  OR EGRESS • 3 o 8  
+1- e 2  PS I A l  MODE• 

TH I S  FA I LURE ODES NOT PRECLUDE MANUAL OPERAT I ON ! D I RECT OR CLOSED ! OF THE 
AFFECTED REGULATOR ! S l o 

2 o  GENERAL OPERATIONAL I MPACT 

THE PRIME FUNCTION OF THE TWO PARALLEL DEMAND REGULATORS IS TO AUTOMAT I CALLY 
PROV I DE 02 TO THE CREW AT SPEC I F I ED PRESSURES AND FLOW RATESo AN OPEN 
FA I LURE OF A S I NGLE REGULATOR 1 6 o 7 5  LB/HR AT 950 PS I A I  >lAY BE COMPENSATED 
FOR BY MANUALLY CLOS I NG THE REGULATOR• HOWEVER o A FAI LED CLOSED REGULATOR 
MAY NOT BE DETECTED EXCEPT D U R ING SCHEDULED ' ' CAB I N ' ' REGULATOR CHECKS 
S I NCE THE PARALLEL REGULATOR W I LL CONT I NUE TO SUPPLY 02 AT THE SPEC I F I ED 
PRESSURE o SHOULD BOTH REGULATORS F A I L  CLOSED W H I L E  OPERAT I NG I N  THE CAB I N  
MODE W I T H  HELMETS OFF o THE CAB I N  MAY B E  ' ' BREATHED DOWN ' '  FROM 5 o 0  T O  4 o 0  
PS I A  AND THEN REPRESSED T O  5 0 0  PSIA BY MANUALLY CYC L I NG E I THER O F  THE DEMAND 
REGULATORS OR THE CAB I N  REPRESSU R I ZAT I ON VALVEo W I TH NORMAL USAGE RATES 
10o25 LB/HR l o  T H I S  MANUAL OPERAT ION I S  NECESSARY EVERY 5 o 3  HOURSo WHEN 

OPERAT I N G  IN THE EGRESS MOOEo FA I LURE OF BOTH DEMAND REGULATORS !OPEN OR 
CLOSED I W I LL REQU I RE THE CREW TO ' ' BREATHE DOWN ' 0 THE SUI TS FROM 4o0 T O  3 o 3  
PS I A  AND MANUALLY REPRESS TO 4 o 0  PS I A  US I NG A DEMAND REGULATORo W I T H  NORMAL 
USAGE RATES o T H I S  DECAY I N  PRESSURE W I L L  TAKE APPRO X I MATELY 6 M I NUTESo 

3 o  SPEC I F I C  OPERAT I ONAL I MPACT ! R EF MR 23-2 3 1  

! A I  NOMINAL M I SS I ON 

I l l  DOCKED - A S I NGLE REGULATOR CAN MEET ALL THE REUU I R EMENTS FOR OOCKEO 
OPERAT I ONSo  A LOSS OF BOTH REGULATORS SHOULD NOT RES T R I C T  OPERAT I ONS W I TH HELMET 
AND GLOVES OFFo LM DESCENT 02 AND CSM MAKEUP 02 IS AVA I LABLE IN THE EVENT CAB I N  
I NTEGR I T Y  I S  LOSTo 

1 2 1  UNDOCK I NG/THROUGH P O I  - A FA I LURE OF ONE REGULATOR W I LL NOT CONST I TUTE ANO 
ABORT BECAUSE THE REDUNDANT REGULATOR AND CAB I N  PRESSURE I NTEGR I T Y  ARE AVA I LABLEo 
FA I LURE OF BOTH REGULATORS • THUS REQU I R I NG MANUAL CYCL ING I S  AN I NEFF I C I ENT MEANS 
OF SUP P L Y I NG 02 o WH I CH COULD I NTERFERE W I T H  CREW OPERAT I ONS AND THUS THE M I SS I ON 
SHOU�D NOT BE CON T I NUED, 

1 3 1  POWERED DESCENT - AFTER POI  IT BECOMES D I F F I CULT IF NOT I MPOS S I B � E  TO 
CONF I R M  A DOUBLE REGULATOR CLOSED FAI LURE BEFORE LAN D I NG AS THE REGULATORS ARE I N  
EGRESS AND THE CAB I N  PRESSURE DECAY WOULD B E  I N S I GN I F I CANT • A N  OPEN F A I LURE 
COULD BE DETECTED BECAUSE OF THE H I GH 02 FLOW RATE ! APPROX• EUUAL TO 7 �BS/HR l o  
W I T H  E I THER OR BOTH REGULATORS FA I LED CLOSED OR OPEN • MANUA� RECYC L I NG OF THE 
VALVES IS REUU I RED,  AT T H I S  T l i'-'.E t HOWEV I:::R t  IT IS CON S I DERED OP T I MUM T O  FOLL.OW 
THE_ NOMINA!- <:�EW r t MEi,. l NE ANl> �.YCI,..I:: . Tt:J E .  VA�VES AS REWV �RED � 

I 4 I LUNAR STAY - ONCE LM HAS LANDED o THE REGULATORS MAY BE CYCLED BETWEEI� CREW 
TASKS I N  ORDER TO MAI NTA I N  CAB IN PRESSUREo EVA ' S  W I L� NOT BE PERFORMED s i NCE A 
F A I LURE TO REPRESS FORCES THE CREW TO CYCLE A DoMAND REGULATOR EVERY 2 TO 6 
M I NUTES fOR THE DURAT I ON OF THE LM M I SSI ON ,  

1 5 1  RENDEZVOUS - THE CREW TASK ASSOC I ATED W I TH CYC L I NG A VALVE TO COMPENSATE FOR 
LOSS OF BOTH DEMAND REGULATORS W I LL NOT PREVENT THE CREW FROM PERFORMING ALL 
TASKS REQUIRED FOR LM-A C T J V E  RENDEZVOUSo 

I B I  ALTERNATE M I SS I ONS 

LOSS OF ONE REGULATOR W I LL NOT PROH I B I T  UNDOCKED/RENDEZVOUS ALTERNATE M I SS I ONSo 
HOWEV E R o  FAI LURE OF BOTH REGULATORS PROH I B I TS UNOOCKED M I S S I ONS DUE T O  H I GH CREW 
WORKLOADS• 
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E o  H20 SEPARATOR I S I  

l o  DEF I N I T ION 

N A S A  - Ma n ned S pacec raft C e n t e r  

M I S S IO N  R U L E S  

SEC T I ON 6 - LM SYSTEMS 

A H20 SEPARATOR W I LL BE CONS IDERED LOST IF--- IT CANNOT BE STARTED I APPROX o 
l M I N  WHEN DRY I • RATE FALLS BELOW 800 RPM WH I C H  W I LL T R I GGER THE CAUT I ON 
AND WARN I NG SYST EM • OR BOTH S U I T  FANS FA I L •  THEREBY TERMINATING THE 02 F LOW 
TO THE TURB I NE-OPERATED SEPARATORS, 

2 o  GENERAL OPERATIONAL IMPACT OF LOSS I ES I  

THE TWO H20 SEPARATORS ARE REDUNDANT--- ONE H20 SEPARATOR W I LL M A I N T A I N  
COMFORTABLe TEMPERATURE/HUM I D I TY COND I T I ONS F O R  T H E  C R E w  ! NDEF ! N I T E L Y o  THE 
LCG • OPERAT I NG I NDEPENDENTLY OF H20 SEPARATORS• CAN MA I N T A I N  A SAFE 
COND I T I ON FOR THE CREW FOR AT LEAST 6 HOURS• NORMALLY•  ONE H20 SEPARATOR 
AND THE LCG OPERATE S I MULTANEOUSLY• IF 80TH H20 SEPARATORS PLUS THE LCG 
FA I L •  THE ONLY COOLING FOR THE CREW IS BY 02 PURGE F LOW OF ABOUT 3 o o  
LB/HR/MAN, THUS • THE DESCENT TANK COULD PROV I DE UP T O  6 HOUR S •  BUT ASCENT 
02 HAS ESSENT I ALLY NO PURGE CAPA B I L I T Y •  W I THOUT AC T I VE COOL I N G •  THE CREw ' S  
PHYS IOLOGI CAL CON D I T I ON DETERI ORATES TO A C R I T I CAL LEVEL I N  APPROXIMATELY l 
TO l-l / 2  HOURS IN THE PGA ' S •  

3 ,  SPEC I F I C  OPERAT I ONAL ! �lPACT ! R EF M R  2 3-24 1  

! A I  NOM I NAL M I SS I ON 

I l l  DOCKED - A LOSS OF BOTH SEPARATORS AND THE LCG LOOP W I L L  NOT PREVENT DOCKED 
OPERATI ONS AS THE CREW NOM I NALLY W I LL BE PERFOR�l ! NG TASKS I N  THE I R  CONSTANT WEAR 
GARMENT S •  ALSO• THE TEMPERATURE/HUM I D I T Y  EFFECT ON THE I N D I V I DUAL GRADUALLY 
I NCREASES AND ALLOWS SUFF I C I ENT NOT I C E  FOR THE CREW TO TRANSFER TO THE CSM 
UMB I L I CAL• 

1 2 1  UNDOC K I NG T O  P O I  + 5+30 - ONE H20 SEPARATOR I S  REYU I RED TO B E  ABLE TO MEET 
THE CREW COOLING REQU I R EMENTS FOR A NOMINAL LUNAR SURFACE M I S S I O N o  SHOULD BOTH 
SEPARATORS BE LOST • THE M I SSION SHOULD BE ABORTED SUCH THAT THE DESCENT 02 TANK 
CAN BE RETAINED•  IN THE E V ENT OF AN ABORT • FOR 02 PURGE BACKUP CAPAB I LI TY •  

1 3 1  P D I  + 5+30 T O  TOUCHDOWN - EVEN I F  80TH H20 SEPARATORS AND THE LCG ARE LOS T •  
L M  W I L L  NOT ABORT POWERED DESCENT • S I NCE THE DESCENT STAGE CANNOT B E  RETAI NED I F  
L M  ABORTS• T H E  CREW WOULD BE W I THOUT ACT I V E  COOL I NG FOR 4 HOURS I NO 0 2  PURGE 
CAPAB I L I TY ! •  I F  THE LM LANDED• THE MAXIMUM THE CREW COULD BE W I THOUT COOL ING 
WOULD ALSO BE 4 HOURS S I NCE THE DESCENT 02 W I LL PROV I DE PURGE COOLING WHILE ON 
THE SURFACE , THERt:FORE• THERE IS NO ADVANTAGE TO ABOR T I NG FOR F A I LURES OF WAHR 
SEPARATORS AND/OR THE LCGo 

1 4 1  LUNAR STAY - FOR CON T I NUED LUNAR STA Y •  l SEPARATOR I S  REQU I RED I N  ORDER THAT 
THE HEAT REJECT I ON CAPAC I T Y  OF THE SYSTEM I S  NOT LOS T o  IN THE EVENT BOTH UN I TS 
F A I L •  THE CREW SHOULD PURGE AS REQU I RED W I TH DESCENT 02 AND I F  NECESSARY • 
REPLEN I SH THE CAB I N  W I TH DRY 02 JUST P R I OR TO L I FTOFF AT THE NEXT BEST 
qPPORT�N I,TX T .T�H i .  ! S , �oN5 1DI'R�D JO �E . AN ACqpTABLE WORK�RO�ND FOR CON T I NU I N G  THE 
M I SSION W I TH THE S I NGLE �O I NT liA I LU�O: coNb i T ION 0� A S INGLE SEPARATOR •  
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N A S A  - Ma n n e d  Spacecraft  C e n t e r  

M I S S IO N  R U L E S  

SEC T I ON 6 - L M  SYSTEMS 

1 5 1  KENDEZVOUS - THE LM W I LL REMA I N  AC T I V E  AS LONG AS POSS I BLE FOR THE 
RENDEZVOUS S ! ,CE THE CREW TRA I N I NG I S  ORI ENTED TOWARD THOSE PROCEDURES•  

I B I  ALTERNATE M I S S IONS 

NO UNDOCKED M I SS I ON W I LL B E  CON S I DERED W I T HOUT 1 OF 2 H20 SEPARATORS OPERABLE• 

F o  02 TANKS 

l o  DEF I N I T I ON I REF M R  23-2 1 

02 TANKS ARE CON S I DERED LOST I F--

I A J  DESCENT 02 TANK 

I NAB I L I T Y  TO TRANSFER 02 FROM DESCENT TANK OR MSFN CONFI RMAT I ON OF ! NADEWUATE 
DESCENT TANK PRESSURE W I TH 02 MAN I FOLD PRESSURE• 

I B J  ASCENT 02 TANK 

1 1  I MSFN 'CONF I RMAT I ON OF LOSS OF ASCENT TANK PRESSURE W I TH 0 2  MAN I FOLD 
PRESSURE-- OR 

1 2 1  I F  UNSTAGED AND DESCENT TANK GREATER THAN 3 5  PERCoNT o CREW CONF I RM LOSS BY 
BALANC I N G  ONE TANK AGA I NST THE OTHER-- OR 

1 3 1  I F  I l l  AND 1 2 1  CANNOT BE PERFORMED • T�NK I S  ASSUMED LOST FOR LOSS OF ONBOARD 
AND MSFN READOUT• 

2 o  GENERAL OPERATIONAL I MPACT 

A LOSS OF THE DESCENT TANK 1 48 LBS OF 02 1 PREVENTS EVA S I NCE THE AMOUNT 
REUU !RED FOR THE TWO REPRESSUR !ZAT I ONS 1 6 • 5 5  LBS EACH I CANNOT BE SUPP L I E D  
FROM T H E  ASCENT TANK S o  SECONDLY • DESCENT TANK LOSS E L I M I NATES THE 
AVA I LAB I L I T Y OF 02 FOR PURG I NG OPERATIONS l 3 o 5 LBS/HR AT 5 00 BTU /MAN-HOUR i o  

AN ASCENT TANK LOSS DEPLETES BY 50 PERCENT THE �MOUNT OF AVA I LA B LE 0 2  I N  TH� 
ASCENT STAGE TANKS 1 4 o l 2  FOR BOTH TANKS I o S I NCE THE NORI�AL RENDt:ZVOUS MAY 
BE COMPLETED ON ONE ASCENT 02 TANK AND THE CAB I N  02 MAY BE CON S I DERED FOR 
CONSUMABLE USAGE o A LOSS OF ONE TANK W I LL NOT PREVENT A LUNAR LAND I NG• 

3 o  SPEC I F I C  OPERA T I ONAL I MPACT ! R EF M R  23-2 5 1  

I A I  NOMINAL M I S S I ON 

l l o l  DOCKED/UNDOCKE D /PRE-PD I / POWERED DESCENT - THE M I S S I ON W I LL BE ABORTED AT 
ANY T ! ,'IE P R I OR TO P O I  I F  THE DESCENT 02 TANK I S  LOST S I NCE THE EVA '�AYNOT �E 
PERFORMED AND THERE I S  L I TTLE TO G A I N  FROM LAN D I NG AND L ! F T I N� OFF COMPARED TO 
THE I NHERENT R I SKSo  AFTER PO l o  THE POWERED BURN W I LL NOT BE ABORTED FOR LOSS OF 
THE DESCENT TANKo THE M I SS I ON MAY BE CON T ! NU�D W I T H  THE LOSS OF ANY S I NGLE 
ASCENT . 02 TANK o i NC E . THo T I M. TQ QO<; K I NG IS W I TH I N  THt AMOUNT OF CQNSUMABLES TH,AT 
COULD BE CONTA I NED w i T H I N  T�E REMA I NI NG " 'i.ScENT 62 TAN� ANb THE cABiN 'I s AVA I LABL� 
AS A BACKUPo SHOULD THERE BE A SUBSEQUENT "OSS OF AN 02 TANK PR I OR TO LO GATE o 
THE REMA I N I NG PRESSURE VESSE" ! TANK OR CAB ! N I  WOULD ONLY BE ABLE TO SUPPORT A 
4-HOUR RENDEZVOUS AND THE M I SS ION SHOULD BE ABORTEDo  

AT LO GAT E •  THE LAN D I NG W I LL BE CONT I NUED I F  NO 02 TANKS ARE AVA I " ! ABLE S I NCE THE 
HAZARDS I NVOLVED W I T H AN ABORT AT THAT PO I N T  MAKE IT  I MPRACT I CALo 

ADD I T IONA"LY o THE CAB I N  MAY BE USEO FOR A MAX I MUM OF 9 HOURS I AT O o Z 5  LS/HR I TO 
PROV I D E  METABOL I C  AND CAB I N  LEAK REUU I REMENTS BEFORE THE CAB I N  DECREASES TO 3 o 3  
P S ! A o  ALL O F  THE RATI ONA"E ARE BASED ON SPEC I F I CA T I ON LEAK AND USAGE RATESo 

1 2 o l  LUNAR STAY/RENDEZVOUS - LUNAR STAY SHOULD BE TERMINATED AT THE N•xT BEST 
OPPORTUN I T Y  SHOULD THE DESCENT 02 TANK BE LOSTo LOSS OF THE DESCENT TANK DUR I NG 
EVA W I L L  RESULT I N  E I THER CLOSED SU I T  LOOP L I FTOFF/R ENDEZVOUS OPERAT I ONS OF THE 
USE OF. THE OPS TO PRESSUR I ZE THE CAS I N o  A LOSS OF E I THER ASCENT 02 TANK AFTER 
LAND I N G  WOULD NOT AFFECT LUNAR STAY OPERA T I ONS, I F  SUBSEQUENTLY THE SECOND 
ASCENT TANK WERE LOS T o  THE DESCENT TANK COULD SUPPLY METABOL I C  AND "EAKAoE 
REQU I REMENTS UNT I L  L ! F TOFF o  HOWEVERo THERE W I Le BE NO FURTHER CAb i N  
DEPRESSUR I Z A T I ONS S INCE A FAI LURE TO REPRESSUR I Z E  wOULD LEAVE N O  L M  SOURCE O F  0 2  
TO SUPPORT CLOSED S U I T  LOOP OPERA T ! ON S o  AND PLSS OPERAT I ONS FOR RENDEZVOUS ARE 
H I GHLY UNDE S ! RABLEo DUR I NG RENDEZVOUSo THE CAB I N  COULD BE BREAT.HED DOWN o OR I F  
R E T A I N ED AND RECHARGED o THE P"SS UN I T S  COU"D B E  USEDo 
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Go COOLANT LOOP S l  

N A S A  - M a n n e d  Spacec raft C e n t e r  

M I S S IO N  R U L E S  

SEC T I ON 6 • L M  SYSTEMS 

l o  DEF I N I T I ON I RE F  MR 23•2 1 

SUSTA I NED GLYCOL TEMPERATURE EQUAL TO OR GREATER THAN 5 0  DEG F 
E�CEPT DUR I NG COOLANT LOOP STARTUP AND DRYOUT \ SUBL IMATOR LOST ) 
PUMP DELTA P EUUAL TO OR LESS THAN 6 PS I D  ! C I RCULAT I ON LOS T I  OR 
OF H20 FEED CAPAB I L I TY TO THE SUBL I MATOR I S l o  

2 o  GENERAL OPERAT I ONAL I MPACT 

AND R I S I N G  
O R  GLYCOL 

KNOWN LOSS 

LOSS OF THE P R I MARY LOOP IS MORE SER I OUS THAN LOSS OF THE SECONDARY S I NCE I T  
COOLS MORE EQU I PMENT ( E tG • t PNGS l AND I S  DESI GNED W I T H  MORE BU I LT - I N  
RoDUNDANCY o PNGS I S  USUALLY CONSI DERED UNRELI ABLE AFTER OPERAT I NG ABOUT AN 
HOUR W I T HOUT COO L I NG t  AS WOULD BE THE CASE FOR A F A I LURE OF THE P R I MARY 
LOOP, LOSS OF E I THER LOOP IS CONS I DERED LOSS OF THERMAL CONTROL �EDUNDANC Y ,  
LOSS O F  CREW COOLING IS  THE MOST SER IOUS I MPACT OF LOSS OF BOTH LWUPSo CREW 
PHY S I OLOGICAL COND I T I ON DETER I ORATES TO A C R I T I CAL LEVEL IN APPROX I MATELY l 
TO l • l / 2  HOURS I N  PGA 1 S o  FOR LOSS OF BOTH LOOPSt LM EQUI PMENT W I LL BE CYCLED 
AS REQU I RED FOR L I FE SUPPOR T t  COMMUN I CAT I O N •  AND GUI DANCE AND CONTROL I N  
ORDER T O  PERFORM A LM ACTIVE R ENDEZVOUS• THE CREW MAY B E  REUU I R ED T O  DOFF 
PGA ' S • 

3 ,  SPEC I F I C  OPERAT I ONAL I MPACT I R EF MR 23•26 1 

I A I  NOMINAL M I SS I ON 

l l o l  DOCKED - OPERA T I ONS DUR I NG T H I S  PHASE PERM I T  SUF F I C I ENT T I ME FOR CREW 
I NGRESS SHOULD THE SECOND LOOP F A I L ,  

1 2 o l  UNDOC K I NG TO P o l  • I F  T H E  PR IMARY COOLANT LOOP I S  LOS T t  T H E  NOM I NAL M I SS I O N  
W I LL BE ABORTED S I NCE PGNS I S  REQU I RED F O R  POWERED DESCENT o 

1 3 , 1  PD I TO LO GATE AND LUNAR STAY - S I NCE THE T I ME TO CSM DOC K I NG I S  NOT 
SHORTENED BY ABORT I NG DUR I NG THESE PHASES t AN ABORT IS NOT WARRANTED JUST BY THE 
LOSS OF REDUNDANCY•  LOSS OF BOTH LOOPS DOES NOT JUS T I FY AN · ABORT P R I O R  TO LO 
GATE S I NCE RENDEZVOUS T I ME IS A M I N I MUM AT TH I S  T I ME •  W E  W I LL NOT ABORT FROM LO 
GATE S I NCE I T  IS MORE HAZARDOUS TO ABORT THAN TO LANOo HOWEVER • A T OR T 2  ABORT 
W I LL BE REQU I RED TO M I N I M I Z E  HEA T I NG T I ME ON THE PGNS• LOSS OF BOTH LOOPS ON THE 
"UNAR SURFACE REQU I RES A NEXT BEST OPPORTUN I T Y  L I F T OFF TO M I N I M I ZE THE THERMA" 
EFFECTS, S I NGLE LOOP OPERA T I ON I S  ACCEPTABLE I F  THE BACKUP PROCEDURE I S  
AVAI LABLE•  

l 4 o l RENDEZVOUS -

I B I  ALTERNATE M I SS I ON 

DOCKED OPERAT I ONS AND UNDOCKED M I SS I ONS WH I CH NORMALLY REQU I RE NO MORE THAN A 
2-HOUK MAX IMUM RETURN TO THE CSM MAY BE CONSI DERED FOR THE LOSS OF A S I NGLE 
COOLANT LOOP, 

M I SS I O N  R E V  DATE SEC T I ON 
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He H20 FEEDPATHS 

1 •  DEF I N I T ION 

AN H20 FEEDPATH I S  CONSIDERED LOST IF lT CANNOT SUPPLY ENOUGH H20 TO MEET 
THE HEAT REJECT ION DEMANDS OF T H E  SUBL I MATOR OR THE H20 REGULATOR I S I  F A I L  
OPEN• CAUS I NG SUB L ! MATOR BREAKTHROUGH• 

THE NOMI NAL FA I LURE MODE OF THE WATER REGUL.ATORS IS F A l L.  OPEN, 

2 o  GENERAL OPERAT IONAL I MPAC T 

S I NCE THE TWO P R I MARY H 2 0  REGULATORS ARE S E R I E S  REDUNDANT • fAI LURE OF BOTH 
REGULATORS IN THE OPEN POS I T I O N  W I LL RESULT IN H I GH PRESSURE DOWNSTREAM OF 
THE �EGULATORS o CAUS I NG SUBLI MATOR BREAKTHROUGH, F A I LURE OF E I THER 
REGULATOR IN THE CLOSED POS I T I ON W I LL STOP THE FLOW OF WATCR I N  Te�E P R I MARY 
WATER F E EDPAT H o  I F  UNCORRECTED E I THER COND I T I ON W I L L  EVENTUALLY RESULT I N  
LOSS O F  COOL ING FOR THE CREW AND CR I T I CAL ELECTRON I CS •  CL.OS ! N G  T H E  P R I M  
EVAP FLOW NO l VALVE AND OPEN I NG T H E  P R I M  EVAP FLOW N O  2 VALVE �YPASSES THE 
FAI LURE BY D I RECT I NG WATER FLOW FROM THE ASCENT TANKS ! DESCENT WATER I S  
AVA I LABLE I F  NECESSARY i o  THROUGH THE SECONDARY WATER REGULATOR T O  THE 
P R I MARY LOOP SUB L I MATORo ONCE THIS ACT I ON I S  TAKEN• TrlE M I S S I ON MAY B E  
CON T I NUED ALTHOUGH TH I S  REGULATOR I N  T H I S  FEEDPATH I S  A S I NGLE P O I NT FAI LURE 
I C LOSE D I  FOR LOSS OF BOTH THE P R I MARY AND SECONDARY COOLANT LOOPS, A FA I LED 
OPEN SECONDARY REGULATOR W I LL RESULT I N  LOSS OF ONLY P R I MARY COOLANT LOOP 
BECAUSE A SECOND H20 REGULATOR HAS BEEN ADDED DOWNSTREAM OF SEC EVAP FLOw 
VALVE ON LM-5 AND SUBSEQUENT, 

3o SPEC I F I C  OPERAT I ONAL IMPACT I REF MR 2 3-2 7 1  

I A I NOM 1 NAL M I SS !  ON 

l l o l  DOCKED - OPERA T I ONS DUR I NG TH I S  PHASE PERM I T  SUF F I C I ENT T I ME FOR CREW 
INGRESS SHOULD THE SECOND FEEDPATH FA I L •  

l 2 o l  UNDOCK ! NG TO . P D I - THE I MPACT AND M I SS I ON AC T I ON FOR LOSS O F  THE P R I MARY H20 
FEEDPATH IS THE SAME AS FOR LOSS OF THE P R I.�ARY COOLANT LOO P ,  SEE COOLANT LOOPS, 

1 3 , 1  POI TO LO GATE AND LUNAR STAY - LOSS OF REDUNDANCY DOES NOT JUST I FY AN ABORT 
AT TH I S  PO I N T  NOR 15 A L I F TOFF I MMEDIATELY AFTER TOUCHDOWN WARRANTED• THE M I SS I ON 
W I LL B E  CON T I NUED I F  ONE OF TWO FEEDPATHS I S  AVA I LABLE W I TH I N  T H E  CON;UMABLE 
CONST R A I N T S ,  SEE COOLANT LOOPS FOR RAT I ONALE S I NCE LOSS Of BOTH H20 FEEDPATHS 
CONS T I T UTES LOSS OF COO L I NG •  

1 4 o l RENDEZVOUS - LM HAS A L L  RENDEZVOUS EUU ! PMENT AVA I LABLE BECAUSE BOTH THE 
P R I MARY AND SECONDARY LOOPS ARE OPERABLE W I TH E I THER THE PR I MARY OR SECONDARY 
FEEDPATHo SEE COOLANT LOOPS FOR RATI ONALE FOR LOSS OF BOTH H20 FEEDPATHSo 

I B I  ALTERNATE M I SS I ON I S I  

ANY M I SS I ON W I TH MORE THAN A 2 HOUR RETURN T I ME T O  THE CSM I S  NOT ACCEPT ABLE • 

1 ,  H20 TA!'iKS 

l o  bE F l � I T ION I REF MR z$�� 1 
H<O TANKS ARE CONSIDERED LOST I F --

I A I  DESCENT H20 TANK 

MSFN CONF I RMAT I ON OF LOSS OF DESCENT TANK PRESSURE W I TH DES H20 P AND H20 DELTA 
p, OR 

I NAB I L I T Y TO SUPPLY H20 TO W/B RESULT I N G  I N  R I S I NG GLYCOL AND ' SU I T  LOOP 
TEMPERATURE ( CREW AND MSFNl AND DROP IN H20 DELTA P ( MSFN ONLY ) •  

I B I  ASCENT H20 TANK 

LOSS OF MEASUREMENT AND REMA I N I N G  TANK FEED I NG AT T W ! C o  NORMAL RATE OR ONe TANK 
FEEDING T W I C E  NORMAL RATE AND NO CHANGE IN MEASUREMENT ON OTHER TANK o 
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SEC T I ON 6 - " M  SYSTEMS 

2 o  GENERAL OPERA T I ONAL I MPACT 

A LOSS OF THE DESCENT TANK P R I OR TO POl W I LL ABORT THE LUNAR LAN D I NG ,  THE 
DESCENT TANK HAS 2 >4 LBS USABLE H20 AND EACH ASCENT TANK CONTA I NS 40 LBS 
USABLE, AT TH I S  T I ME • AN APPROXIMATE AVERAGE USE RATE OF 6 LBSIHR MAY BE 
ASSUMED FOR POWERED UP PHASES AND 4 LBS/HH FOR POWE RED DOWN \ LUNAR SURFACE ! 

PHASESo 

ONE ASCENT TANK IS RE�U I RED TO CON T I NUE THE M I S S I ON THROUGH ACL PHAS E S o  
HOWEVER • I N  ORDER T O  OBTA I N  A 6 HOUR L I F E T I ME ON A S I NGLE ASCENT TANK o I T  I S  
�U I T E  PROBABLE THAT I T  W I LL B E  NECESSARY T O  POWER DOWN SOME E�U I PMENT I N  T H E  
LATER PART O F  T H E  LM-A C T I V E  RENDEZVOUS• SHOULD THE H 2 0  TANK BECOME 
DEPLETED•  THE GLYCOL TEMPERATURE I NCREASE WOULD APPRO X I MATELY FOLLOW A 
DRYOUT CURV E .  I T  I S  EST I MATED THAT THE GLYCOL T EMP I N T O  THE LOw T EMP 
ELECTRON I C S  AREA I PGNS l WOULD REACH 70 DEG F \ PR E D I CTED EQU I PMENT LOSS}  I N  
6 0  M l  NUTESo THE SU I T  I NLET 0 2  TEMP WOULD REACH S !i  DEG F I PERFORMANCE 
DEGRADAT I ON !  I N  60 MINUTE5o IT IS ADVISABLE TO DOFF THE S U I T  TO I NC�EASo 
THE T I ME TO PERFORMANCE DEGRADAT I ON BY ABOUT 180 M I NUTES• 

3 o  SPEC I F I C  OPERAT I ONAL I MPACT \ R E F  MR 2 3-2 8 1  

i A l  NOMINAL M I SS I ON 

l 1 o l  UNDOC K I NG/ C I RCULAR I ZAT I ON/PRE-PDI - LOSS OF THE DESCENT TANK P R I O R  TO POI  
ABORTS THE LANDING M I SS I ON •  THERE IS  I NSUF F I C I ENT H20 TO PERFORM AN EVA AND 
RENDEZVOUS FROM THE ASCENT TANKSo 

LOSS OF AN ASCENT TANK DOES NOT ABORT THE LAND I NG S I NCE F A I LURE OF THE REMA I N I NG 
ASCENT TANK MAY BE C I RCUMVENTED W I T H  THE LOSS OF ALL COO L I NG PROCEDURE \ SE E  
COOLANT LOOPS PROCEDURE ! •  

1 2 o l  P O I  TO LO GATE - L M  SHOULD NOT ABORT FOR LOSS OF ANY S I NGLE H20 TANKo 

HOWEVERt THE LM MUST HAVE 2 OF 3 H20 TANKS TO CON T I NU E  TO LAND TO PROV I DE 
REDUNDANCY• THUS• W I T H  F A I LURE OF A SECOND ASCENT TANKt T H E  DESCENT TANK CAN 
KEEP THE SPACECRAFT AND CREW COOLED UNT I L  AN I N-PHASE L I FTOFF•  THE CREW THEN HAS 
AN EVEN CHANCE FOR SURV I VAL FOR THE 4 HOURS RENDEZVOUS W I T HOUT H20o W I TH F A I LURE 
OF THE DESCENT TANK t THE FULL REMA I N I NG ASCENT TANK HAS A 6-HOUR CAPAB I L I T Y  TO 
PERMI T LUNAR STAY TO ALLOW AN I N-PHASE L I F TOFF AND A 4-HOUR �ENDEZVOUSo 

1 3 o l LO GATE TO TOUCHDOWN - THE LM W I LL NOT BE ABORTED DUR I NG T H I S  PHASE FOR LOSS 
OF ALL H20 TANKS• HOWEVER o  IF ALL H20 TANKS ARE LOST t LM SHOUCD L I FTOFF 
I MMED IAT ELY AFTER TOUCHDOWN TO HAVE PGNS AND AGS FOR ASCENT o 

1 4 o l LUNAR STAY - OBVI DUSLY t THE DESCENT TANK I S  REQU I RED TO CON T I NU E  LUNAR STAY 
BEYOND THE NEXT BEST OPPORTUN I TY L I FTOFF• FA I LURE OF BOTH ASCENT H20 TANKS 
REQU I RES L I F TOfF AT THE NEXT BEST OPPORTUN I TY S I NCE CONT I NU I NG THE M I SS I ON 
I NCREASES THE POSS I B I L I TY OF LOS I N G  THE DESCENT TANK FORC I N G  ASCENT PHEPARAT I ON t  
AS WELL AS T H E  RENDEZVOUSt W I T HOUT ANY COD L I N G o  

1 5 o l  RENDEZVOUS - L M  W I LL REMAIN ACT IVE A5 LONG A S  POS S I B L E •  THE C R E W  M A Y  BE 
RE�U I RED TO DOFF THE I R  PGA 1 S  IF  THE THERMAL COND I T I ONS BECOME UNACCEPTABLE• 

M I SS I ON REV DATE SEC T I ON 
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23-4 NO RATI ONALE 

2 3 - 5  NO RAT IONALE 

23-6 NO RATIONALE 

I 

REQUI RED 

REQUIRED 

REQU I RED 

REQU I RED 

REQU I RED 

M I S S I ON 

N A S A  - Man ned S pac:ec:raft C e n t e r  

M I S S IO N  R U L E S  

S EC T I ON 6 - t.M SYSTEMS 

REV DATE SEC T ION GROUP 

APOLLO 1 4  F N L  1 2 / 1 5 / 70 LM SYST EMS LM t:CS 

PAGE 

6-40 



R I T EM 

N A S A  - M a n n e d  S pacec raft C e n t e r  

M I S S IO N  R U L E S  

SECT ION 6 - I. M  SYSTEMS 

23•10  DEI.ETED 

2 3• 1 1  ASCENT 02 TANK RECHARGE 

IF E I THER ASCENT 02 TANK IS EQUAl. TO OR I.ESS THAN 95 PERCENT • I T  W l l.l. BE REPI.E N I SHED FROM THE 
DESCENT 02 WHEN THE DESCENT TANK QUAN T I TY I S  EQUAl. TO OR GREATER THAN 3 5  PERCENT AND AS Cl-OSE TO 
STAGING AS POSS IBI.Eo  

FUI.I. I.OADI NGS I N  THE 02 TANKS ARE AS FOLI.OWS••• DESCENT 2 730 PS I A  l lOO PERCENT ) AND EACH A>CENT 
TANK IS 8 5 4  PSIA 1 100 PERCENT i o  AN ONBOARD DESCENT 02 READ I NG OF 35 PERCENT 1 92 0  PS I A I  W l l.l. 
I N D I CATE SUFF I C I ENT DESCENT 02 TANK PRESSURE TO F l l-1. THE ASCENT 02 TANKSo THE TRANSFER �HOUI.D 
BE ACCOMPI. I SHED CL.OSE TO STAGING IN ORDER TO AVO ID WAS T I NG DESCENT 02 BY HAV I NG TO REPLEN I SH THE 
ASCENT TANKS MORE THAN ONCE AND TO MAX I M I Z E  THE QUAN T I T Y  IN THE ASCENT TANKS FOI.I.OWING STAG ING,  

23•12  PI.SS F l l.l. VAI.VE MANAGEMENT 

THE PI.SS F l l.l. VAI.VE W l l.l. BE CI.OSED EXCEPT FOR REPRESSUR I Z I NG THE PI.SS AND FOR MSFN REQUESTED 
READOUTS OF THE 0 2  MANI FOI.D PRESSUREo 

THE PI.SS F l l.l. VAI.VE W l l.l. NOMINAI.I.Y BE KoPT CI.OSED S I NCE T H I S  VAI.VE I S  A BACKUP TO THE QU I CK 
DI SCONNECT UN THE END OF THE PI.SS F l l.l. HOSE ! M I N IMIZES THE CHANCE OF AN 02 I.EAK I NTO THE CAB I N i o  

23•13  02 USAGE MANAGEMENT 

23•20 

23•21 

23•22 

23•23 

23•24 

23•25 

H.:.26 
23•27 

23•28 

CREW W l l. l.  GO TO EGRESS MODE IF I NSUFF I C I ENT 02 IS AVAII.ABI.E TO MA I N T A I N  CAB I N  PRESSURE FOR THE 
REQU IRED T IMEo ADD I T I ONAI.LY o A MI SSION PHASE W I LL NOT SE I N I T IATED IF T H I S  COND I T I ON CAN BE 
AN T I C I PATED• 

MA I NT A I N I N G  CAB I N  PRESSURE DOUBI.ES THE 02 USAGE RATE:o I F  THE 02 SUPPI.Y IS LOW OR I F  IT IS 
PREDICTED TO BE I.DW• THE CREw W I Ll. GO TO THE EGRESS MODE BREATH I NG THE CABI·N DOWN TO 3 o 8 +/- 0 • 2  
P S I A  WHEN THE SUI T I.OOP I S  AUTOMA T I CALLY I SOLATED FROM THE CAB I N o  T H I S  MAX I M I ZES T H E  0 2  
L I FETIME o  

REFERENCE 

REFERENCE 

REFERENCE 

REFERENCE 

REFERENCE 

REFERENCE 

RE�EREN�E 

REFERENCE 

REFERENCE 

RAT I ONAI.E FOR MR 2 3-1 

RAT IONAI.E FOR MR 23·1 

RAT I ONAI.E FOR MR 2 3-1 

RAT I ONA• E  FOR MR 23-1 

RAT IONAI.E FOR MR 23•1 

RAT IONAI.E FOR MR 23-1 

RAH6NALE �61< M� B�! 
RAT I ONAl-E FOR MR 

RAT IONALE FOR MR 

M I SSION REV 
--c-
APOI-1.0 14 FNI. 

2 3·1 

23•1 

DATE SEC T I ON 

2 / 1 5 / 70 I.M SYST EMS 

GROUP . 
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2 3 - 2 9  F I R E  OR SMOKE IN CAB I N  OR SU I T  

ACT ION SHOU�D BE TAKEN TO COMBAT THE F I R E  AND ATTEMPT TO DETERM I NE I TS OR I G I N o  T I M E  O F  TRANSFER 
TO THE CSM IS DEPENDENT ON THE EXTENT OF THE DAMAGE o  ANY POSS I B �E DEGRADAT I ON I N  SPACoCRAFT 
CAPAB I � I T Y  WOU�D BE CAUSE TO ABORT THE �UNAR �ANDI NG M I SS I ONo 

23-30 CONTAM INAT ION I N  CAB I N  

AL� ATTEMPTS SHOU�D B E  MADE T O  C�EAR THE CONTAMINATION I NC�UDING DECOMPRESSING THE CAS I N o  I F  
UNABLE T O  CLEAR THE CONTAM I NA T I ON AND I T  AFFECTS CON T I NUED SAFE CREW OPERAT IONS• THE M I SS I ON MAY 
BE TERMI NAT�D EARlY• 

23-31 G�YCO� COO�ANT �EAK 

OBSERVED F�U I D  IN CAB I N  CON F I RMED BY TASTE OR PRESENCE OF G�YCO� �OW I N D I CAT ION CONF I RMED BY 
STATE PRESSURE PROPo 

WHETHER IN THE SU I T OR CAS I N o  ACT I ON SHOU�D BE TAKEN TO TRANSFER TO THE CSM ASAPo I F  IN THE 
CAS I N o  THE SU I T  �OOP SHOU�D BE CON F I GURED TO THE EGRESS MODE AND ISO�ATED FROM THE CAB!No  I f  I N  

T H E  SU! T o  T H E  CREW SHOU�D D I SCONNECT FROM T H E  SUIT  �COP A N D  OPERATE STR! CTCY O N  THE CAS I N o  

M I S� I nN REV DATE SECT I ON 
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CM G U I DANCE AND CONTROL 

24•2 NO RATI ONACE RE�UI RED 

24-3 I MU 

Ao ! R I G  B A I S  UPDATES W I C C BE ACCOMPC ! SHED WHEN GYPO D R I F T  I S  GREATeR THAN OR "QUAL TO +/- o 0 7 5  

DEG/HR 1 5  MERU i o  

F I VE MERU RePRESENTS A CUTOFF P O I N T  BELOW WH I CH THE BA I S  CALCULAT ION I S  AFFECTED BY A L i oNMENT 
I NACCURAC I ES TO THE P O I N T  WHERE AN UPDATE MAY ACTUALLY I NCREASE l R I G  DR I F T •  

B e  T HE PGNS W I L L  6 E  CON S I D ERED NO-GO W I TH A GYRO D R I FT GREATER THAN O R  EYUAL T O  + / - 1 , 5  DEG/HR 
I 100 MERU i o  THE M A X I MUM ACCOWAHCE VACUE W I T H I N  THE LGC IS +/• ! o 93 DEG/HR 1 1 28 MERU l o  

A GYRO DR I FT OF l o S  DEG/HR I S  CON S I DERED NO•GO S I NCE A D R I F T RATE T H I S  H I GH REPReSENTS StR I OUS 
HARDWARE PROBCEMS W I T H I N  THE I MU o  REFERENCE M I T / I L  STG MEMO l 2 5 6 o  

C o  P I PA B I A S  UPDATES W I L L  B E  ACCOMPL I SHED AS FOLLOWS••• 

l o  NO B I A S  UPDATES W I LC BE ACCOMPC ! SHED P R I OR T O  3 0  M I N  OF I MU OPERAT ! O N o  

T H I RTY M I NUTES I S  ACLOWED F O R  P I PA TEMPERATURE S T A B C ! lA T I O N o  R E F ERENCE 
MI T / I L  STG MEMO ! 3 4 7 o  

2 o  ! N I T ! AC � l A S  UPDATES W ! CC BE ACCOMPC ! SHED ! F  THE DELTA B I AS I S  GREATER THAN 
OR EQUAL TO +/• O o 03 CM/SEC / SEC t AND SUBSEQUENT UPDATES W ! LC B E  ACCOMP L I SHED 
IF THE DECTA B I AS IS GREATER THAN OR E�UAL TO +/• C o l  CM/SEC/SECo BOTH M I T  
AND G&C D I V I S ION AGREED I N  DATA P R I OR I TY MEE T I NGS T O  UPDATE THE P I PA B I AS 
REGARDCESS OF HOW SMACL THE CACCUCATED VACUE M I G H T  HAVE BEEN, DUE T O  THE 
MET HOD OF CALCUCAT I ON AND THE GRANUCAR I T Y  TO THE P I PA READOUT I +/• O o 1  

CM/SEC/SEC i t  A DECTA B I A S  OF O o 0 3  CM/SECISEC WAS CHOSEN FOR A N  I N I T I A C 

UPDATE VACUE1 AND O o l  C M / SEC/SEC FOR SUBSE�UENT UPDAT E S o  

3 ,  P I PA B I AS W I LL NOT � E  UPDATED WH I L E  THE L M  I S  ON TH E LUNAR SURFACE. 

NO ATTEMPT W I LC BE MADE TO UPDATE P ! PA BIAS WH I C E  ON THE LUNAR SURFACE DUE 
TO THE UNCERTA I N T Y  OF B I AS DETERM I NAT I ON IN A GRAV I TY ENVI RONMEN T •  HOWEV ER t 

THE CALCULATED B I AS W I C C  BE EXTRAPOLATED FROM THE T I ME OF C I FTOFF TO 
I NSERT I ON TO DETERMINE IF GUI DANCE S W I TCH-OVER C I M I TS W I CC BE V ! OCATEDo 

D o  THE PGNS WI CC  BE CONS! DERED NO•GO IF THE PI PA B I AS EXCEEDS +/• 5 • 06 C1�/ SEC/ SEC I , 166 

FT /SEC/SEC l •  T H E  MAX I MUM LOAD VALUE W I T H I N  THE LGC 15 +/- 12 • 5  CM/SEC /S E ( ,  T H E  MIT RECOMMENU�U 
VALUE FOR A FA I LED P I PA I S  +/• 5 o 06 CM/SEC /SEC o REFERENCE M ! T / I C  STG MEMO 1 < ; 6 ,  

M I S S I ON REV DATE SEC T I ON GROUP PAGE 
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24-4 cGC 

Ao A MASS UPDATo IS Ro�U l RoD IF THo D l FFoRoNCo BoTWEEN GROUND CACCUCAT ION AND cGC VACUo I S  
MORE THAN 200 �SSe 

I F  THE cGC CALCUcAToD MASS IS GREATER THAN THo ACTUAL VACU o o  THE DAP WlCC ASSUMo CONTROc 
EFfECTlVENoSS OF A HEAVY VEHICLEo THIS ASSUMP T I ON W I C L  RESUCT I N  OVERCONTROc OF THE 
VEH I C LE W I TH A RESUcTANT LOSS OF RCS FUE C o  CONVoRSEcY I F  cGC MASS IS cESS THAN THE ACTUAc 
MASSo THE VEHICCE BoHAVES ScUGG l SHcY S I NCE THE DAP ASSUMES IT HAS A e i GHT VEH l Cc E o  I f  THE 
ERROR IS NOT TOO GRoAT o NO FUEL PENACTY RESULTS , HOWEVoRo IF  THE oRROR I S  cARGE oNOUGH THo 
DAP W l CC RESPOND W I TH NUMoROUS JoT F I R I NGS I N  ATTEMP T I NG TO OVERCOME THE ScUGGl SHNESS OF 
THo V EH l C CE o IN T H I S  CASE A fUoL PENALTY MAY BE REAL l ZE D o  

B o  ALL + 1 - I U-V I JETS W I L L  So l N H l B I To D  V I A  V65 DUR I NG DOCKoD D P S  BURNS• 

DUo TO RCS PcUMo I M P l NGEMoNT CONSTRAI NTS ON BOTH THE CSM AND LM ! REf MRR 27-25 1 o  THE LM 
VoRT I CAc F I R I NG JETS ! +I-X I MUST BE I N H I B I TED V I A  V65 DUR I N G  DOCKoD DPS BURNS• V65 
I N H I B I T S  ONLY THOSE F I R I NGS CAUSING ROTA T I ONS ONCE THE BURN BEGINS•  ULLAGE I S  NOT AFFECTED 
BY T H I S  VERB AND W I LL B E  HONORoD NOMINALLY• NORMAL DAP ATTI TUDE CONTROL W I LL RESUME AT THE 
T I M E  AN ENG I N E  SHUTDOWN HAS BEoN COMMANDoD BY THo LGC o 

C o  DUR I NG DOCKoD MANoUVo RS o DPS G I MBAL TR IMMING MUST So DONo AT GRoATER THAN 3 S  PoRCENT 
THROTTLE IN THE AUTO THROTTLE MOD o •  THE RECOMMENDED SoT T I NG I S  40 PERCENT• 

IN  THE DOCKED DPS BUR N •  AT 1 0  PERCENT THROTT L E o  THE DAP CANNOT CALCULATE SMALL OFFSET 
ACCEcoRAT I ONS NoEDoD TO DRIVE THE oNG l No THRUST VoCTOR THROUGH THo COMB I NED CG OF THo TWO 
VEH!CcESo BECAUSE OF THE LARGE INER T I A  OF THE DOCKED COMBI NA T l ON o  A MUCH GREAToR THRUST I S  
NEoDED TO l NCRoASE THE DAP ' S  SENS I T I V I TY T O  OFFSET ACCoLoRAT IONSo FOR T H I S  PURPOS o •  A 4 0  
PERCoNf THROTTLo SET T I NG I S  RoCOMMENDEDo THROTTLE SE T T I NGS OF GREAToR THAN 35 PERCENT HAVE 
PROV I DED SAT I SFACTORY THRUST VECTOR ALlGNMoNTo THo THROTTLE I NCRoASo SHOUCD So APP L I ED 
MANUALLY V I A  THE CREW TTCA W I TH THo THROTTLo CONTROL IN THE AUTO THROTTLE MODEo THE AUTO 
THROTTLE MODE MUST BE USED SUCH THAT THE LGC CAN COMMAND 1 00 PERCENT THROTTLE AT T I G  PLUS 
2 6  SECONDSo I F  THE MANUAL THROTTLE POS I T I ON WERE USED IN T H I S  PROCEDURE o THE CREW WOULD 
HAVE TO APPLY THE 1DD PERCENT THRUST COMMAND MANUALLY FOR THE RE�U I RED T I M E o  SWITCH I NG THE 
THROTTLE CONTROL BACK TO AUTO W I LL RESULT IN A 1 D  PERCENT THROTTLE SETT I NG AFTER THE LGC 
HAS I SSUED THE 100 PERCENT CO�.MANDS S I NCE THESE COMMANDS ARE I SSUED ONLY ONCE BY THE LGC o 
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24-5 RENDEZVOUS RADAR 

Ao THE RR MUST NOT BE USED TO TRACK CSM TRANSPONDER UNT I L  2 , 5  HOURS A F T E R  OPERATE HEATER 
ACT I V AT I ON AND ANTENNA TEMPERATURE I HP M l  IS GREATER THAN OR EQUA" T O  1 0  DEG F AND THE GYRO 
PACKAGE I S  E S T I MATED TO Be GREATER THAN OR EQUAL TO 15 OEG F o  

OPERA T I NG THE R R  A T  TEMPERATURES "ESS THAN THOSE " 1 5TED I N  THE ABOVE RULE MAY RE5ULT I N  

DEGRADED RR PERFORMANCE AND POSS I B L E  UNRECOVERABLE D�MAGEo BASED O N  T H E  VALUE O F  THE R R  
ANTENNA T E M P •  I T  I S  P O S S I B L E  TO D E T E R M I N E  T H E  APPROX I MA T E  T I ME NEEDED FOR RR WARMUP T O  M E E T  
T H E  A BOVE CONST � A I N T S •  I T  I S  EST I MATED THAT WORST CASE COND I T I ONS WOULD REQ" I RE A 2 o 5  HOUR 
WARMUP PER I OD •  ( REF SODB 3 • 5  - GNC-l2 ) ,  

8 •  THE R R  SHOULD NOT B E  OPERATED A T  A N  ANTENNA TEMPERATURE GREATER THAN O R  EQUA" T O  145 DEG F 
AND/OR A GYRO PACKAGE TEMP ! ES T I MA T ED > OF GREATER TH�N OR EQUAL TO 2 0 0  DEG F o  

OPERA T I NG THE R R  A T  TEMPERATURES EXCEED I NG THOSE L I STED ABOVE MAY RESULT 
PERFORMANCE AND UNRECOVERABLE DAMAGE TO T H E  HPM AND GYRO PACKAGE • EXTREME 
TAKEN T O  EXTRAPOLATE PRESENT RR TEMPERATURES TO F I NA L  VA"UES BASED ON THE 
RATE OF THE RR TO AVO I D  REACH I NG AND EXC E E D I N G  THE TEMPERATURE CONSTRA I N T S ,  

I N  DEGRADED R R  
C A R E  SHOU"D B E  

EXPECTED USAGE 

c ,  I F  I T  I S  E S T I MATED THAT THE R R  GYRO PACKAGE W I "L EXCEED 200 DEG F I HPM APPROXo 1 3 5  DEG F )  
P R I OR T O  CO�PLET I ON OF THE BRAKING PHAS E o  THE RR SHOU"D BE TURNED OFF UNT I "  REQU I RED FOR 
T P I  AND B R A K I N G •  

TPI AND BRAK I NG A R E  THE MOST C R I T I CA" PHASES OF THE RENDEZVOUS • RR OPERAT I ON I S  MANDATORY 
DUR I N G  T H I S  P ER I OD ,  THEREFORE , RR OPERA T I ON P R I O R  TO CSI AND CDH W I L L  BE DELETED IN ORDER 
TO ASSURE R R  TEMPERATURES LOW ENOUGH T O  sUPPORT TPI AND BRAKING• 

D, IF THE E S T I MATED GYRO PACKAGE TEMP SHOULD EXCEED 200 DEG F I HPM APPROXo 1>> DEG F l  ANYT I M E  
D U R I N G  T H E  RENDEZVOUS PHAS E •  THE A C  POWER TO THE R R  SHOULD NOT B E  TURNED O F F ,  

T ES T S  O N  THE G Y R O  PACKAGE I ND I CATE THAT I F  THE RR AC POWER I S  REMOVED WHEN T H E  G Y R O  PACKAGE 
EXCEEDS 2 0 0  DEG F o  GYRO FA I LURE OR DEGRADED OPERAT I ON MAY OCCUR UPON SUBSEQUENT POWERUPo 

E, IF THE RR ANTENNA TEMP EXCEEDS THE NOMINAL TEMPERATURE PROF I L E  BY 1 5  DEG F THE RR sHOULD BE 
TURNED OFF I F  I T  15 NOT NEEDED• 

EXC E E D I N G  THE NOM I NAL TEMPERATURE PROF I LE BY 1 5  DEG F I N D I CA T E S  OVERHEAT IN G THAT MAY CAUSE 
RADAR M E D L I NE S  ON THE GYRO PACKAGE TO BE EXCEEDED A T  A LATER T I ME o  THE 15 DEG RULE I S  
CON s i DERED A TEMPERATURE MANAGEMENT RULE HELPFUL A S  A N  I ND I CATOR THAT THE R R  SHOULD B E  
TURNED OFF WHEN NOT NEEDED• 

F, IF T H E  RR OVEN HEATERS ARE TURNED O F F  ! BOTH THE PGN5--- RNDZ RDR AND HEAT ERS--- RNDZ RDR 
OPR OPEN ) RR RANGE DATA MUST NOT B E  USED UNT I L  17 M I N  A F T ER RE-ENERG I Z I N G •  ASSUMING THE 
OVEN TEMP HAS DROPPED TO THE COLD R A I L  TEMPo 

T E S T S  I N D I CA T E  THAT 1 7  MIN IS REQU I RED TO ALLOW THE R R  OVEN TO REACH 160 DEG F FROM WORSE 
CASE COLD RA I L  OF APP R Q X ,  35 DEG f, 

24-6 LAN D I NG RADAR 

A o  THE LR sHOULD NOT NORMALLY B E  OPERATED A T  AN ANTENNA TEMP LESS THAN + 5 0  DEG F o  HOWEVER• 
THE LUNAR LAND I N G  M I S S I ON W I L L  B E  A T T EMPTED IF THE ANTENNA TEMP IS ABOVE THE C R I T I CA L  L I M I T  
9 F  �1-� D I;G_ f -\tiAf<D�ARE PA�AG.E;_l,� 

P O I  W I LL BE I N I T I ATED BELOW THE SO DEG F VALUE I N  THE HOPE THAT AT ALT I TUDES WHERE LR DATA 
I S  REQU I RED THE ANTENNA W I LL. B E  UP T O  OPERATING TEMPERATURE• 

Bo LR A C T I VA T I ON W I L L  BE DELAYED IF THE LR TEMP IS PRED I CT E D  TO BE GREATER THAN 145 DEG F AT 
P D 1 + 8 + 3 0  t H I GAT E J ,  

BASED UN THE FACT THAT THE LR MUST BE LOCKED ON AND CONVERGED BY l O t O OO F T  I THAT 1 5 •  NOT 
MANDATORY AFTER H I GAT E l , THE PRED I CTED OR ACTUAL TEMP R I SE RATE CAN BE USED TO DETERM I N E  
HOW LONG BEFORE P D I +B+JO T H E  LR C A N  B E  TURNED ON 50 A S  NOT T O  EXCEED 1 4 5  D E G  F B Y  H I GA T E •  
BEYOND 145 D E G  F t  L R  OPERAT I O N  I S  YUEST I ONABL.Et 
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24-7 AGS 

Ao THE AGS IS DEC�ARED NO-GO DUR I NG A GYRO AND ACCE�EROMETER C A � I SRAT I ON IF THE GYRO DR I F T  
CHANGE I S  GREATER THAN 2 o 00 DEG/HR AND I F  THE ACCE�EROMETEH S I AS CHAN�E I S  GREATER THAN 
O o 0 3 9  FT/SEC2 FROM THE VALUE A T  THE START OF THE CA� I 6R A T 1 0 N o  

T HE  ACCEPTABLE BOUNDS O N  GYRO DR I F T A N D  ACCE�EROMETER B I AS SH I F T S ,  WH I CH C A N  OCCUR BETWEEN 
TWO SUCCESS I V E  C A L I B RA T I ON S •  ARE G I VEN IN TABLE l 7 o l  OF LM/AGS OPERA T I NG MANUALo 

6o THE AGS CAN BE USED TO PERFORM DOCKED ATT I TUDE HO�D CONTRO�o 

S l MU�AT I ONS HAVE PROVEN THAT THE AGS CAN CONTROL T H E  DOCKED MASS IN AN A T T I TUDE HO�D 
CON F I GURA T I ON AND MA I N T A I N  THE PROPER DEAD6AND W I TH A M I N I MUM AMOUNT OF RCS PROPEL�ANT 
USAG E • 

C .  T H E  AGS I N  PU�SE MODE U S I NG ONLY T T C A  CONTROL C A N  B E  USED TO PERFORM A DOCKED BURN, 

S I MULAT I ON RUNS HAVE SHOWN THAT THE DOCKED DPS BURN CAN 6 E  PERFORMED W I TH THE LOSS OF 
THRUST VECTOR CONTROL W I THOUT EXCEED I NG THE RCS I M P I NGEMENT CONSTRA I N T S  6 Y  SW I TC H I NG TO AGS 
PULSE MODE OF OPERAT ION AND CONTROL L I NG THE V EH I CL E  V I A  THE TTCAo RECENT TESTS PERFORMED 
ON A �M DOCKED TO A CSM HAVE SHOWN THAT THE NATURA� BEND I NG FREUUENCY OF THE DOCK I NG CONE 
I S  B E TWEeN TWO AND THREE C Y C L E S  PER SECONDo THESE T E S T S  HAVE ALSO SHOWN THAT THE DOCK I N G  
CONE CAN W I THSTAND T H E  FORCES RESULT I NG FROM TRANS�AT I ON MANEUVERS A S  �ONG AS T H E  
TRANS�AT !ONS A R E  NOT PULSED AT T H E  NATURAL BEND ING FREQUENC Y •  THE � M  CREW HAS S E E N  ADV I SED 
OF T H I S  AND SA I D  THAT PROCEDURA��y THEY WOU�D NEVER H I T  THAT FREUUENCYo I F  THE �M IS YAWED 
TO A L I C N  THE V E H I C L E S  C oG o ' S  I N  THE DOCKED APS CON F I GURA T I ON o  AT T I TUDE CONTRO� V I A  TTCA HAS 
PROVED IN S I MU�AT I ONS TO 6E A N  ACCEPTABLE MODEo 
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24-20 LOSS OF GU I DANCE STEE R I NG 

A o  OPERATIONA� AGS 

A�S GUI DANCE STE E � I NG I S  NOT REUU I RED FOR A�� PHASES OF T H I S  M I S S I ON BECAUSo 
IT CANNOT STEER THE LM ALONG THE REQU I RED POWERED DESCENT TRAJ ECTORY• 

Bo OPERATIONA� PGNS 

OOCKEO/UNDOCKED o PRE-PO l o  POWERED DESCENT P R I OR TO H I GATE 

P�NS GUI DANCE S T E E R I N G  U T I L I Z I NG AN OPERAT I ONAL PGNS IS REUU I RED TO H I GATE 
TO STEER THE LM E I THER AUTOMAT I CALLY I PGNS AUTO I OR MANUALLY I PGNS RATE 
COMMAND ! A�ONG THE DESCENT TRAJECTORY • 

POWERED DESCENT AFTER H I GATE 

AFTER � ! GATE OUT-THE-WINDOW AND ONBOARD CUES SHOU�D BE SUFF I C I ENT FOR THE 
CREW TO MANUA��y STEER THE LM T O  TOUCHDOWN AND THEREFORE GU I DANCE ST EER I NG 
IS NOT REUU I REO o LANDING ENABLES THE CREw TO USE STANDARD PROCEDURES AND 
ALLOWS ADD I T I ONAL T I ME TO RESOLVE THE PROBLEMo 

lUNAR STAY 

ON THE LUNAR SURFACE A LOSS OF PGNS GUI DANC" STEER I N� THAT DOES NOT AFFECT 
REDUNDANT 3-AX I S  ATTI TUDE CONTROL IS NOT CAUSE FOR AN ASCENT S I NCE AGS 
GU I DANCE S T E E R I N G  IS S T ! L � AVA i lABl E o  

RE.NDEZVOUS 

S I NCE THE MAJOR I T Y OF CREW T RA I N I N G  I S  w i TH A LM A C T I V E  RENDElVOUS AND TO 
CONSERVE CSM CONSUMABLES THE AGS W I LL BE USED TO PERFORM A LM ACT I VE 
RENDEZVOUS I F  THE PGNS F A I �S .  

24-21  �OSS O F  FOAl FUNCT I ONS I A T T o  RATE S •  ERRORS ) 

THE FDA l I S  A CREW METHOD FOR MON I TOR I NG ATT I TUDES , RATESt AND A T T I TUDE ERRORS DUR I NG CR I T I CAL 
PHASES OF THE M I SS I ON-- THEREFOKE·, CON T I NUAT I ON OF THE M I SS I ON IS A CREW OPT I ON o  A F T ER H I GA T E o  
OUT-THE-W I NDOW CUES A R E  ACCEPTABLE FOR LAND I NG o  AFTER LAND I NG •  NOTH I NG I S  ·GAINED BY A N  EARLY 
L ! FTOF F o  THE LM A C T I V E  RENDEZVOUS I S  POSS I BL E  USING THE DSKY AT T I TUD• READOUTS• 

24-22 LOSS OF AOT 

S I NCE ACCEPTABLE METHODS 1 0 o 0 5  DEG ALI GNMENT ACCURACY ) HAVE BEEN DEVELOPED TO F I N E  A L I GN AND 
ALSO DETER M I N E  THE D K I F T  OF THE LM IMU W H I LE DOCKED W I TH THE CSM ! S I MULTANEOUS SETS OF LM/CSM 
CDU ANGLES i o  THE AOT IS NO LONGER REQU I R ED TO OBTA I N  THE MANDATORY F I NE AL I GNMENT P R I OR TO PO l o  
ON THE LUNAR SURFACE A GRAV I T Y Al i GNMENT I S  ADEQUATE FOR l i FTOF F o  AND A RENDEZVOUS CAN BE 
ACCOMP L I SHED W I TH AN ADEUUATE DEGREE OF ACCURACY U S I NG THE RR FOLlOW ING A LUNAR SURFACE 
All GNMENT o 
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24-23 LOSS OF RENDEZVOUS RADAR/VHF RANG I NG/OP T I CAL TRACK I NG 

A •  L O S S  O F  ANY ONE 

A"L PHASES 

TWO L,�-CSM TRACK I NG SYST EMS A R C:  CON S I DERED SUFF I C l o N T  TO ASSURE A SAFE RENDEZVOUSo 

B •  LOSS OF ANY TWO 

DOCKED/UNDOCKEDI PRE P O l -A S I NGLE PO I NT FA I LURE COULD CAUSE A LOSS OF T H E  R E MA I N I NG ONBQA�D 
TRACK IN G  S Y S T E M o  S E R I OUSLY JEOPAR D I Z ING THE SUCCESS OF THE R E NDeZVOUS PHAS E o  ALSO GROUND 
TRACK I NG CAN B E  USED T O  BACKUP THE NORMA" RENDEZVOUS WHEREAS N O  GROUND HELP IS AVA I L ! ABLE 
FOR T H E  SHORT RENDEZVOUS• 

AL" OTHERS 

A F T ER POl THE LM IS COMM I T T E D  TO A RENDEZVOUS • THEREFORE THE SURFACE PHASE IS CUNT l NU E O o  
R EL Y I NG ON GROUND TRACK I NG A S  A BACKUP T O  T H E  REMA I N I NG TRAC K I NG S Y S T E M o  

24-24 L O S S  O F  LAND I NG RADAR 

DOCKED/UNDOCKED o PRE-P O !  

P R I OR T O  I N I T I A T I NG TH E  POWERED D E S C EN T •  T H E  M I SS I ON WOU"D NOT BE CUN T ! NUED W I T H  THE LOSS 
OF THE LR S I NC E  LR DATA I S  ESSENT ! A "  FOR S T A T E  VECTOR UPDA T ! NG o  THE LOSS IN T H I S  CASE I S  
ASSUMED T O  B E  SOME CLEAR CUT TOTAL "OSS SUCH AS C I RC U I T  BREAKER F A l "URE T O  STAY ! N o  

POWERED DESCENT P R I OR T O  ADEQUATE A " T l T U D E  UPDA T I NG O F  " M  S T A T E  VECTORS 

THE CURRENT M I SS I ON RU"E ASSUMES A REQU I REMENT 
A MAX I MUM A L T I T U D E  D I SPERS I ON S  B E I N G  CORRECTED 
CONVERGENCE P R I O R  TO SOME M I N I MUM ALT I TUDE 
D I SPERS I ONS FROM CAUS I N G  ! �PACT W I TH THE MOONo 

FOR MA I N TA ! NG 3 S I GMA PGNS PERFORMANCE W I TH 
BY LR UPDATESo I N  T H I S  CASE PGNS D E L T A  H 

I S  REUU ! RoO TO PREVENT PGNS TRAJECTORY 

POWERED DESCENT AFTER ADEQUA T E  A " T I TUDE UPDAT ING OF LM S T A T E  VECTORS 

UPON T H E  DEC I S I ON BY GU I DO T H A T  ADEQUATE UPDA T I NG OF THE LM S T A T E  VECTORS HAS BEEN 
ACCOMPL I SHED •  T H E  REMA I NDER OF TH E LUNAR DESCENT CAN BE ACCOMP L I SH E D  ON STATE VECTUM DATA 
AL.ON E •  
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24-28 "OSS OF REDVNDANT 3-AX I S  ATT I TUDE CONTRO" 

DOCKED/VNOOCKEDo  PRE-PD i o  POWERED DESCENT PR I OR TO H I GH G�TE 

S I NCE PGNS AUTO/RATE CMD AND AGS RATE CMD ARE THE ON"Y ACCEP TAB"E C ONTRO" MODES FOR POl o "OSS OF 
E I THER CONST I TUTES A "OSS OF REDVNDANCYo REDUNDANCY IS MANDATORY SINCE THERE ARo MANY S I NG"E 
FA I "URES THAT CAN CAUSE "OSS Of E I THER MODEo 

POWERED DESCENT FROM H I GH GATE TO TOUCHDOWN 

AFTER H I GH GATE THE D EC I S I ON TO CONT I NUE IS CREW OPT I O N o  "AND I NG ENABLES THE CREW TO USE 
STANDARD PROCEDURES AND AL"OWS ADD I T I ONAL T I ME TO RESO"VE THE PROB"EMo 

LUNAR STAY AND RENDEZVOUS 

ON THE "UNAR SURFACE THE "OSS OF E I THER PGNS AUTO/RATE CMD OR AGS AUTO/RATE CMD W I LL 
FOR AN ASCENT AT THE NEXT BEST OPPORTUN I TY S I NCE FURTHER SYSTEMS DEGRADAT I ON CAN CAUSE 
A"L A T T I TUDE CONTROL RECOMMENDED FOR ASC ENT,  DUR I N G  RENDEZVOUS OTHER MODES OF A T T I TUDE 
BECOME ACCEPTABLE AND THE M I SS I ON CAN BE CONT I NU E D •  
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24•29 LOSS OF TRANSLA T I ON CAPAB I L I T Y  

Ao AUTOMAT I C  ULLAGE ( + X I  

AUTOMAT I C  ULLAGE I S  CAUSED B Y  THE LGC I SS U I NG APPROP R i ATE JE T-ON COMMANDS T O  THE PGNS 
ASSOC IATED CES HARDWARE• A FA I LURE OF AUTOMAT I C  ULLAGE COULD THEREFORE BE CAUSED BY E I THER 
AN LGCILGC I NTERFACE OR A CES MALFUNC T I ON •  IF AN AUTOMA T I C  ULLAGE F A I LURE OCCURS • THE CREW 
W I LL MANUALLY ULLAGE W I TH THE +X TRANSL p , B ,  TO SAT I SFY THE CONSTRA I N T  OF HAV I NG ULLAGE TO 
START A DPS BURN , S I NCE THE USE OF THE P o B o  DOES NUT ENTA I L  USING ANY AUTOMA T I C  ULLAGE 
C I RCU I T S •  A S I NGLE F A I LURE IN AUTOMA T I C  ULLAGE W I LL NOT I NH I B I T  OR AFFECT THE MANUAL 
ULLAGE• THUS THE ULLAGE REQUIREMENT W I LL BE SAT I S F I E D •  BECAUSE THE NORMALLY SHORT ULLAGE 
T I ME ( 8  SECONDS ) DO�SN ' T ALLOW FOR A SU6STANT t A L  AMOUNT OF TROUBLESHOOT I N G •  A SECONDARY 
l ' D I C AT I ON OF FAULT IS NECESSARY TO I SOLATE T HE MALFUNC T I ON,  THAT SECONDARY I N D I CAT I ON I S  
THE AUTOMA T I C  START O F  THE DPSo I F  THE DPS STARTS AUTOMAT I CALL Y •  THE LGC I S  ASSUMED T O  BE 
OPERAT I NG NOM IALLY S I NCE THE PROBA B I L I T Y OF CHANNEL B I TS l l o E o o ULLAGFLG OR A +X JET-ON 
COMMAND J FA I L I NG IS EXT REMELY LOWo HOWEVER • A TEST OF REDUNDANT 3-AX I S  AT T I TUDE CONTROL MAY 
BE MADo DUR I NG THE FTP PORT I ON OF POl TO I NSURE PGNS 3•AX I S  AT T I TUDE CONTROL, THUSo I F  
NECeSSARY • .A PGNS ASSOC I A T ED CES HARDWARE FAI LURE W I LL BE DETECT"D• I F  THE AUTOMA T I C  START 
DOES NOT OCCUR• A WORST CASE ASSUMP T I ON IS MADE ( l o E o t  THE LGC HAS LOST I TS AB I L I T Y  TO 
CONTROL MAJOR F L I GHT FUNCT I ONS J o  THUS • T H I S  SECONDARY F A I LURE CONS T I TUTES A NO•GO FOR POl 
ON THE UAS I S  OF LGC CONTROL F A I LURE S ,  

B ,  3-A X I S  TRANSLAT I ON 

THREE A X I S  TRANSLATION I S  REQU I RED P R I OR TO C I RC TO M A IN TA I N  SYSTEMS I N T EG R I T Y  BECAUSE A 
DOUBLE FAI LURE I N  NECESSARY TO V I OLATE THE LM 1 S  BAS I C  3•AX I S  TRANSLAT I ON REDUNDANCY ,  AFTER 
C! RCo  THE VEHICLE I S  I N  A S I TUAT I ON WHERE IT MUST PERFORM A REND"ZVOUS••• THEREFOR E •  I T  I S  
N O  EA I SER T O  PERFORM A RENDEZVOUS FROM THE CURRENT ORB I T  THAN FROM THE LUNAR SURFAC E o  THUS t 
AFTER C i R C o  CON T I NUE M I SS I ON I S  THE APPROPR I ATE ACT I ONo AFTER I NSERT I O N ,  THE LM CAN PERFORM 
THE D I RECT RENDEZVOUS AS LONG AS IT CAN PERFORM THE TWEAK BURN AND T P i o  TO DO T H I S o THE LM 
MUST HAVE X TRANSLAT ION CAPAB I L I TY ,  FOR TPF t IT IS NECESSARY THAT THE CREW EVALUATE THE 
LOSS OF TRANSLA T I ON IN REAL T I MEt  THUS• THE ACT I ON IS TO CONTI NUE M I SS I ONo 
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24-30 LOSS OF P I TCH OR ROLL GOA 

THE LOSS OF P I TCH OR ROLL GOA ! THRUST VECTOR CONTROL) WOULD CAUSE AN ABORT ONLY I F  EXCESS I V E  
I MP I NGEMENT OR LOSS OF A T T I TUDE CONTROL COULD RESULTo  

24-31 LOSS OF REDUNDANT ASCENT ENGINE ON CAPAB I L I TY 

A REDUNDANT METHOD OF MAINTA I N I NG THE ASCENT ENGINE ON I S  NECESSARY TO I NSURE CREW SAFE T Y ,  THE 
TWO METHODS WH I CH CONS T I TUTE THE NECESSARY REDUNDANCY ARE AUTO START AND ENGINE START OVERR I D E •  
I F  A FAI LURE OCCURS AFFEC T I N G  E I THER ME THOD AND I F  THERE I S  AVA I LABLE T I ME o TROUBLE SHOOT I NG 
PROCEDURES W I L L  BE I MPLEMENTED TO DETER M I NE APS START REDUNDANCYo PRIOR TO POI THE CONFIRMED 
LOSS OF E I THER ME THOD IS SUFF I C I EN T  TO NO•GO PO l o  IF THE LOSS OF REDUNDANT ASCENT ENGINE ON 
OCCURS DUR I NG P O l o D I FFERENT·  ACT I ONS ARE RE�U I RED DEPENDING ON WHETHER OR NOT DECENT I NSERT ION 
CAPAB I L I TY E X I STS I RoFERENCE MR 2 o •2 1 o  WHEN DESCENT INSER T ION CAPAB I L I T Y  EX I S T S •  T H E  LOSS OF 
E I THER METHOD W I-LL BE CAUSE FOR AN ABORTo IF E I THER I S  LOST AFTER DESCENT INSERT ION CAPAB ! L ! TY o  
THE ACT I ON W I LL BE T O  CONT I NUE THE M I S S I ON BECAUSE I T  WOULD BE D I FF I CULT T O  I MPLEMENT CORRECT I V E  
PROCEDURES DUR I NG TH I S  T I M E  O F  H I GH CREW ACT I V I TY ,  I F  T H E  LOSS OF E I THER I S  CONF I RMED AFTER 
LAN D I N G o  THo LM W I LL BE NO•GO FOR AN EXTENDED LUNAR STAYo L I FTOFF AT NEXT BEST OPPORTUN I T Y  IS 
THEN THE DESI RED ACT I O N o  

2 4 • 3 2  LOSS OF D P S  AUTO O N  CAPAB I L I T Y  

I F  DPS AUTO O N  CAPAB I L I TY I S  LOST o THE REQU I RED ACT I ON I S  DEPENDENT UPON WHETHER O R  NOT 
AUTOMAT I C  ULLAGE HAS OCCURREOo T H I S  CONST R A I NT AGAINST THE OPS AUTO ON WAS LEV I ED TO ALLOW A 
SECONDARY IND I CAT I ON OF THE LGC 1 S  ABI L I TY TO CONTROL MAJOR F L I GH T  FUNC T ! ONSo 

I F  ULLAGE HAD OCCURRED AUTOMAT I CALLY AND THE OPS AUTO ON CAPABI L I TY WAS LOS T o  THE U S E  OF THE 
ENG I N E  START PoBo  WOULD BECOME MANDATORY• THIS I S  BECAUSE IT  IS  NECESSARY TO F I RE THE 
SUPERCR ! T ! CAL HEL I UM SQU I BS WHI CH WHEN BLOWN W I LL ALLOW FOR NOMINAL M I S S I ON COMPLET ! ON o l F  
I GN I T I ON NOW OCCURS o THE OESCENT ENGI NE COMMAND OVERR I D E  SWI TCH SHOULD B E  PLACED ON BECAUSE OF 
S I NGLE POINT  F A I LURES IN THE START PUSH BUTTON C ! RCU ! TR Y o  IF IGNI T I ON DOESN ' T  OCCUR W I TH START 
P o B o  DEPRESS I ON o  THEN THE SHE SQU I BS MAY NOT HAVE BEEN BLOWNo IF THE DPS WERE TO BE SUBSEQUENTLY 
STARTED I V ! A THE DSC END CMD OVRD I W I TH THE LOSS OF SHE t  PO! WOULD BE ABORTED• THUS A PER I OD OF 
T R OUBLESHOOT I NG l l  R�V I IS N�CESSARY TO DETERMINE WHETHER OR NOT THE CAPA B I L I T Y  E X I STS TO 
SUCCESSFULLY BLOW SHE SQU I BS AND I GN I T E  THE DPSo 

HOWEVERo I F  ULLAGE HAD NOT OCCURRED AUTOMA T I CA L L Y •  AND THE OPS AUTO ON CAPAB I L I T Y WAS LOST • THE 
AC T I ON WOULD BE TO I NH I B I T  POI S I NCE TWO MAJOR F L I GH T  FUNCT I ONS MAY NOT HAVE BEEN PERFORMED BY 
THE LGC o THUS o POl  I S  NO-GO BECAUSE OF A SUSPECTED LGC F A l LUREo 
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24-34 "OSS OF AUTO/MANUAL THROTT"E CONTRO" 

A• E I THER 

THE "OSS OF AUTO THROTT"E W I "" NOT NO-GO P D I  S I NCE I T  IS POSS I BLE TO MON I T OR V I A  DSKY 
READOUT GU I DANCE THRUST COMMANDS• S ! MU"AT I ONS HAVE SHOWN THAT THE CREW CAN FO""OW W I TH 
MANUA" THROTT"E CONTROL THE APPROP R I A T E  THROTTLE SCHEDULE D I SPLAYED ON THE DSK Yo 

NOM I NA"" y '  MANUA" THROTTLE IS USED TO SUPP"EMENT/BACKUP AUTO THROTT"E • DPS MAX THRUST CAN 
BE ACH I EVED BY E I THER A FUL" SCA"E OUTPUT OF AUTO THROTT"E AND A PERCENTAGE OUTPUT OF 
MANUAL THROTT"E OR A FU"" SCALE OUTPUT OF MANUA" THROTT"E• S INCE MAX THRUST FROM THE DPS I S  
A NECESSARY REQU I REMENT FOR BOTH THE NOMINA" P O I  TRAJECTORY AND NEAR LUNAR SURFACE ABOR T S •  
A MEANS O F  ACH I EV I NG M A X  THRUST I S  MANDATORY, 

THE "OSS OF MANUA" THROTT"E REQUI RES A CONT INUE M I SS I ON RU" I NG BECAUSE A WORK-AROUND 
PROCEDURE E X I STS TO FORCE THE DPS TO MAX THRUST REGARDLESS OF THE MANUA" THROTT"E OUTP U T •  
THUS T H E  NECESS I TY OF REQU I R I N G  MANUAL THROTTLE HAS BEEN REMOVED, 
AN EXAMPLE OF HOW THE PROCEDURE IS I MP"EMENTED W I "L C"AR I F Y  I TS USEo I F  MANUAL THROTT"E I S  
"OST PR I OR T O  O R  DUR I NG PO l o  THE DECA POWER CB O N  PANE" l l  W I "" BE PULLED WHEN MAX THRUST 
IS NECoSSARY o WHEN GTC IS BELOW 5 7  PERCENT • THE CB W I L" BE RESET T O  ALLOW THE "GC TO 
CONTRO" THE THROTT"E' W I TH THE CB PU"LED• GROUND MON I TOR I NG Of CERT A I N  PARAMETERS IS "OST 
BUT THo "OSS DOES NOT COMPR I M I Z E  FA I "URE DETECT I ON TECHN IQUES IN T H I S  T I ME FRAMEo 

THUS • THE "OSS OF E I THER THROTTLE CONST I TUTES A CON T I NUE M I SS I O N  RUL I NG ON THE BAS I S  THAT 
BACKUP TECHN I QUES FOR EACH ARE AVA I LAB"E• 

Be BOTH 

THE "OSS OF BOTH THROTT"ES W I "" BE CAUSE FOR AN ABORT DUR I NG POl S I NCE THE PO I TRAJECTORY 
REQU I RES THAT THE DPS BE THROTT"ED TO MEET A"T I TUDE AND A"T I TUDE RATE CONSTRA I NTSo IF THE 
CON F I RMED "OSS OF BOTH I S  DETECTED ANYT I ME P R I OR T O  P O l o THE ACT I ON W I "L BE T O  RETURN TO 
THE CSM S I.NCE A LUNAR "AND I NG CANNOT BE ACCOMP L I SHED • 

24-36 LOSS OF LUNAR CONTACT L I GHTS 

THE FUNCT ION OF THE LUNAR CONTACT L I GHT IS TO CUE THE CREW WHEN T O  H I T  THE STOP PUSH BUTTON 
PR I OR TO TOUCHDOWN, IF THE "UNAR CONTACT L I GHTS WERE LOST • THE CREW WOU"O CONT I NU E  THE M I SS I O N  
US I NG V I SUAL REFERENCE A S  T H E  PRI MARY SHUTDOWN C U E  AND THE OTHER ONBOARD CREW D I SPLAYS AS 
SECONDARY CUES• 
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THE FO""OW ING "M DPS PROPU�S I ON M I SS I ON RU"ES RAT I ONA"E ATTEMPTS TO EXP"A I N  THE BACKGROUND 
B E H I ND EACH M I SSION kU"E• S I NCE THE F I RST RU"E IN EACH SECTION IS A REPE T I T ION OF THE "M CONTRO" 
GO/NO-GO ' S  IN SECT ION 3 I R E F  PAGE 3•23 1 o  THE RATI ONA"ES BE "OW A"SO COVER THE GO/NO•GO ' S o  I N  
GENERA" THE OVERAC" PHI "OSOPHY I S  T O  IDENTIFY  THE EQU I PMENT ABSOLUTE"Y ESSENT I A L  T O  COMP"ETE THE 
NORMAL LUNAR M I SS I ON AND AT EACH PHASE SPEC I F Y  THAT E�UIPMENT RE�U I RED FROM THAT PO I NT THROUGH 
REDOCK I NGo IN ADD I T I ON •  OTHER EQU I PMENT IS A"SO REQU I RED TO PROV I D E  REDUNDANCY FOR CREW SAFETY 
PURPOSES , THIS IS PR I MA R I L Y  ASSOC I ATED W I TH REDUNDANT CAPA B I " I T Y FOR MA I N T A I N ING DPS I GN I T I ON o  
DUR I NG THE END O F  THE POWER DESCENT PHASE AT SOME P E R I OD jUST P R I OR T O  TOUCHDOWN I T  BECOMES MORE 
DANGEROUS TO ABORT THAN TO MANUAL"Y LANDo AND THEN DO A NOMINAL L I FTOFF• T H I S  I S  BECAUSE THE 
NOM I NAL L I FTOFF IS MORE THOROUGHLY EXERC I SED DUR I NG PREM I SS I O N  S I MULAT I ONS AND I NVOLVES LESS 
UNKNOWNS BOTH FROM A STANDPOINT OF SOFTWARE CHECKOUT AND CREW PROCEDURES, DUR I NG THE LUNAR 
STAY • THERE ARE OPT I MUM T I MES FOR L I FTOFF WHERE THE C SM POS I T ION IS A" IGNEO FOR EASY RENDEZVOUS• 
ABORTS DUR ING LUNAR STAY W I "L BE DELAYED TO " I FTOF F  AT THESE OPT I MUM T I MESo EXCEPT IN CASES 
WHERE CAPABI L I T Y  TO ACHI EVE ASCENT I S  JEOPARD IZED, 

25•2 DEF I N I T I ONS 

A o  OPERATI ONA" DPS 

1 o  THIS  M I N I MUM INLET PRESSURE ASSURES THAT SYSTEM PRESSUR I ZAT I ON V I A  THE SHE 
W I LL OCCUR QU I CKLY ENOUGH TO OPEN PROPELLANT BALL VALVES AND ALLOW 
PROPELLANT FLOW PRIOR TO THE SHE FLOW FREEZ I NG THE FUEL IN THE FUEL•HEL I UM 
HEAT EXCHANGER• 

2o If ENG I NE I NLET LOWER PRESSURE L I M I TS ARE V I OLATED o EXTREME COMBUST I ON 
ROUGHNESS CAN RESULT• ROUGH COMBUS T I ON G I VE S  R I S E  TO SEVERE CHAMBER 
PRESSURE SPI KES o H I GH TRANS I ENT ACCELERAT I ONS•  �ND ABNORMAL ENG I NE STRESSES 
WHICH COUlD CAUSE ENG I NE DAMAGE •  

3 ,  THE ENGINE SHOULD NOT B E  STARTED AND OPERATED A T  PROPELCANT BULK 
TEMPERATURES OUTS I DE THE 50 DEG F TO 90 DEG F RANGE o A BULK TEMP GREATER 
THAN 50 DEG F I N  THE PROPELLANT TANKS INSURES THAT PROPEL"ANT IN THE L I NES 
DOWNSTREAM OF THE TANKS REMA I N S  ABOVE 40 DEG Fo THE TEMP OF 40 DEG F 
RoPRESENTS THE LOWER L I M I T  OF THE ENG I NE I NJECTOR QUAL I F I CAT ION ENVELOPE o 
AND EFFECTS OF OPERAT I ON OUTS I DE T H I S  ENVELOPE A R E  UNKNOWN• FOR BU"K TEMPS 
GREATER THAN 90 DEG F PERFORMANCE DEGRADATION AND H I GH EROSION W I TH POSS I BLE 
ENGI NE BURN•THROUGH MAY OCCUR, 

4 o  DoLTA TEMPERATURE GREATER THAN 1 0  DEG F CAUSES DEGRADED PERFORMANCE WH I CH 
RESULTS IN OFF·NO� I NAL M I XTURE RAT I O  AND LOWER SPEC I F I C  I MPULSE WH I C H  COULD 
CAUSE PROPELLANT DEPLE T I ON PR IOR TO LAND I NG ,  IN ADD I T I ON •  A DELTA T GREATER 
THAN 25 DEG F MAY PRODUCE H I GH EROSION RATES AND A POSS IBLE PREMATURE 
CHAMBER BURN•THROUGHo THE TEMPERATURE L I M I TS ARE ON"Y TO I N I T I ATE A BURN 
BoCAUSE IT I S  NOT REASONABLE FOR BULK TEMPERATURES TO CHANGE DUR I NG A BURN·· 
THEREFORE• ANY S I G N I F I CANT SH I F T  IN TEMPERATURES DUR I NG A BURN W I LL BE 
CONS I DERED A TM F A I LURE•  

5 o i A I DELTA PRESSURE BETWEEN FUEL AND OX I D  ENG I N E  I NLET PRESSURES CREATES 
-�FF�NO�I�AI, . P ROPELLAN\ F�O� .. R�.T � � · - 0� ,1 �-� ! GH FL9�. RATES _CAUSE . � � G � .  !<RO� I ON 
RATES AND POss t elE PREMATURE CHAMBER BU� N - Y HR00GH• . F'ukl"Hi Grl �L6\J �AtH 
CAUSE ROUGH COMBUST I ON• IN BOTH CASES DEGRADED PERFORMANCE AND IMPROPER 
PROPE�LANT U T I L I ZAT ION RESUlTS, 

I B I  If  THE DELTA PRESSURE AT THE START OF ANY BURN IS GREATER THAN >O PS I D  ! FUEL 
H I GH i o  THE FUEL LEAD I NTO THE COMBUST I ON CHAM"ER MAY BE LARGE ENOUGH TO 
ALLOW THE FUEL TO ENTER I NTO THE OX I D  OR I F ICES AND CAUSE DETONA T I ON OF 
PROPELLANTS IN THE INJECTOR WHICH COULD DAMAGE THE I NJECTOR• 

6 •  SUF F I C I ENT SUPERC R ! T I CAL HE" I UM MUST E X I ST TO ALLOW PROPoLLANT DEPLET I ON 
W I T HOUT EXCE EDING THE M I N I MUM F T P  I NLET PRESSURE " ! M I T •  

Bo LOW THROTTLE POINT 

THE EXAC T LOW THROTTLE POi N T  I S  DEFI NED FOR I NFORMAT I ON PURPOSES AS IT CHANGES S L I GHTLY 
FROM VEH ICLE TO VEH I C L E •  ! REFERENCE SODB VOL I I  APPEND I X )  

C o  DPS I NSERTION CAPA B I L I TY • NO RAT I ONALE REQU I RED•  
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2 5 • 1 1  M I N IMUM DPS ENG I NE BURN T IME AND RESTART CAPAB I � I T Y  

A M I N IMUM BURN O F  3 o 5  SECONDS I S  REQU I RED TO ASSURE THAT COMBUST I ON CHAMBER HEAT I NG I S  ENOUGH TO 
PREVENT FREEZ I NG OF PROPE��ANTS IN INJECTOR MANIFO�DS WHICH COU�D CAUSE UNPREDI CATAB�E AND 
UNREPEATAB�E SYSTEM OPERAT I ON o  AFTER A M I N I MUM BURNo  A COAST PERIOD OF 2 SECONDS IS THEN 
REQU I RED TO ASSURE THAT SOAK•BACK EFFECTS HAVE CAUSED COMP �ETE SUB � I MAT I ON OF PROPE��ANTS IN THE 
INJECTOR• 

25-14 SUPERCR I T I CA� HE� I UM BURST D I SC RUPTURE DUR I NG MANNED OPERAT I ON IS AN A�lOWAB�E EVENT 

THE SUPERCR I T I CA� HE� I UM PRESSURE RE�lEF ASSEMB�Y I S  DESI GNED TO RE� I EVE THE SHE TANK TO ZERO I F  
THE STORAGE TANK PRESSURE BECOMES EXCESS IVE W I THOUT CAUS I NG STRUCTURA� DAMAGE T O  T H E  SPACECRAF T •  
PRODUC I NG TOO �ARGE A MOMENT UNBA�ANCE o OR ENDANGERING THE CREWo 

25-15 PROPE��ANT GAGING 

THE PQGS IS THE MOST ACCURATE METHOD OF GAGING DPS PROPE��ANT WH I CH I S  AVAilAB�E TO THE CREWo 

Ao THE PQGS ONBOARD ERROR I S  D E F I NED AS l o 3  PERCENT FROM 95 PERCENT TO 25 PERCENT • l PERCENT 
FROM 2 5  PERCENT TO 6 PERCEN T •  AND l o 3  PERCENT FROM 6 PERCENT TO 0 PERCEN T o  

S I NCE T H E  GREATEST RANGE O F  T H E  PQGS A S  W E � �  A S  THE MOST C R I T I CA� 1 6  PERCENT • 0 1  HAS A N  
ERROR O F  l o 3  PERCENT • THIS  I S  T H E  ERROR ESTAB � ISHED FOR M I SS I ON R U � E  U S E o  

B o  THE BACKUP METHOD UT i l i ZES T H E  �GC MASS I N  I T S  CA�CU�A T I ON o  T H I S  METHOD C A N  DETERM I N E  
TOTA� PROPEL�ANT REMA I N I NG VERY ACCURATE�Y I I  PERC ENT ! A NOMINA� M I XTURE RAT I O  I S  ASSUMED 
WHEN CA�CULAT I NG THE O X I D I ZER AND THE FUE� I N D I V I DUACCY o WHICH RESU�TS IN A �ARGER ERROR 1 3  
PERCENT ) .  

2 5 - 1 6  FRACTURE MECHANICS 

WHEN DESCENT STAGE RETEN T I ON I S  DESIRAB�E AFTER A CONG BUR N o  THE FRACTURE MECHAN I CS REQUIREMENTS 
ON THE DESCENT PROPEllANT TANKS MUST BE SAT I SF I E D ,  A BURN THAT �EAVES GREATER THAN 2 9  PERCENT 
OF THE PROPE��ANT PRODUCES NO FRACTURE MECHAN I CS PROB�EMSo FOR �ONGER BURNS P�AC ! N G  THE ENGINE 
I N  A SLOWDOWN MODE AT 29 PERCENT I NSURES THAT FRACTURE MECHAN ICS � l M I T S  W I �� NOT BE V I OcAT EDo  
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25-30 LOSS OF OPERAT I ONAL DPS 

REFERENCE. MISSION RULE R A T I ONALE <5-2 FOR LOSS Of OPERAT I ONAL DPSo AFTER LO GATE THE CREW I S  
TOO BUSY TO OBSERVE ANYTH I N G  OTHER THAN ULLAGE PRESSURES • AND I F  A F A I LURE D I D  OCCUR THAT 
V I OLATED OTHER OPERA T I ONAL PARAMETERS BUT NOT ULLAGE PRESSUR ES • THE ENG I N E  COULD BE SAFELY 
OPERATED IN THAT MODE FOR THE SHORT T I ME UNT I L  LAN D I NG o  

2 5 - 3 1  START TANK LEAK 

Ao I NLET PRESSURE EUUAL To OR GREATER THAN 30 PSIA 

THE DPS START TANK CANNOT BE I SOLATED FROM THE DPS PRESSU R I ZAT I ON SYSTEM AFTER I TS 
EXPLOS I VE VALVE I S  OPENED• HEL I UM FROM THE SHE TANK W I LL FLOW SACK THROUGH THE SECONDARY 
REGULATOR AND LEAK OVERBOARD THROUGH THE START TANK WHEN THE &HE EXPLOS I VE VALVE IS OPENED 
AUTOMATICALLY l o 3  SECONDS AF TER ENG I NE I GN I T I ON ,  THE ENGI NE CAN BE SAFELY STARTED AND 
OPERAToD FOR l o 3  SECONDS W I THOUT PRESSUR I Z I NG FROM THE START TANK IF THE I NL E T  PRESSURES 
ARE EUUAL 10 OR GREATER THAN 30 P S l A o  T H I S  W I LL AVO I D  LOSS OF HoL I UM FROM THE SHE TANK• 

Bo INLET PRESSURE LESS THAN 30 P S I A  

'N I T H  eNG I NE I NLET PRESSURES BELOW SPEC I F I ED L I M I T S •  T H E  ENG I N E  CANNOT B E  SAFELY STARTED-
THEREFORE• THE START TANK MUST BE USEDo IF A START TANK LEAK E X I STS AND THE SUU I B  IS BLOWN 
AND THERE IS SUFF I C I ENT HELI UM TO B R I N G  THE ULLAGE PRESSURE TO EUUAL TO OR GREATER THAN 30 
P S I A o  I T  IS ASSUMED THAT THE LEAK IS SMALL BECAUSE ENOUGH PRESSURE IN THE START TANK 
REMA I N<D TO PAR T I ALLY PRESSU R I Z E  THE DPSo AND POWERED DESCeNT W I LL BE ATTEMPTED ! REF MRR 
26-:33 1 ·  

25•33 LOSS OF SUPERCR I T ICAL PRESSURE DUR I NG POWERED DESCENT 
IF SUPERCR I T I CAL HEL I U M  PRESSURE I S  LOST PRIOR TO 31 PERCENT PROPELLANT REMA I N I N G  THE DPS ENG I NE 
W I LL BE BELOW ITS M I N I MUM F T P  I NLET PRESSURE PR i OR TO PROPELLANT DEPLET I ON o  I F  THE DPS GOES 
INTO SLOWDOWN BELOW 31 PERCENT PROPELLANT REMA I N I N G •  THE CAPAB I L I T Y  TO GO TO FTP AT ANY P O I N T  
AND DEPLETE PROPELLANTS EX I STS• T H I S  ASSURES AN FTP ABORT AY ANY T I ME DUR I NG THE LUNAR LAN D I NGo 
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A DPS HEL I UM LEAK PR I OR T O  POl  W I LL B E  EVALUATED B Y  THE GROUND• I F  THE HEL I UM LEAK ALLOWS A LOSS 
OF LESS THAN 12 LBSo THEN POl  CAN BE COMPLETED W I T HOU T  V I O LA T I N G  MR 2>-2 FOR AN OPERA T I ONAL DPSo 
I F  MORE THAN 1 2  LBS OF HEL I U M  W I LL BE LOST THEN POI  W I LL NOT BE A TTEMPTED• 

AT LO LtVEL ACT I VA T IO N •  THE GROUND ASSUMES THAT 117 SECONDS AT 2 5 o 4  PERCENT THRUST REMA I N S o  T H E  
1 1 3  SECONDS I S  D E R I V ED FROM RSS I NG T H E  3 S I GMA LOW LEVEL P O I N T  F O R  EACH TANK W I T H  THE OTHER FUEL 
TANK o THE SAME I S  DONE FOR THE OX I D I Z E R  TANKS• AND THE LOWEST OF THE FUEL AND OX RSSED NUMBER 
IS USED• T H I S  ASSUMES THAT IT IS H I GHLY I MPROBABLE THAT BOTH FUEL LOW LEVELS OR OX LOW LEVELS 
WOULD Bt A T  T H E I R  3 S I GMA M I N I MUMo AT LEAST ONE LOW LEVEL OUT OF EACH PAIR SHOULD BE AT T H E I R  
RSSED LOW LEVE� POINT . 

N I N E T Y-SEVEN SECONDS AFTER A LOW LEVEL•  APPROX I MATELY 20 SECONDS OF HOVER T I ME OR F I VE SECONDS 
OF FTP REMA I N •  THEREFORE• AT 97 SECONDS• THE CREW FACES AN ABORT/NO ABORT OEC I S I ON o  THEY MUST 
HAVE E I THER THE CAPAO I L I TY TO LAND W I T H I N  20 SECONDS OR THEY MUST ABOR T o  IN WH I CH CASE THEY HAVE 
F I V E  SECONDS AT FTP T O  COVER ANY ABORT S I TUAT I ON SUFF I C ! ENTLYo  

.. , 

25-37 LOW LEVEL CONF I RMS I NSUFF I C I ENT PROPELLANT TO LAND 

IF IN THE CREW ' S  EST I MAT I ON I NSUFF I C I ENT PROPELLANT REMA I NS TO LAND WHEN THE LOW LEVEL 
I ND I CA T I ON I S  OBTA INED , THEN AN ABORT W I TH AN ABORT STAGE 20 SECONDS LATER SHOULD BE I N ! T I AT ED o  
T H I S  W I LL ALLOW MAX I MUM USE O F  T H E  DESCENT ENGINE WH I L E  AVO I D I NG A N  F T P  BURN TO DEPLET I ON W H I C H  
COULD PRODUCE HAZARDOUS THRUST OSC I LLAT I ONS, A T  THE LOW LEVEL I ND I CAT I ON ,  APPROX I MAT ELY 3 2  
SECONDS O F  BURN T I ME REMA I N  AT FTP , I N  ADD I T I ON •  I F  A LARGE DELTA SHOULD A R IS E  BETWEEN OX I D I ZER 
AND FUEL PQGS READ I NGS • T H I S  IND I CATES THAT ABNOM I NAL PROPELLANT USAGt OR A PROPELLANT LEAK MAY 
E X I ST o  WHEN THE DELTA BETWEEN READ I NGS REACHES GREATER THAN 1 3  PERCENT , T H E  NOMI NAL OX I D I ZER OR 
FUEL PROPELLANT MARG I N  PRED I CTED AT LAND I NG HAS BEEN CONSUMED t AND THE CAPAO ! L I T Y  T O  LAND DOES 
NOT E X I S T  EVEN CONS I DE R I NG WORST CASE PUGS ERRORo 

25-3 8  PUGS REA D I NG 2 PERCoNT AND NO VAL I D  T I ME EST I MATE FROM LOW LEVEL 

IF  THE THROTT LE I S  TAKEN OVER MANUALLY OR NO VAL I D  T I ME EST I MATE FROM LOW LEVEL I S  OBTA I N E O o  
THEN T H E  CREW MUST ABORT WHEN PROPELLANTS GET SO LOW THAT T H E Y  COULD RUN O U T  P R IOR TO GET T I NG 
OUT OF THE APS ABORT CURVE I F  AN ABORT WAS REQU I RED• UNDER THESE C I RCUMSTANCES THE P�GSt W H I C H  
IS  T H E  CREW ' S  ONLY PROPELLANT GAG I N G  SYSTEMt BECOMES T H E  P R I MARY C U E  OF PROPELLANT REMA I N I NG 
AF TER LOW LEVEL• WHEN THE PUGS F L I PS TO 2 PERCENT • AN ABORT/NO ABORT DEC I S I ON POINT IS FACED BY 
THE CREWo THE PUGS READING OF 2 PERCENT MEANS THE GAGE IS R EG I STER I NG A PROPE�LANT UUANT I TY 
B E T WEEN 1 . 5  AND 2 o 5  PERCENT DEPEND I NG ON HOW SOON THE CREW SEES THE READ I NG AFTER THE F L I P  TO 2 
PERCEN T ,  TAK ING I NTO ACCOUNT PUGS ERROR I N  THE LOWER RANGE OF l PERCENT • THE CREW CAN HAVE AN 
ASSURED ABORT PAD OF O o S  TO l o S  PERCENT WH I CH CORRESPONDS TO BETWEEN 10 AND 30 SECONDS OF BURN 
T I ME AT 2 5 o 4  PERCENT THRUST AND PROV I D ES SUFF I C I EN T  FTP BURN T I ME FOR ABORT S I TUAT I ONSo  
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25•39 EXCESS IVE PROPELLANT USAGE 

POWERED DESCENT SHOULD BE ABORTED WHENEVER I T  BECOMES CLEAR THAT SUFF I C I EN T  PROPELLANT DOES NOT 
E X I ST TO LANDo PR I OR TO P 6 4 o  SUFF I C I ENT DATA DOES NOT EX I S T  TO DETERM I NE WHETHER EXCESS I V E  
PROPELLANT I S  B E I NG USEDo DUR I·NG P64 o THE GROUND CAN ANALYSE LGC DATA AND DESCENT UUANT I T I ES TO 
DETERM INE WHETHER SUFF I C I ENT PROPELLANT REMA I NS TO LANDo T H I S  ANALYS I S  ALSO TAKES I NTO ACCOUNT 
ANY REDES I GNAT I ONo  EXCESS I V E  PROPELLANT USAGE PRED I C T ED BY GROUND ANALYS I S  W I LL BE VER I F I ED BY 
SECONDARY CUES SUCH AS THROTTLE DOWN T I M E o  THRUST LEVEL TCP o AND SYSTEM PRESSURES WH I CH WOULD 
I N D I CATE OFF-NOMI NAL DPS P E RFORMANCE o A M I N I MUM PERCENTAGE OF PROPELLANT IS REQU I RED AT ALL 
T I �IES FOR AN FTP ABORTo WHEN APP L I ED TO THE PROPULS I ON PER CENT MARG I N  PLOT S •  A M I N I MUM 
PREDI CTED MARG I N  NUMBER AT TOUCHDOWN I S  OB TAI NED BY SUBTRACT I NG BOTH PQGS ERROR AND MARG I N  PLOT 
oRROR FROM THE M I N I MUM PQGS NUMBERS REQU I RED FOR ALL ABORT S I TUA T I ONSo 

REQUI RED FOR FTP ABORTS +1 PERCENT 
PQGS ERROR I N  Zo  PERCENT TO 6 PERCENT R E G I ON • 1  PERCENT 
MARG I N  PLOT ERROR •oZ PERCENT 

'OWEST ACCEPTABLE MARG I N  - , z  PERCENT 

25-40 F A I LURE TO VENT DPS 

V I OLAT ION OF THE FRACTURE MECHAN I C S  L I M I TS ON THE DPS PROPELLANT TANKS COULD CAUSE A RUPTURE OF 
THE TANKS CREAT I NG A HAZARDOUS CON D I T I ON FOR THE CREWo 

FRACTURE MECHAN I C S  L I M I TS ARE ESTABL ISHED ON A PRESSURE-TEMPERATURE RELATI ONSH I P • THE 
PROPELLANT TANK TEMPERATURE W I L L  CHANGE ACCOR D I N G  TO THE ENGI NE BURN T I ME AND THE UUANT I T Y  OF 
PROPELLANT REMA I N I NG IN EACH TANK, THE PROPELLANT TANK PRESSURE W I LL BE EFFECTED BY THE HEAT 
SOAK BACK AF TER THE BURNo 

IF THE OX I D I ZER TANKS ARE NOT VENTED AFTER THE BURN • A H I GH TANK PRESSURE W I L L  RESULT AS A 
FUNCT I ON OF HEAT SOAK BAC K •  AS 'ONG AS THERE I S  AT LEAST l50 LBS I N  EACH OX TANK • THE TANK 
TEMPERATURE I NCREASE WOULD NOT BE LARGE ENOUGH TO V I OLATE THE FRACTURE MECHAN I CS PRESSURE 
TEMPERATURE RE�AT J ONSH I P •  THE PRESSURE NEEDED FOR THE TEMPERATURE R I SE TO V I O �ATE THE FRACTURE 
MECHAN I CS L I M I TS CAN NEVER BE OBT A I NED, THE PRESSURE WOULD BE RELI EVED THRU THE BURST D I SC 
BEFORE I T  COULD REACH I T S  L I M I T S •  I F  THE PROPELLANT REMA I N I N G  I N  EACH O X  TANK I S  'ESS THAN 150 
L B S o  IN  EXCESS OF TWO HOURS I S  REQU I RED FOR TEMPERATURES TO I NCREASE TO A POINT SUCH THAT 
FRACTURE MECHAN I CS L I M I T S  MAY BE V I OLATED,  THEREFORE o IT IS SAFE TO CON T I NUE TO T• 3 o  AND REA" 
T I ME EVALUAT I ON W I LL BE MADE FOR CONT I NU I NG AFTER T - 3 •  

I N  T H E  EVENT O F  F A I LURE OF THE F U E L  TANKS TO VENT THERE I S  NO PROBLEM I N  V I OLAT I N G  FRACTURE 
MECHAN ICS L I M I TS ,  NO MAT TER WHAT QUANT I TY OF FUEL REMA I N E D o  THE BURST D I SC WOULD BE B'OWN 
BEFORE ANY PRESSURE COULD SATI SFY THE FRACTURE MECHANICS L I M I TS •  

25-41 EROSION EFFECTS 

DURING DESCENT ENG INE OPERAT I ON •  THE ABLAT I V E  L I NER OF THE ENG I NE IS B E I NG CONSTANTLY WORN AWAY 
CAUS I N G  AN I NCREASE I N  ENG I NE THROAT AREAo THROAT AREA I NCREASE BoYOND A PREDETER M I NED 
PERCENTAGE MAY EXCEED THE ENGINE THRUST CHAMBER HEAT ING AND EROS I ON L I M I TS AND RESULT IN AN 
ENGINE BURN-THROUGHo . . THE AMOUNT oE THROAT ABEA ! NCREA�E C�N BE . GAUGEP BY

. 
ENG I N E  TCPo T H I S  . I S  

I MPLEMEI'HEb ' or. A G RAPH oF oi:>s cHAMilER PREsSURE vs hR�Efh ri-tRusT wl'iH A si;:�if:s M cuRVEs WH 1C:� 
SHOW DI FFERENT STAGES OF EROSION, THUS• FOR A CERTA I N  THRUST LEVEL A PARTI CULAR TCP CAN BE 
OBTA INED • ANOo WHEN PLOTTED ON THE GRAPH• G I VES THE STAGE OF EROS I ON THE ENG I N E  HAS OBT A I NED•  
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CM PROPUCSI ON•APS 

THE FOCCOW ING CM PROPUCSION APS M I SS I ON RUCE RAT I ONACE A T T EMPTS TO EXPCA I N  THE BACKGROUND BEH IND 
EACH M I S S I ON RUCE• S I NCE THE F I RS T  RUCE IN EACH SECT I ON IS A REPE T I T I ON OF THE LM CONTROL 
GO /NO-GO ' S  I N  SEC T I ON 3 ( R EF PAGE 3·Z3 1 o  THE RAT I ONALE BELOW ALSO COVER THE GO/NO-G0 ° S o  I N  
GENERAL THE OVERALC PHI LOSOPHY I S  T O  I DENT I F Y  THE EUU I PMENT ABSOLUTELY ESSEN T I AC T O  COMPCETE THE 
NORMAC CUNAR M I SS I ON AND AT EACH PHASE SPEC I F Y  THAT EUU I PMENT REUUI RED FROM THAT P O I N T  THROUGH 
REOOCK I N G o  I N  A D D  I T  ION.o OTHER EQU I PMENT I S  ACSO REQU I RED T O  PROV I D E  REDUNDANCY FOR C R E W  SAFETY 
PURPOS ES•  TH I S  IS PR I MA R I �Y ASSOC I ATED W I TH REDUNDANT CAPAB I L I T Y  FOR SAFE ASCEN T •  DUR I NG THE 
LUNAR STAY o THERE ARE OPT I MUM T I MES FOR C I FTOFF WHERE THE CSM POS I T ION IS ACGINED FOR EASY 
RoNDEZVOUSo ABORTS DUR I NG CUNAR STAY W I CC B E  DECAYED TO L I FTOFF AT THESE OPT I MUM T I ME S o  EXCEPT 
IN CASES WHERE CAPAB I L I TY TO ACH I EVE ASCENT IS JEOPARD I ZED•  

26-2 DE F I N I T I ON S  

A o  OPERA T I ONAC APS I PRE•PRESSU R I ZAT I ON I 

l o  TH I S  PRE-PRESSUR I ZAT ION DECTA PRESSURE BETWEEN O X I C  AND FUEC E N G I N E  I NL E T  
PRESSURE I S  THAT MAX I MUM PRESSURE THAT W I LL ACCOW ABORT START PRESSUR I ZAT I O N  
AND SAFE ENG I N E  START • T H I S  DECTA PRESSURE I S  THE C I M I T  O F  TES T I NG AND MUST 
NOT BE EXCE EDEOo DEC TA PRESSURES .GREATER THAN T H I S  PRODUCE SCOW ENGINE 
STARTS,  DUR I NG AN ABORT STAGE SEQUENC E o  W I TH A C I GHT DPS STAGEo  A SCOW APS 
ENG I N E  START COUCD RESUCT I N  THE TWO STAGES RECONTACT I N G o  

2 ,  D E U A  T Eo�PERATURE GREAH:R THAN 1 0  D E G  F CAUSES DEGRADED PERFORMANCE WH I CH 
RESUCTS I F  OFF-NOMINAL M I XTURE PROPELCANT DEPC E T I ON P R I OR TO I NSERT I ON ,  T H E  
TEMPERATURE RAT I O  A N D  LOWER SPEC I F I C  I MPUCSE W H I CH COULD CAUSE C I M I T S  ARE 
ONCY TO I N I T I ATE A BURN BECAUSE IT IS NOT REASONABCE FOR BULK TEMPERATURES 
TO CHANGE APPREC I ABCY DUR I NG A BURN-- THEREFOR E o  ANY S I G N I F I CANT S H I F T  I N  
TEMPERATURES DUR I NG A B U R N  W I CL BE CON S I DERED A TM FA I CUREo 

3 o  ENG I NE OPERAT ION W I TH PROPECLANT BUCK T EMPERATURES OUT S I DE THESE L I M I T S  
RESUCTS I N  PERFORMANCE . DEGRADA T I O N o  TEMPERATURES GREATER THAN · 5 0  DEG F 
PREVENT PROPELLANT L I NE AND ENG I N E  I N JECTOR TEMPERATURES FROM DECREAS I NG 
BELOW 40 OEG F W H I CH 15 THE � I M I T  OF TEST I N G .  AT P�OPELLANT TEMPERATURES 
BECOW 50 DEG Fo THRUST CHAMBER EROS ION I NCREASES GREAT CY AND COUCD RESULT I N  
CHAMBER BUKN-THROUGHo PROPELLANT TEMPERATURES GREATER THAN 9 0  DEG F RESUCT 
IN PERFORMANCE DEGRADAT I ON ,  

4 o  I F  UPPER ENG I N E  I NCET PRESSURE C I M I T S  ARE V I OCATED o EXTREME COMBUST I ON 
ROUGHNESS CAN RESU C T o  ROUGH COM�UST ION G I V E S  R I SE TO SEVERE CHAMBER 
PRESSURE S P I KE S o  H I GH TRANS I EN T  ACCECERAT I ON S o  AND ABNORMAL ENG I NE STRESSES 
WH I CH COUCD RESUCT IN ENG I N E  DAMAGE• PROPECCANT TANK PRESSURES CESS THAT 62  
PS I A o  DUR I N G  PERI ODS OF ACCELERAT I O N •  COULD RESUCT IN  TANK BUCKLING AND 
SUBSEQUENT F A I CU R E o  

5o  REDUOANT PRESSUR I ZAT I ON PATHS ARE REUU I RED TO PREVENT A S I TUAT I ON WHERE A 
SUBSEQUENT F A I CURE COULD CAUSE AN I NABI C I T Y  TO PRESSUR I Z E THE APS o ANY 
HE C I UM CEAK MAY RESUCT IN THE LOSS OF THE CAPAB I C I T Y  TO PROPERLY PRESSUR IZE 
THE APS SYSTEMo  T H I S  WOUCO REDUCE T H E  APS PRESSUR I ZA T I ON REUUNDANCY AND 
COUCD REDUCE TME &PS TOTAC DECTA y �APAB I C j TY I 
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Bo OPERAT!ONA" APS I POST•PHESSUR ! ZAT ! O N I  

1 o  SUFF I C I ENT HEu'UM SOURCE PRESSURE, ! NC"U D ! NG B"OWDOWN CAPAB I L I T Y •  MUST B E  
AVA ! "AB" E T O  EXPE" A"" THE PROPE""ANTS TO OBTA I N  THE kE�U ! RED DE"TA V o  

2 o  APS ENG I N E  TEST I NG W I TH PROPE""ANT BU"K DE"TA TEMPS O F  GREATER THAN 6 0  DEG F 
FOR BURNS OF LESS THAN 100 SECONDS I S  BEYOND THE " ! M I T OF TEST I NG 
EXPER I ENCE•  TEST I NG HAS PROVEN THAT BURNS OF GREATER THAN 100 SECONDS W I TH 
MORE THAN 10 DEG F DE"TA TEMPERATURE RESU"TS I N  S ! GNF I CANT"Y DEGRADED 
PERFORMANCE AND PREMATURE PROPE""ANT DEP"E T I ON ,  

3 o  FOR SHORT APS BURNS I OF LESS THAN 1 0 0  SECONDS I THE PROPE"LANT BU"K TEMP W I LL 
NOT CHANGE APPRE C ! AB"Y' ENG I N E  OPERAT ION OUTS I D E  THESE TEMPERATURE L I M I TS 
RoSU"TS I N  OFF-NOMINAL M I XTURE RAT ! O o  SPEC I F I C  ! MPU"S E o  AND THRUST CHAMBER 
EROS ION• THE ENG I N E  HAS BEEN SUCCESSFULLY TESTED FOR SHORT DURA T I ON BURNS 
AT 120 DEG Fo BURNS OF GREATER THAN 100 SECONDS W ! "L PRODUCE S I GN I F I CANT 
EXCURSI ONS IN M I X TURE R A T ! O o  SPEC I F I C  I MPULS E •  AND THRUST CHAMBER EROS ! ON o  
THESE EXCURSIONS COULD RESU"T I N  PROPE""ANT DEP " E T ! O N  PR I OR TO THE DES I RED 
T I ME OR RESULT IN THRUST CHAMBER F A ! "UREo 

4o THE M I N I MUM I N"ET PRESSURE I UL"AGE PRESSUR E I  I NSURES THAT THE TCP REMA I NS 
ABOVE 80 PS ! A o  PRESSURES BE"OW TH I S  "EVEL RESU"T I N  TCP THAT PRODUCES ROUGH 
COMBUST ION •  H I GH TRANS I E N T  ACCE"ERAT IONS o AND E N G I N E  STRESSESo 

5o DELTA PRESSURE BETWEEN FUE" AND OX I D I ZER ENG I NE I NLET PRESSURES CREATE 
OFF-NOM I NA" PROPEL"ANT F"OW RATES , OX I D I ZER H I GH FLOW RATES CAUSE H I GH 
EROS I ON RATES AND POSS I B"E PREMATURE CHAMBER BURN•THROUGHo FUE" H I GH F"OW 
RATES CAUSE ROUGH COMBUST ION,  IN BOTH CASES • DEGRADED PERFORMANCE AND 
IMPROPER PROPE""ANT U T ! " I ZA T ! ON RESU" TSo  WH I CH COU"D CAUSE PREMATURE 
PROPELLANT DEP"E T ! ON o  
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26- 1 3  M I N I MUM I MPULSE 

T HE  M I N I MUM I MPULSE I S  THE M I N I MUM ON T I M E  THAT PRODUCt:S A R o P EA TASL" �, [ N I MUM THRUST W I THvUT 
RESULT ING IN DET R I MENTAL F R E EZ I NG OF PROPEL�ANT IN THE I N J E C T OR . F R E E Z I N G  UF THE PROPELLANTS I N  
T HE  J N JoCT OI< COULD RESULT I N  SUBSEQUENT HARD STAt<TS• HARD S T A R T S  RESULT I N  SEVoRE THRUST 
CHAMBER PRESSuRE S P I KES AND TRANS I ENT ACCELERA T I ONS W H I C H  COULD CAUSE EN� I NE DAMA�E. 

26-14  MULT I P L E  BURN PROF I L E S  

T HE  PROBLEM OF CERT I F Y I NG AN 
.CON T R I BUT I NG FACTORS THAT MUST 
AND PROPELLANT F R E E Z I NG W I T H I N  
CHARACTER I S T I C S .  

A P S  MUL T I PL E  BURN PROF I LE I S  V E K Y  COMP L E X .  THE PK I MARY 
B E  CONS I DE R E D  ARE THRUST CHAMBER CHARR I N G •  BACKWALL TEMPERATU R E •  

T H E  I NJECTOR, THESE FACTORS A R E  I MPUSEO B Y  ENGINE DESIGN 

DUR I NG A BURN, THE THRUST CHAMBER L I NER MATER I AL IS CONSUi''•1ED BY ABLAT I ON .  
I S  G R E A T E S T  DUR I NG A 8URN START A�D DUR I N G  LONG BURNS AND I S  OEPENDoNT 
E X C E S S I V E  ABLA T I ON REDUCES THE ENG I N E  L I F E T O  THE PO I N T  T H A T  CONT I NUED 
RESULT IN �NG l NE F A I L U R E .  

T H E  R A T E  O F  ABLAT I ON 
UPON P R E V I OUS BURNS • 
ENG I N E  OPERAT I ON MAY 

H I GH BACKW-ALL TEMPERATURE IS THE R E SU L T OF THE ENG I N E BURN I NG Al'.W T EMPERATURE TRANSFER THROUGH 
T HE  CHAMBER WALL• T H I S  TEMPERATURE I S  GllEATLY AFFECTfiD B Y  PREV I OUb BURNS AND THE COAST T I ME 
BeTWEEN BURNS . EXCESS I V E  T EMPERATURE RESULTS I N  I NC R EASED ABLA T I ON RAT E •  w H I C H  COULD RESULT I N  
PREMATURE ENG I NE F A I LU R E •  

PROPELLANT F R E E Z I N G  W I T H I N  T H E  ENG I N E  I NJ ECTOR OCCURS AT T H E  E N D  O F  A B U R N ,  T H E  PROPELLANT 
TRAPPED IN THE I NJECTOR F R E E Z E S  ALMOST I MM E D I A T ELY A T  SHUTDOW N •  THEN SUBL I M A T E S •  THE RATE O F  
SUB L I M A T I O N  l b  DEP ENDENT ON I NJECTOR T E M P ERATU R E •  WH I C H  l S  A FUNC T I ON OF P R E V I OUS BURN PROF I LE •  
LACK O F  A COMP L E T E  SUBC I MAT I ON RESULTS I N  FROZEN PROPEI.I.MTS I N  THE I NJECTOR, T H E S E  FROZEN 
PAR T I CL�S MAY CAUSE SUBSlQUENT ENG I NE STARTS TO B E  ROU�H AND ERRAT I C •  SUCH STARTS MAY 
EXPER I ENCE S EVE RE THRUST CHAMBER PRIOSSURE SPI KES AND H l GH TRANS I ENT ACC E L E RA T I ONS W H I CH COULD 
CAUSE E N G I N E  DAMA G E •  

I .\ O R D E R  THAT V<AX I i'•U•< S A F E  A P S  ENG I N E  OPERAT I ON CAPAB I L I T I ES B E  OBTA I N E D •  ONLY PREM l S S l ON APS 
MUL T I P L E  BURN PROF I LE S  MUST B E  USED• 

2 6 - 1 5  PROPELLANT GAG J N G  

T H E R E  I S  N O  ONBOARD A P S  PROPELLANT GAG I N G ,  BUT THE GROUND HAS TWO METHODS OF MON I TO R I NG APS 
PROPELLAN T S •  THE GROUND MASS CALCULAT I ON METHOD I S  P R I M E  BECAUSE I T  I S  M O R E  ACCURATE THAN THE 
FI.OW-RATE- T I MES-T I M E  GROUNO PROGRAM• TH E GROUND MASS CALCULA T I ON USC:S THE I.GC MASS TO DI:.CKEMI:.NT 
APS PROPELLANT • THE THREE PERCENT GROUND MASS CALCULA T I ON EHRUH CUMtS FROM A ONE PERCENT MASS 
ERROR AND A TWO PERCENT M I XTURE R A T I O  UNCERT A I N T Y ,  
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26-20 LOSS OF AN OPERAT I ONAL APS 

REFERENCE M I SS I O N  RULE RATI ONALE 2 6-2 FOR THE DEF I N I T I ON OF AN OPERA T I ONAL APS o PR I OR TO OR 
DUR I NG DESCoNT o THE LOSS OF AN OPERA T I ONAL SYSTEM REQU I RES AN I MMED I ATE ABORT AND RETURN TO THE 
CSMo CON T I NUA T I ON OF THE DESCENT W I THOUT A GOOD APS SYSTEM WOULD RESULT IN THE I N AB I L I T Y  TO 
ASCEND FROM THE LUNAR SURFAC E ,  I F  THE SYSTEM B E G I NS T O  DEGRADE AFTER LANO I N G o  T H E  ASCENT MUST 
BE I N I T I AT ED AT THE NEXT BEST OPPORTUN I TY,  T H I S  W I L L I NSURE MAXI MUM PERFORMANCE FROM THE APS 
SYSTEM, 

26-21 APS HE SOURCE PRESSURE 

A SAFE ASCENT CAN BE ACCOMPLI SHED ON ONE H EL I UM BOT TLE BUT A SUBSEUUENT LEAK IN TH< SECOND 
SOURCE BOT TLE MAY PREVENT I NSER T I O N •  

WHENEVER T H E  M I SS I ON I S  ABORTED F O R  A LEAK I N  O N E  HEL I UM BOTTLE A N D  T H E  ASCENT ENG I NE I S  
REQU I RED • THE FOLLOWING PROCEDURE SHOULD B E  USED TO MORE EFF I C I <NTLY OPT I M I ZE T H E  U S E  O F  T H E  APS 
H E L I UM--- S�LECT AND PRESSU R I Z E  THE APS W I TH THE GOOD BOTTLE•  U T I L I Z E  THE APS W I T H  THE ONE 
BOTTLE UNT I L  THE SYSTEM GOES IN BLOWOOWN WHICH OCCURS WHEN THE ULLAGE PRESSURE REACHES 160 P S I A •  
T H E  SECOND BOTTLE I T HE LEAK I NG BOTTLE)  SHOULD BE SELECTED AT T H I S  T I Mo I F  I T  CONTAI NS SUF F I C I EN T  
PRESSURE T O  A I D  I N PRESSUR I Z I NG THE SYSTEM WHICH I S  DEF I NED AS HAVI NG A PRESSURE GR<AToR THAN 
THE PRESSURE REMAINING I N  THE F I RST BOT T L E •  

TH I S  PROCEDURE I S  UT I L I ZED TO PREVENT EXPOS I NG T H E  GOOD H E L I UM TANK TO THE LEAK I NG TANK 
ALL APPRE C I ABLE H E L I UM IS USED OUT OF THE GOOD HEL I UM TANKo THE SECOND ! LEAK I N G )  BOTTLE 
BE USED I F  ANY H EL I UM I S  REMA I N I N G o  TO KEEP THE OPERA T I ON AS CLOSE TO NOMI NAL AS POSS I BLE 
ONLY L I M I TED TEST I NG HAS BEEN DONE IN ONE BOTTLE SLOWDOW N •  

UN T I L  
SHOULD 

S I NCE 

AFTER PRESSUR I ZAT I ON ,  THE H E L I UM TANKS ARE MAN I FOLDED TOGETHER AND A LEAK I N  E I THER TA�K 
JoOPAR D I ZES SAFE ASCENT , BECAUSE OF T H I S •  ASCENT MUST BE I N I T I ATED I MMED I A TELY, 

WHENEVER THo APS CAPA B I L I TY HAS BEEN REDUCED B Y  LOSS OF HEL I UM PRESSU R I Z AT I ON , THE ASC FEEL 
VALVES MUST NOT BE OPENED , T H I S  I S  TO PROV I DE ADD I T I ONAL APS PROPELLANT NORMALLY USED "y TrlE 
RCS TO I NCRE.ASE THE I NSoRT I ON DELTA V CAPAB I L I TY •  THE APS USoS T H I S  ADD I T I ONAL PROPELLANT MORE 
EFF I C I ENTLY THAN THE RCS T O  PROV I D E  ADD I T I ONAL DE"TA V CAPAB I L I T Y •  

26-22 APS H E  BETWEEN QUAD CHECK VALVES A N D  ACS HE REG 1 AND 2 SHUTOFF VALVES 

A LEAK I N  TH I S  PART OF THE PLUMB I NG COULD PREVENT FULL APS DELTA V CAPAB I L I T Y  IF THE LEAK RATE 
IS  SUFF I C I ENT TO PREVENT COMPLETE EXPULSION OF THE PROPELLANTS, 

PR I OR TO POWERED DoSC E N T o  THE M I SS I ON SHOULD BE ABORTED SO THAT CREW SAF E T Y  IS NOT JEOPARD I Z E D •  
ONCE POWERED DESCENT HAS B E E N  I N I T I ATED• T H E  SAFEST APPROACH I S  TO ABORT ON T H E  DPS AS LONG AS 
POSS I B"E' SHOULD T H I S  FAI LURE OCCUR ON THE LUNAR SURFACE o A SUBSEGUENT F A I LURE COULD PREVENT A 
SAFE I NSER T I ON •  ASCENT SHOULD BE ACCOMPLI SHED AT THE NEXT BEST OPPORTUN I T Y ,  DURI NG RENDElVOUS • 
THE APS HAS SUFF I C I ENT SLOWDOWN CAPAB I L I TY TO CONT I NUE THE M I SS I ON •  WHENEVER T H I S  F A I LUKE 
OCCURSo THE APS H E L I UM SHOULD BE OPT I M I ZED TO M I N I M I Z E  THE EFFECTS OF THE LEAK o 

THE APS H E L I UM OPT I M I ZA T I O N  PROCEDURE I S  FOUND I N  THo AOH VOL l l o  T H I S  PROCEDURE U T I L I ZES TrlE 
FACT THAT HEL I UM IS CON T I NUOUSLY LOST ONLY W H I L E  THE LEAK IS B E I NG SUPP L I ED W I TH H o L I UM o  BY 
M I N I M I Z I NG THE T I ME THE LEAK IS BE I NG SUPPL I E D •  THE AMOUNT OF HEL IUM LOST CAN B E M I N I M I Z ED• T H I S  
I S  ACHIEVED B Y  CYCL,ING T H E  REGULATORS ,SHUT�pF� i VN,yEs ) 0 _  PUT. T�E .  APS I N .  PE� ! ODS , Of, Bj-,0� 1 DOWN 
OPERA T I ON ,  NO H E L I UM IS LOST DUR I N G  THESE �LOWDOWN PER I ODS BECAUSE THE PROPELLANT TANks ARE 
I SOLATED BY QUAD CHECK VALVES o 

WHENEVER THE APS CAPA B I L I TY HAS BEEN REDUCoD BY LOSS OF HEL I UM PRESSUR I ZAT I O N •  THE ASC FEED 
VALVES MUST NOT B E  OPENED, THIS I S  TO PROV I D E  ADD I T I ONAL APS PROPELLANT NORMALLY USED BY THE klS 
TO I NCREASE THE I NSER T I ON DELTA V CAPAB I L I TY ,  THE APS USES T H I S  ADD I T I ONAL PKOPELLANT MORE 
EF F I C I ENTLY THAN THE RCS TO PROV I D E  ADD I T I ONAL DELTA V CAPAB I L I T Y ,  
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26-23 PROPE��ANT CEAKS 

ANY �PSS OF PROPE��ANT REDUCES THE TOTA� DE�TA V CAPAB I � I TY OF THE APS-- THEREFORE • WHEN A CEAK 
EX I STS•  THE �· I SS I ON SHOUCD BE ABORTED IMMEDIATE�Y• P R I OR TO C ! R C o  THE CM MUST R E TURN TO THE 
CSM, DUR I N G  THE DESCENT PHAS E •  THE DPS SHOU�D BE USED FOR AN IMMEDIATE ABORT AND SHOULD bE USED 
AS �ONG AS POSS ! BCE I SECAUSE OF POSSIBCE LOSS OF APS DECTA V CAPAB l C ! TY l o  DURING CUNAR STAY o AN 
ASCENT SHOUCD BE I N I T I ATED I MMEDIATE�Y BECAUSE A PROPELCANT LEAK DECREASES DE�TA V CAPAB I L I TY 
AND ENDANGERS SAFE ASCENT •  THE ASC FEED VALVES MUST NOT BE OPENED•  TH I S  PROVIDES ADD I T ! ONAC 
APS PROPE�CAN T t  NORMAL�Y USED BY THE RCS t TO I NCREASE THE I NS ER T I ON DECTA V CAPABI � I T Y o  DUR I NG 
RENDEZVOUS • THE APS SHOU�D NOT BE USED FOR T P !  BECAUSE OF THE �ACK OF KNOWCEDGE OF THE 
PROPE��ANT REMA I N I NG ,  

26-24 APS PROP VACVE M I SMATCH 

THERE ARE TWO SETS OF PROPE�LANT SHUTOFF VA�VESt A AND B t  I N  A PARA�LEL S ER I ES ARRANGEMEN T •  
TH I S  I NSURES T H E  CAPAB I L I T Y  TO SHUT O F F  PROPELLANT T O  THE ENG I N E •  A N  I N D I CAT I ON O F  A M I SMATCH 
DUR I NG COAST P R I OR TO THE F I RST APS BURN WOULD BE CONS I DERED AS A TM FAI LURE DUE TO THE 
MECHAN I CAL L I NKAGE AND H I GH REC ! A B I L ! T Y  OF THE ACTUATOR SYSTEM• A M I SMATCH AT THE END OF AN APS 
BURN WOULD BE AN I ND I CAT I ON OF AN ACTUAL FAI�URE OF PARALLEL PA I R  OF VA�VES TO CLOSEo THE 
ENG I NE SHOU�D NOT BE RESTARTED IN T H I S  S I TUAT I ON S I NCE F A I �URE OF THE REM A I N I N G  PA I R  TO CLOSE 
WOUCD RESULT IN FA ! CURE TO SHUT DOWN THE ENG I N E •  

26-25 A P S  F U  AND/OR OX I D  LOW �EVEL 

A VA� ! D  LOW LEVEC I N D I CATES THAT APPROX IMATELY a SECONDS OF BURN TIME REMAINS W I TH THE APS 
ENG I N E •  ASCENT FEED OPERA T I ON SHOULD• THEREFORE• BE TERMINATED DUR ING ASCENT BECAUSE OF 
POSS I B�E H E C I UM I NGEST ION I NTO THE RCS JE TS t  W H I CH COU�D CAUSE JET FA ! LURE o 

I F  A VA� I D  APS LOW LEVE� CONFI RMS I NSUFF I C I ENT PROPELLANT FOR AN APS TP i t  RCS SHOULD BE USED FOR 
TP ! o  IT IS NOT ADVISABLE TO KNOW ! NG�Y START AN APS TP! BURN W H I CH W l �L BURN TO DEP�ET I ON o  
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-------------------------

"M REAC T I ON CONTRO" 
-�-----------------------

THE FO,,OW I NG "M RCS M I SS ION RU,ES RAT I ONA"E ATTEMPTS TO EXP,A I N  THE BACKGROUND B E H I N D  EACH 
M I S S ION RU" E •  S I NCE T H E  F I RST RU"E I N  EACH SECT I ON I S  A REPET I T ION O f  T H E  "M CONTROL GO/NO-u0 ° S  
I N  SEC T I ON � I RE F  PAGE 3-23 1 o  THE RAT I ONA"E BE,OW ALSO COVER THE GO/ NO-G0 ° S o  I N  GENERA" THE 
OVERAL" P H I LOSOPHY IS TO I DE N T I F Y  THE E�U ! PMENT ABSOLUTE"Y ESSEN T I A" TO COMPLETE THE NOHMA" 
LUNAR M I S S I ON AND AT EACH PHASE SPEC I F Y  THAT EQU I PMENT REQU I RED FROM THAT P O I N T  THROUGH 
REDOCK ING,  IN  ADD I T I ON o  OTHER EQU I PMENT I S  A"SO REQU I R ED TO PROV I D E  REDUNDANCY FOR CREW SAFETY 
PUHPOSES o T H I S  IS P R I MAR I " Y ASSOC I A T ED W I TH REDUNDANT CAPA � l " I T Y FOR ASCENT ,  DUR I NG THE END OF 
TliE POWER DESCENT PHASE AT SOME PER I OD JUST P R I OR TO TOUCHDOWN• I T  BECOMES MORE DANGEROUS TO 
ABORT THAN TO LAN D o  AND THEN DO A NOM I NA" L I FTOFF•  T H I S  IS BECAUSE THE NOMI NAL " I F T OF F  IS MORE 
THOROUGHLY EXERCI SED DURING PREMI S S I ON S I MULA T I ONS AND I NVO,VES "ESS UNKNOWNS BOTH FROM A 
STANDPO I N T  OF SOFTWARE CHECKOUT AND CREW PROCEDURES• DUR I NG THE "UNAR STAY • THERE ARE OP T I MUM 
T l o"ES FOR U F TOFF wHERE THE CSM POS I T I ON I S  A " I GNED FOR EASY RENDEZVOUS, ABORTS DUR I NG "UNAR 
STAY W I LL BE DELAYED TO L I FTOFF AT THESE OPTI MUM T I MES EXCEPT IN CASES WHERE CAPAB I , I T Y  TO 
ACHI EVE ASCENT IS JEOPARD I ZED•  

27-2 D E F I N I T I ON S  

Ao  OPERA T I ONAL RCS SYSTEM 

1 o  TH I S  DEF I N I T ION D E F I NES THE PLUMB I N G  O F  A N  HCS SYSTEM FOH USE A S  A M I S S I ON 
RULE REFERENCE• 

2• I f  ENG I N E  I NLET LOWER PRESSURE L I M I TS ARE V I OLATEOo EXTREME COMBUS T I ON 
ROUGHNESS AND M I XTURE RA T I O  S H I F T S  CAN RESUL T •  ROUGH COMBUST ION G I VES R I SE 
TU SEVERE CHAMBE:.f< PRt:SSURE S P I K E S ,  H 1 GH TRANS 1 EI'H ACCEI..ERAT I ONS , AND 
ABNORMAL ENGINE STRESSES WH I C H  COULD CAUSE E N G I N E  UAMAGE• M I XTURE RAT I O  
SH I F T S  HESULT I N  I MPROPER PROPELLANT U T I L I ZA T I O N •  

3 ,  E N G I N E  PERFOR�IANCO: OUT S I DE PROPEL,ANT TEMPERATURE L I M !  T S  SPEC I F I ED I S  
UNKNOWN DUE TO L I M I TS OF TES T I N G •  

4,  PULSE F I R I NG OF THE RCS JETS W I THOUT PROPERLY HEAT I NG UP OF THE RCS QUADS 
CAN RESULT IN PROPELLANT FREE Z I NG WH I CH CAN CAUSE A THRUSTER F A I LURE• ONCE 
HEATEU O P o  IF THE UUAD TEMPERATURE DROPS BELOW ITS PRESC R I BED L I M I T  A 
RES I DUE CAN FORM I NS I DE THE THRUSTER• I F  THE RCS JET I S  THEN F I RED AT A 
PARTI CULAR UUTY CYCLE W I T H  T H I S  RESI DUE PRESENT THEN DETONA T I ON OF THE 
RES I DUE CAN OCCUR, 
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27- 1 1  USABLE RCS PROPELLANT IS  548 o 9  LBS OR 86 • 1  PERCENT OF TOTA• "OADED 

USABLE RCS PROPE.LANT IS D E F I NED AS THAT PROPEL.ANT W H I CH CAN BE GUARANT EED TO PRODUCE I MPU.S E o  
T H I S  USABLE NUMBER I S  OBTAI NED B Y  SUBTRAC T I NG TRAPP•D PROP•L•ANT o LEAD I NG ERRO R o  AND PROGRAM 
oRROR FROM TOTA" RCS PROPELLANT LOADED, TRAPPED PROPELLANT AND LOAD I NG ERROR ARE FOUND IN THE 
SODB o AND PROGRAM ERROR I S  BASED ON THE RCS GROUND PV PROGRAM WH I CH HAS AN ACCURACY OF 6 PERCENT 
OF TOTAL LOADED• 

27-12 PROPELLANT GAGING 

THE PRIME GAGING METHOD FOR THE RCS SYSTEM IS THE GROUND RCS PROGRAM WHI CH HAS AN ACCURACY OF 6 
PERCENT o  THE BACKUP METHOD I S  THE GROUND READOUT OF THE PQMD W I T H  AN ACCURACY OF 1 0  PERCENT o 
BOTH PROGRAMS ARE S I M I LA R o  BUT THE RCS GROUND PROGRAM TAKES I NTO ACCOUNT SUCH ADD I T I ONAL 
PARAMETERS AS OFF-NOM I NAL H E L I UM OR PROPELLANT LOAD I NG AND M I XTURE RAT I O  CHANGES WH I CH WOULD 
CAUSE THE PUMD TO BE IN ERRORo 
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R I T EM 

27-20 "OSS OF RCS SYSTEM A OR B 

DUR ING A"� PHASES OF THE M I S S I ON BOTH RCS SYSTEMS A AND 6 ARE REQU I RED TO PROV IDE ATTI TUDE 
CONTRO� AND TRANS�AT ION AB I � I TY o  I F  ONE SYSTEM I S  �CST THEN REDUNDANCY I S  �OST • AND A N Y  O F  A 
MU" T I TUDE OF SYSTEM FAI "URES CAN RESU"T I N  THE "OSS OF THE OTHER SYSTEM• FAI"URE OF BOTH 
SYSTEMS WI �" RESU"T IN THE TOTA" "OSS OF ATTI TUDE CONTRO� AND TRANS"ATION CAPA6 1 " 1 T Y  WHICH WOU"D 
BE CATASTROPH I C  TO THE SPACECRAFT •  IF  THE PROB�EM DEVE�OPS ON THE �UNAR SURFACE• ASCENT SHOU"D 
COME AT THE NEXT BEST OPPORTUN I TY IN ORDER TO GUARANTEE A SAFE RENDEZVOUS• 

27-21 RCS THRUSTER P A I R  

I N  ORDER TO HAVE A N  R C S  THRUSTER P A I R  I SO"ATED A PROPE""ANT "EAK DOWNSTREAM O F  THE TCA I SO"AT I ON 
VA"VES MUST HAVE OCCURRED• FAI "EO-ON JETS AND FAI "EO-OFF JETS ARE ISO"ATEO E"EC T R I CA""y AND 
WOU�O NOT REQU I RE ISO"A T I NG A PA I R  V I A  A TCA I SO"A T I ON VA"VE o ONCE POWERED DESCENT IS I N I T I A TED 
THE M I SS I ON W I "� CONT I NUE EVEN IF A THRUSTER PA I R  I S  I SO"ATEPo AFTER ONE P A I R  HAS BEEN ISO"AT EP•  
THE  PROBAB I " I TY OF  A SUBSEYUENT PROPE""ANT "EAK DOWNSTREAM OF ANOTHER TCA I SO"AT I ON VA"VE IS  
VERY REMOT E •  AND THE PROBAB I " I T Y  OF A SUBSEYUENT PARTICU"AR FAI �URE WHICH CAUSES �OSS OF VEH I C"E 
CONTRO" IS EXTREME�Y REMOTEo IN ADDI T I O N •  THE PROBAB I � I T Y  OF THE SUBSEWUENT FAI �URE IS �ESS 
THAN THE R ISK OF A�ORT I NG DURING POWERED DESCENT• "UNAR STAY CAN BE PERM I T TED FOR THE SAME 
RAT I ONA�E USED DURING POWERED DEsCENT. 

27-22 DECREAS I N G  OR �OSS OF RCS HE PRESSURE 

WHENEVER THERE IS A "OSS OF HE" IUM SOURCE PRESSURE THERE EXI STS SOME CAPAB I " I TY TO USE THAT 
SYSTEM IN A B�OWOOWN MOOEo I N  ORDER TO MA I N TA I N  AN OPERAT I ONA" RCS SYSTEM I MR 2 7-2 1 W I TH A 
�EAK ING SOURCE PRESSURE• THE CAPAB I � I T Y  TO EXPE" A G IVEN W E I GHT OF PROPE""ANT FROM THE �EAK I NG 
SYSTEM MUST E X I S T o  P R I OR TO POWERED DESCENT THE CAPAS I " I TY IS TOO SMA�� TO PROV IDE A REDUNDANT 
SYSTEM FOR THE 'roTA" M I SS ION, ONCE POWERED DESCENT IS I N I T I ATED• THE CAPAB I � I TY MAY OR MAY NOT 
E X I S T  DEPENDING ON THE TIME  I NTO POWERED DESCENT WHEN THE �EAK OCCURSo IF PROJECT I ON AHEAD 
REVEA�S THAT T H I S  CAPA6 1 " 1 T Y  CAN NOT BE GAI NED P R I OR TO TOTA� SOURCE PRESSURE LOSS OR TOUCHDOWN 
THEN AN ABORT W I �� Bo REQUESTEOo HOWEVER • AFTER H I GH GATE �AND I NG IS EMI NENT AND THE CREW 
PROCEDURES SO T I GHT THAT TROU6�ESH00T I NG A "EAK IS I MPOSS I BLE OR IMP�ACT I CA � o  AND A "ANDING W I �" 
BE ATTEMPTED, I F  THE �AND I NG IS ACCOMP� I SHEO• BUT THE PKESCRI BED B�OWDOWN · CAPAB I � I TY DOES NOT 
EX I S T •  THEN TWO OPERA T I ONAL RCS SYSTEMS W I "" NOT BE AVAI "ABLE WH ICH V I O"ATES MR 27-20 AND 
REUU IRES ASCENT AT THE NEXT BEST OPPORTUN I Ty ,  

27-23 R C S  PROPE��ANT �EAK BETWEEN MA I NS AND ! SO�ATION VA,VES 

PROPELLANT LEAKS ARE NOT HAZARDOUS TO THE CREW-- HOWEVER• A PROPE�LANT �EAK CAN RESU�T IN THE 
COMP�ETE �OSS OF AN RCS PROPE�LANT SYSTEM• SHOU�O A PROPE��ANT �EAK BETWEEN THE MAINS AND 
I SO"ATION VA"VES DEVE"OP P R I OR TO H I GH GATE, AN ABORT W I "L BE REYUESTEDo THE ABORT IS REQUESTED 
BECAUSE THE �EAK I NG SYSTEM CANNOT BE COUNTED ON FOR PROPE��ANT RESU�T ING IN I T S  �OSS AS AN 
OPERATIONA� RCS SYSTEM, THIS  V I O"ATES MR 27-iO WH ICH REQU IRES AN ABORT AT ANY T I ME DUR I NG 
POWERED DESCENT• HOWEVER AFTER H I GH GATE •  �ANDING IS EMI NENT AND THE CREW PROCEDURES SO T I GHT 
THAT TROUB"E SHOOT I NG A "EAK I S  I MPOSS I B�E OR I MPRACT I CA"-- THEREFOR E •  A �AND I NG W I �� �E 
ATTEMPToO, I F  THE LANDING I S  ACCOMPL I SHED• THE �EAK W I L L  � T I L� CAUSE LOSS OF AN OPERA T I ONA" 
SYSTEM AND REDUNDANCY WHICH V I OLATES MR 21•20 AND REYU I RES ASCENT . AT THE NEXT BEST OPPORTUN I TY ,  
DUR I NG RENDEZVOUS PHASES T H E  FUNCT I ON I NG RCS SYSTEM SHOU�D B E  USED A S  �ONG A S  T H E  R C S  PROPELLANT 
RECLINE IS NOT V I O�ATEDo 

27-2! I MP I NGEMENT CONSTRA I NTS V I O"ATEO 

I MP I NGEMENT CONSTRAINTS AS DEFI NED IN VO�UME I I  OF THE SOOB SHOU"D NEVER BE V I O�ATEOo IF THEY 
ARE EXCEEDEOo THEN FURTHER OPERAT I ON WH ICH WOU�O CONTINUE TO V I OLATE THESE CONSTRAINTS MUST BE 
I NHIBI TED• I F  NOT I N H I B I TED•  THE P�UME DEF�ECTORS CAN FRACTURE I NTO TWO PARTS AT THE' POINT OF 
MAXIMUM HEAT I NG ! APPROXIMATELY TEN INCHES FROM THE' TOP OF THE OEFLECTOR l o  THE BROKEN �EF"ECTOR 
CAN THEN DAMAGE THE SPACECRAFT BY E I THER PUNC TUR I NG OR DESTROYING ASCENT STAGE PANELS AND 
I NSU"AT I ON o  THE NET EFFECT OF IMPI NGEMENT CONSTRA I NT V I O�AT I ON IS THEN TO ABORT THE M I S S I ON 
P R I OR TO TOUCHDOWN. THE PROCEDURE WILL  BE TO ABORT AND THEN ABORT STAGE AS SOON AS POSS I B"E• 
I f  LAND ING D I D  OCCUR EVEN THOUGH I MP I NGEMENT CONST RA I NTS WERE V I O"ATEO• NOT H I NG CAN BE DONE TO 
CORRECT THE PROB"EM AND I NSER T I ON COU�D COME AT THE NOM I NA� T I M E •  

DUR I NG RENDoZVOUS I F  I MP I NGEMENT CONTRA I NTS A R E  V I OLATED THEN +/-X R C S  BURNS A R E  PROH I B I TED TO 
PROTECT THE ASCENT STAGEo 
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28-1 NO 

i1.8•i1. NO 

28•3 NO 

28-4 NO 

RAT IONAlE REQUI RED 

RATIONAlE REQU I RED 

RATIONAlE REQUIRED 

RAT IONAlE REQUIRED 
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28•1 THE DATA SOUR�ES THAT Will BE uSED �ONSIST  OF THE l i MA R ! OMETER S I T E •  NASA HEADQuARTERS SOUR� ES o 
AND APOllO S/�t 

THE NASA HEADQUARTERS SOUR�ES REPRESENT THE BEST REAl•T I ME o  PRElAUN�H SOUR�E OF DATA ON THE 
RESUlTS OF A H I GH AlT I TUDE NUClEAR DETONAT IONt THE DATA IS A RESUlT OF A COMP i lAT I ON OF VAR I OUS 
SOURCES W I TH I N  THE DEPARTMENT OF DEFENSE AND THE STATE DEPARTMENT MADE BY THE JOINT ATOM I C  
ENERGY INTElli GENCE COMMI TTEE AND RElAYED THROUGH SPEC IAl DATA �HANNElSo S E T  UP FOR THAT 
PURPOSE• TO THE M I S S I ON D I RECTORo AND THE SPACE ENVI RONMENT CONSOlE• 

BECAUSE OF THE NATURE OF THE RAD I A T ION PROBlEM IN TH I S  AREA AND THE UNKNOWNS ASSOC I ATED W I T H  THE 
IND IRECT MONI TOR ING THAT IS AVAllABlEo NO DEC I S I ON SHOUlD BE MADE UNT i l  All AVAi lABlE DATA HAS 
BEEN ANAlYZED AND THERE IS SUFF I C I ENT EVI DENCE TO INDICATE THAT THE RESUlTANT RAD I A T I ON Will  
CONS T I TUTE A HAZARD TO THE FliGHT CREW• 

28•1 � DEF I N I TE EVENT IS DEF INED AS A NUClEAR DETONATION AT SUCH AN AlT I TUDE AND lOCAT I ON AND OF SUCH A 
S I Z E  TO PRODUCE AN ENHANCEMENT OF THE APOllO RAD I A T I ON ENV I RONMENT •  NASA HEADQUARTERS SOURCES 
W i ll PROV I DE THE FOllOWING I NFORMA T I ON••• 

l o  NOT if i CATION O F  A N  EVENT WHI CH SHOUlD COMPliMENT THE R I OMETER DATAo 

2 o  T I M E  O F  EVENT TO WHICH DECAY RATES CAN B E  APPllEDo 

3 t  AlT ITUDE • lATITUDEo lONG !TUO E o  AND S I ZE FROM W H I CH THE D I STR I BU T I ON AND 
EXTENT OF THE ElECTRON ClOUD CAN BE DETERMINED• 

IF  A OEF I N I T E  EVENT I S  CONFI RMED THEN THE COUNTDOWN W i ll BE HElD UNT i l  THE APPl iCAT I ON OF All 
AVAi lABlE INFORMAT ION I ND I CATES THAT THE RAD I A T I ON W i ll NOT EXCEED THE M I SS ION OPERA T I ONAl DOSE, 
lA TOTAl SKIN DOSE OF 400 RADS AND/OR A TOTAl DEPTH DOSE OF 50 RADS TO ANY MEMBER OF THE F l i GHT 
CREW o l 

28·1 ! F o  DURING TH I S  PHASE• A DEF I N I T E  EVENT OCCURS AND THE TOTAl DOSE PROJECTED THROUGH THE M I S S I ON 
S o l  DURATION I ND I CATES THE DOSE Will EX�EED THE MODo T l l  W i ll ST ill B E  GOo A NO•GO FOR T l l  W i ll NOT 

BE G IVEN IN THIS  PHASE UNlESS THE ANAlYS I S  INDI CATES THAT THE TOTAl M I SS I ON DOSE W i ll EXCEED THE 
MOD BY A S IGN I F I CANT AMOUNT o  THE EXTENT AllOWED W i ll BE DETERMINED IN REAl•T IMEo AFTER A 
SUCCESSFUl lAUNCH AND EARTH ORB I T  INSER T I ON WE ARE W i ll i NG TO R I SK H I GHER DOSE RATE TO TRY FOR A 
lUNAR TYPE M I SS l ON o  

28·1 SElF-EXPlANATORY 
B . z  

28-l C WHEN A DEF I N I TE EVENT HAS OCCURRED AND T H E  S / C  I S  ABOVE T H E  VAN AllEN BElTSo  WE W i ll CONT I NUE 
THE MISSION BECAUSE THE F � l GHT CREW W l �L NOT BE EXPOSED TO RAD I A T I ON FROM SUCH AN EVENT• 
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28-12 THE MOO IS THE CYT OFF POINT WHERE THE VALUE OF THE M I SS ION 15 INSUFFI C I ENT TO EXPOSE F L I GHT 
CREW MEMBERS TO ADD I T I ONAL RADIAl! ONe 

NOTE--- TOTAL M I SSION SK I N  DOSE 400 RADS AND/OR TOTAL M I S S I ON DEPTH DOSE C 5  CMI oO RADS TO ANY 
CREW MEMBER PRIOR TO SCHEDULED END OF M I SS ION. 

28-13 SOLAR FLARE ACT I V I TY CANNOT BE PREDICTED W I TH ANY DEGREE OF R EL I A B I L I TY, PRED ICT IONS THAT ARE 
MADE ARE GENERALLY EXPRESSED AS A PERCENT OF PROBABI L ITY AND CANNOT BE RELATED TO A RESULTANT 
DOSE W I THOUT MAKING A NUMBER OF ASSUMPT I ONS• THE MAJOR I TY OF THESE ASSUMPTIONS COULD BE 
UNFOUNDED IN THE ACTUAL S I TUAT I ON THUS IT IS NECESSARY TO TAKE A WA I T  AND Sf[ WHAT HAPPENS TO 
THE A TT !TUDE • 
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28-14 A MAJOR SOLAR FLARE W I LL PRODUCE HARMFUL RAD I A T I ON TO THE CREW ONLY BY MEANS OF THE PAR T I C LES 
EM I TTED W I TH THE FLAR! o  NOT ALL F�ARES W I �L EMI T THE H I GH ENERGY PARTICLES NECESSARY TO CAUSE 
THE RADIATION HAZARD, IF THERE ARE NO PARTICLES THERE W I L L  BE NO RAD I AT ION DOSE RECEIVED BY THE 
CREWo THE T I ME DELAY BETWEEN OBSERVING OR DETECTING THE FLARE AND DETECT I NG THE PART ICLES• IF 
ANY o CAN VARY FROM M I NUTES TO HOURS• THE LONGER IT TAKES TO DETECT PARTICLESo WHEN THEY ARE 
PRESENT• THE LESS INTENSE W I LL BE THE RAD I AT I ON DOSEo THERE IS NO BASIS FOR TAKING ANY ACT I ON 
OTHER THAN CONT INUING W I T H  THE NOMINAL MISSION UNLESS THERE I S  DEF I N I T E  CONF I RMATION OF 
PART I CLES I N  THE V I C I N I TY OF THE SPACECRAFT, EST IMATES OF THE RAD I A T I ON DOSE W I L L  BE MADE 
ASSUMING THAT THERE W I LL BE PART I CLES• BUT UNT I L  THE PART I CLES ARE ACTUALLY MEASURED T H I S  
ESTIMATE I S  I NVAL I D •  

28-14 I F  ANALYS I S  O F  ALL AVAILABLE DATA INDICATES THAT THE MOP 1 400 RADS S K I N  POSE AND/OR 50 RADS 
S o l  DEPTH DO$£ ) W l �L BE EXCEEDED PRIOR T O  MISSION COMPLET I ON THEN THE COUNTDOWN SHOULD B E  HELP AT 

SOME CONVENI ENT POINT UNT I L  FOLLOW ON ANALYS I S  I ND I CATES THAT THE RESULTANT RAD I AT I ON DOSE W i LL 
HAVE PROPPED T O · W I TH I N  ACCEPTABLE L I M I T S •  

28-14 1 F t  DURING T H I S  PHASEo A CONFIRMED PARTICLE EVENT IS ANALYZED AND T H E  TOTAL DOSE PROJECTED 
B o 2  THROUGH THE M I SS I ON DURAT ION INDI CATED T H E  DOSE W I LL EXCEED T H E  MOD o TLI  W I LL ST I LL B E  GOo A 

NO-GO FOR TLI W I LL NOT BE G i VEN I N  TH I S  PHASE UNLESS THE ANALYS I S  INDICATES THAT THE TOTAL 
MI SSION POSE W I LL EXCEED THE MOP BY A S I G N I F I CANT AMOUNT--- THE EXTENT ALLOWED W I L L  BE 
DETERMINED IN REAL-T IMEo AFTER A SUCCESSFUL LAUNCH AND EARTH ORB I T  I NSERT I ON WE ARE W I LL I NG TO 
R I SK A HI GHER POSE RATE TO TRY FOR A LUNAR TYPE MISSIONo 

28-14 AFTER A GOOD TLI  THE CREW W I LL BE MORE OR LESS COMM I TTED TO A CERTA I N  AMOUNT OF RAD I AT I ON THAT 
B o 3  W I LL RESULT I F  A SOLAR PAR T I CLE EVENT OCCURS, THERE ARE ONLY A F E W  CASES WHERE A S I TUAT I ON 

COULD DEVELOP THAT I S  T I ME CRIT ICAL TO THE EXTENT THAT A DEC I S I ON WOULD HAVE TO BE MADE BASED ON 
PROJECT I ONS FROM DATA NOT D I RECTLY MEASURED BY THE CSM I NSTRUMENTATION, THESE CASES ARE WHERE 
THE CREW IS PREPAR I NG TO TRANSFER INTO THE LMo OR JUST PRIOR TO TE l o  DUR ING THESE S I TUAT IONS I T  
MAY B E  DESIRABLE T O  INH I B I T  OR DELAY THESE ACT I V I T I ES UNT I L  A BETTER KNOWLEDGE O F  THE 
ENVI RONMENT I S  OBTAINED BY ONBOARD MON I TORS, 

2A-14 UNb�R THIS S I TUAT I O� THE C�EW W I LL BE SUBJECT TO DOSES THAT WI LL EXCEEO THE MOD SHOU�D THE 
Cl-4 NOMI NAL M I SS I ON PROFILE BE CONT INUED• THERE MAY BE WAYS TO REDUCE THE TOTAL RAD I A T I ON RECE I VED 

BY ADJUSTMENTS I N  THE M I SS I ON T I MEL INEo THERE SHOULDt HOWEVER• BE NO DEC I S IONS MADE REGARD I NG 
CHANG ING THE M I SS I ON PROF ILE UNLESS THE RESULTS WOULD MAKE A SIGNIF ICANT REDUCT I ON IN THE DOSE 
TO THE CREW• THE ACTION THAT CAN BE TAKEN W I �� BE GOVERNED BY THE PHASE OF THE MISSION AND THE 
EXTENT OF DOSE REDUCT ION W I LL HAVE TO BE DETERMINED BASED ON OCCUR R I NG RAO I A T I ONo THE M I SS I ON 
RULES REFLECT POSSIB�E ALTERNATIVES THAT MAY BE AVAILABLE DURING THE M I SS I ON ,  DEC I S IONS O N  THE 
IMPLEMENTAT I ON OF THESE REQUIREMENTS W I LL HAVE TO BE BASED ON THE ACTUAL S I TUATION OCCURRI NG •  
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SECTION 8 • �ANDING AND RECOVERY 

29•1 THERE IS THE POSS I B I � I T Y OF A SPACECRAFT �AND �AND I NG IN THE LAUNCH S I T E  AREA• THE POSSI B I L I TY 
OF CREW I N�U�Y �O��OW ING A LAND LANDING IS IU�, I C I ENTLY H I GH TO MAKE I T  MANDATORY TO BE ABLE TO 
EFFECT THE IR RECOVERY W I T HOUT A DELAY CAUSED BY WEATHER• 

29•2 THESE AREAS CONTA I N  AL� THE. LAND ING PO INTS THAT WOULD FOLLOW ABORTS I N I T I ATED PRIOR TO EARLY 
S•IVB STAGING CAPA�I L I TY DURING THE LAUNCH PHASE• AND THE LANDING POINTS THAT WOULD FOLLOW 
DEORB I T S  FROM EARTH PARKING ORBIT INTO E I THER THE WE$T ATLAN T I C  OR M I D•PAC I F I C  RECOVERY ZONES 
DURING THE F I RST FOUR REVOLUTIONS REGARDLESS OF �AUNCH AZIMUTH• 

29•3 FORTY HOURS IS THE NECESSARY T I ME REQUIRED TO LOCATE THE CM AFTER A LANDING ANYWHERE IN THE 
WOR�D BETWEEN 40 DEGt NORTH AND 40 DEGt SOUTH �ATITUDE• 

29-6 

29•7 . , I 

29•8 

E I GHTEEN HOURS IS THE NECESSARY T I ME REQU I RED TO �OCATE THE CM AFTER ANY LANDING TARGETED TO A 
PTP OR THE MPI.t 

IT I S  HIGHLY DESIRABLE BECAUSE OF THE POSS I B I L I T Y  OF INCLEMENT WEATHER CONDI T I ONS I N  THE PLANNED 
END OF MISSION RECOVERY AREAt THIS CAPAB I L I TY W I �� INSURE THAT THE TARGET POINT CAN BE MOVED TO 
AN AREA W I TH ACCEPTABLE WEATHER COND I T IONS UNT IL ENTRY •24 HOURS• AFTER THIS T I ME TARGET PO INT 
RELOCATION WOULD BE ACCOMP L I SHED BY CHANGING THE ENTRY RANGEo 

THESE ELLIPSE CONTAIN THE H I GH PROBA B I L I T Y  LAND ING POINTS FOR A DEORBIT  FROM EARTH PARKING ORB I T  
FLY ING A GUIDED O R  A HALF L I F T  ENTRYt THE PROBAB I L I TY OF ACTUALLY LANDING I N  ONE OF THESE 
E�LI PSES IS SUFF I C I ENTLY HIGH TO MAKE I T  MANDATORY THAT THERE BE NO LAND MASSES I N  THE AREAo 

THESE EI.LI PS!iS CONTAIN THE �ANDING POINTS FOR. THE lA.CKUP MODES OF ENTRY, THE PROBAB I L I T Y  OF 
A(TUAL�V •LAN�!Nti' IN ONE 0� T�ESE l!!l�I �SU �S"SU�I"I ettkTeV''HtGH Ti:l MA�E I T  MANDATOftV• - fHAT ' 'THEftE 
BE NO �AND MASSES IN THE AREAt 

THESE E�LI PSES CONTA I N  THE H I GH PROBAB I L I T Y  LANDING POINTS FOR THE PRI MARY AND F I RST BACKUP 
MODES OF H I GH SPEED ENTRYo THE PROBAB I L I TY Of A LANDING WITHIN E I THER Of THESE E�LIPSES li 
SUFF ICI ENTLY HIGH TO MAKE IT MANDATORY THAT THERE BE NO L•ND IN THE AREAt 

29•9 THE PROBAB I L I TY OF ACTUAL�Y �AND I NG I N  THESE AREAS I S  SUFF I C I ENTLY H I GH THAT I T  I S  H I GH�Y 
DESIRABLE TO HAVE THEM CLEAR OF ALL LARGE LAND MASSES• 
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