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CPS PROGRAM (P4C} REV 32 12/03/69 

(i) TO COMPLTE A PREFERRED IMU CRIENTATION ANC A VEHICLE ATTITUOE FOR A LM OPS THRUSTING MANEUVER. 

(2) TC DC THE VEHICLE MANEUVER TO THE THRUSTING ATTITUDE. 

(3) TO CONTROL THE PGNCS DURING COUNTOOWN, IGNITION, THRUSTING, AND THRUST TERMINATIGN OF A PGNCS CONTROLLED DPS 
MANEUVER. 

(L) THE TARGET PARAMETERS FAVE BEEN CALCULATED AND STORED IN THE LGC BY PRIGR EXECUTION OF A PRE-THRUST ING PROGRAM. 

(2) THE REQUIRED STEERING EQUATEGNS ARE IDENTIFIED BY THE PRIGR PRE-THRUST PROGRAM, WHICH EITHER RESET (*ASTEER™) OR 
SET (EXT DELTA V) THE EXTERNAL DELTA V FLAG. FOR EXTERNAL DELTA V STEERING, VG IS CALCULATED ONCE FOR THE SPECIFIED 
TAME OF TGNITIGN. THEREAFTER BOTH DURING OPS THRUSTING ANC UNTIL THE CREW NOTIFIES THE LGC THAT RCS TRIM THRUSTING 
HAS BEEN COMPLETED, THE LGC UPDATES VG GNLY AS A RESULT CF ACCELEROMETER INPUTS. 

FOR STEERING CCATRCL WEEN USING “ASTEER", THE VELOCITY REQUIRED 1S CALCULATED FROM FIGURE 3.3-13A IN SECTION 5 
GF R-567,. THE LAMBERT ROLTINE PERIODICALLY RE-COMPUTES THE INTERCEPT TRAJECTORY SEMI-MAJOR AXIS FOR THE "ASTEER® 
CALCULATIONS. THE INTERVAL BETWEEN LAMBERT SOLUTIONS IS CONTROLLED BY AN ERAS ABLE LOADED VALUE (UT). 

(3) THE IML 1S GA AND MUST BE AT A KNCWA CRIENTATICN BEFORE THES PROGRAM MAY BE COMPLETED. IT 1S NORMALLY REQUIRED 
THAT THE ISS BE UN FOR A MINIMUM OF 15 MINUTES PRIOR TO A THRUSTING MANEUVER. 

(4) THE EVENT TIMER 1S SET TG CCUNT TC ZERO AT TIG. 

{5) ENGINE IGNITION MAY BE SLIPPED BEYOND THE ESTABLISHED TIG IF DESIRED BY TiE CREWe OR IF STATE VECTOR 
INTEGRATION CANNOT BE COMPLETED IN TIME. 

(6) LF A TRRUSTEING MANEUVER IS PERFORMED WITH THE GUIDANCE CONTROL SWITCH IN PGNS ANO THE MODE CONTROL SWITCH IN 
ALTO, THE PGNCS wICi CONTROL THE TCTAL VEHICLE ATTETUDE AND GENERATE EITHER MUDE 1 OR MODE IE ATTITUDE ERRORS AND 
VERFICLE ATTITUDE RATES (SEE ASSUMPTIUN (71) FOR DISPLAY ON THE FDAL. THE CREW MAY EXERCISE CONTROL AROUND THE YAW AXIS 
CALY WITH THE ACA (X-AXIS CVERRIDE) IF THE X-AXES OVERRIDE CAPABILITY IS PERMITTED BY THE PROGRAM IN PROCESS. THIS 
MANUAL CONTROL WILL BE IN THE RATE COMMAND/ATTETUDE HCLE FCDE. 

IF A THRUSTING MANEUVER EIS PERFORMED WITH THE GUIDANCE CONTROL SWITCH IN PGNS ANO THE MODE CONTROL SwITCH 
TN ATTITUDE HOLE THE PGACS wWILk HCLO THE VEHICLE ATT ITUCE AND WILL GENERATE EITHER MODE £ OR MODE IE ATTITUDE ERRORS 
FOR DISPLAY ON THE FOAL. THE CREW MAY EXERCISE MANUAL ATTITUCE CONTROL ABCUT ALL VEHICLE AXES WITH THE ACA IN 
EITHER THE RATE COMMANE CR MINIMUM IMPULSE MOCE DEPENDING UPON THE STATUS GF THE PULSES FLAG. HOWEVER, IT IS STRONGLY 
RECOMMENDED THAT PURERED FLIGHT ACT HE ATTEMPTED IN TRE MINIMUM IMPULSE MOCEe THE PULSES FLAG IS SET OR RESET BY 
EXTENCED VERBS 76 (MINIMUM IMPULSE) AND 77 (RATE COMMAND) RESPECTIVELY. THE PULSES FLAG IS ALSO RESET BY P12, P40, 
P4l, Pad, PO3, PTV, F71 ANC R4O AT MAIN ENGINE IGNITION; WITH THE EXCEPTION OF THESE CASES, MODE SELECTION iS 
ALWAYS BASEG UPON THE LAST ENTRY MADE IN THE DSKY¥. DURENG A THRUSTING MANEUVER IN THE PGNS/ATTETUDE HOLD MODE THE 
PGONCS WILL NOT EE RESPUNSIBLE IF REGISTER GVERFLOWS CLUCUR WITHIN THE LGC. IN THE EVEAT THAT THE GUIDANCE CONTROL 
SwETCH TS CHANGEL FREM PGAS TC AGS CURENG A THRUSTING MANEUVER, THE LGC WILL CONTINUE COMPUTATION OF POSITION: 
VELGCITY, THE DESIRED THKLST VECTOR, AND THE DESIRED ATTITUCE ERRORS. HOWEVER, THE PGNCS WILL NUT BE RESPONSIBLE 
IF REGISTER CVERFLCWS CCCUR WITRIN THE LGC. 

(7b TRE PGNCS CAN GENERATE TwO TYPES OF ATTITUDE ERRCERS FCR CISPLAY ON THE FLAT; 
MODE I - SELECTED BY EXTENDED VERB 61. AUTOPILUT FOLLO®ING ERRUKS USED AS & MONITOR OF THE DAP*S 

ABILITY TG TRACK AUTGMATIC STEERING COMMANCS. 
MODE Ti - SELECTED BY EXTENDED VERB 62. TUTAL ATTITUDE ERRORS USED TO ASSIST CREW IN MANUALLY 

MANEUVERING TRE VEFICLE. 

PGNC S-UERLVED VEHICLE ATTITUDE FATES MAY ALSG BE CISPLAYED VIA SELECTIUN bY EXTENDED VERB 60. 
MUvE TE ATPITUVE ERROR CESPLAYS ARE AUTOMATICALLY SELECTED AT THE BEGINNING UF R60. WITH THE EXCEPTIONS INDICATED 
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IN ASSUMPTION (€} ABOVE, DISPLAY SELECTICN IS ALWAYS BASEO UPON THE LAST ENTRY MADE IN THE DSXY. 
FUR A MCRE CETAILEO DESCRIPTION OF THESE DISPLAYS REFER TO SECTION 3 UF R567, PARA. 3.2.6 

(8) TRE X-AXIS CVERRIDE OPTION PROVIDES THE CREW WITH THE ABILITY TO EXERCISE MANJAL CONTROL ABOUT THE LM X AXES WITH 
THE ATTITUDE CONTROLLER EVEN THOUGH THE PGNCS ATTITUDE CONTROL MODE 1S AUTO. WHEN THE CONTROLLER 1S RETURNED TO DETENT 
THE PGNCS DAMPS THE YAn RATE, STCRES THE YAW ATTETUCE WhEN THE YAW RATE IS DAMPED, AND THEN MAINTAINS THAT ATTITUDE. 

ThE X~AXIS OVERRIDE OPTION TS ALWAYS AVAILABLE TOG THE CREW, HOWEVER IT SHOJLO NOT BE EXERCISED WHEN THE LGC 
ES SPECIFYENG @ GeSIREC Yaw ATT ITUCE, Lees: DURING THE ATTITUDE MANEUVER TO THE THRUSTING ATTITUDE (SEE R60). 

(9) WhEN TRE THRUST/TRANSLATION CONTROLLER ES SET TO MINIML¥ THRUST POSITION AND THE LGC THROTTLE COMMAND IS ZERO 
THE DPS wILL START AT 10 PER CENT TRRUST. 

(10) THE LUAD DAP DATA ROUTINE (RO3) HAS BEEN PERFORMED PRIGR TO SELECTION OF THIS PROGRAM AND THE OPS ENGINE GIMBAL 
HAS BEEN PREVIGUSLY CRIVEN TG TEE CORRECT TRIM POSITION.IF THIS BURN IS OF SUFFICIENT DURATION THAT VEHICLE 
TRANSIENTS AT IGNETION OUE TC CG/THRLST COES NOT AFFECT ACCOMPLISHMENT UF MANEUVER AIM CUNDITIONS: THEN GIMBAL 
CRIVE TG TRIM POSITION NEED NOT BE OONE BEFORE TIG. GIMBAL DRIVE TG TRIM POSITION IN WORST CASE COULD REQUIRE 
2 MINUTES. 

{11} CURING DPS BURNS ONLY, THE PITCH-ROLL RCS JET AUTOPILOT (U AND V JETS} MAY BE DISABLED (V55} OR ENABLED WT5) BY 
EXTENVEO VERB AS SHCWA. THIS CAPABILITY IS INTENDED TO BE USED TO PREVENT LM AND DESCENT STASE THERMAL CONSTRAINT 
VIOLATIONS DURING CSM-COCKED DPS BURNS (P40). THE CAPABILITY EXISTS OURING P63 AND P70 ALSO. PERFURMANCE OF FRESH 
START (V36E) WILL ALWAYS ENABLE THE PETCH-ROLL JETS. 

(22) FOR EACH wURN AN IGNITION TOTAL ALLUWABLE TIME DELAY WILL BE SPECIFIED IN THE MISSION RULES. THIS DELAY TIME IS 
THE TOTAL TEME WHICH TERE THRUSTING MANEUVER MAY BE DELAYED BEYOND THE tGC CALCULATED TIME OF IGNITION. IF ENGINE 
RESTARTS ARE INVOLVEOs THE ACCOUNTING CF THIS TOTAL TIME CELAY IS UP TO THE CREW. 

(3) LGC ANC CREW PROCECURES IN CASES OF LGC-ASSUMED THRUST FAILURE ARE DEFINED BY THE DPS/APS THRUST FAIL ROUT INE 
{R4C). THIS RULTINE IS CALLED AT DPS IGNITION BY THIS PROGRAM. 

(14) THE LGC WILL NEITHER DESIGNATE NOR READ THE RENDEZVULS RADAR (RR) DURENG THIS PROGRAM, 

(15) THIS PROLKAM SHOULD BE SELECTED BY THE ASTRONAUT eY LSKY ENTRY AT LEAST 5 MIN. BEFORE THE ESTIMATED TIME GF 
IGHITICN. 

(16) THIS PROGRAM IS SELECTED MANUALLY BY DSKY ENTRY> 

LGC GROUND CREW 

«CREW 
« PROGRAM 
eo SELECTION 

    START CES sees seeecces KEY IN DPS #10 PROGRAM (P40) . PROGRAM (P40) 
DISPLAY P40 V37E 4GE 

. P4O/LUMINA RY 

*( (



S
e
e
 

wa
 

he
 

ee
 
e
e
 

e
e
r
 
e
e
s
 

C
e
 

    

IS THE APS FLAG SET? 

    

FLASH VERB-NOUN 
TG REGLEST RE- 
SPONSE AND CIS- 
PLAY ALARM COCE 
Cl7cé 10 INDICA- 
Te THAT APS FLAG 
SHOWS THAT OPS 
HAS BEEN STAGED; 

vO5N09 
RL=-XXXXX 
R2-XXKXX 
R3~XXXXX 
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WAIT FOR KEY- 
BCARD ENTRY 

TERMINATE FLAS + 
GPCN RECEIPT CF 
TERMINATE OR 
PRCCEEC 
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MONITOR DSKY? 
QBSERVE DISPLAY CF 

P40 

DOES VERB-NOUN FLASH 
TO RECUEST. RESPONSE 
AND OISPLAY CF ALARF 
CODE INDICATE THAT 
BPS FLAG SHOWS 
THAT DPS HAS BEEN 
STAGED? 
(NOTES 

THIS ALARM CODE 
MAY BE DISPLAYED IN 
EITHER Rl» R2, OR 
R3, DEPENDING ON 
THE PRESENCE OR 
ABSENCE CF OTHER 
ALARM CODES.) 
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« OO FINAL AUTC- . 
» MATIC REQUEST - 

«© TERMINATE . 
+ ROUTINE (ROO) « 
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EXIT P40 . 

1S THE PRESENT 
PROGRAM P42? 

CU IMU STATUS CHECK 
ROLTINE (R02) 

SET APPROPRIATE CPS 
DELTA ¥ THRE SHULD 

FOR USE BY R40 bASEL 
CN CSM EGCKEG BIT 
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EXIT P40 

DO IMU STATUS 
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IN DAP, 

SET DELTA V 

COUNTER=4 FOR USE 
BY R40 

RESET NO THROTTLE 
FLAG 
  

COMPUTE INIT EAL 
THRUST DIRECTION 
AND INITIAL VALUE OF 
VG VECTCR ANC STCRE 
VWGttV) IN N&L AND 
N86 FOR POSSIBLE 
MANLAL SELECTICN: 

RI-VGX{LV}) 
R2-vGviLw) 
RI-VGZCILVI 

VGXELVI-COMPCNENT GF 
VG AT T1G ALONG 
(RXVIXR. IN FPS TO 
NEAREST «1 FPS. 

VGY(LV)J-COMPONENT OF 
VG AT TIG ALGNG VXR. 
IN FPS TO NEAREST 
ol FPS. 

VGZELVI-COMPONENT OF 
VG AT TIG ALONG -R. 
IN FPS 30 NEAREST 

ol FPS. 
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C {LUNAR 
RACIUS VECTOR 

1S VEHICLE 
AL VELUCI IY 

VECTOR AT TEs 
(NOTE? 
OLFFER 

NOL WELL ACh 

FROM N@1 UIS~ 
PLAY CF P30, P32, 
AND P33 BECALSE CF 
ROTATI ON OF VG 

VECTCR}. 

CCMPuT 
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WHERE? 
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E PREFERRED 
TERTATICN: 

= UNIT (T) 

= WNIT (T XR) 

UNITE X xX ¥ 
-SM  -SM 

THE INDTLAL 
THRLST VECTOR 
AT Tlo 

THE GEQCENTRIC 
(EARTH CREIT) 
CR SELENC- 
CENTRIC {iL LNAR 
ORBIT) RACIUS 
VECTCR AT TiGe 
iF T XR IS 

(REFER SECTIEN 
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5630303.3 UF ROOT), 
TREN Y¥ = 

~ SM 
UNIT (T XW) 

BHERE \V = VEHICLE 

INERT EAL VELOCITY 
VECTOR AT TIG.) 

  

STORE DESIRED ATTI- 
TUDE SPECIFICATION 
FOR USE BY ATTITUDE 
MANEUVER ROUTENE 
(R60). TRE FINAL 
ATTITUDE ILL BE 
COMPLTED DLRING REO 
AND WILL PCINT ThE 
LM +X AXIS EN THE 
INITIAL THRUST 
OLRECTICHK. HOWEVER, 
IN ORDER TG CONSERVE 
RCS FUEL ANC NUT 
CCANSTRAIN THE NCK- 
CRITICAL ATTITWE 
ABOUT THE THRUST 
VECTOR, RINGS MAY 
NOT Be LEVEL IN THE 
CCMPUTEC FINAL 
ATTL TLOE. 

SET PREFERREC-ATT I- 
TLDE-COMPLTED FLAG 

  

CUMMANC ZERU ATT I- 
TUDE ERRCRS 
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SET 1 CEGREE . #260 
CEATBANC. . 

. #270 

OG ATTIFLDE MANEUVER ceauescneees seoe CO ATTITUDE MANEUVER 
ROUTINE (REQ) . ° RCUTINE {ko0) 

. . #280 

HAVE FGAS CCNTRCL ° « 
AND ALTO ATTETLDE > . 
CONTRCL MOCES BEEN . . 
SELEC TED? . . #290 

Ne . . 

CS THE APS FLAG . . . 
SET? . . . 
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« HAS THE ALTO . . . 
+ THROTTLE MODE . . . 
+ BEEN SELECTEO? =. . . #310 

« 0Y Ne . . . . . 

o- . . . . . . 
rn me mn anne ae . a a 

+ « FLASH VERB-ACUK . . MONITOR DSK Y: 
« « TO REQUEST PLEASE . + «+ GOES VERB-NOUN 
= « PERFORM PGNS see ce ae eeaescceseces FLASH TO REQUEST 
2 + CCNTRCLy AUTG . - + PLEASE PERFORM 
« © ATTITUDE CONTROL, . . PGNS CONTROL, AUTC #320 « « AND AUTO THROTTLE . . ATTITUDE CONTROL, 

«+ « MODE SELECTION: . . ANG AUTO THROTTLE 
2 e = ¥50 N25 . . MODE SELECTION? 
- + RL - 00203 . . arena nan een 
s+ R2- BLANK . . oh 
«+ 83 - BLANK . . . . 

o. . . . HAVE REQUESTED . 
oe . . . MODES BEEN . #330 
oe . . . SELECTED? . 

2 . : : oN a 

Do : . . po IWISHTO . . 
o. . . * HAVE THESE - #340 
o. . . . MODES SHECT- . . 
e- . . . ED DURING THE . . 
a . : . THRLSTING os 
a . . . MANEUVER? «oe 

2! : . . . 7. #350 
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o . . . SET GUIDANCE . 
oo . . . CONTROL SWITCH . 
-- * . . TO PGNS, ATTI- . 
oe . . . TUDE CONTROL . 
oe . « * SWITCH To . 
oe . . . ALTGs AND . 
oe . . * THROTTLE SwI-  . 
foe Tt corer . . TCrh TO AUTO . 
« « WAIT FOR KEY- . 8 atte tne . 
e « BCART ENTRY . . . . 

- sete sees ecereceseos KEY IN PROCEED . 

«+ © TERMINATE FLASH . . 
« » UPON RECEIPT OF . . 
+ © PROCEED CR Be en nee 
o « ENTER wt cee ea ceseee KEY IN ENTER 

ee AE oP . . 
ee oN oR . . 
oe oT -C . . 
ae FE oC . . 
ee aR o£ . . 
eee of . . 
eee Dd . . 

COMMANC CPS OFF . 

d€RU CPS AUTU * 
THRCTTLE . 
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TEMP 
HOLG 
sewesccee 
MON 

OLSPLAY CN DOSKY: 
VC6 N40 
RL-TFI 
R2-VG 
R3-DELTA VM 

TRI — TLME FROM 
CPS IGNITION. IN 
MEN, SEC TC NEAR- 
EST SEC. MAX 
REACING IS 59B59. 
SIGN IS — BEFCRE 
NOMINAL TIG, + 
THEREAFTER. 

VG - MAGNITUDE OF 
ThE VELOCITY TO BE 
GAINED BY THRLST— 
ING MANEUVER. IN 
FPS TO NEAREST «1 
FPS 

DELTA VM-MEASURED 
OELTA ¥ MAGNITUOE. 
IN FPS TO NEAREST 
ol FPS. THIS CIS- 
PLAY BILL BE COOOC 
UNTIL TIG-30 SEC 
ANC THEN SHOULD 
CHANGE CALY OLE TC 
PIPA @1AS UNTIL 
ULLAGE IS STARTEC. 

SET TDEC1 = TIG -306 
SECCNES 
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MONETOR DSKY: 
OBSERVE DISPLAY CF 
TFEs VG» AND DELTA 
VM. 

UPDATE EVENT TIMER 
IF DESIRED. 
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DO STATE VEC TOR 
INTEGRATION (MID FO 
AVE) ROUTINE (R41). 
(NOTE? ENTER R41 AT 
MAR.) 

oNO TG . 
T1G SLIP. 

» SLIP 
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OG STATE VECTOR 
INTEGRATION (MID TO 
AVE) ROUTINE (R41) 
OBSERVE THAT THE 
COMPUTER ACTIVITY 
LIGHT IS ON UNTIL 
COMPLETICN CF R41. 

  

VERLFY/SET THRUST/ 
TRANSLATION CON TROL- 
LER TO MINIMUM 
THRUST POSI TIGN. 

. 
. 
. 

ARM OPS (AUTO 
THROTTLE SIGNAL IS 
ENABLED TO OPS ANC 
THRUST INDICATOR.) 

CHECK THRUST INDICA- 
TOR {RIGHT SIOE) To 
ENSURE AUTO THROTTLE 
COMMAND IS ZEROED (¢ 
PERCENT INDICATION).    
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QACTE? R64) wit 
DEFINE TIG TO BE 
TRE TIME TO whiCi 
R41 DID INTEGRATE 
THE LM STATE VEC- 
TCR PLUS 30 
SECCNDS) 
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WAIT UNTIL TIG -35 
SEC. 

BLANK TRE CSKY OIS- 
PLAY (V5 Ne Rhy R2y 
AND R3) 

  

WAIT UNTIL TIG -30 
SECe 
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CHECK STATUS OF 
C/W LAMPS 
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MONITOR DSKY: 
AT TFI = ~00835 
OBSERVE DSKY DISPLAY 
GO BLANK FOR 5 
SECONDS. 
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RETLRN VCEN4SC 
CISPLAYS 

IS THE PRESENT 
PROGRAM P42? 

  

START AVERAGE G 
INTEGRAT ION 

AT TFI 
SET ULLAGE 
FLAG 
  

    

MCNITGR OSK 
AT TFL = -00829 

Q@SERVE RETURN OF 
VO6ONG0 DISPLAYS TC 
INDICATE THAT 
AVERAGE G INTEGRA~ 
TION HAS STARTED. 
(NOTE: IF TIG HAS 
BEEN SLIPPED BY R41e 
THE TFE DISPLAY (RL? 
AT THIS TIME WILL BE 
REFERREC TO THE NEW 
TIG) 

    

a
 

e
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MONITOR DSKY: 
IN THE PERIOD FROM 
TFT =-00830 UNTIL 
TFI =-00815 
DOES DELTA VM BECCME 
GREATER THAN .5 FPS 
INCICATING EXCESSIVE 
PIPA BIAS ERRCR? 

. GCG TO BACKUP 
. PROCEDURES 

AT TFI =-00807 
MONITOR START OF +X 
TRANS LAT ION. 
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ap u 

. FRUM 
. R40 

  

CALCULATE CURATICA 
GF BURN 

  

IS TG LESS TRAN 6 
SECONDS, BASED ON 
ASSUMNET 10% CPS 
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THRUST? 

aN Ye 

  

Is 16 LESS THAN 
95 SECONDS, BASED 
CN ASSUMED 102 
OPS THRLST? 

« SET NO THROTT- 
LE FLAG TG 
CNHI BLT THROT- 
TLE COMMANC TO 
MAXIMUM AT 
TIG + 

" ZOGOMT IME" 
- SEC. 
« QNCTE? THE 
« VALUE 
« “ZCCMTIME™ IS 
« IN ERASABLE 
» STORAGE bAVING 

o
t
e
 

ae
 

BEEN LCACEC 
PRIOR TO 
LAUNCH OR BY 
P27). 

  

CALL VERB 99 DISPLAY 
CSEE    
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HULO 

MCN 

  

SET? 

oY Ne 

cu 10 ExT 
“ew (NOTE: THIS 
BELCh TS RCT A P40 

EXET. REFER 
CISFLAY RES=- 
PUNSE AT "Ae 
BELUW.) 

agn 

FROM 

ABCVE 

CHANGE VERE BUT . 
RETAIN PRESENT NUL so tesaccnawececvescs 
ANE CISPLAYS IN R1y . 
R22, R35 FLASk VtRB- 
NGUN TO REQUEST 
PLEASE FERFORM 
ENGINE CN ENABLE: 

V9INGO 

e
e
 

pu 

FRCM 

MONI TUR DSKY? 
AT TFI = -OCBCS 

CASERVE VERB-NCUN 
FLASH TO REQUEST 
PLEASE PERFORM 
ENGINE CN ENABLE 

MCNITCR OSKY: 

wALT FOR INCREASE CF 
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RAL T FOR KEYBCARC 
ENTRY 

  

CELTA VM INDICATING 
SUFFICIENT ULLAGE. 
REQUIRED ULLAGE 
DELTA VIS A 
FUNC TIGN OF VEHICLE 
WEIGHT 

  

SHALL I ATTEMPT TO 
COMPLETE THE 
THRUSTING MANEUVER 
WITH THE RCS? 

SHALL T PERMIT 
IGNITION? 

  

400 
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#760 

#770 

#780 

#790 

#800 

PSO/LUM INARY
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. . PGO/ LUMINARY 

TERMINATE FLASH UPUN saccasavcceeseccaaee KEY IN . 

RECEIPT CF ENTERs . TERM INATE . 
V34E . 

. #810 

. > #820 

. . . . . #830 

. . oc TC . . 
. . nce . . 

. . BELOW . . #849 

- CGO FINA AUTU- . . BU FINAL AUTO- . 

« MATIC REQUEST te cewcececeseenceses MATIC REQUEST . 
+» TERMINATE RUL- . . TERMINATE RCU- 
« TINE (ROO). TINE (RCO. > 

. . . . #850 

. 2 . . JLUMINARY
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. . . . P40/LUMINARY 

. EXIT P40 EXIT P40 . 

SET ASTRONAUT FLAG . 
meter cot tort cc cn nse . #860 

1S IGNITION FLAG MONI TOR DSKY: 
SET? IS Rl DISPLAY OF TFI 
warren nn -- === NEGATIVE ANC 

“Y oN NON-ZERO? 

. . oY oN #870 

« RESLME STATIC + MONITOR OSKY: . 
+ DISPLAY OF CBSERVE RE- . 
+ VOONGO + TURN OF STATIC . 
ef Do tene nae e nen . VERB-NOUN . 
- . ( VC6N40) . 
. . . #880 

. EXPT atten nn nnn n . 
+ «NOTE: ThIS IS STANDBY FOR . 
+ NGT A P40 EXIT. THRUST ON . 
+ REFER TIG-0 BHEN TFI= -00800 . 
2 LCGIC ABOVESD nnn nnn . 

. . . #390 . ge . . 
. FROM «coo ennne rea -o ee 
. Aga ve + STANDBY FOR 
. . « THRUST ON 
. . + IMMECIAT ELY 

. . #9090 

. . . P40/LUMINARY



TEMP 
HOLD 

MON 
CHANGE TFI DISPLAY 
TO TFC IN R15 

VOo N40 
Ri - TFC 
R2 - vG 
R3 - DELTA VM 

TFC - TEME FROM 

ENGIKE CUTCFF. IN 
MIN AND SEC TO NEAK- 
ESF SEC. SIGN IS —- 
BEFORE, AND + AFTER 
CUTOFF. 

e
e
e
 

h
e
 

e
m
e
r
 

ee
 

m
e
h
 
o
n
t
 

t
e
e
 

1S THE NO THROTTLE 
FLAG SET? 

     

CALL FCR MAXISUM 
TRROTTLE COMMAND 

  

MONITOR OSKY: 

OBSERVE CHANGE OF 
TFL O1SPLAY To TEC 
IN RL, (NOTE: TFC IS 
INITIALLY CALCULATED 
ONCE AND DISPLAYED 
BASEO ON 10% DPS 
THRUST. THIS OISPLAY 
WILL COUNT OOWN WITH 
ELAPSED TIME UNTIL 
TvC STEERING IS IN- 
ITIATED (WHEN STEER 
FLAG IS SET BY R40.) 
AT WHICH TIME TFC IS 
RECALCULATED AND 
DISPLAYED EVERY 2 
SECCNDS @Y THE GUEC- 
ANCE EQUATIONS.) 

1S TFC AT IGNITICN 
LESS THAN 6 SECONDS? 

  

oN 

. Go To 
. "Eee 
. BELOW 

IS TEC AT IGNITION 
LESS THAN 95 
SECONDS? 

oN 

  

e
e
 

e
r
)
 

o a 
. 

a4 Oo 
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#920 

#930 

#940 

#950 
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IN “ZUOMTIME" 
SECCACS FRCM NOW. 
(SEE "ON BELCH) 
(NOTE: TRE VALUE 
“ZCCHT GME" 1S IN 

hAVING BEEN LGAD- 
EC FRICR TC Lau- 

« ERASABLE STORAGE, 

a
 

ee
 

ae
 

eh
 

e
e
e
 

h
o
e
 

NCH OR BY P27). 

CALL FOR ENGINE 
OFF COMMAND AT 
CALCULATED CUTCFF 

TIME (SEE *H™ 
BELOW) (NOTE? 
PGNCS wi LL CC*MARKD 

INERTIAL VEHICLE 
ATTITUCE FOLE 
THRCUGHCUT THRLST- 
ING MANEUVER). 

e
e
e
 

e 
w
e
r
e
 

age 

BELOW 
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#970 

#980 

#590 

#1000 
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ee
 

ee
 

we 
e
e
e
 

FLAG 

  

RESET IMPLLSE 

  

WAIT 0.5 SECUNDS 

  

FLAG 

  

EX 17 
(NCTE? THIS £5 
NOT A P4C EXIT. 

S
e
a
 

te
 
w
e
 

we
 

ee
 
m
b
e
s
 

Cr
 

a 
+ 

( 

405 
P40/L UMINARY 
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#1020 
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#1040 
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See "H" BELCH.Sd 

RESET IGNITION FLAG 

  

RE SET 
IDLE FLAG 

CALL FOR RESET 
GF ULLAGE FLAG IK 
C.5 SECONDS. 
(SEE “oe 

EXIT 
(NOTE: TRIS IS 
ACT A P40 EXIT. 
SEE “O" BELUh). 

ape 

S
S
 
S
P
 
2
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P4O/ LUMENARY 

#1060 

#1070 

#1080 

#1090 

#EL00 
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AT ACTLAL TIG PLUS 

“Z7DOMTIME" SEC 
COMMAKO ThROTTLE 
TG MAXI MLM 

e
e
 

*200MT IME" SECONDS 
AFTER ACTUAL TIG 
OBSERVE THRUST 

INCICATGR TO INGE- 
CATE XX PERCENT 

AUTO THROTTLE COM- 
MANO (RIGHT SICE) 
AND 100 PERCENT 
CHAMBER PRESSURE 
(LEFT SIDE}. 
(NGTE: THE VALUE 
*200MTIME" 1S IN 
ERASABLE STCRAGE 
HAVENG BEEN LGADED 
PRIOR TO LAUNCH 
QR BY P27), 

e
e
e
 

t
a
e
 

« MAXIMUM THROTTLE 
wILt NOT BE 

+» COMMANDED. 

. 

( 
407 

P4O/LUMENARY 

#1rLo 

#1120 

#1130 

#1140 
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C
e
 

e
e
t
 

e
n
e
 

o
t
e
 

oe
 

THIS MANEUVER 
1S AN IMPULSE 
MANEUVER ANC 
WILL BE DONE 
AT AN INERTI- 
ALLY FIXEC 
VEHICLE 
ATTITUDE. 

  

P
e
 

a 

C
e
 
2
 

MONITOR DPS 
THRU STING: 
1. OSKV: 

R1-TFC 
SHOULD BE 
DECREASING 

R2-VG SHOULD BE 
DECREASING 

R3-DELTA VM 
SHOULD INCREASE 

2« FDAI-ATT. ERRCRS 
SHOULO BE LESS THAN 
CR ECUAL TO Kx 
DEGREE. 

ATT RATES SHOULD BE 
LESS THAN OR EQUAL 
TO XX DEGREE/SEC. 

3. THRUST INDICATCR 
LEFT SIDE: xx PER- 
CENT MAX CHAMBER 
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#1150 

#1160 

#1170 

#1180 

#1190 
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re
 
r
e
 
e
y
 

. 

IS TG LESS THAN 4 

  

SECS? 

Ne 

  

e
e
e
 

ee
 

e
e
e
 

t
e
r
 

t
e
s
 

PRESSURE RIGHT SIDE: 
LGC THROTTLE COMMAND 
XX PERCENT FULL 
THRUST. 

IDENTIFY EARLY, 
NORMAL, OR LATE 

ENGINE CUTOFF FROM 
ASSESSMENT OF OSKY 
OFSPLAYS. 

  

+E «N ok 
A 20 oA 
oR OR aT 
ol of 2€ 
oY. . 
° oC oo 
«C AU oU 
ou eT -T 
T AC 0 
20 «fF oF 
oF OF oF 
oF. . 

. . PUSH ENGINE 
. . STOP PUSH 
. . BUTTON 

. . Gu TC 
. . BACKUP 
« . PROCECURES. 

( 
409 

P 40/L UMINARY 

#2200 

#1210 

#1220 

#1239 

#1249 

Padsl UMINARY



410 

  

  

. . : oo P 4O/L UM LNARY 

+ CONTINUE GUILANCE . i 
+ CONTREE . se 

. . . . #1250 

. - #1260 

CALL ENGINE OFF COM~ SEE DPS/APS 
MARC AT CCMPUT EL THRUST FAIL « 
REGLERED TIME. ROUT INE . 
wat eens nnn ee (R40) FOR. 

- REQUIRED . 
. RES PCASE . 

wana oH +e e ee . #1270 
CUMMAND ZERU ATTI- . 
TULCE RATES . 

SET IDLE FLAG - 

. . #1280 

WAIT UNTIL COMPUTED - 
TIME CF CUTCFF. . 

. . #1290 

. . P4O/LUMENARY



  

ZERU DPS AUTO 
TERCTTLE 
  

CUMMANE ZERO ATT I- 
TUDE RATES 

SET CEACBANG 
TU PREVECLS VALUE 
DEFINED BY RO3. 

MAITNTALN VG 

CUMPUTATIGNS AFTER 
CUTCFF FCR PESSItié 
NLLLENG BY RCS 
TRIMMING MANEUVER 
(ACTES SEE ASSUMP— 
TIGN (2) ABCVE). 
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e
e
 

e
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e
e
 

ee
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e
e
e
 

eM
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#1300 

#1310 

#1320 

#1330 
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HOLD 

MUN 

  

  

ce : 
FRC . 

ABCVE . 

CCMMAKCE . 
ZERC . 
ATTITLDE 
RaTES . 

Sel CEAC- . 
BART . 
To . 
PKEVIOLS 
VALUE . 
DEFINED . 
BY RO. . 

RESET . 
ULLAGE . 
FLAG . 

FLASr VERB-NCUN TC 
REWLEST PRUCEEDe 

PULOG CISPLAY OF TFC 
AT TTS FINAL VALLE: 

vla N4C 
RL - TEC 
RZ ~- VG 
R3- JELTA VM 

    

nau 

FROM 
ABOVE 

e
e
r
 

ee
 

s
a
e
 
e
e
e
 

e
y
 

    

MONETCR OSK 

OBSERVE VER B-NOUN 
FLAS TC REQUEST 

PROCEED AND DISPLAY 
OF TFCe VG AND DELTA 
VMe 

412 
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#1340 

#1350 

#1360 

#1370 

#13380 

#1390 
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( 
. . 413 

PGO/L UMINARY 

NCTE? SEE ASSUMP-— 

  

  

  

FICN (2) ABCVE). . 

. . #1400 

. . RECORD THESE VALUES 

. . AS DESIRED, 

. . . #1410 

ENTRY em a a a a 

TERMINATE FLASH UPUN . . 
RECELPT CF PRGCEEL, . . 
KECYCLE, CR TERMIA- fo . 
ATE. . . 

oP eT of . + 
aR of o£ . . #1420 
oG oR oC > . 
oo ov oY . . 
o£ ot oo . . 
o£ oh ol . . 
«D0 oA of . . 
. oT . . . 
. oF peeeee . 

. . . #1430 

. Gc TC . 
. «on . 

. BELOW . 

CUMMAKD ZERO ATT I- ° 
TWE ERRORS . 

. . #1440 

SET .2 DEGREE . 
CEACBAND . 

. . FLUMENARY 

 



a* 

HOLD 

MGN 

  

FLASH VERB-NCUN TG 

REQLEST RESPONSE AND 
CISPLAY COMPUNENTS 
GF VGCLh)s 

V1l6 N&5 
R1-VGK (LM) 
R2-VGY(LM) 
R>VGZILM) 

CCMPCNENTS CF THE 
PRESENT YG VECTUR 
RESCLVEC ALCNG TRE 
LM Xs Yy AND 2 AXES. 
TrE VG VECTUR wILL 
BE UPLATE Hy THE 
STEERING LOOPS 
CURING EACH COMPUTA- 
TiON CYCLE. IN FPS 
TO NEAREST «1 FPS. 
ONCTE: SEE ASSUMP 
TiGN (2) ABGVEH. 

wALT FOX KEYBUARD 

ENTRY 

TERMINATE FLASH LPCN 
RECEIPT GF PRULEED: 
RECYCLE, UK TERM IN- 

  

  

  

MUNETOR D SKY? 
CBSERVE VERB-NCUN 
FLASH TU REQUEST 
RESPONSE AND DISPLAY 
CCMPCNENTS CF VG{L™) 

TO NULL GUT VG 
CCMPCNENTS COMMAND 
MANUAL TRANSLATICAS 
AND ROTATIONS. 
(NCTE: THIS MANEUVER 
1S AT THE OPTION OF 
THE CREW.) 

THE GRBITAL PARA- 
METER DISPLAY 
RCUTINE (830) MAY BE 
SELECTED AT THES 
TIME (v82E) TO 
FCAITCR CONTINUOUSLY 
LPDATED VALUES OF 
APU ALT, PER ALTe 
ANC YFF. 

  

KEY IN PROCEED 

414 
P40 /L UMINARY 

#1450 

#1460 

#1479 

#1480 

#1499 
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: en 
. . FROM 

. . ABCVE 

€ERU RENUEZ VOUS 
TRACKING MARK 
COUNTER. 

SET DEADBAND 
TC PREVIGUS VALUE 
DEFINED BY ROR. 

OG FINAL AUTUMAT It 

REQUEST TERMINGTE 

RGLTIWE (RCG 

  

pe
 
e
e
e
 

e
w
 
e
e
 

DO FINAL AUTCMATIC 
eure e res ceesceseeens REQUEST TERMENATE 

RCUTINE {ROO} 

( 
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P4O/LUMINARY 

#1509 

#1510 

#1520 

#1530 

#1549 
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EXIT P40 ExlT P40 #1550 

CHANGE CONTRUL NUTES 

REW CC PCR 3Cy3k 
REV OL PCR B55 BGs 144, 1644 1 £64401 641945395609 56 37 
REV OO{LUF LA} PCR 647,648 
REV GLELLM 18) PCR 838,841 ,EDI TOREAL 
REV 02 ECITOR TAL 

P40/LUMINARY



PuRPUSE: 

ASSUMFT ICNS: 

++ 

+02 
+EDIT 
++ 

419 

RUS FRCGRAM (P41) REV 02 12/93/69 

(1) TC CoMPUTE @ PREFERRED IMU GRIENTATION AND A VEHICLE ATTITUDE FOR AN RCS THRUSTING MANEUVER. 

€2)) TO PERFORM THE VEHICLE MANEGVER TC THE TRUSTING ATTITUDE. 

(3) TC PROVIDE SUITABLE CISPLAYS FOR MANUAL EXECUTION UF THE THRUSTING MANEUVER IN THE ATTETUDE HOLD MODE. 

{lL} TkE TARGET PARAMETERS HAVE BEEN CALCULATED AND STORED IN THE LGC BY PKIGR EXECUTION OF A PRE-THRUSTING PROGRAM, 

(2) THe REQUIRED STEERING ECUATICAS ARE ICENTIFIEC BY TEE PRIOR PRE=THRUST PROGRAM, WHICH EITHER RESET (ASTEER") OR 
SET CEXT DELTA V) THE EXTERNAL CELTA V FLAG. FUR EXTERNAL DELTA V STEERING: VG IS CALCULATED ONCE FOR THE SPECIFIED 
TIME CF IGNITICN. THEREAFTER UNTIL TRE CREW NOTIFEES THE LGC THAT RCS THRUSTING HAS BEEN 
COMPLETED, THE LGt UPDATES VG CNLY AS A RESULT OF ACCELERCMETER INPUTS. 

FOR STEERING CONTROL WEN USING "ASTEER", THE VELOCE TY REQUERED 1S CALCULATED FROM FIGURE 3.3-13A IN SECTION 
5 OF R-S€7. THE LAMBERT ROUTINE PERIODICALLY RE-COMPUTES THE INTERCEPT TRASECTIRY SEMI-MAJOR AXIS FOR THE “ASTEER" 
CALCULATIONS. THE INTERVAL BETWEEN LAMBERT SOLUTIONS 1S CCATRCLLEO BY AN ERAS ABLE LOADEO VALUE (UT). 

3) WETH THE GUECANCE CCATRCL SWITCk IN PGNS AND THE MODE CONTROL SWITCH IN ATTITUDE HOLD THE PGACS WELL HCLO THE 
VEHICLE ATTITUDE AND WILL GENERATE EITHER MODE I OR MCOE Li ATTITUDE ERRORS AND VEHICLE ATTITUDE RATES {SEE 
ASSUMPTICN (4)) FOR CISPLAY UN THE FOAL. THE CREW MAY EXERCISE MANUAL ATTITUDE CONFRGL ABOUT ALL VEHICLE AXES WITH THE 
ACA IN ELTHER THe RATE CCHMAND CK MLNIMUM IMPULSE MOLE CEPENDING UPON THE STATUS OF THE PULSES FLAG. HOWEVER, IT IS 
STRONGLY KECUMMENUEO THAT POWERED FLIGHT NCT BE ATTEMPTED IN FHE MINIMUM IMPULSE MODE. THE PULSES FLAG IS SET OR RESET 

BY EXTENCED VERBS 76 (MINIMUM IMPULSE) AND 77 (RATE COMMAND) RESPECTIVELY. THE PULSES FLAG IS ALSO RESET BY Pl2, 
P40, P41, P42, P63, P7C, P71, AND R4G AT MAIN ENGINE IGNITION; WITH THE EXCEPTION OF THESE CASES, MODE SELECTION ES 
ALWAYS BASEL UPON THE LAST ENTRY MADE IN THE OSKY.s DURENG A THRUSTING MANFUVER IN THE PGNS/ ATTITUDE KOLD MODE THE 
PGNCS WILi NOT Ee RESPCNS IBLE IF REGISTER OVERFLOWS OCCUR WITHIN THE LGC. 

(4) TRE PGNCS CAN GENERATE TWO TYPES OF ATTITUDE ERRORS FOR DISPLAY CN THE FOAIs 
MCDE I - SELECTEE 8Y EXTENCEC VERB 61. AUTOPILOT FOLLOWING EARGRS USED AS A MONITOR OF THE DAPSS 

ABILITY TG TRACK ALYGMATIC STEERENG COMMANDS. 
MOCE i1 - SELECTED BY EXTENDED VERB 62. TOTAL ATTITUDE ERRORS USEC TO ASSEST CREW IN MANUALLY 

WANELVERING THE VERICLE. 

PGNCS-CERIVEO VEHICLE ATTITUDE RATES WAY ALSC BE DISPLAYED VIA SELECTION By EXTENDED VERB 60. 
MOVE Ti ATTITUCE ERRUR DISPLAYS ARE AUTOMATICALLY SELECTED AT THE BEGINNING OF R60. WITH THE EXCEPTIONS 

INDICATED IN ASSUMPTEGN (3) AXCVE, DISPLAY SELECTION 1S ALWAYS BASED UPON THE LAST ENTRY MADE IN THE OSKY. FOR A 
MORE CETAILED DESCRIPTIUN OF THESE OL SPLAYS REFER TO SECTIGN 3 CF R-567, PARA 3.2.6. 

(5) THE IML TS UN AND FLST BE AT A KACWA CREENT ATION BEFORE THIS PROGRAM MAY BE COMPLETED. IT 15 NORMALLY REQUIRED 
TRAT ThE ISS BE UN FUR A MINIMUM UF 15 MENUTES PRIOR TO A THRUSTING MANEUVER. 

(6) THE EVENT TIMER 1S SET TG CCUNT TG ZERC AT TIG. 

(7) RCS IGNITIGN MAY EE SLIPPED BEYGND THE ESTABLISHED TIG IF DESIRED &@Y THE CREW, CR If STATE VECTOR INTEGRATION 
CANNUT BE CUMPLETED CN TIE. 

(8) THE X - AXdS UVERRIDE OPTION PROVIDES THE CREW WITH THE ABILITY TO EXERCISE MANUAL CONTROL ABOUT THE LM X AXES 
WITH THE AYTI TUE CONTRCLLER EVER THCUGH TRE PGNCS ATTITUCE CUNTRUL MODE IS AUTO. WHEN THE CONTROLLER 1$ RETURNED TG 
CETENT TRE PGNES CAMPS THE YAW RATE, STORES THE YAW ATTITUDE WHEN THE YAw RATE IS DAMPED, AND THEN MAINTAINS THAT 
ATTITLCE. 

THE X ~ «AES GVERRIDE CPTICN ES ALWfYS AVAILABLE TO THE CREW, HOWEVER IT SHOULD NOT BE EXERCISED WHEN THE LGC IS 
SPECIFYING A scSTREU Yaw ATTITUDE, T.E.2 GURING THE ATTETUDE MANEUVER TO THE THRUSTING ATTITUDE (SEE R60). 

PAI/LUMINARY



+t 
402 
+EDIT 
+t 

PROG 
CONT 

cs) THE LUAD DAP DATA RCLTINE (R03) 

CLO) ThE LGC wILL NEITFER CESIGNATE NOR REAC THE RENDEZ VOLS RADAR 

G11) TRIS PROGRAM 

Loc 

START RCS PRCGRAF 
(P41) 
CUSFLAY Pal 

Cl IMU STATUS ChECK 
ROULTENE (RC2) 

COMPLTE INETIAL 
TRRUST CIRECTION 

[TS SELECTED MANLALLY BY OSKY ENTRY. 

CRCUND 

  

CREW 

CREW 
ePRU GRAM 
eSELECT ION 

KEY IN RCS PROGRAM 
(Pal) 

V37E 416 

MONITOR DSKY? 
OBSERVE DISPLAY OF 

P41 

  

DO IMU STATLS CHECK 
RCUTINE (RO2Z) 

420 
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HAS BEEN PERFORMEC PRIOR TO SELECTIUN UF THIS PROGRAM. 

(RR) DURING THIS PRCGRAP. 

#10 

#20 

#30 

P41/LUMINARY



338 

AND INITLAL VALUE 
CF NG VECTOR AND 
STORE VG(LV) IN N61 
AND N86 FCR POSSTELE 
MANUAL SELECTION: 

R1-VGX (LV) 
R2-VGYCL VE 
R3-VGZQLV) 

VG XCLV)-COMPCNENT CF 
VG AT TIG ALONG 
(URXAVIXR. IN FPS TC 
NEAREST «1 FPS. 

VGY (LV)-COMPCNENT OF 
VG AT TIG ALONG VXR. 
IN FPS TG NEAREST 
ol FPS. 

VGZ{LV )-COMPONENT OF 
VG AT TIG ALONG -R. 
IN FPS TO NEAREST 
ol FPS. 

WhERE R ES GEOCENT- 
RIC (EARTH CRBIT) OR 
SELENOCENTRIC (LUNAR 
GROIT) RACIUS VECTOR 
ANO Vv IS VEHICLE 
INERTIAL VELUCITY 
VECTGR AT TIGe 
(NOTE? NEL WELL ACW 
CIFFER FROM N82 CIS- 
FLAY CF P30, P32, 
AND P33 BECALSE OF 
RCTATION OF VG 
VECTOR). 

COMPUTE PREFERRED 
IML ORLENTATIGN: 

e
e
e
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e
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xX + UNIT T 
-SM - 

yY = UNIT UE x kK} 
~SM - = 

2 = UNIT ¢(X x ¥ ) 
“SR -SM -SM 

WHERE? 

T = THE INITIAL 

THRUST VECTOR. 

R = THE GECCENTRIC 

(EARTH CRBIT) CR 
SEL ENOCEN FR IC 
(LUNAR ORBIT} 
RADIUS VECTCR AT 

TiG. 
(NCTE: IFT X RIS 

SMALL (REFER SECTION 
5 03430343 OF R567)5 
THEN ¥ = 

—SM 
UNIT (T XV) 

WHERE ¥ = VEHICLE 

INERTIAL VELCCITY 
VECTOR AT TIGe) 

STORE DESIRED ATTI- 
TUDE SFECIFICAT 10N 
FOR LSE BY ATTETUCE 
MANEUVER ROUTINE 
(R60). ThE FINAL 

ATTITUDE wILi BE 
COMPUTED DURING R60 

a
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AND WILL PCIAT THE 
LM 4X AXIS IN THE 
INITLTAL THRUST CI- 
REC TEON. 
HOWEVER, IN ORDER TO 
CCNSERVE RCS FUEL 
AND NCT COASTRAIN 
THE NON-CRITICAL 
ATTITUCE ABQUT THE 
THRUST VECTOR, WINGS 
MAY NOT BE LEVEL IN 
THE CCMPUTED FINAL 
ATTITUOE. 

SET PREFERREC-ATT- 
TTUDE-COMPLTED FLAG. 

COMMANC ZERG AFTI- 
TUDE ERRORS 
  

SET 0.3 DEGREE 
CEAOBAND 
  

  

O06 ATTITUDE MANELVER 
ROUTINE (R60) 

  

w
o
e
 

ee
 

ee
 

ee
 

t
a
e
 

a 
a
 

CC ATTITUDE MANEUVER 
ROUTINE (R60) 

( 
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TEMP 
HOLD 

ak 

sees 
MON 

  

DISPLAY ON DSKY: 
V16 N85 
R1~WGXCLM) 
R2-VGYELM) 
R3-VGZULM) 

CVGXCLM), VOYELM) 
VGZCLM} - COMPON- 
EATS CF THE VG 
VECTOR AT TIG RE SOL- 
VEC ALONG LM Xo Ye 
ANC Z AXES RESPEC 
TLVELY. LPDATED 
WRT. VEHICLE ATT I- 
TUDE EVERY 1 SECCNO. 
IN FPS Tu NEAREST 
el FPS. (NCTE: SEE 
ASSUMPTICN (2) 
ABOVE 

    

SET TDEC 1=TIG- 30 
SEC. 

CC STATE VECTOR 
INTEGRATICN (PLO TC 
AVE) ROUTINE (R41). 
CNCTE? ENTER RAL 

  

AT MA") 

oNC TG. 
e TEG SLIP. 

s
e
h
 

e
e
e
 

t
e
e
 
e
e
n
s
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MCNITOR DSKY: 
OBSERVE DISPLAY OF 
VG COMPONENTS. 

Pr
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DO STATE VECTOR 
INTEGRATION (MIC TO 
AVE) RGUTENE (R41). 
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o SLIP 

+ DEFINE T1G TC BE 
» THE TIME TG WHICh 
« R41 CID INTEGRATE 
» THE LM STATE VEC- 
« TOR PLUS 30 
« SECONCS. 

WAIT LATIL TIG 
-35 SEC. 

BLANK THE DSKY OIS- . 
PLAY UVsNsR1eR2e AND © 
3) . 

  

WAIT UNTIL TIG-30 
SEC. 

RETURN V16K85 CIS- . 
PLAYS oa eee a eee esc acenee 

e
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ew
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MONITOR DSK Y: 
AT TiG-35 SEC CB- 
SERVE DSKY DISPLAY 
TO GO BLANK FOR 5 
SECONDS 

MONITOR DSKY2 
AT T1IG-30 SEC oB- 
SERVE RETURN OF 
V16N85 DISPLAYS 
TO ENDICATE THAT 
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START AVERAGE G 
INTEGRATECN 

    

Ts ASTRCNAUT FLAG 
SET? 

AVERAGE G INTEGRAT~ 
TON HAS STARTED. 
CBSERVE COMPUTER AC- 
TIVITY LIGHT BLINKS 
CN EVERY 2 SECONDS 
DURING AVERAGE G. 
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HOLD 

MON 

(NOTES IN P41 THE 
ANSWER IS ALWAYS NO 
BECALSE ASTRCNALT 
HAS NO ¥99 TO RE- 
SPCAD TG). 

  

COMMAND ZERU ATTI- 
TUCE ERRORS 

SET .3 DEGREE 
CEACBAAC 

FLASH PRESENT VERB- 
ACURN (VL6N85) FG RE- 
QUE ST RESPUNSE. 
MAINTAIN UISPLAY OF 
VG (L¥) CCMPCNENTS. 
(NOTE: SEE ASSUMP 
TICN (2) ABGVE). 
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e
a
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ae
 

C
c
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MONITOR DSRY? 
OBSERVE VERB-NOUN 

FLASH TG REQEST 
RESPONSE AT LGC 
ASSUMED TIG. 

  

COMMAND MANUAL 
RGTATIGNS AND 
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Bee 

BALT FGR KEYBCARG 
ENTRY we 

TERMINATE VERE~NOUN 
FLASH UPON RECEIPT 
CF PROCEEC, RECYCLE, 
CR TERMINATE 

oP oT oR 
oR oF af 
+0 oR Co 

of oM ¥ 
aE al oe 
of oN ol 
-C oA of 
. oT . 

ZERO RENCEZVOUS 
TRACKING MARK 
CULUNTER 

SET DEALBARD 
TU PREVIOUS VALUE 
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ee
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we 
ee
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TRANSLATIONS TE NULL 
VG COMPONENTS 

THE GRBITAL PARAME T— 
ER DISPLAY ROUTINE 
(R30) MAY BE SELECT- 
€D AT THIS TIME 
{V82E) TO MONITOR 
CONTINUOUSLY UPDATED 
VALUES OF APO ALT, 
PER ALT, ANDO TFF. 

  

WHEN MANEUVER IS 
COMPLETE KEY IN 
PROCEED 

e
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DEFINED BY RO3. 

OD FINAL ALTGMATIC 

REQUEST TERMINATE . . 
RCUTINE (ROO). 

EXIT P41 

CHANGE CCATRCL NOTES 

REV O01 PCR 854 BGy 164) 401, 605,637 
REV OO{LUM LA} PCR 647 

REV O1(LUM 18) PCR 838,841 ,EDI TORI AL 
REV 02 EGITOR EAL 

  

B
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m
e
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e 

DO FINAL AUTOMATIC 
REQUEST TERMINATE 
ROUTINE (ROO). 

EXIT P4i 
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PURPOSE: 

ASSUMPTIONS: 

+t 
402 
+EDET 
++ 

++ 
+02 
+EDIT 
++ 

++ 
+02 
+eDIT 
++ 

++ 
+02 
+EDLT 
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APS PROGRAM (P42) REV 02 12/03/69 

C1) TO COMPLTE A PREFERRED IMU ORIENTATICN AND A VEHICLE ATTITUDE FOR A LM APS THRUSTING MANEUVER. 

(2) TC CC THE VEFECLE MANEUVER TO THE THRUSTING ATTITUDE. 

(3) TO CONTROL THE PGNCS DURING COLNTOCWN, IGNITION, THALSTINGs AND THRUST TERMINATION OF A PGNCS CONTROLLED APS 
MANEUVER. 

(1) THE TARGET PARAMETERS HAVE BEEN CALCLLATED AND STORED IN THE LGC BY PRIOR EXECUTION OF A P2E-THRUSTING PROGRAM. 

(2) TRE REQUIRED STEERING EQUATIONS ARE ICENTIFIED BY THE PRIOR PRE-THRUST PROGRAM, WHICH EITHER RESET ("ASTEER") OR 
SET (EXT DELTA V) THE EXTERNAL DELTA V FLAG. FOR EXTERNAL DELTA V STEERING, VG IS CALCULATED DNCE FOR THE 
SPECIFIED TIME OF IGNITION. THEREAFTER BOTH DURING APS THRUSTING ARKD UNTIL THE CREW NOTIFIES THE LGC THAT RCS 
TRIM THRUSTING HAS BEEN CCMPLETED, THE LGC UPDATES VG ONLY AS A RESULT SF ACCELEROMETER INPUTS. 

FOR STEERING CONTROL WHEN LSING “ASTEER", THE VELCCITY REQUIRED 1S CALCULATED FROM FIGURE 3.3-13A IN SECTION 
5 CF R-567. THE LAMBERT ROUTINE PERIGDICALLY RE-COMPUTES THE INTERCEPT TRAJECTORY SEMI~MAJGR AK IS 
FOR THE "ASTEER™ CALCULATECGNS. THE INTERVAL BETWEEN LAMBERT SOLUTIONS I[S CONTROLLED BY AN ERASABLE LOAJED VALUE (UT). 

(3) THE IMU TS ON ANC MUST BE AT A KNOWN ORIENTATION BEFORE THES PROGRAM MAY BE COMPLETED. IT IS NORMALLY REQUIRED 
THAT THE [SS BE ON FOR A MINIMUM OF 15 MENUTES PRIOR TO A THRUSTING MANEJVER. 

(4) THE EVENT TIMER IS SET TO COUNT TO ZERO AT TIG. 

45) ENGINE IGNITION MAY BE SLIPPED BEYOND THE ESTABLISHEC TIG IF DESIRED BY THE CREW OR IF STATE VECTOR INTEGRATION 
CANNGT BE COMPLETED IN TIME. 

(6) IF A THRUSTING MANEUVER IS PERFORMED WITH THE GUIDANCE CCATROL SWITCH IN PGNS AND THE MODE CONTROL Swi TCH 
TN AUTC, THE PGNCS WILL CONTROL THE TUTAL VEHICLE ATTITUDE ANO GENERATE EL THER MGDE I OR MODE II ATTITUDE ERRORS 
AND VEHICLE ATTITLOE RATES (SEE ASSUMPTIEN (71) FOR CISPLAY ON THE FOAL. THE CREW MAY EXERCESE CONTROL AROUND THE YAW 
AXIS ONLY WITH THE ACA (X-AXIS OVERRIDE) EF THE X-AXIS OVERRIDE CAPABILITY IS PERMITTED BY THE PROGRAM IN PROCESS. 
THIS MANUAL CCATRCL WILL CE IN TRE RATE CUMMAND/ATTITUDE HOLD MODE. 

IF A THRUSTING MANEUVER 1S PERFCRMED WITH THE GUIDANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL SWETCH IN 
ATTITUCE HOLD TRE PGNCS WILL HOLD THE VEHICLE ATTETUDE AND WILL GENERATE EITHER MODE I GR MODE LI ATTITUOE ERRORS 
FOR DISPLAY CN THE FCAT. THE CREW MAY EXERCISE MANUAL ATTITUDE CUNTROL ABOUT ALL VEHICLE AXES WITH THE ACA EN 
EITHER THE RATE COMMAND OR MINIMUM IMPULSE MCDE DEPENDING UPON THE STATUS CF THE PULSES FLAG. HOKEVER 
IT IS STRONGLY RECOMMENCED THAT POWERED FLIGHT NOT BE ATTEMPTED EN THE MINIMUM IMPULSE MODE. THE PULSES FLAG IS SET OR 
RESET BY EXTENDED VERES 76 (PINEMUM IMPULSE) AND 77 (RATE COMMAND? RESPECTIVELY. THE PULSES FLAG IS ALSO RESET BY PL2, 
P40, P4ly P42, P63, P7Cy P71, AND R4O AT MAIN ENGINE IGNITIGN. WITH THE EXCEPTION OF THESE CASES, MODE SELECTION I$ 
ALWAYS BASEL UECN THE LAST ENTRY MADE IN CSKY. OURING A THRUSTING MANEUVER IN THE PGNS/ATTITUDE HOLD MODE THE PGNCS 
WILL NOT BE RESPONSIBLE LF REGESTER CVERFLOW®S OCCUR WITHIN THE LGC. 

IN THE EVENT THAT THE GUIDANCE CONTROL SWITCH IS CHANGED FRC PGKS TG AGS DURING A THRUSTING MANEUVER, THE 
LGC WILE CONTENGE COMPUTATICN UF POSITION AND VELOCITY, THE DESIRED THRUST VECTOR, AND THE DESIRED ATTITUDE ERRORS, 
HOWEVER THE PGNCS WILL NOT BE RESPONSIBLE IF REGESTERK CVERFLCWS CCCUR WITHIN THE LGC. 

{7) THE PGACS CAN GENERATE TWO TYPES OF ATTITUDE ERRURS FOR DESPLAY GN THE FDAL: 

MOCE I - SELECTED BY EXTENDED VERB Gle AUTCPILCT FOLLCWING ERRURS USED AS A MONITOR OF THE DAP'S ABILITY 
TC TRACK AUTOMATIC STEERING COMMANDS. 

MODE If - SELECTEO BY EXTENDEE VERE 62. TOTAL ATTITUDE ERRORS USED TO ASSIST CREW EN MANUALLY MANEUVERING 
THE VEFICLE. 

PGNCS-DERTVYEO VEHICLE ATTITUDE RATES MAY ALSC BE DISPLAYEL VIA SELECTION BY EXTENDED VERB 60. 
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MODE IT ATTITUWE ERROR DISPLAYS ARE AUTOMATICALLY SELECTED AT THE BEGINNING OF R60. WITH THE EXCEPTIONS ENDICATED IN ASSUMPTION (6) ABOVE, DISPLAY SELECTION IS ALWAYS BASED UPON THE LAST ENTRY MADE IN THE DSKY. FOR A YORE DETAILED DESCREPTIGN GF THESE DISPLAYS REFER TO SECTION 3 DF R567, PARA. 3.260 

(8) THE X~AXIS QVERRICE CPTION PROVIDES THE CREW WITH THE ABILITY to EXERCISE MANUAL CONTROL ABOUT THE LM X AXIS WITH THE ATTETUDE CCNTRELGER EVEN THCUGH THE PGNCS ATTITUDE CONTROL MODE IS AUTO. WHEN THE CONTROLLER 15 RETURNED TO CETENT THE PGNCS DAMPS THE YAW RATE, STORES THE YAW ATTITUDE WHEN THE YAW RATE £S DAMPED) AND THEN MAINTAINS THAT ATTITLDE. 
THE X-AXTS OVERRIDE CPTION TS ALWAYS AVAILABLE TC THE CREW, HOWEVER IT SHOULD NOT BE EXERCISED WHEN THE LGC IS SPECIFYING A DESIRED YAW ATTITUDE, I.€.: DURING THE ATTITUDE MANEUVER TO THE THRUSTING ATTITUDE (SEE R60). 

(9) FOR EACK BURN AN IGNITION TOTAL ALLOWASLE TIME DELAY WILL BE SPECIFIED IN THE MISSION RULES. THIS DELAY TIME IS THE TOTAL TIME WHICH THE THRUSTING MANEUVER MAY BE DELAYED BEYOND THE LGC CALCULATED TIME OF IGNITION. IF ENGINE RE~ STARTS ARE INVOLVED + THE ACCCUNTING OF THES TCTAL TIME DELAY IS UP TO THE CREW. 

{10) TRE LOAD DAP LATA RCUTINE (RO3}) MAY HAVE BEEN PERFORMED PRIOR TG SELECTION OF THIS PROGRAM. 

(1i) LGC ANC CREW PROCEDURES IN CASES OF LGC-ASSUMEO THRUST FAILURE ARE DEFINED BY TRE DPS/APS THRUST FAIL ROUTINE (R40). THIS ROUTINE IS CALLEC AT APS IGNITION BY THIS PROGRAM. 

(12) THE LGC WILL NEITHER DESIGNATE NOR READ THE RENDEZVGLS RADAR (RR} DURING THIS PROGRAM. 

113) THES PROGKAM SHOULD BE SELECTED BY THE ASTRONAUT BY DSKY ENTRY AT LEAST 5 MINUTES BEFORE THE ESTIMATED TIME OF IGNITION. 

(14) THES PRCGRAM 1S SELECTEC MANUALLY BY OSKY ENTRY. 

toc GRCUAD CREW 

CREW 
» PROGRAM 
+ SELECTICN 

START APS PRUGRAM 

(P42) CISPL AY 

P42 

  weeeeeeeee KEY IN APS 
. PROGRAM (P42) 

#19 V37E 42E 
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POSS 
HOLD 

SNAP 

TS THE APS FLAG 
SET? 

eeFLASF VER@-NCUN 
«6 TO RECUEST RES- 
2=aPONSE AND DISPLAY 
oeALARM CODE OL706 
oeTO INDICATE THAT 
2 sAPS FLAG SHOWS 
ee THAT TRE OPS 
oeHAS NOT BEEN 

STAGEC: 

¥WC5 NOD 
ae RIFXXXXX 
we RZ-XXKXX 
ae RO-XXAXK 
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MONETOR DSKY: 

OSSERVE DISPLAY OF 

    

DUES VER8~NOUN FLASH 
TO REQUEST RESPONSE 
AND DISPLAY OF ALARM 
CODE INDICATE THAT 
APS FLAG SHOWS 
THAT THE OPS HAS NOT 
BEEN STAGED? 
(NGTEs 

THES ALARM CODE 
MAY BE DISPLAYED IN 
EITHER Rl, R2-_ OR 
R3- DEPENDING ON THE 
PRESENCE OR ABSENCE 
OF OTHER ALARM 
CODES.} 

  

. 2 
DO I wWiSH TO 
CONTINUE WITH 
P42 ALTHOUGH THE 
DPS HAS NOT BEEN 
ST AGEL? 

(NOTE: IF CONTI~ 
NUATION IS 
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oeWAIT FUR KEYBUARD 
2s ENTRY 

oe TERMINATE FLASH 
«eUPON RECEIPT OF 
oe TERMINATE OR 
«PROCEED 

oe oP Te 
oe oR E. 
oe 20 Ke 
ee 2 My 
«es 0€ I. 
oe 0 Ne 
ee 6 L 4, 
oe qT. 
oe . Ee 

  

eeTS THE PRESENT 
sePRUGRAM P42? . 

  

  

© CO FINAL AUT UM A~ 
« TIC REWLEST TiK- 
e MINATE RUUTING 
« RIG} 

  

SELECTED, 
STAGING MUST BE 
PERFCRMEC AFTER 
TIG -30 SECGNDS 
ANC BEFORE 
IGNITION.) 

  

KEY £N 
TERMINATE 

V34E 

  

eee weccenccccseesenees KEY IN 
PROCEED 

DU FINAL AUTO-. 
MATIC REQUEST . 
TERME NATE . 
ROUTINE (ROO), 
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. EXIT P42 

OC TMU STATUS CHECK sesesecccccssscesees DU IMU STATUS 
ROUTINE (R02) 

SET APS DELTA V 
TFRESHOLC FOR USE 
BY R4C. 

SET CELTA VY 
COUNTER = 4 FCR USE 
BY R40 

  

COMPLTE INI FEAL 
THRUST CIRECTIUN ANO 
CAITLAL VALUE OF VE 
VECTOR AND STURE 
VGtLV) IN N81 AND 
N86 FCR PCSSIBLE 
MANUAL SELEC TIUN: 

RE-VGX (LV) 
R2-vG vit) 
R3a-VGZiLv) 

WG XCLVI-CCMPCNENT OF 
VG AT TIG ALONG 
(RXVEXR. IN FPS TG 
NEAREST «1 FPS. 
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WG YCLVI-CCHPCNERT CF 
VG AT TIG ALONG vXR, 
in FPS TC NEAREST 
«lL FPS, 

VGZ¢LV)-COMPCNENT CF 
VG AT TiG ALCAG -R. 
IN FPS TO NEAREST 
el FFS. 

WHERE R IS GECCENT- 
RIC CEARTH GRBIT) 
CR SELENUCENTRIC 
{LUNAR CREIT) RACIUS 
VECTOR» AND WIS 
VEFECLE INERT TAL 
VELOCITY VECTCR AT 

TIG. 
ENOTES NOL WiLL NOw 
OLFFER FRCMH KBL 
DESPLAY UF P30, P32, 
AND P33 BECAUSE OF 
RCTATICN CF vG 
VECTOR) 

  

CCMFLTE PREFERRED 
IMU GRIENTATION: 

x = UM TET) 
=S$M - 

Y = UNITIT XK R) 
—SM - - 

2 = UNIT(X XY } 
— SM -SM  —SM 

WHERE = 

TO = THE INITIAL 
- THRUST VECTOR 

r
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AT IGNETICN 

R= THE GEOCENTRIC 
- tEARTH GRBIT) 

QR SELENGCENT— 
RIC (LUNAR 
ORBIT) RACLUS 
VECTOR AT TiG. 

(ncte: IFT x R IS 

SMALL (REFER SECTION 
5 0303.3.3 CF R567), 
THEN Yo = 

—SM 
UNIT «(TX Vd. 

WHERE V = VEHICLE 

INERTIAL VELCCITY AT 
TIGe) 

STORE CESIREC ATT i- 
TUDE SPECIFICATICA 
FOR USE BY ATTITUDE 
BANEUVER RCUTINE 
(R60). THE FINAL 
ATTITUDE WILL BE 
CCPPUTED CURING R60 
AND WELL POINT THE 
LM +X AXIS IN THE 
INITIAL TRRUST 
DIRECTION. HOE VERs 
IN OGRCER TO CONSERVE 
RCS FLEt AKD NOT 
CON STRAIN THE NON- 
CRITICAL ATT ITUCE 
ABOUT THE THRUST 
VECTOR, WINGS MAY 
AGT BE LEVEL IN THE 
COMPLTED FINAL 
ATTITUCE. 

SET PREFERREC- 
ATTITUCE-COMPUTEC 
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COMMAND ZERO ATTI- 
TUCE ERRCRS 

CG ATTITUCE MANEUVER wccseccceccnecseeses DU ATTETWE MANEUVER 
RCUTF INE (R60) ROLTLNE (REOs 

B
e
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HAVE PGNS CONTROL 
AND ALTG ATTITUGE 

e
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CONTROL MODES BEEN . . #320 SELECTEC? . . 

+Y . . 

IS ThE APS FLAG. . . 
SET? . . . 

“Y Ne . . #330 

+ HAS THE ALTO. . . 
+ THROTTLE MODE . . . 
+ BEEN SELECTEC? . . . 

. Ne. . . 

. - 4 . . #340 

Pass 8g Goer e eee nee . nn 
HOLO . * + FLASH VERB- . . MONITOR DSK Y: 
eeeeseens «© NOUN TO RE- . oe DOES VERB-NOUN 
SNAP 4 + « QUEST PLEASE - . FLASH TO REQUEST 

+» PERFGRM PGAS . « + PLEASE PERFORM PGNS 
« « CONTROL AND . . CONTROL ANO AUTC 
» » AUTO ATT ITUCE . . ATTITUDE CONTROL #350 «© CCNTRCL MCDE - - MOCE SELECT 10N? 
» + SELECTIONS . . wo 3H == === === --- 
+ 6 V5ON25 . . Y oN 
* 6 RE OC203 . . - . 
+ 2 R2=BLANK . . . . 
«+ -R3~BLANK . . . . 

oe . . - HAVE REQUESTED . 
. . . . MODES BEEN . #360 oo. . . . SELEC TED? . 

2 : : : oN vt 

yo : : . DOT KISHTO Of 
oo. . . . HAVE THE SE oo. #370 

- : : : : 
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os : . . . P42/LUM INARY 

oe . : . MOCES SELECTED... 
- : . : DURING THE oe 

an : . . THRUST ING oe 
. : : MANEUVER? - 

. : : . . #320 

oo : : : SET GUIDANCE =. 
- : . : CONTROL SWITCH. . 

oe . . : TC PGNS AND wk 
oe : : . ATTETUDE CUN- .. 
oo : : : TROL SWITCH TO. 
oe . : . ALTC. . 
+e RALT FGR KEY . : . oo #399 +» BOARD ENTRY . . . . 

7 ste ceeeeesneenesees KEY EN PROCEED. 

. : . #400 

ee TERMINATE ween : 
++ FLASH UPUN RE~ seeececseeceees KEY IN ENTER : 
ee CELPE CR PRO~ we . 
+ + CEED OR ENTER . : 

soe aE oP . . #410 oe aN oR . : 
oe at +0 . . 
oe ek +C . . 
oe aR +E . : 
eee ve . . 
see +b : : 

- - . . #420 
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TEMP 

HOLD 

MON . 
DISPLAY ON DSKY: 

  

VC@ N40 
RL - TEL 
R2 - VG 
R3 - DELTA VM 

TF - TIME FROM 
APS IGNITION. IN 
*Ins SEC TC NEAR- 
EST SEC. MAX 
REACING IS 59859. 
SIGN IS - BEFORE 
NOMINAL TIG, + 
THEREAFTER, 

VG - MAGNITUDE CF THE 
VELOCITY TO BE 
GAINEC BY THRUSTING 
MANEUVER. EN FPS 
TO NEAREST 41 FPS 

DELTA VM-MEASLRED 
CELTA V MAGNITUDE 
IN FPS TCG NEAREST 
ol FPS. THIS 
CISFLAY WILL BE 

OCCOO UNTIL TiG-3Cc 
SEC AND THEN 
SHCULED CHANGE CNLY 
DLE TG P1PA BIAS 
UNTIL ULL AGE IS 
STARTEC. 

SET TOECL = TiG~-30 
SECCNCS 

ee
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MONITOR OSKY: 

OBSERVE OISPLAY CF 
TEI, VG AND DELTA VM 

UPDATE EVENT TIMER 
IF O€S TREO 
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OG STATE VECTOK 
INTEGRATICN (MIC TO 
AVE) ROUTINE (R41) 
(NGTEs ENTER R41 
aT many 

  

«NG TIG. 
TG SLIP. 
oSLIP . 

+ ONOTES R41 WEL 
+ DEFINE Tic TC #E 
» THE FIME TQ WHICH 
+ RL CED INTEGRATE 
» THE LM STATE VEC- 
+ TOR PLUS 30 
~« SECENES.? 

  

~35 SEC 

BLANK THE DSKY CIS- 
PLAY [ViNsR1lyR25 AND 

WAIT UNTIL TIG 
-3C SEC. 

DO STATE VECTOR 
INTEGRATION (MID TO 
AVE) ROUTENE (R41) 
OBSERVE THAT THE 
COMPUTER ACTIVITY 
LIGHT IS ON UNTIL 
COMPLETION OF R41. 

ARM APS 

  

LAMPS 

MONITOR DSK Ys 
AT TIG -35 SEC OB- 

SERVE OSKY DISPLAY 
TO GO BLANK FOR 5 
SECONGS. 
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RETURN VC6N4SC O1S- 
PLAYS 

1S THE PRESENT 
PROGRAM P42? 

Ye 

  

SET THE APS FLAG 

e
e
 

ee
 
e
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e
 

  

START AVERAGE G 
INTEGRATICN. 

CAiL 1/ACCS AND 
INITIALIZE THE DAP. 
(NOTES NCRMALLY TRE 
DAP 1S INITEALI ZED 
BY CATA SELECTED VIA 
R03, WHERE ThE APS 
FLAG 1S SET GR RESET. 
FOR ThIS PROGRAM, 
THE APS FLAG IS SET, 
CAUSING THE CORRECT 
DAP INiTITALIZAT IUN 
DATA 1G BE SELECTED 
WITHOUT RECOURSE TO 
RO3.) 

  

MONITOR OSKY: 
aT TFI = - 00829 

CBSERVE RETURN CF 
VO6N40 DISPLAYS TO 
INDICATE THAT AVER- 
AGE G INTEGRATION 
HAS STARTED. 
(NOTE: iF TIG HAS 
BEEN SLIPPED BY R4i, 
THE TFI DISPLAY (R1) 
AT THIS TIME WILt BE 
REFERRED TO THE NEh 
TIG.} 

{S THRE PRES ENT 
PROGRAM P42? 

  

PERFORM DPS 
STAGING [F IT HAS 
NOT ALREACY BEEN 
DONE 
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gdh 

++ 

+02 
+EOIT 
++ 

a 

WAIT UNTIL TIG 
“5 SEC 

  

  

: wpe 
. FROM 

. R40 

  

MONETOR DSK ¥: 

IN THE PERIOD FROM 
TFL =~ 00830 UNTIL 
TFI =-00815 
DOES DELTA VM BECOME 
GREATER THAN .5 FPS 
INDICATING EXCESSIVE 
PIPA BIAS ERROR? 

GC TC BACKUP 
PROCEDURES 
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. . 
P42/ LUMENARY 

WILL ACTIVE STEER ING . 
BE ATTEMPTED DURING . 
THIS MANELVER? . 
(REFER PARKA. 5.3.3.- . 
3.3 OF SECTICN 5 OF . 

#640 R567) . 

. . . 
#6550 

CALL VERB $9 DI S- . 
PLAYS (SEE "an . 
BELCW) . 

<a . 
#660 SET OF ULLAGE seaeee . 

FLAG AT TIG-3.5 SEC . . 

* . 
#670 

. . 
#680 

: : . P@2/LUMINARY



HELD 

MUN 

SET? 

  

EXIT 
mgr (NOTES THIS 

BELOW IS NOT A 
P42 EXIT. 
REFER DIS- 
PLAY RE- 
SPCNSE AT 
"A" BELOW) 

CHANGE VERB BLT RE- 
TAIN PRESENT NOUN 
AND DISPLAYS IN Rls 
R2, R3, FLASH VERB-— 
NCUN TC REQUEST 
PLEASE PERFORM EKG— 
INE ON ENABLE? 

V99N4GO 
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MCNITGR OSKY? 
AT TFI = - Q08¢5 
OBSERVE VERB-NOUN 
FLASK TG REQUEST 
PLEASE PERFORM 
ENGINE ON ENABLE 
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& 

WAIT FCR KEYP®OARE 
ENTRY 

TOR START OF +x 
: TRANSLATEON, 

  

MONI TOR OSKY? 
WAIT FOR INCREASE OF 
CELTA VM INDICATING 
SUFFICIENT ULLAGE+ 
REQUIRED ULLAGE 
DELTA V IS A 

. AT TFI =-00803 MONI- 

FUNCTION OF VEHECLE 
WEIGHT. 

SHALL FT ATTEMPT 
TO COMPLETE THE 
THRUSTING MANEUV- 
ER WITH THE RCS? 

    

C
Y
 

4 
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Be 2 

TERMINATE FLASH LPUN 

RECEIPT GF ENTERy 
PRUCEED CR TERME- 
NATE. 

=P aT oE 
oR -E oN 
oC oR oT 
aC oM oF 
e£ oI aR 

oF oN . 
Dd oA . 
. ot . 
+ oF . 

° RESET . 

. ULL AGE ° 
. FLAG . 

wae : 
BELOW . 

SHALL I PERMET 

IGNITION? 

aN ~¥ 

Bee ee eer eaccescccseseee KEY IN PRUCFED 

KEY IN 
TERMINATE 

V34E 

e
e
e
 

ee
 

448 
P42/ LUMINARY 

#T90 

#800 

#810 

#820 

#830 

P42/LUMINARY 

(



( 
. 449 

   

  

. . . . * P42/LUMINARY 

. TERMI AATE . . . 
. CALL FOR . - . 
. SET CF . . . 
. ULLLAGE . . . . FLAG AT . . : 
. T1G-3.5 . . . 

#840 . SEC IF . ° . 
° CALL NOT . . . 
. YET OGNE . . . 

. . . . + 
#850 . . Go Te . . 

: . "cn . - 
. * BELOW . . 

+ OO FINAL ALTO- . . OO FINAL AUTO- . 
« MATIC REQUEST Bs emeesecnccceseceee MATIC REQUEST - 
« TERMINATE . . TERMINATE > 

#860 « ROLTINE (ROO) ROUTINE (ROO) . 

. EXIT P42 EXIT P42. 

. 
. 

#870 
SET ASTRONAUT FLAG . 

TS IGNITIG MONITOR DSkyY: 
SET? TS RL DISPLAY CF TFE #880 wea ee-------- + -- NEGATIVE AND 

¥ oN . MON-ZERC? 

: : + 

« RESUME STATIC DI- cence cene eee MONITOR DSKY .   

P4&2/LUMENARY



ge 

SFLAY CF VO6N40 

. Exit 
. (NOT ES TRIES 
: IS NUT A 
. P42 EXIT. 
. REFER TIc 
. -C LOvIC 
. ABOVE.) 

: uae 
. FROM 
. ABOVE 

      

UBSERVE RETURN . 
OF STATIC vERB- . 
NCUN Of SPLAY . 
(VO6N40) . 

STANCBY FORK . 
THRUST GN . 
WHEN TFI = -OOBCC . 

Se
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STANDBY FOR 
THRUST ON 
IMMEOLATELY 
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TEMP orn 
HOLD . 9 CHANGE TFL CISPLAY + MONITOR DSK eseseeeee TG IFC IN RL . C8SERVE CHANGE OF MCN .« O06 N40 + FE OLSPLAY Tc TEC RL - TFC IN RI 

R2- VG (NCTE: TFC IS IN- R3 - CELTA VM GTLALLY CALCULATED 
ONCE AND DISPLAYED. 

TFC ~ TIME FROM THIS DISPLAY WILL 
#950 ENGINE CUTOFF. COUNT DO®N hI TH In MIN AND SEC TC ELAPSED TIME UNTIL NEAKEST SEC. SIGN 1S TWC STEERING 1S - BEFCRE ANC + AFTER INITIATEO (STEER CUTOFF. FLAG IS SET BY R40) totter en nn een n anne AT WHICH TIME TFC IS 

RECALCULATED AND 
OISPLAYEO EVERY 2 
SECONDS BY THE 
GUIDANCE EQUATIONS. #960 

iS TFC AT IGNITION 
LESS THAN 6 SECONDS? 

C
e
 

  

CALL FCR ENGINE 
GFF CCMPAND AT 

aN Y. 

: : #970 

: : : #980 

1S IMPULSE FLAG SET? ; : 
oN Ye . . 

i : . #990 

P42 /LUMINARY 
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get 

CALCULATEC CUTCFF 
TIME. (SEE “Um 
BELOW} 

(NCTE? PGNCS WILL 
COMMAND INERTLAL 
VERICLE ATTITUDE 
HCLB THROUGHOUT 
TRRUSTING MAN- 
EUVER.«) 

    

RESET [IMPULSE 

  

RESET ULLAGE 
FLAG 
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EXIT 
(NCTE: THIS IS 
NOT A P42 ExiT. 
SEE "°C" BELOW). 

  

RESET ICLE FLAG 

  

CALL FCR RESET CF 
ULLAGE FLAG IN C.5 
SEC. 

a
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THIS BURN IS A 
MINIMUM IMP UL SE 
MANEUVER ANC 
WILL BE DONE AT 
AN INERTIALLY 
FIXEC VEHICLE 
ATTITUWE 
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MONITOR APS 
THRUSTING: 
le OSKY? 

RI-TFC 
SHCULD BE 
DECREASING. 

R2-Vo SHCULD BE 
DECREASING. 

R3-DELTA VM 

SHOLLD INCREASE. 

2. FOAI-ATT. ERRCR 
SHUULD BE LESS THAN 

GR EQUAL TU Xx 

DEGREE. 

ATT RATES SHOULC BE 
LESS THAN CR EQUAL 
TO XX LEGREE/SEC. 

3. APS CHAMBER PRES- 
SURE (PC} SHOULD BE 
NORMAL. 

IDENTIFY EARLY, 

NGRMAL, OR LATE EN- 
GENE CUTOFF FROM AS- 
SESSMENT OF DSKY 
CISPLAYS. 

+E oN ol 
oA Co aA 
oR oR of 

el ol o£ 

«¥ . . 

. eC of 
+C aU aU 
ol oT oT 

oT 20 +0 

20 oF oF 
oF oF oF 

oF 
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3e 

IS 16 LESS THAN 4 
SECONDS? 

oY Ne 

»« CONTINUE GUIDANCE 
© CCATRCL 

e
e
e
 

e
e
e
 

e
e
n
,
 

CALL ENGENE CFF COM~ 
MANO AT COMPUTED 

e
e
 

Or
 

a 
e . 

SEE DPS/APS 
THRUST FAIL 
ROUTINE (R40) 
FOR REQUIRED 
RESPCNSE 

ee
 

t
e
n
e
s
 

C
O
 

PUSH ENGINE 
STGP PUSH- 
BUTTON 

GO TO BACK- 
UP PRCCE- 
GURE S 

( 
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REQUIREE TIME 
  

CUMMAND ZERU ATTI- 

TUCE RATES 

  

WALT UNTIL COMPLIED 
TIME OF CUTOFF 

  

COMMANE ZERO ATT I~ 
TLBDE RATES 

  

SET DEACBANKC 
TG PREVICLS VALLE 

ee
 

ee
 
e
e
n
s
 

C
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. 

. P4&2/LUMINARY 

DEFINEC BY RO3. . 

MAINTAIN VG . 
CCOMPLTATICNS AFTER . 
CUTOFF FOR POSSIBLE . #1250 
NULLING BY RCS . 
TRIMFING MANEUVER . 
(NOTE: SEE ASSUMP— . 
FION (2) ABOVE). . 

“cm i wa eee eee 
FROM . DISARM APS #1260 

ABCVE a a te a a 

COMMARD . . 
ZERO ATT- . . 
ITUDE . . #1270 
RATES . . 

SET DEAD- . . 
BAND TO . . 
PREVIOUS .« . 
VALLE DE- « . #1280 
FINED BY . . 
RO3 . . 

RESET . . 
LLLAGE - . 

. . P42/LUMINARY



° 

HGLD 

MON 

TERMINATE 
CALL FOR 
SET CF 
LLLAGE 
FLAG AT 
TIG-3.5 
StC IF 
CALL NOT 
YET CONE 

e
e
e
 

ee
 

  

FLASH VERB-NOLUN TO 
REQUEST PRCCEEL. 
HOLD DISPLAY CF TFC 
AT iTS FINAL VALUE: 

Vl6 N40 
Rl - TFC 
R2 > Vo 
R3 ~- CELTA ve 

(NOTE: SEE ASSUMP- 
TICN (2) ABOVE). 

  

  

WALT FCR KEY BOARC 
ENTRY 
TERMINATE FLASH UPUN 
RECEIPT CF PROCEEC: 

  

MONITOR OSKY: 

CBSERVE VERB-NCUN 
FLASH TO REQUEST 
PROCEEC AND DISPLAY 
CF TFC+ VGe AND 
DELTA VM 

RECORD THESE VALUES 
AS DESIRED. 

  

seme eccccweseeeeene KEY IN PROCEED 
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atl 

HOLD 

GN 

  

RECYCLE, OR 
TERMINATE 

oP -T ak 
oR o£ oF 
<0 afk of 
oC Ml “¥ 
o£ al oe 
of oN oL 
«D oA oE 
. oT . 
° o£ see 

COMMAND ZERO aTT— 
I TUDE ERRGRS 

SET 0.3 CEGREES 
DEADBAND 
  

FLASH VERB-NCUN TC 
REQUEST RESPONSE AND 
DISPLAY COMPGNENTS 
OF VGULM): 

V1l6 N85 
R1~VGX (LM) 
R2-VvGV(tM) 
R3-VGZ(LM) 
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MONITOR DSK Ys 
OBSERVE VERB-NGUN 
FLASH TO REQUEST 
RESPONSE AND CISPLAY 
OF VGtLM) COMPCREATS 

P
e
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ee
 
e
e
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e
e
e
 
e
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CCMPCNENTS CF TRE 
PRESENT VG VECTOR 
RESOLVED ALONG TRE 
LM Xe, AND Z AXES. 

THE VG VECTOR RILL 
BE UPCATEC BY FE 
STEERING LOOPS 
DURING EACH COMPUTA- 
TICN CYCLE. IN FPS 
TO NEAREST «1 FPS. 
(NOTES SEE ASSUMP— 
TICN {2) ABLVED. 

WALT FOR KEYBGARD 
ENTRY 
TERMINATE FLASH UPCN 
RECEIPT UF PRUCEED, 
RECYCLE, OR 
TERMINATE 

“P T oR 
oR o£ oE 
0 ary «Cf 

Cc oM “¥ 
o€ ol oo 
o£ oN al 
Co oA o£ 

- oT . 

e
e
e
 
a
 

. 

TU NULL QUT VG 
COMPONENTS COMMAND 
MANUAL TRANSLATICNS 
AND ROTATIONS. 
(NCTES THIS MANEUVER 
IS AT THE GPTEGN GF 
THE CREW.? 
  

  

THE ORBITAL PARAME- 
TER GISPLAY ROUTINE 
{R30} MAY BE SELECT- 
ED AT THIS TIME 

(V82E) TO MONITOR 
CONTINOUSLY UPCATED 
VALUES OF APD ALT, 
PER ALT, AND TFF. 

KEY UN PROCEED 
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ZERC RENDEZVCLS 
TRACKING MARK 
CCUATER 

SET DEADBAND 
TO PREVIOUS VALUE 
OEFINED BY RO3. 

  

O00 FINAL AUTOMATIC . 
REQUEST TERMINATE 
ROLTINE (ROO) . 

EXIT P42 

CHANGE CCNTRCL NOTES 

REV 00 PCH 31 

  

a
 

e
e
 

ee
 
w
e
e
r
 

e
e
e
 

CO FINAL AUTOMATIC 

REQUEST TERMINATE 
ROUTINE (ROO) 

  

EXIT p42 

REV OL PCR €5486911471444164 9186 9401 4419 7609 4637 
REV GO(LUM 1A) PCR 647,648 

REV OL{LUM LE) PCR 833 54415 
REV C2 EDITOR EAL 
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PURPOSE: 

ASSUMPTIENS: 

++ 
+02 

#EDIT 
++ 

PROG 
CONT 

463 

THRUST MUNITUR PRUGRAM (P47) REV O¢ 08/07/69 

(1) TG MONITOR VEHICLE ACCELERATIGAN CURING A NGN-PGNCS CCNTROLL EO THRUSTING MAVEUVER. 

(2) TC DISPLAY ThE CELTA v APPLIED TO THE VEHICLE BY THIS THRUSTING MANEUVER. 

(1) THE IMU ITS UN AND MLST BE AT A KNObN CRIENTATICK BEFCRE THIS PROGRAM MAY BE COMPLETED. IT [5 NORMALLY REQUIRED THAT THE ISS BE ON FUR A MINIMUM OF 15 MINUTES PRIGR TO A THRUSTING MANEUVER, 

(2) THE RESPONSIBILITY UF AVOIDING GEMBAL LOCK DURING EXECUTICN OF THES PRUGKAM IS JPON THE ASTRONAUT. 

(3) THIS PROGRAM 1S ACKMALLY USEC CURING RENCEZVUUS FINAL PHASE. IF THE Ckth UESIRES TO DO ANY FINAL PHASE THRUSTENG MANEUVERS AUTUMATICALL Y UNDER PGNCS CONTROL THEY MUST BE ACCOMPLISHED VIA SELECT ION GF TRANSFER PHASE INE TLATION ( TPL} FRUGRAY (P34) AND TEEN TEE CPS THRUSTING PROGRAM {P 40) OR THE APS THRUSTING PROGRAM (P42). 

(4) RANGE, RANGE RATE, AND THETA MAY BE DISPLAYED DURING THES PROGRAM BY CALLING THE RENDEZVOUS PARAMETER DISPLAY RELTINE (R31). 

(5) TELS PROGRAM IS SELECTED BY THE ASTRONALT BY DSKY ENTRY. ThE PROGRAM SHOULO BE TURNED ON JUST PRIOR T3 THE PLANNED THRUSTENG MANEUVER AND TERMINATEC AS SOON AS POSSIBLE AFTER THE MANEUVER IN CROER TO KEEP ERRORS ASSOCIATED WITH AVERAGE G INTEGRATICA AT A MIATMUM, 

L6éc GROUND CREW 

=CREW 
*PROGRAM 
«SELECT ION 

  

START THRUST . KEY IN THRUST 
  

   

MONITCR PRCGRAM tte ee eeeeceneeeeees MONITOR PROGRAM (P47), . (ath #10 CISPLAY P47. V37E 47E 

+ MONITOR OSK 
ceaseceesessceseeess OBSERVE DISPLAY 

+ OF PAT. 
re ee 6.0 

. P4T/LUMENARY 

’



gre 

HOLE 

  

MON 
  

  

DL IMU STATUS 
CHECK RCUTINE 
(RCzZ) 

    

DOG STATE VECTOR INT- 
EGRATION (MLOTUAVE) 
RCUTINE (R41) 
(NOTE: ENTER R41 AT 
wpm) 

START AVERAGE & 
INTEGRATION 

  

FLASF VERB-NOUN TO 
REQUEST RESPCASE ANC 
DISPLAY DELTA Vv 
(im): 

V16A83 
R1-DELTA VXtLM) 
R2-CELTA VY (LM) 
K2>DELTA vZtLM) 

DELTA WXtLh) = CoN- 
PONENT OF INTEGRATED 
ACCELERATION ALONG 
LY #x AXIS. IN FPS 
TO NEAREST .1 FPS. 

        

OO IMU STATUS 
CHECK ROUTENE 
(R02) 

OC STATE VECTOR INT- 
EGRATIGA (MIDTCAVE) 
ROUTINE (R41). O8- 
SERVE THAT THE COM- 
PUTER ACTIVITY LIGHT 
1S UN UNTIL COMPLE- 
TICN CF R41. 

  

MONITOR DSKY: 
DBSERVE FLASHING 

VERB-NOUN TQ RECUEST 
RESPONSE AND DISPLAY 
OF EACH COMPONENT OF 
DELTA V(LM). 
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DELTA VY¥fLM) -— COM 
PCNENT OF INTEGRATES 
ACCELERATION ALONG 
LM #¥ AXIS. IN FPS 
TC NEAREST «1 FPS. 

DELTA V2iLM) — COM- 
PChENT CF ANTEGRATEC 
ACCELERATION ALONG 
LM 42 AXIS. IN FPS 
TO NEAKEST «1 FPS. 

NCTE? 21,2, ANC 3 
wILi READ 00000 IK- 
ITIALLY AND WILL RE- 
PAIN SC EXCEPT FOR 
PLIPA BIAS ACCUMLLAT-— 
IGNS UNTIL A THRUST- 
IAG MANEUVER IS 
STARTED. THEY WILi 
BE UPCATEC EVERY 
2 Sec. 

WAIT FCR KEY EUARC 
ENTRY 

PERFGRM THRUST ING 
MANEUVER(S) AS 
DESERED, 

MONITOR FDAI BALL 
TO AVOID GIMBAL 
Lock 

  

THE CREITAL PARAMET— 
ER DISPLAY ROUTINE 
(R30) MAY BE SELECT~ 
EG AT THIS TIME 
(V82E)} TO MONI TOR 
CONTINUOUSLY UPDATED 
VALUES CF APO ALT, 
PER ALT AND TFF. 

SHALL I TERMINATE 
THIS PROGRAM? 

  

    

+ SHALL I ZERO 
+ THE DISPLAY IN 
+ ORDER TO MONI T~ 
« GR ANGTHER 

« BURN?    
«se KEY IN RECY- 

CLE (V32E) 

et
 

ee
 

we
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« TERMINATE FLASH UPUN 

+» RECELPT CF PROCEED, 
«+ TERMINATE OK RECYCLE. 

. +R P. 
. o£ Re 
. Cc Ge 
. -Y C. 
. oC E. 
. al Ee 
. o£ oO. 
. . fa 
. . T. 
. . Ee 
. . Re 

. . Lr 
. . Le 

. . Ne 

. . Ae 
. . T. 
. . Ee 

» REINITIALIZE . 
« ACCELERCMETER . 
« INTEGRATION . 

CO FINAL ALTCMATIC 
REWLEST TERMINATE 
RCUTIAE (ROO) 

  

EXIT P47 

KEY 

TERM 
IN PROCEED oR 
INATE (V34E) 

CO FINAL AUTOMATIC 
REQUEST TERMINATE 
ROUT INE (ROQ) 

EXIT P47? 
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4 P4T/LUMINARY 31 

CHANGE CCATACL ACTES 

LOGIC R€v O1 PCR 4015437 
REV 62 EDITCRIAL 
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PURPOSE: 

469 

IMU OREENTAT IGN DETERMINATION PROGRAM (P51) REV 92 08/07/69 

(1) TO DETERMINE THE INERTIAL ORIENTATION OF THE IMU USING SIGHTINGS ON TWO CELESTIAL BODIES WITH THE AOT 
OR A BACKUP UPTICAL SYSTEM. 

ASSUMPTIGAS: (1) THIS PRGGRAM MAY ONLY BE PERFORMED wHILE THE LM 1S TN FLIGHT. 

PROG 
CONT 

C2) THE ESS MAY BE: 

(Ad CFF (STAACBY) 

{8) ON, AND ALIGNED OR NOT ALIGNED SENCE TURN OA. 

if (AP LS Tkik, THE IMU MUST BE TURAED CA BEFCRE THIS PRUGRAM CAN BE PERFORMED. 
fF (CB) TS TRUE THES PROGRAM CAN BE CGMPLETED. 

(3) THERE ARE AC RESTRAINTS UPCN TEE LM ATTITUDE CONTROL MODES UNTIL THE CREW WISHES To 
MANUALLY MANEUVER THE VEHICLE. 

(4) TIME AND RCS FLEL MAY BE SAVED, AND SUBSEQUENT IMU ALIGNMENT DECISEINS GREATLY SIMPLIFIED IF THIS PROGRAM IS PERFORMED IN SUCH A WAY AS TO LEAVE THE IMU [NERTEALLY STABILIZED AT AN ORIENTATION AS CLOSE AS PISSIBLE TO TKE OPTIMUM ORIENTATION REQUIRED BY FUTURE LGC PROGRAMS. 

(5) EXTENDED VERSS SHOLLD NOT BE EXERCESED DURING THIS PRCGRAM BECAUSE OF PUSSI®LE INTERFERENCE WITH R53. 

{€) THE PROGRAM LS SELECTED BY THE ASTRONAUT @Y CSKY ENTRY. 

LGc GROUND CREW 

CREW 
«PROGRAM 
SELECT ION 

  

  #10 <= . KEY IN IMU 
START IML ORIENTATION sccccescecoccececes ORIENTATION DETERMI- 
CETERMINATICA . NATION PROGRAM (P51) 
PROGRAW (P51) V37E SLE 
DISPLAY PSR a ee 

PSE/LUMLNARY
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. P SL/LUMINARY 

+  MGNITOR OSKY: #20 
feces eeeceenceeceees CBSERVE DISPLAY OF 

+ P51 

IS TRE ISS UN? . 

“Y +N . #30 

+ TURN CR PROGRAM MONITOR DSKY: #40 + ALAR LIGHT Ano + CGES PROGRAM ALARM 
+ STORE ALARM COLE. + seeeeneee LIGHT CGME ON INDIC- 
+ (NCTE: IF CALLEC, + ATING THAT THE IMU 
+ ALARM CODE wILL 1S NOT ON? 
+ BE 00210.) nena 
weer sconce enna v a 
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. : AND RESELECT . 
. . p51 vIA ROO. 

- OU FINAL ALTOMATIC —. + DO FINAL - 
+ RECUEST TERMINATE ceescccccecceececees AUTOMATIC . #60 + ROLTENE (ROO). . - REQUEST TER- . 
207 MINATE ROU- . 
. : TINE (ROO). 
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TERMINATE FLASH UPCN 
RECEIPT OF PROCEEU 
CR ENTER 

oP o£ 
eR oN 
0 «T 
oC oF 
“£ aR 
o£ . 
Cc . 

«+ CISPLAY CN OSKys 
. V4l N2zZ 
. R1-00000 
. R2-00000 
. R 2-00000 

e WHERE Rl, R2, 
+ ANT R83 REPRESENT 
« [FCCU/GIMEAL ANG~ 
+ LES TO BE COARSE 
+ ALIGNED TO (OG: 
« Gy MG, RESPEC- 
© TIVELY). 
+ IN CEGREES TO 
« NEAREST £01 DE- 
« GREE 

COMMANC ESS TO 
CCARSE ALIGN 
MODE 

  

LIGHT 

C
S
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. MONITOR DSKYs 
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RESET REF SMMAT 
FLAG 
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AKC STCRE ALARM 
CODES CC211 ANO 
00217.) 

    

TERMINATE COARSE 
ALIGN MODE IN 

H
e
w
 

t
n
e
 

e
e
t
 
e
e
e
 

e
e
t
 

ee
 

e
a
e
 

a 
a 

e
e
e
 

et
 

e
e
 

e
e
e
 

e
e
 

t
e
a
 

ee
n 

C
e
 

2
 

a 
2 

a 

D
e
e
 

he
 

nt
 

ee
 
t
e
 

(NOTE: IF, AT THE 
END OF COARSE 
ALIGNMENT, TEE 
GIMBALS ARE NOT 
WITHIN 2 DEGREES 
OF 01000, THE LGC 
WILL TURN ON THE 
PROGRAM AL ARM 
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« ISS. 

» ENABLE DAP. 

« RESUME ATTETUDE 
« HCLO CF VEHICLE. 

. TURN OFF "NC 

2 ATI" LIGHT 

CC ACT FARK RCUTINE 
(R53) FOR CELESTEAL 
BODY #1 
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bO CELESTIAL BULY 

CEFIRITICN ROUT INE 
(R58) FOR CELESTIAL 
BODY USED. 

CC AQT MARK ROUTINE 
(R53) FOR CELESTIAL 
BODY #2 

  

OC CELESTIAL BOLY 
DEFINE TEGN ROLTINE 
(R58) FOR CELESTIAL 
BOCY USEC. 

OG SIGHIENG DATA 
OLSPLAY ROUTINE 
(R54) 

2E wE 

ok aX 

af ol 

oT aT 

“aan age 

  

CALCULATE IML ENERTIAL 
ORTENTATION WeRe Ts 
CELESTIAL CUURDIN- 

ATES AS CEFINEC bY 
CELESTIAL BUDIES # 1 

  

CO CELESTIAL BCLY 
UEFINITION ROUTINE 
(R58) FOR CtLEST UAL 
BaDY USED. 

DO AOT MARK ROLTINE 
{R53) FOR CELESTIAL 
BOfY #2 

DO CELESTIAL BODY 
CEFINITEON ROUT INE 
(R858) FOR CELESTIAL 
BOCY USED. 

CO SIGHTING CATA 
DISPLAY ROUTINE 
(R54) 
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AND # 2 4 STCRE AS 

PRE SENT PLATFCKM 

CRIENTAT IGN 
CREFSMMAT) 

OC FINAL AUTOMATIC 
REQUEST TERMINATE 
ROUTINE (RCO}. 

  

Exit P51 

CHANGE CCATREL NOTES 

LOGIC REV 00 PCR T 
REY OL ECATCRIAL 
REV C2 ED LTOR ITAL 

  

OO FENAL AUTCMATIC 

REQUEST TERMINATE 
RCUTINE (ROO). 
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IMU REALIGN PKUGRAM (P52) REV 32 12/03/69 

PURPUS Ez (1) TO ALIGN THE IML FRUM A "KNOWN" (SEE ASSUMPTIGN 5} CRIENTATION TC GNE CF FOUR ORIENTATIONS SELECTED BY THE 
ASTRONAUT USING SIGHTINGS CN Tw CELESTIAL BODIES WITH THE AGT OR A BACKUP UPTICAL SYSTEM. 

{A} PREFERKED URTENTATION (GPTECGN COOOL) 

AN OPTIMUM CRIEATATIUN FCR A PREVIGUSLY CALCULATED MANEUVER. THIS ORIENTATION MUST BE CALCULATED AND 
STURED BY A PREVIGUSLY SELECTED PRCGRAM, 

(B) LANCIAG SITE CREENTATIGN (OPT ICN 00004) 

X = UNIT [Ro } 
~Sé -LS 

Y o= UNIT (2 xX xX ) 
-Sé -SM  -SM 

Z = UNIT tH xX) 
-Sé -CSM -SM 

WhERE? 

THE CRIGIN IS TRE CENTER OF TRE MOON. 

& = TRE POSITION VECTOR OF THE iM ON THE LUNAR SURFACE AT A LANDING SITE AND A TIME 
“LS 
T{AL IGN} SELECTED BY THE CREb. 

# = TrE ANGULAR MOMENTUM VECTOR OF THE CSM (R Xv 
-CSM -CSM ~CSM 

A SPECIAL CASE GF The LANDING SITE ORIENTATION OCCURS WHEN TCALIGN) 1S DEFINED AS THE TIME OF LUNAR 
LANDING T(LANU)~+ THES CASE CCCURS GALY IF T{LAND) HAS BEEN CEFINED &Y THE MSFN, TRANSMITTED TO THE 
CRtW, ANC TEE CKEW HAS THEN DEFINED TEALIGN) TO BE TELAND} IN THIS PROGRAM. 

(C)} NUMINAL GREENTATION (OPTION 00002) 

xX = UNIT OCR) 
~SM - 

Y = UNIT(V KR} 
-SM ~  - 

2 = UNITEX XY } 
-Sé ~SM  -SM 

WERE: 

R= THE SECCENTRIC (EARTH CRELTE GK SELENCCENTRIC (LUNAR URSET) RADEUS VECTUR AT TIME TEALIGND 

SELECTFL BY Tre ASTRCNAUT. 

PS2/LUMINARY
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ASSUMPTIONS: 

480 
P52/ LUMINARY 

Vo= THE INERTIAL VELOCITY VECTOR AT TIME T{ALIGN) SELECTED BY THE ASTRONAUT. 

(€) REFSMMAT (CPT IGN 0003} 

SEE ASSUMPTION (5) 

(1) THES PROGRAM MAY CALY BE PERFORMEC WHILE ThE LM IS IN FLIGHT. 

(2) THE CONFIGURATICA MAY BE COCKED (LM/CSM) OR UNDUCKED (LM ALONE). THE PRESENT CONFIGURATION SHOULD HAVE BEEN 
ENTERED INTO THE LOC BY COMPLETICN OF THE CAP OATA LCAD RCUTINE (R03)- 

(3) THERE AKE NC RESTRAINTS UPGN THE LM ATTETUDE CONTROL MODES UNTIL A P3NCS CONTROLLED MANEUVER IS CALLED BY A PRO- 
GRAM OR THE CREW WISHES TC MANUALLY MANEUVER TRE VESICLE. THE GUIDANCE CUNTROL SWITCH MAY BE AT PGNS OR AGS AND IF 
AT PGNS, THE MGDE MAY BE AUTU OK ATTITUDE HOLD. PRIUK TC PGNCS CONTROLLED MANEUVERS THE LGC WILL REQUEST THE CORRECT 
MCbOE TF IT ES NCT FN EFFECT. FOR MANUALLY CONTRULLED MANEUVERS THE CREW “MUST SELECT THE CORRECT MODES. 

(4) TRIS PRCGRAM MAKES AU PROVISION FOR AN ATTITUDE MANELVER TO RETURA THE VEHICLE TC A SPECIFIC ATTITUDE. SUCH A MAN- 
EUVERs TF GESTREO, MUST BE CONE MANUALLY. AN OPTION IS PROVIDED HOWEVER TS ALLOW POINTING OF THE AOT AT ASTRONAUT 
OR LGC SELELTED STARS EITHER MANLALLY BY THE CREW CR AUTCMATICALLY BY AN LGC CONTROLLED ATTITUDE MANEUVER. 

(5) JHE €SS IS CN ANC HAS BEEN ALIGNEC TO A "KNOWN" ORLENTATION WHICH IS STORE) IN THE LGC (REF SMMAT}. THE PRESENT 
IMU URTENTATIUN ULFFERS FROM THAT TO WHICH IT WAS LAST ALIGNED ONLY DUE TO GYR) ORIFT (2.6. NEITHER GIMBAL LOCK NOR 
Thu PCWER INTERRUPTICN FAS OCCURRED SINCE FHE LAST ALIGNMENT). 

(6) AN UPTIUN 1S PRUVIDED TO REALIGN THE [MU TC THE PREFERRED, NOMINAL, OR LANDING SITE ORIENTATIONS WITHOUT MAKING 
CELESTIAL BCCY SIGHTINGS (SEE LOGIC FLOW). 

(7) EXTENDED VERBS SHOULD NCT BE EXERCISED DURING THIS PRCGRAM BECAUSE OF POSSIBLE INTERFERENCE WITH R53. 

(8) TRE PROGRAM IS SELECTEC BY TRE ASTRONAUT 8Y DSKY ENTRY. 

PROG Lec GROUND CREW 
CONT 

CREW 
«PROGRAM 

«SELECTION 

poor o error cnn . KEY IN IMU REALIGN 
START IMU REAL ICN ate eecenerercseessce PROGRAM (P52) 

PRCGRAM (P52) . V37E S2e #10 
OPSPLAY P52 —e 

  

PS2/LUM INARY 
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HULD 

SNAP 

  

CO LMU STATUS CRECK 
RLUTENE (RC2) 

  

TS THE FREFERREL- 
ATT ITUDE-COMPUTED 
FLAG SET? 

SET LGC ASSUMET 
CPTICK TG CQOCCl. 

  

+ SET LEC ASSUMEC 
CRTICN TC Gooo3. 

VERE-NCUN TL 
REWLEST RE SPUNSE AnU 

CiSPLAY CPETIGN CE 
FOR ASSUMET LMU 
TENTATION SELEC TIOKS 

        

MONI TCR OSK 
OBSERVE DISPLAY QF 
P52 

  

DU IML STATUS CHECK 
RCUT INE €RO2) 

    

MONTTOK DSK > 
CASERVE VERP-.0UN . 

FLASH TG KEGEL . 
RESPONSE ANU SPLAY . 
CF CPTICN COLE FCR . 

( 
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VC4 AOE 
R1-00001 
R2-0000X 
R3~BLANK 

RL IS THE 
OPTLON CODE 
FOR ASSUMEC 
EMU CRIEATATIGN 
SELECTION. 

R2 IS ThE 
LGC ASSUMED OPTION: 
OOOO 1L-PREFERREC 
COCG2~ACMI NAL 
0000 3-REF SMMAT 
O0004-LANCING SITE 

WAIT FOR KEYBOARG 
ENTRY 

TERMINATE FLAS UPUN 
RECEEPT CF PROCEED 
OR NEw DATA 

oP = NEW 
oR CODE 
«Cc . 

Cc . 
66 aren nen en 
<E STCRE CULE 
e000 waren enn ee ee 

eee ce seen easceseees PROCEED 

  

ASSUMED [MU URTEN- 
TICN SELECTIUN 

IS THIS THE IMU GRI- 
ENTATION I DESIRE? 

“v oN 

KEY EN . 

» KEY EIN VZ2E 
« ANE LEAD ThE 
e DESIRED ORIEN- 
« TATIGN CODE IN 
« = R2 
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ween ee ee ee eee ee #120 

wAS NOMINAL OR LAN~ 

Cabe CING SITE GRIENT A- 
Dott rec rte nneen TECN SELECTED? 
0 20 0 0 (NOTES AN IRI ENTA- 

+O -C «6 +0 TIiCN COCE GF 90000 
20 40 20 0 WILL BE INTERPRETED 

0 20 +O 20 AS LANDING SLTE 
22 6C al 3 GPTION BY THE LGC). 

- 0 . . oY Ne #130 

« . . . . 
» . . . . 
2 6G . . . . 
2 04 . . . . 
ee eae aes - . 

8 Go Ta 6QO TO « WAS THE PREFERRED 
oe nae “ee » GRIENTATION SELE- 

oe BELCK BELChn + CFEC? 
eo 8 ag Tote enn #140 

ee 2 66¥ Ne 

eSTORE T(LANG) IN ee . 
« TCALIGN} ee . 

. . - GOTO GO.TO 
. . 2. man age 

. . - BELOW BELOW 
. . . #150 

STCRE 00000, . . 
cogcc eCCCCE FOR . . 
GISPLAY AS - . 
TCALIGND . . 

‘ His 
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HOLD 

SNAP 

FLASH VERB-NCUN TC 
REQUEST RESPONSE ANU 
CISPLAY TCALIGND; 

VOEN34 
Ri- TCALIGNI-tRS 
R2- TCALIGNI-MINS 
R3- TLALIGNI-SECS 

TOALIGN)- TIME(GET) 
AT WHICH LM POSITION 
ANC VELCCITY VECTORS 
ARE TO BE DEFINED 
FOR A NOMINAL OR 
LANCING SITE IMU 
ORIENTATIGN. IN 
HRS+ MINSe SECS, TO 
NEAREST .01 SEC. 
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wee cceccecscevesee MONITOR DSKY? 

GBSERVE VERB-ACUA 
FLASH TO REQUEST 
RESPCNSE AND CISPLAY 

FCR OPTION 2 
TCALIGN) WILL APPEAR 
HERE AS 00000, 
00000, 00000, wWhiCH 
IF ACCEPTED with 
INDICATE THAT THE 
NOMINAL OR LANDING 
SITE ORIENTATION 
WILL BE OLFINED For 
A TCALIGN) AUTCMAT- 
ICALLY SELECTED AS 
THE PRESENT TIME. 
FOR OPTION 4, 
TIAL EGN) WILL BE 
DEFINED AS TILAND). 

00 I WISH TO ALIGN 
THE IML TO AN 
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. . . P52/LUMENARY 

ORIENTATION DEFINED 
BY THE TCALIGN) . 
PRESENTLY DISPLAYEL? «       

  

. . woe nee n 88 , #220 
WAIT FOR KEYBOARD eecaeceessccescoes KEY IN PROCEED .  . 
ENT AY ae . oe 

TERMINATE FLASH UPUN ae g cot aeeee ne ene- =n . 
RECEIPT UF PROCEED cee ceescecevecscsecee KEY INV25E ANE, 
GR NEW CATA . + LOAD THE DESIRED . 
wore enn eann nano + TCALIGN) INR], 
-PROCEED + NE ® + R2, AND RB. . #230 
: OAT A pte t teen nn nnn nnne y 

+ STCRE DATA . 

: seceeee . #240 

IS T(ALIGN) CEFINED . 
Ta BE ZERC CR NEGA- . 
TIVE? . 

“Y Ne . 

: . . #250 

DEFINE TLALIGND =. : 
= T PRESENT : : 

rile. © 

’ . 
+ : . . 
+ : : : 
+ . . 

+ : . . 
+ : : 
+ . . . 

+ . . . 
+ : : : 
+ : . : P 52/L UMINARY 
+ . . 

+ . . .
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IS STGREG GRIENT ATION 
CODE Cccc2? 

ah o¥ 
oth. Se) + (NOM) 

STORE The 
VALLE OF 
TUALIGN) IN 

LOCATICN. 

    

THE TULANC) 

CCMPUTE ACMINAL 
ORLENTATICAN FGR 
THE PREVIUUSLY 
DEFINEC TEALIGN). 
SELECT THIS OaRI- 
ENTATION FOR 
GIMGBAL ANGLE 
COMPLIATICKS. 
(NOTES AT THIS 
TIME ANY PREFERR— 
£D ORIENTATION 
STORED iN THE LGC 
1S tcsT). 

cu Tu 
wae 

BELOW 

APUTE LAT: 

  

ABD Sut FROM 

WAS NOMINAL IMU 
CRIENT ATION SELEC~ 
TED? 

GG TG 
nan 

BELCW 
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STORED LANDING SITE 
VECTOR CIN *PRIMARY" 
STORAGE) ANC SPEC- 
TFIED TC(ALIGN). 
(NOTE? THE “PRIMARY* 
STGRAGE OF ThE LAN- 
DING SITE CAR BE 
MOCIFIEC ONLY BY 
PRELAUNCH ERASABLE 
LOAD, P27, PST, OR 
P68, SHOULD THE CREW 
WRITE OVER THE 
FOLLORING OLSPLAY, 
TRE NEWLY DEFINED 
LANDING SITE IS 
EFFECTIVE ONLY TO 
DEFINE A LANCING 
SLTE GRIENTATION FGR 
THE IMU.) 

o
e
 

. . 

FLASH VERB-NOUN TG 
REQUEST RESPGNSE AND 
OISPLAY THE LGC- 
STOREO OR THE NEWLY- 
DEFINED LANDING SITE 
COORDINATES. 

vO6Nad 
RI-LAT 
R2~LONG/ 2 
R3-ALT 

LAT~S ELENGGRAPHIC 
LATITUOE CF THE 
BES IGNATEC LANDING 
SITE. POLARITY 
INDICATES NORTHE+) 
GR SOUTK{—}. IN 
DEGREES TG NEAREST 
COL DEGREES. 

  

ee we wccweseesecene 

C
c
 
c
c
 

  

MONITOR OSKY: 

OBSERVE VER8-NOUN 
FLASH TC REQUEST 
RESPONSE AND OISPLAY 
OF THE LGC~STORED GR 
THE NEWLY-DEFINED 
LANOING SITE CogR- 
GENATES, 

  

ARE THESE THE 
CESIRECS LANDING SITE 
COORDINATES? 

   

  

«< 

  

e
e
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LCAG/ 2-SELENCGRAPHIC 
LONGI TLOE DIVIDED BY 
TWO OF THE LGC-STO- 
RED CR THE NEWEY- 
DEF ENED LANOING SITE. 
POLARITY INDICATES 
EAST(+) GR wESTI{~-}. 
IN DEGREES TO NEAR- 
EST .001 CEGREE. 

ALT-THE ALTITWE OF 
THE LE€C-STORED OR 
THE NE ®LY-DEFINEO 
LANDING SITE ABOVE 
TRE RADIUS AT THE 
DE SIGNATED 
LANSING SITE. IN 
WAUTECAL MILES TO 
NEAREST .C1 APS 

WAIT FOR KE YBGARD . 
ENT RY 

TERMINATE FLASH UPON 
RECEIPT OF PROCEED . 

  

«PROCEED oNEb 

  

e
e
t
 

h
e
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t
e
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ee
 

  

COMPLTE LANDING SITE 
CRIENTATIGN FOR THE 

  

. 

2
 

2 

  

e
e
 

2
 

ees ccccccseacoesee KEY IN PROCEED 

S
r
 

2 
a 

a 
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C
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2
 

KEY IN V25E AND 
LOAD THE CORRECT 
COORDINATES. . 
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HOLD 

SNAP 

LGC-STGRED GR THE 
NEWL Y-DEF INED 
LANDING SITE COGR- 
DINATES AND TCALIGN). 
SELECT THIS GREENTA- 
TICN FCR GIMBAL 
ANGLE CCMPLTATECN, 
(NOTE: AT THIS TIME 
ANY FREFERREC ORLEN- 
TATICN PREVEGUSLY 
STOREC IN THE L6C 
1S LGST) 

  

~- READ PRESENT VEHICLE 
« ATTITUDE FROM THE 
« PRESEAT GEMBAL 

ANGLES 

COMPUTE GEMBAL 
ANGLES AT CESIREC 
EMU ORIENTATICN AND 
PRESENT VEHICLE 
ATTITUDE 
  

2
 

FLASH VEREB-NCUN TG 
REQUEST RESPGNSE ANU seceseasccccccesnece CBSERVE VERB-NOUN 
OLSPLAY THE RESU T~ 
ING LCCU/CIMEAL 
ANGLE Sz 

F
e
e
 

e
a
 
m
e
n
e
 MONITOR DSKY: 

FLASH TO RECUEST 
RESPONSE AND DISPLAY 
OF ICCU/GIMBAL 

. 
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VO R22 
R1-CG 
R2-1G 
R3-¥8G 

ALL GIMBAL ANGLES IN 
DEGREES TC NEAREST 
«CL DEGREE 

WAIT FOR KEYBOARD 
ENTRY 

ANGLES AFTER PRO- 
POSED LM/ TMU ALIGN- 
MENT 

do I WISH TO 
MANEUVER VEHIQLE 

To AN ATTI TUDE 
WHICH WILL PRO- 
VISE A MORE 
SUITABLE MGA? 

  

w
e
e
r
 

er
 

ee
 

MANEUVER VEH~- 
TICLE WITH 
Rot aT ION 
CONTRGEELER 

UPDATE THE 
DISPLAY OF 

ec 
e
e
e
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TERMENATE FLASH UPUN 
RECEIPT GF PRGCEED 
OR RECYCLE 

oR oP 
oE aR 
of 0 
.Y¥ oe 
eC «E 
ot oF 
o£ dD 

FLASH VERB NOUN TO 
REQUEST PLEASE PER- 
FORM NORMAL OR CRO 
TGRCUE COARSE ALIGN; 

VSCN25 
R1-00013 
R2-BLANK 
R>6BLANK 

ee
 

we 
ee
 

ee
 

ee
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e
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w
e
s
 

  

GIMBAL 
ANGLE S? 
KEY IN 
RECYCLE 

V32E 

« RESULT ING 

KEY IN PROCEED 

MONITOR DSKY: 
CBSERVE VERB NOUN 
FLASH TO REQUEST 
PLEASE PERFORM 
NORMAL CR GYRO TOR- 
QUE COARSE ALIGN 

THE NORMAL METHCD 
OF ACHIEVENG IMU 
REALIGNMENT IS TO 
ACCEPT THIS RECUEST 
BY KEYING IN PROCEED 

4 
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WAIT FOR KEYBOARD 
ENTRY 

WHICH WILL CAUSE THE 
LGC TO CGARSE ALIGN 
THE STABLE MEMBER TO 
THE GIMBAL ANGLES 
APPROXIMATING THE 
NEW GRIENT ATION ANC 
THEN TO PROCEED 
THROUGH OPTICAL 
SIGHTINGS AND PULSE 
TORQUING TO ACHIEVE 
PRECISE ALIGNMENT. 
AN ALTERNATE METHCD 
OF ACHIEVING EMU 
REALIGNMENT IS TO 
KEY IN ENTER WHICH 
WILL CAUSE THE LGC 
TO COMPUTE THE NUM— 
BER CF TORQUING 
PULSES REQUIRED BY 
EACH IRIG {Xe¥y2} 
IN OROER TO ACHIEVE 
PRECISE ALIGNMENT, 
AND ISSUE THESE 
PULSES. THIS ALTER- 
NATE METHOD INTRO- 
DUCES A PREDICTABLE 
ERROR INTO THE LGC'S 
KNCWLEDGE OF THE 
STABLE MEMBER ORIEK- 
TATION AND TAKES A 
PREDICT ABLE PERIOD 
OF TEME FOR COMPLET-— 
ION. 
AN APPROXIMATION OF 
THIS ERROR AND THE 
TIME TO TORQUE CAN 
BE MADE a8Y CALCUL A- 
TONG THE SUM OF THE 
GIMBAL ANGLE CHAN- 
GES, MULTIPLYING BY 
2 FOR TIME TO TORQUE 
IN SECONDS, AND MUL- 
TLIPLYING BY .002 FCR 
ERROR IN DEGREES. 
SHALL I REALIGN IN 
THE NORMAL WAY? 
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TERMINATE FLASH UPON . 
RECEIPT CF PROCEED ww eweccasccece 
GR ENTER . 

oP se ENTER 
aR . 
Co . 

of . 
3 ° 

aE . 
D - 

» COMPUTE TGRQUING 
- ANGLES RECLIRED 
+ TO ACHIEVE NEW 
+ CRIENTATECNS 

C
r
 

RESET REFSMMAT 
FLAG 

  

PULSE IRIGS . 
TROUGH TORQUING . 
ANGLES ANC OIS- 
PLAY PRESENT ICU 
ANGLES UNTIL 

  

KEY IN PROCEED 

  

KEY IN ENTER 

Ce
 
e
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MONITOR OSKY: 

OBSERVE VERB-NOUN 
DISPLAY OF PRE- 
SENT GIMBAL 
ANGLES UNTIL CCM- 
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TEMP 
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COMPLETION. 
V1l6h20 
RL-GG 
R2-1G 

R3-MG 

ALL GIMBAL ANGLES 
IN CEGREES TG 
NEAREST .C1 
CEGREE. 

i
 

2 

DEFINE REFSMMAT 
TO BE THE DESIRED 
IMU ORIENT AT ION 

RESET PREFERRED- 
ANTI TLOE-CGMFUTEL 
FLAG. 

r
r
 

PLETICN CF PULSE 
TORQUING. 

(NCTE? UNLESS THE 
OAP IS OFF (*MCDE 
CONTROL-PGNS# 
SWITCH TO "OFF } 
GR IK A MODE 
WHERE iT DOES NOT 
MAINTAIN ATTITUCE 
C1.E.2 MINE MUM 
IMPULSE MODE VIA 
V76E) THERE IS A 
HIGH PROBABILITY 
THAT RCS JETS 
WILL BE FIRED AS 
THE INERTIAL RE- 
FERENCE IS CHANG 
ED (GYRGS TCR~ 
QUED). HOWEVER, 
THE GYROS MAY BE 
TORQUED SO AS TO 
GRIVE THE GIMBALS 
INTO GIMBAL LOCK. 
THEREFORE THE 
CREW SHOULD MAN- 
UALLY MANEUVER 
THE SPACECRAFT IN 
TEE MINIMUM IM- 
PULSE MODE GOR 
UNDER CONTROL OF 
THE AGS TO AVOIO 
GEMBAL LOCK.) 
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SET REFSMMAT FLAG 
  

FLASH VERB-NOUN 
TC REQUEST PLEASE 
PERFCGR® FINE 
AL IGN: 

V50 N25 
Ri-CCC14 
R2~8L ANK 
R3-BLANK 

WAIT FOR KEYBOARD 
ENTRY 

TERMINATE FLASH 
UPCN RECEEPT OF 
PROCEED OR ENTER 

oP o£ 
oR oN 
oo 2T 
of o£ 
oE aR 
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MONITOR DSKY: 
OBSERVE VERB-NOUN 
FLASH TO REQUEST 
PLEASE PERFCRM 
FINE ALIGN 

  

  

00 1 WISH To AT- 
TEMPT TO FINE 
ALIGN THE IMU? 

    

Go Ta 6c 1c 
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wane e ++ -- Hae . . #770 DO COARSE ALIGN a sanevecssccescecees CO COARSE ALIGN 
ROUTINE (R50) . + ROUTENE (R50) 

SET REF SMMAT FLAG . 

. . #780 

RESET PREFERREO- - 
ATTITUDE- COMPUTED . 
FLAG - 

. . #790 “en. - "Be 
FROM. » FROM 
ABCVE . « ABOVE 

DO FINE ALIGN se eeeeecccecenceaess OC FINE ALIGN #800 ROUTINE (R51) . + ROUTINE (RSE) 
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ocr : once 
FROM. + RUN 
ABOVE . -  ABCVE 

oo. . . #610 

OC FINAL AUTOMATIC . + DO FINAL AUTOMATIC 
REQUEST TERMINATE = ceaceecccesccceceees REQUEST TERMINATE 
ROUTINE (R00) . + ROUTENE (ROO) 

: : #820 

EXIT P52 EXIT P52 
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PURPOSE: 
+EDIT 
+t 

++ 
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+EOLT 
++ 

ASSUMPTICAS: 

LUNAR SURFACE ALEGN PROGRAM 

thy 

(4) 

499 

(P57) REV 03 12/03/69 

WHILE GN ThE SURFACE GF ThE MOON TO ALIGN OR REALIGN THE IMU TO ONE GF THREE TYFES OF OREENT AT IONS: 

(A) LANDING SITE ORIENTATION 

x = UNIT (CR) 
~ 5M “LS 

Y = UNIT (2 XxX } 
~ SM ~SM -SM 

Z = UNIT (b XX) 
~SM -CSM -SM 

WHERE: 

(1) THE ORIGIN ES THE CENTER OF THE MOON 

(2). R = THE PCSITECN VECTOR OF THE LM ON THE LUNAR SURFACE AT THE MOST RECENTLY DESIGNATED LANDING -LS 
SITE ANC A TIME TCALIGN) SELECTED BY THE CREh. 

3) KH = THE ANGULAR MCMENTUM VECTCR OF THE CSM ER xv 
-CSN ~C SM -CSM 

(8) PREFERRED GR EENTAT ION 

AN IMU ORTENTATION SPECIFIED BY THE GROUND AND LCACED INTO THE LGC BY THE LGC UPDATE PROGRAM (P27). 

(C} PRESENT REFS HBAT 

THERE ARE SEVERAL TECHNIQUES AVAILABLE TG THE CREW FOR COMPLETENG AN IMU ALIGNMENT. THE RESULTANT ACCURACY OF THE IMU TO THE SPECIFIED DESIRED ORIENTATION C1.€. THAT CRIENT ATION DEFINED BY THE FINAL REFSMMAT) 1S DEPENDENT UPON THE ALIGNMENT TECHNIQUE WHICH THE CREW SELECTS. THES SELECTION WILL BE DICTATED BY THE CIRCUMSTANCES AT THE TIME GF ALIGNMENT, 

ThE LM HAS LANDED ON THE LUNAR SURFACE. THE LM YAR ANGLE WITH RESPECT 10 THE INERTIAL ORIENTATION JE THE IMU AT LANDING wAS ACT CCASTRAINEC CURING LANDING. 

ALL POSSIBLE EFFURTS HAVE BEEN MADE BY THE CREW TO ENSURE THAT THE LM WILL NOT SHIFT ITS POSITION WITH RESPECT TO THE LUNAR SURFACE, NC PRCVISTION HAS BEEN MADE To INCORPORATE IN THE LGC ANY MEASUREMENT OF LM SETTLING ON THE LUNAR SURFACE. HGhEVER A SHIFTING OF THE LM WILL RESULT IN A MISALIGNED IMU ONLY IN THE CASE WHERE AN ALIGNMENT {IS MACE FRUM A STOREG LM ATTITUDE WITH RESPECT TO THE LUNAR SURFACE (OPTION CODES 00000 AND 99001; SEE LOGIC BELCH) + ANC THE IML ES NCY SUBSEGUENTLY ALIGNEC py REFERENCE TI CELESTIAL BODIES AND/OR LUNAR GRAVITY, 

TRE Iss 1S ON ANC MAY BE: 

(Al AT AN TNERTLAL CREENTATICN "UNKACHWAY TO THE LOCs Lef.: IT MAY HAVE BEEN SHUT DD-N AND RESTARTED SINCE 

P57/ LUMINARY
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+EDIT 
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PROG 
CONT 

a) 

19) 

(ic) 

START LUNAR SURFACE ceesccesccoes 
ALIGN PRUGRAM (P57). . V37E57E #10 DISPLAY PSP nnn nnn ene nnn 

500 
PST/LUMINARY 

LANDING BITHCLT SUBSEGLENT CRIENTATION OETERMINAT ION. 

(2) AT AN INERTEAL CRIENTATION "KNOWN" BY THE LGC? LeE.: NETTHER GIMBAL LOCK ACR EMU POWER INTERRUPTION HAS OCCURRED SINCE THE LAST IMU ALIGNMENT GR ORIENTATION DETERMINATION. THEREFORE THE PRESENT OREENTATION OLFFERS FROM THAT STORED IN REFSMMAT ONLY BECAUSE OF GYRO DRIFT AND/OR THE INITIAL MISALIGNMENT OF THE 
IvuU TC THE STCREC REFSMMAT. 

NG MONITOR UR CONTROL OF THE RENDEZVOUS RADAR {RR} WILL BE EXERCISED BY THE 4GC DURING THIS PROGRAM EXCEPT AS DEFINED BY THE RR MCNITOR ROUTINE {R25). 

ThE LM ATTITUDE WITH RESPECT TO THE LUNAR SURFACE IS AVAILABLE IN LGC STORAGE, I.£.: IT WILL HAVE BEEN STORED BY THE LANDENG CCNFIRMATICN PROGRAM (P68). ONCE THIS ATTITUDE HAS BEEN STORED IT WILL BE PRESERVED BY THE LGC UNTIL IT IS REPLACED BY A MCRE RECENT VALUE. 

EXTENDED VERBS SHCULC NOT BE EXERCISED DURING THE R59 PORTION OF THES PROGRAM BECAUSE OF POSSIBLE ENTERFERENCE WITH R53, 

THE DAP SHCULC BE CFF CR IN ATT HOLD (®MODE CONTROL-PGNS" SWITCH TO “OFF ® OR “ATT HCLD") DURING GYRO TORQUING BY THIS PROGRAM TC PRECLUDE RCS JET FIRINGS DUE TG REALIGNMENT OF THE IMU CAUSING ATTITUDE ERRORS EXCEEDING THE MAX IMUM DEADB ANO. 

THIS PROGRAM 1S SELECTED BY THE ASTRGNAUT BY DSKY EATRY. IT WILL NORMALLY BE SELECTEO TO PERFORM AN ALIGNMENT OF THE IMU IMMECIATELY AFTER LANDING ON THE LUNAR SURFACE, PRIOR TO SELECTEON OF THE RR LUNAR SURFACE NAVIGATION PROGRAM (P22), PRICR TC AGS INITIALIZATICN AND APPROXIMATELY 15 MENUTES PRIOR TO ASCENT. THIS PROGRAM MAY ALSO BE USED TO PROVIDE AN IMU ALIGNMENT IN TIME~CRITICAL EMERGENCIES PRIOR TO ASCENT. 

A DETERMINATIGON GF THE LM POSITICN VECTOR WHILE ON THE LUNAR SURFACE (R } CAN BE ACCOMPLISHED ONLY EN 
“LS 

CCNJUNCTICN WITF IMU ALIGNMENT TECHNIQUE GPTION #2 (USING ADT SIGHTINGS TO TwO CELESTIAL 8001ES). IT IS VALIO ONLY IF THE LUNAR GRAVITY VECTOR HAS BEEN PREVIOUSLY GEFINED, DUR ENG P57, USING IMU ALIGNMENT TECHNIQUE OPTION #t (USING REFSMMAT OR STORED LM ATTITUDE AND DETERMINATION OF LUNAR GRAVITY VECTOR) OR OPTION #3 (USING SINGLE CELESTIAL BCOY SIGHTING AND CETERMINAT ION OF LUNAR GRAVITY VEC TOR). 

icc GRCUNC CREW 

CREW 
«PROGRAM 

« SELECTICN 

. KEY IN LUNAR SURFACE 
seeee ALIGN PROGRAM (P57)   

C
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SET IMLSE FLAG 

TURK CA PROGRAM 
+ ALARM LIGHT BUT 
« BC NCT CHANGE 
+ PRESENT OI SPLAY 
» (PROGRAM AL ARM 
«+ DISPLAY IF CALLED 
= TS cez10}: 
- VO5 N09 
. RL—XXXXX 
. R2- MKXKX 
. RB -XXKXX 

a
 

a
 

  MONI TCR DSKYS 
OBSERVE DISPLAY 

CF P57. 

MCNITOR OSKY: 
DCES PROGRAM 

ALARM LIGHT INDICATE 
THAT IMU IS NOT ON? 
(NOTE: ALARM CODE 
MAY BE DISPLAYED 
IN Rly R2y OR RB, 
DEPENDING ON PRE- 
SENCE OR ABSENCE OF 
OTHER ALARM CODES.) 

x z 
CALL PRCGRAM 
ALARM DISPLAY 
(¥O5NO09) TO ID 
ENTIFY ABNORMAL— 
TTY. WHEN FINI SH~ 
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ait 

SNAP 

    

DO FINAL AUTO- 
~- MATIC REQUEST 

e TERMINATE ROUTINE 
« (R00) 

SET LGC ASSUMED 
CPTION COCE FOR 
IML ORIENTATION 
Ta = C0003 
CREFSHMAT) 

FLASH VERB-NOLUN TO 
RECUEST RESPCNSE ANC 
DISPLAY CPTICN CCDE 
FOR ASSUMED IMU OR- 

e
e
e
 

te
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ED PUSH KEY . 
RELEASE. ° 

PRESS ALARM RESET . 
TO RESET PROGRAM . 
ALARM. . 

BG FINAL AUTO- . 
MATIC REQUEST . 
TERMINATE ROUTINE . 
{ROO} ° 

EXIT P57 

MONITOR OSKY: 
OBSERVE VERB-NOUN 

FLASK TC REQUEST 
RESPONSE AND DISPLAY 
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TENTATION SEL ECT ION . OF GPTEON CODE FoR 
#110 VO4NCO . ASSUMED IMU OR TENTA- RI-CCCCL . TIGN SELECTION R2~-0000x . . R3-BLANK . . . 

Rl IS THE CPTION . . . CODE FOR ASSUMEC Seinen nnn nee - IMU ORIENTATION . IS THIS THE DESIRED . SELECTICON. . IMU ORIENTATION? . 
. . 

#120 R2 IS THE LGC . . 
ASSLMEC IML CRIEK- . - TATION SELECTION . «- CPT rON: . os OCCC1-PREFERRED : oe OOCC2-NOMINAL . o. 00003-REFS MMAT . a OCCO4-LANDING SITE. a 

. . ee 
#130 

WAIT FOR KEYBOARD See cc cece cseasecenas KEY IN PROCEED «- ENTRY ee nnn eee a 

. . oe #140 

. + KEY IN V22E . 
See aeeccereeaaacescecses AND LOAD THE . 

+ DESIRED ORIENTA- . 
TERMINATE FLASH UPON + TIGN GPTEGN IN, RECEIPT CF PROCEEC «= R2 . OR NER DATA ert et cree anon . 

-P NEW . : . . #150 oR OATA. . : * 
20 wes-------- . pee eeecsccneee 
oC STORE . . o€ NEw . : 
€ oPT ION . . 
+0 ot nnn nnn nee en nee . . . WAS THE NOMINAL . 

. OPTION SELECTED? . 

se aeeese oN Ye « #160 
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IS THE LGC ASSUMED 
CPTICK = 000027 

  

IS ThE LGC ASSUMEC 
CPTION = 90003? 

    

“¥ Ne 

DEFINE THE DESIR- . 
€D IMU ORIENTA- . 
TICN 30 BE . 
REF SMMAT. . 

TS TRE LGC ASSUMEC 
CPTIGN = O0QGC1? 

  

2 

Wwe 

      

WAS THE REF SMMAT 

CPTICN SELECTEC? 

Ne 

GO. TO . 
“En > 

BELCh . 

WAS THE PREFERRED 
GPTIOGN SELECTEC? 

N 

NCTE: IF CREW 
SELECTS ALIGNMENT 
TO A PREFERRED 
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GBTAIN CONTENTS OF 
TIG REGISTER FRCK 
STORAGE FOR DISPLAY 
AS TCAL IGN) 
(NOTE: IF P12 WAS 
PARTIALLY PERFORMED 
IMMECTATELY AFTER 
THE LUNAR LANDING, 
TIG WILL CONTAIN 
TIGIAS). 

  

FLASH VERB-NOLN TO 
eeeeeeess REQUEST RESPONSE AND 
SNAP DISPLAY T(ALIGN} < 

VOQON34 
RI-TCALIGNI-FRS 
R2-TOALIGNI-MINS 
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ORTENTA TION 
(00001), AND NONE 
HAS BEEN DEFINED, 
NO ALARM WILL 
RESULT, BUT THE 
RESULTING ALIGA- 
MENT WILL BE 
WORTHLESS. 

  

MONITOR OSKY: 
OBSERVE VERB-NCOUN 

FLASH TC REQUEST 
RESPONSE AND DISPLAY 
OF TUALIGN) WHICH ES 
EQUAL TC THE PRES~ 
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R3-TLALEGNI-S ECS 

TAL TGNI-TIME(GET) 
AT WHICH LM POSITION 
VECTOR 1S DEFINED 
FOR A LANDING SITE 
ORIENTATICN. IN HRS 
MINS AND SECS To 
NEAREST .01 SEC 

  

   
WAIT FOR KEYBOARD 
ENTRY 
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ENTLY DEFINED TIG 
CAS). 
(NOTE? 17 TS ASSUMED 
THAT P12 WAS PAR- 
TIALLY PERFORMEG 
IMMEDEATELY AFTER 
TRE LUNAR LANDING. 
AT THAT TIME TIGC(AS) 
WAS DEFINED.) 

IF TCALIGN) IS 
DEFINED TO BE 
00000, OO0OdC, 
G0000, THE LAND- 
ING SITE 
ORIENTATION 
WILL BE DE- 
FINEO FOR A 

S
e
e
m
 

n
e
w
e
r
 

m
e
w
n
 

r
a
-
 

e
S
 

He
 

ee
 

h
e
e
 

we 
M
e
e
e
 

we
e 

e
e
e
 
w
e
t
 

506 
P57/LUMINARY 

#260 

#270 

#280 

#290 

#300 

P57/1LUM IN ARY 

(



( 
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. TIALIGN) . 
. AUTOMATICALLY . 
. SELECTED BY - 
. THE LGC AS THE 2 
. PRESENT TIME. . 

: . ° #310 

. . 
. DO I WISH TO . 
. ALIGN THE IMU TO « 
. A LANDING SITE . 
. ORIENTATION DE- . 
. FINEC BY THE T . 
. (ALIGN) PRESENTLY . 
. OISPL AYED? - #320 

. . aN 

Oe cea cerceveneresene « KEY IN V25E . 
ae + AND LOAD THE . 
° » GESTRED T . 
. « (ALIGN) IN Rly. 
. 2 R2 AND RB - 
. Botan oe #330 

TERMENATE FLASH WPCA. 
#340 RECEIPT OF PROCEED ae —_ 

CR NEW CATA twee eaten scseseseee KEY IN PROCEED 

=P NEW . . 
oR «CATA . . 
2 . . . 
«C ere . . 
oF STCRE CATA . . 
aE wenn . 
oo . . . 

#350 
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TS TCALIGN) OE- 
FINED TO BE = 07 

  

oN Y. 

« CEFINE T 
+ (ALIGN) = PRE- 
« SENT TIME 

IS TCALIGN) 
CEFINEC TO BE 
GREATER THAN 
THE PRESENT 
TEME? 

STORE 
TEALIGN 
IN TIG 
REGISTER 
FOR PCSSI- 
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« BLE USE BY. 
« P12 AS . 

#400 
- TIGCAS). . 

COMPUTE LANDING 
SITE CRIENTATION 
FOR DEFINED 1 
(ALIGND. 
(NCTE: AT THIS 
TIME ANY PRE- 
FERRED ORIENT A- 
TEON PREVECUSLY 
STOREO IN THE LGC 
4S LCST.) 

#410 

#420 

#430 
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SET LGC ASSUMED 
ALIGAWENT TECHNIQUE 
CPTECN CGDE TC 
OO000 {SEE BELOW). 

  

#440 

FLASH VERB-NCUN TC 
REGUEST RESPONSE AND .. 
CISFLAY CPTICN COCE 
FOR ASSUMED ALIGK~- 

. MONITOR DSK ¥: 
CBSERVE FLASt ING 

. VERB-NOUN TO REQUEST 
RESPGNSE AND DISPLAY 
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+t 

+03 
+EDIT 

+ 

+03 
+EDIT 
+t 
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t
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MENT TECHNIQLE TO HE 
EWPLCYEC, ANC STCREL 
DATCODE : 

VOS5NO6 
R1-00010 
R2-CCCGX 
R3-O00CLO 

Rl ES THE GPTION 
CODE FOR ASSUMEC 
ALIGNMENT TECHNIQUE 
TO BE EMPLOYED. 

R2 1S THE LGC-ASSUs-— 
ED ALIGNMENT TE CHNI- 
QUE CPTICN CCCE: 

Q0000: TIME CRIT- 
ICAL ANYTIME ALIGN 
TO THE DESIRED 
ORTENT AT ION 
PREVICLSLY SEL-~ 
ECTED USING 
STORED LM ATTITUDE 
eI TH RESPECT TC 
THE LUNAR SURFACE 
CR PRESENT REFS- 
MMAT. 

QUOOL-ALIGN TU 
THE DESIRED 
ORLENT ATION 
PREVICUSLY SEL~ 
ECTED USING 
PRESENT REFSMMAT 
{CR A STCRED LY 
ATTITUDE WITH 
RESPECT TQ 
THE LUNAR SURFACE) 
ANC CETERMINATION 
CF THE LUNAR 
GRAVETY VEC TUR. 

COOC2-ALIGN TC 
THE DESIRED 
CREEAT AT ION 
PREVECUSLY SEL~ 
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CF GPTICN CGCE FoR 
ASSUMED ALIGNMENT 
TECHNIQUE TO BE 
EMPLCYED, ANO STCREC 
DATCODE. 

  

THE PREREQUISITES 
FOR SELECTION OF AN 
ALIGNMENT TECHNE QUE 
OPTIGN CODE (R2) ARE 
AS FCLLCWS: 

00000-(A} 
OGOO1-€A) 
00002-{8) 
00003-(C) 

WHERE: 

(Ab A LM ATTITUDE 
WITH RESPECT TO 
THE LUNAR SURFACE 
OR REFSMMAT IS DE- 
FINEC.(REFER TO 
ASSUFPTEON (4)¢B) 
ABOVE.) 

(8) ThO CELESTIAL 
BODIES ARE VISIBLE 
FOR SIGHTING {TRC 
NAV STARS/PLANETS;, 
OR GNE NAV STAR/ 
PLANET AND THE 
SUN). 

(C) CAE CELESTIAL 
BUDY IS VISIBLE 
FCR SIGHTING (NAV 
STAR/PLANET OR 
SUN). 
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++ 

+03 
+EDIT 
+t 

ECTEC USEING ACT 
SIGHTANGS TC The 
CELESTIAL BUDDIES. 

CCCC3-ALIGN TO 
TrE CESIREG 
CRIENTATION 
PREVIULSLY SEL— 
ECTEC USING AGT 
SIGHTINGS TC CKE 
CELESTIAL BODY AND 
OETERMINAT ICN GF 
THE LUNAR GRAVITY 
VECTOR. 

R3 1S DAICODE-A 
TwO CIGIT CODE. R3 
WILL CCATAIN A M1 
IN THE "C" DIGIT IF 
A REFSMMAT IS 
DEFINED, CR 
A *0" IF NO REF SMMAT 
IS DEFINEC. 

R32 WELL COCATAIN A 
"1" IN THE "p* 
DIGIT TC INCICATE 
THAT A STORED LM 
ATTITUCE ES AVAIL~ 
ABLE, OR A "O" IF IT 
IS NOT AVAILABLE. 

GPTIMALLY DATCODE 
SHOULD THEREFGRE 
READ 00110. 

WAIT FOR KEYBUARO 
ENTRY 
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1S THE iLGC-ASSUMED 
ALIGNMENT TECHNIQUE 
CPTICN CODE CORRECT 
(R207 

KEY IN PROCEED 
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TERMINATE FLASH UPCK 
RECEIPT OF PROCEED 
OR NEW CATA 

a 
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IS REFSMMAT FLAG 
SET? 

a 
ee
 o
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iS ATTITUDE FLAG 
SET? 
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KEY IN V22E AND 
LCAG THE DESIRED 
LGC-ASSUMED ALE- 
GNMENT TECHNIQUE 
CPF ICN CODE IN 
R2. 

  

SET? 
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SET? 
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Pass 

HOLD 
SNAP 

i
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co Tao 
uge 

BELGh 

. 

TS ALIGNMENT 
TECHNIQUE GPT LON 
CODE = acaoz 

    
OR GG003? 

Ge Tc . 
ge . 

BELGW . 

FLASH VERB-NGUA 
TO REQUEST RE- 
SPCNSE 4nct cis— 
PLAY ALARM CODE 
00701: 

VO5N09 
R1~ ¥Xxxx 
R2—XXXXX 
R3B— XXXXX 

(NOTE? ALARM CODE 
way BE CISPLAYECD 
IN Ris R2- OR R3e 
DEPENDING ON PRE- 
SEACE CR ABSENCE 
OF OTHER ALARM 
COCES.} 

  

WAIT FOR KEY BOARD 
ENTRY 
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i
 

1S ALUGNMENT 
TECHNIQUE OP TION 
CODE = 00002 
OR 00003? 

MONITOR DSKY: 
ClsPLaY OF 

ALARM CODE INDIC~- 
ATES THAT OPTION 
ooo0e oR 00001 
HAS BEEN SELECTED 
BUT THE LGC CAN- 
NOT CONTINUE 
BECAUSE NEITHER 
PRESENT REFSMMAT 

NOR A STORED UM 
ATTITUDE ARE 
AVAILABLE. 
DO I WISH TO SEL~ 
E—CT ANCT HER 
GPTICN? 

eeee KEY IN 
RECYCLE 

V32E 
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« TERMINATE FLAS+ 

« UPON RECEIPT oF . 
e RECYCLE OR wee 
« TERMINATE ° 

- Te oR 
- €E of 
° Re of 
7 MM oY 
« I. eo 
« Ne ab 
0 Ae oF 
» TT. . 
° €.« . 

« DC FINAL AUTO- . 
2 MATIC REQUEST 
« TERMINATE ROUTINE . 
+ ROO} 

. EXIT PST 

COMPUTE AND STORE 
LW ATTITUCE IN MGON- 
FIXED COGRDIANATES 
USING REFSMMAT 

C
e
 

  

KEY IN 
V34E 

  

TERMINATE 

  

00 FINAL AUTO- 
MATIC 
TERMIN: 
{ROO} 

  

REQUEST 
ATE ROUTINE 

EXIT P57 
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wpe : 
Fro . 

ABOVE . 

    

SET INITIAL ALIGN 
FLAG 

1S ALIGNMENT TECK 
NIGUE CFTICN COLE = 
€ogci OR CCOC37 

    

oN 

Gc TO . 
c* . 

BELOW . 

SET OESIRED GIMBAL 
ANGLES AS FOLLOWS: 
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ES ALIGAMENT TE 
NIQUE GPTION CO 
00001 GR 000032 
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OG = +42 DEG 
IG = -42 CEG 
MG = +35.25 OG 

COMMAND ISS TC 
COARSE ALIGK MODE. 

  

TURK CA PNG ATT® 
LIGHT 

RESET TRACK FLAG 
  

RESET DRIFT FLAG 

  

(NOTE: IF AT THE END 
CF CCARSE ALIGNMENT? 
THE GIMBALS ARE NOT 
WITHIN 2 CEGREES OF 
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OBSERVE “NO ATT" 
ee LIGHT TO INDICATE 

THAT IMU ES IN 
COARSE ALIGN MODE 
FGR ALIGNMENT TO THE 
FIRST PCSETION FOR 
LUNAR GRAVITY OETER- 
MIRKATION 

Be
 

ee
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e
e
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m
e
e
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(NCTE: TF AT THE ENC 
oe OF COARSE ALEGNMENT, 

THE GIMBALS ARE NOT 
WITHIN 2 DEGREES CF 
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TRE CESIREG VALUES, 
THE LGC wit TURN Ch 
THE PRUGRAM ALARM 
LIGHT ANC STCRE 
ALARY CCBDES C021) 
AND 00217). 

  

LIGHT 

DETERMINE GRAVITY 
VECTOR, G+ BY READ- 

ING ACCELERCMETER 
GUTPUTS 

  

STORE 1/2 UNIT (6) 

IN NAV BASE 
COORDENATES AS GL 
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THE DESIRED VALLES, 
THE LGC WILL TURN UN 
THE PROGRAM ALAR 
LIGHT AND STORE 
ALARM CCDES 00211 
AND 00217). 

OBSERVE TERMINATION 
OF *NO ATT LIGHT TO 
INDICATE THAT IMU IS 
NOW INERTIAL   
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CALCULATE CESEREC 
ICDL/GIMBAL ANGLES 
TG ROTATE IMU STABLE 
MEMBER 180 CEGREES 
ABOLT G 

  

  

TURA CK “NO ATT 
LIGHT 

. 

RESET TRACK FLAG 

RESET ORIFT FLAG 
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eeee OBSERVE "ND ATT® 
LIGHT TC INCICATE 
THAT {MU TS IN 
COARSE ALIGN MODE, 
FOR ALIGNMENT TC THE 
SECOND POSITION FOR 
LUNAR GRAVITY OETER- 
MENATICNS 
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(NOTE: IF AT THE ENO 
CF COARSE ALIGNMENT, 
THE GIMBALS ARE ACT 
WITHIN 2 DEGREES OF 
TRE CESIRED VALUES, 
THE LGC WILL TURA Ch 
THE PROGRAM ALARM 
LIGHT AND STORE 
ALARM CODES GO211 
ANC 00217}. 

TERMINATE COARSE 
ALIGN SGDE IN Iss. 
  

  

CETERMINE NEW GRA- 
VITY VECTCR G BY 

REACING ACCEL ERD- 
METER CUTPLTS 

STORE 1/2 UNIT (G) 
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(NCTE: EF AT THE END 
OF COARSE ALIGNMENT, 
THE GIMBALS ARE NOT 
WITHIN 2 DEGREES GF 

THE DESIRED VALLES, 
TRE LGC WiLL TURN ON 
THE PROGRAM ALARM 
LIGHT AND STORE 
ALARM CODES 00211 
AND 00217). 

OBSERVE TERMENATICN 
OF "NO ATT™ LIGHT TO 
INDICATE THAT IMU iS 
NOw INERTIAL. 
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Bo 

Pass 
HOLD 

SNAP 

* 

IN RAV BASE 
COGRDINATES AS G2 

DEFINE THE 1/2 UNIT 
LUNAR GRAVITY VECTOR 
TG BE THE UNITIZEC 
SUM OF Gl AND G2 

FLASH VERB-NOUN TO 
REQUEST RESPUNSE 
AND CISPLAY GRAV ERR 
ANGLE: 

VO6 NOS 
R1I-GRAV ERR ANGLE 
R2-BLANK 
R3-BLANK 

GRAV ERR ANGLE - THE 
ANGULAR CIFFERENCE 
BETWEEN PRESENT AND 
ANY PREVIOUSLY DE~ 
FENED GRAVITY VECTOR. 
POLARITY IS ALWAYS +. 
In DEGREES TG NEAR~ 
EST «C1 DEGREES 
(NOTES UNTIL THIS 
PROGRAM IS PERFORMEL 
THE FERST TIME THE 
LGC WILL ASSUME THE 
LUNAR GRAVITY VECTOR 
TO BE PARALLEL TO 
THE LM X AXIS IF P68 
WAS PREVIGLSLY COM- 
PLETED. IF P&8 WAS 
KCT PREVIOUSLY COM- 
PLETED, THIS DISPLAY 
1S MEANINGLESS ON 
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MCNITGR DSKY: 

OBSERVE VERB-NOUN 
FLAS TO REQUEST 
RESPONSE AND DISPLAY 
OF GRAV ERR ANGLE. 
(NOTE: UNTEL THES 
PROGRAM IS PERFCRMED 
THE FIRST TIME THE 
LGC WILL ASSUME TEE 
LUNAR GRAVITY VECTOR 
TO BE PARALLEL TO 
THE LM X AXIS.) 
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THE FIRST PASS). 
(NOTE? A PREVIGUSLY 
CEFINED GRAVITY 
VECTGR HAS ONLY BEEN 
RETAINELD FOR COMPA- 
RISCN EF THIS DIS- 
PLAY WAS NOT TERMI- 
NATED AT ThAT TIME 
BY V34E}. 
  

WAIT FOR KEYBOARD 
EATRY 

i 
S
D
 

i 
a 

c
e
 

DO & WISH TO COM 
PLETE ALIGNMENT NOW? 

OO [ wWiSH TO 
REMEASURE THE 

LUNAR GRAVITY 
VECTOR? 

  

KEY IN 
eee ewtewcecasmeces TERMINATE 

V34E 
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git 

TERMINATE FLASH UPCA 
RECEIPT GF PROCEED, 
RECYCLEs OR 

* 

* 

TERMINATE 

oP aT ok 
oR o£ oF 
20 aR oo 
oC M “¥ 
of el oof 
of. aN ol 
aD oA eE 
. -T * 
° aE . 

« DG FINAL AUTO- 
+ MATIC REQUEST 
« TERMINATE ROLTENE 

(Roo) 

. EXIT P57 

: nce 
. FROM ABOVE 

IS THE ATTITUDE FLAG 
SET? 

ov he 

  

ee KEY [N PROCEED 

C
e
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PURPOSE: 

ASSUMPT EONS: 

541 

BRAKING PHASE PROGRAM (P63) REV 03 12/03/69 

(1) TO CALCULATE THE REQUIRED TIME OF DPS IGNITEON (TIG) AND OTHER INITIAL CONDETIONS REQUIRED BY THE LGC FOR A 
PGNC S-CGNTROLLECD, DPS-EXECUTED, BRAKING PHASE GF THE POWEREC LANDING MANEUVER « 

(2) TG PROVIDE OPTIGN TO FINE ALIGN THE IMU TO AN EXISTING REF SMMAT. 

(3) TO ALIGN THE LM TC THE THRUSTING IGAITICN ATTITUCE- 

(4) TO CONTRCL THE PGNCS DURING COUNTCOWN, IGNITION, AND THRUSTING OF THE POWERED LANDING MANEUVER UNTIL-HI GATE. 

(5) TG INDICATE THAT FI GATE HAS BEEN REACHED (TGO LESS THAN TENDBRAK) BY AUTOMATIC SELECT EON OF THE APPROACH 
PHASE PROGRAM (P64). 

(1) THE LM IS DN A DESCENT COAST ORBET (HCHMANN TRANSFER) APPROACHING THE BRAKING IGNITION POINT WHICH 1S NOMINALLY 
50.060 FT. ABOVE ThE LUNAR RACIUS AT THE CESIGNATED LANDING SITE. THE DESCENT COAST CRBIT 1S APPROXIMATELY COPLANAP 
WITH THE CSM ORBITAL PLANE. IF THE CESIGNATED LANDING SITE IS NOT IN THE DESCENT COAST PLANE AT THE NOMINAL TE Me Gi 
LANCING THE PLANE CHANGE WILL BE ACCOMPLISHED BY THE PORKERED LANDING MANEUVER (BRAKING PROGRAM (P63) AND APPROACH 
PROGRAM (P64)}. 

(2) THE CSM IS IN A NEAR-CIRCULAR GRBIT AROUND THE MOON AT A NOMINAL ALTITUDE OF 60 NAUTICAL MILES. THE CSM I: MALNTAINENG A PREFERRED TRACKING ATTITUDE FOR OPTICAL TRACKING OF THE LM. 

(3) ThE TMU TS ON AND ALIGNED TO A LANDING SITE ORIENTATION DEFINED FOR THE DESIGNATED LANDING SITE AND THE NOMINAL TEME OF LANDING (T{LANO)}, BUT SHOULD BE FINE ALIGNED TO THIS ORIENTATION AS CLOSELY AS POSSIBLE PRIOR TO OPS 
IGNITION. THE LM HAS NOT YET BEEN ALIGNED TO THE CORRECT ATTIFUCE FOR IGNITION FOR THE POWERED LANDING MANEUVER. 

(4) THE LANDING RAGAR (LR) WAS ENERGIZEC AND CHECKED OUT, AND MADE READY AT LQ POSITION #1 PRIOR TO 
SELECTION OF THIS PROGRAM. RADAR DATA WILL NOT BE INCORPORATED INTO THE LM STATE VECTOR UNTIL THE ASTRONAUT SETS THE LR PERMIT FLAG VIA VSTE INDICATING HE IS SATISFIED WITH THE QUALITY OF THE DATA {THE ER PERMIT FLAG IS RESET 
BY ACOr GR BY EXTENDED VERBS V57 GR V58). 

(5S) THE LGC WILL NEITHER DESIGNATE NOR READ THE RENDEZVGUS RADAR (RR} DURING THIS PROGRAM. 

(6) THE LANDING ANALOG DISPLAYS ROUTINE (R10) IS ENABLED AT OPS IGNITION AND IS TERMINATED UPIN TERMINATION OF 
AVERAGE G. THE POWERED FLIGHT DESIGNATE ROUTINE (R29} IS NOT ENABLED DURING THE LUNAR DESCENT« 

(7) THE ENTIRE POWERED LANDING MANEUVER (BRAKING, APPROACH, ANC LANDING) WILL BE ACCOMPLISHED USING THE DPS ENGINE. 

(8) THE AIP CCADITICAS FCR THE BRAKING PHASE ARE STORED IN THE LGC. 

(9) THE FOLLOWING PARAMETERS REQUIRED BY THIS PROGRAM HAVE BEEN STORED BY THE LGC SINCE LGC INITIAL IZATION BY 
ERASABLE REGISTER LOAD. 

{Al THE LM AND CSM STATE VECTORS. THE LGC HAS UPDATED THESE AS REQUERED. NC FURTHER STATE VECTOR UPDATES FROM ANY EXTERNAL SOURCE OTHER TRAN THE LR WILL BE ACCEPTED BY THES PROGRAM, 

(8) THE NOMINAL LANDING TIME AT THE OESIGNATED LANDING SITE {T(LAND}) AND THE POSITION (RLS) 

(10) THE OPS 1S NOT THROTILABLE GVER THE WHCLE RANGE FROM 0 TO MAXIMUM. IT MUST BE OPERATED EIYHER AT MAXIMUM THRCTTLE GR CVER A SPECIFIC THROTTLE RANGE OF LOWER SETTINGS. THESE THROTTLE SETTINGS ARE SPECIFIED IN SECTION 5.3.4 OF R567 AND ARE TOTAL THROTTLE SETTINGS» 1.6.4: THE SUM GF THE MANUAL SETTING (WHOSE MINIMUM TS ABOUT 10 PERCENT) AND 
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THE PGNCS CUMMANDED SETTING. 
THIS PROGRAM ASSUMES THE THROTTLE CONTROL TO BE IN “AUTO” (THE DPS RECEIVES THE SUM OF THE MANUAL AND PGNCS 

COMMANDED SETTINGS) ANO THE MANUAL TFROTTLE TO BE SET AT MINIMUM FOR *"ZO3MTIME™ SECONDS OF THRUSTING, AND THEREAFTER 
AT A LEVEL LESS THAN THAT REQUIREO BY THE LGC. THE VALUE "ZCOMTIME™ IS IN ERASABLE STORAGE: HAVING BEEN LOADED PRIOR 
TC LAUNCH OR PY P27. 

DLE TO THE REGICA CF FCRBICCEN THROTTLING, THRUST COMMAND LOGIC IN CONJUNCTION WITH THE INTERIM TERMINAL COND?= 
TIUNS (SEE ASSUMPTION (8)) ASSURE THAT THE COMMANDED THROTTLE REMAINS AT MAXIMUM UNTIL THE GUIDANCE EQUATIONS 
FIRST REQUIRE IT TO 8€ WITHIN THE ALLOWABLE THROTTLE RANGE. THEREAFTER IT SHOULD REMAIN WITHIN THE ALLOW ABLE 
THRUTTLE RANGE+ THIS PRINCIPLE 1S DESCRIBED IN MORE CETAIt IN SECTION 5.3.4 OF R567. THE RESULT IS A SMOOTH 
ANC EFFICIENT THRUST ATTITUDE PROFILE THROUGHOUT THE BRAKING PHASE. 

FURTHERMCRE THE DPS MUST BE STARTEG IN THE FOLLOWING SEQUENCE: +X AXIS 2 JET ULLAGE FOR 7.5 SEC’ IGNITION AT 
MINIMUM THROTTLE 3 ULLAGE OFF 0.5 SECONDS AFTER IGNITICN: MINIMJM THRUST UNTIL TIGEAS DEFINED BY R41) + "ZOOMTE ME"; 
AnD TREN MAXIMUM THROTTLE. ThE THROTTLE SETTING THEN BECOMES COATRCLLED BY THE GUIQANCE EQUATIONS. 

(31) OURING THE PORERED LANDIAG MANEUVER, THE LGC WILL MCNITCR THE PRESENCE OR ABSENCE OF THE "NON-ATTITUDE HOLD® 
OISCRETE. THIS CISCRETE IS ISSUEO TO THE LGC WHEN THE ATTITUDE MODE CONTROL SWITCH [S IN THE AUTO POSITION. 

SHOULD THIS CISCRETE AFPEAR CURING THE POWERED LANDING MANEUVER, THE LGC ASSUMES THAT IT NO LONGER HAS COMPLETE 
AUTGMATIC CONTROL OF THE MANELVER. 

THE MONITOR ANC TRE ASSOCIATED LGC LOGIC IS INCLUDED IN THE LANDING AUTO MODES MONITOR ROUTINE (R13) WHICH WILL 
BE CALLED BY THIS PRCGRAM. 

(12) THE X-AXIS OVERRICE OPTION PROVIDES THE CREW WITH THE ABELITY TO EXERCESE MANUAL CONTROL ABOUT THE LM X AXIS. 
WITH THE ATTITUDE CONTRCLLER EVEN THOUGH THE PGNCS ATTITUDE CONTROL MODE IS AUTO. WHEN THE CONTROLLER IS RETURNED 
TO DETENT THE PGNCS DAMPS THE YAW RATE+ STORES THE YAW ATTETUCE WHEN THE YAW RATE IS DAMPED, AND THEN MAINTAINS THAT 
ATTITUDE. 

THE X-AXIS GVERRIDE CPTICN ES AVAILABLE TO THE CREW (UNTIL THE ESTIMATED ALTITUDE IS BELOW 30,000 FEET)» HOWEVER 
IT SHOULD NOT BE EXERCISED WHEN THE LGC IS SPECIFYING A DESIRED YAW ATTITUDE, 1.E.: QURING THE ATTITUDE 4ASEUVER TO 
THE THRUSTENG ATTITUOE {SEE ROO). THE OPTION IS INHIBITED 8Y THIS PROGRAM FROM MIDWAY IN THE PROGRAM {SEE ASSUMPTION 
(13) BELOW) TO THE END. 

(13) THE LGC SPECIFIES LM ATTITUCE DURING THE POWERED LANDING MANEUVER BASED UPON THE REQUIREMENTS OF THRUST 
VECTOR CONTROL? LANDING SITE VISIBILITY, ANC LR ORIENTATION. AFTER DPS IGNITION, THRUST VECTOR CONTROL 15 REQUIRED 
THROUGH THE REMAINDER OF THIS PROGRAM. THE LANDING SITE BECOMES VISIBLE AT THE BEGINNING OF THE APPROACH PHASE. 

THRUST VECTGR CONTRCL COES NOT CONSTRAIN THE CM ORIENTATION ABOUT THE THRUST AXIS (YAW ATTITUDE). ROTATION 
ABOUT THE LM Y AND LM Z AXES IS LSED TO POINT THE MEASURED THRUST VECTOR ALONG THE DESIRED THRUST VECTOR. 

THE FIRST RESTRAINT UPON THE LM YAW ATTITUDE TO UCCUR 1S THAT OF LR ORIENTATION, THE LGC WILL NOT ATTEMPT 
TO USE LR OATA UNTIL THE iGC ESTIMATICN GF ALTITUCE IS 30,000 FT.. AUTOMATIC X-AXIS OVERREDE LOCKOUT {DONE BY REZ) 
ANG YAW ATTITUDE SPECIFICATION BY THE LGC WILL NOT OCCUR UNTIL THE LGC ESTIMATED ALT ITUDE IS 30,900 FT.. BEFORE THIS 
TIME, THE ASTRONAUT MUST MANEUVER TO A ROUGHLY-WINDUW-UP YAW ORLENTATIGN TO PREVENT SUBSEQUENT LOSS OF S-BAND 
LOCK-ON. THE LGC WILL THEN COMMAND THE VEHICLE TO THE LGC-SPECIFIED YAW ATTITUDE. 

SUBSEQUENT TO X-AXIS OVERRIDE LOCKOUT, CONTROL OF THE VEHICLE ABOUT THE LM X AXIS IS GOVERNED BY LR ORIENTATION 
REQUIREMENTS DURING THIS PROGRAM. THE LANOING SITE BECOMES VISIBLE TO THE COMMAND PILOT IF THE LOOK ANGLE (THE ANGLE 
BETWEEN THE LM ~X AXIS AND THE LOS TO THE LANDING SITE} IS GREATER THAN 25 DEGREES AND THE LOS IS IN OR NEAR THE 
Le X/Z PLANE. 

AT ANY TIME DURING F63, P64 CR P65, ThE MAGNITUDE OF THE LOOK ANGLE AND THE ORIENTATION OF THE LOOK ANGLE PLANE 
(THAT PLANE CONTAINING THE LOS AND THE LM X AXES) ARE DEFINED BY THE INERTIAL ORIENTATION OF THE LM X AXIS AND THE 
PCSITICN GF THE LM WITt RESPECT TO THE LANDING SITE. 

(14) THE CREW HAS THE CAPABILITY TO DISPLAY LGC CALCULATED VALUES GF FORWARD VELOCITY, LATERAL VELOCITY, ALTITUDE AND 
ALTITUDE RATE ON CERTAIN LM METERS OURING THIS PROGRAM. THE CALCULATION OF THESE PARAMETERS IS UNDER THE CONTROL OF 
THE LANDING ANALOG DISPLAYS ROUTINE (R10) WHICH [S ENABLEC AT OPS IGNITION. 

(45) THE RATE OF CESCENT (R00) MUDE IS NUT ENABLED DURING THES PROGRAM (SEE LANOING (ROO} PROGRAM {P66)_ ASSUMPTION 12 
FOR DEFINETIGN OF RGO MCDED. 

(16) AN ABGRT FROM THE LUNAR DESCENT MAY BE REQUIRED AT ANY TIME DURING THE DESCENT GREIT INJECTION, THE DESCENT 
CCAST, GR THE POWERED DESCENT (P63)y €P64)5 (P65), OR (P66). 
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FOR ABORTS AFTER DPS IGNITIGN FGR THE POWEREC LANDING MANEUVER, TIME IS CRITICAL. DURING THIS PERIOD AN ABORT IS 
NOMINALLY COMMANDED BY PUSHING ONE OF TwO BUTTONS IN THE LM. THE ABORT MAY BE COMMANDEO TO USE THE DESCENT STAGE 
(ABORT BLTTCND GR THE ASCENT STAGE (ABORT STAGE BUTTON). IF THE DESCENT STAGE 1S SELECTED, AND THE DPS PROPELLANT 
APPROACHES EXHAUSTICN, CCNTROL MUST BE SWITCHED TG THE ASCENT STAGE BY THE CREW BY ASCENT STAGE SELECTION {ABORT STAGE 
BUTTEN). 

DURING THE PCWEREC LANCING MANEUVER THE LGC WILL CONTINUOUSLY MONIT3R THE ABORT AND ABORT STAGE DISCRETES?+ Aii-} 
UPON RECEIPT OF EITHER WILL TERMINATE THE PROGRAM EN PROCESS AND CALL THE APPROPRIATE ABORT PROGRAM (DPS ABORT PRIGREA (P70) CR APS ABGRT PROGRAM (P72}). BGTH ABORT PROGRAMS WILL GUIDE THE LM TO AN ORBIT AS SPECIFIED IN SECTION 5.4.3 
OF R567 : 

ThE MONITOR OF THE ABORT AND ABORT STAGE PUSHBUTTONS IS CONTROLLED 8Y THE ABORT DISCRETES MONITOR ROVTINE ERILD 
WHICH WILL BE ENABLED BY THIS PROGRAM. 

(17) TF A THRUSTING MANEUVER IS PERFORMED WITH THE GUIDANCE CONTRGL SWITCH IN PGNS AND THE MODE CONTROL SWITCH f% AUTC, THE PGNCS WILL CCATROL THE TOTAL VEHICLE ATTITUDE AND GENERATE EITHER MODE I OR MODE II ATTITUDE ERRORS AND VEHICLE ATTITUDE RATES (SEE ASSUMPTIGN {19}) FOR DISPLAY CN THE FDAL. THE CREW MAY EXERCISE CONTROL AROUND THE YAW AXES ONLY WITH THE ACA (X-AXIS OVERRIDE) IF THE X~AXIS DVERREDE CAPABILITY 1S PERMITTED BY THE PROGRAM IN PROCESS. THIS MANUAL CONTRCL WILL BE IN RATE COMMAND/ ATTITUDE HOLD MODE. 
IF A THRUSTENG MANEUVER IS PERFORMED WITH THE GUIDANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL SWETCH IN ATTITUDE HOLC THE PGNCS WILL HOLD THE VEHICLE ATTITUDE AND WILL GENERATE EITHER MODE I OR MODE TI ATTITUDE ERRORS FOR DESPLAY CN THE FOAL. THE CREW MAY EXERCISE MANUAL ATT ITUCE CONTROL ABOUT ALL VEHICLE AXES WETH THE ACA IN EITHER THE RATE COMMAND GR MINIMLM IMPULSE MODE DEPENDING UPON THE STATUS OF THE PULSES FLAG. THIS FLAG IS RESET BY P12, 946 Pals P42, P63y P70, P71 AND R40 AT MAIN ENGINE IGNITION. IT IS STRONGLY RECOMMENDED THAT POWEREO FLIGHT NOT 8E ATTEMPTED IN THE MINIMUM IMPULSE MODE. THE PULSES FLAG IS ALSG SET OR RESET BY EXTENDED VERBS 76 (MENEMUM IMPULSE) AND 77 (RATE COMMAND) RESPECTIVELY. DURING A THRUSTING MANEUVER IN THE PGNS/ATTE TUDE HOLD MODE THE ASTRONAUT IS RESPONSIBLE FCR MAINTAINING SMALL ENOUGH ATTITUDE ERRORS TO ACHIEVE GUIDANCE OBJECTIVES. 

(18) CONTROL OF THE LM OPS, RCS AND APS IS TRANSFERREO FROM THE PGNCS TO THE ABORT GUIDANCE SYSTEM (AGS) BY PL? ING THE GUID CONT SWITCH FRCH PENS TO AGS. 
THE AGS WILL BE CAPABLE OF TAKING OVER CONTROL OF THE LM DURING ANY PORT ION OF THE LUNAR DESCENT OR ASCENT? (a DURING EITHER OF THE ABORT PROGRAMS (P70 OR P71}. THE AGS WELL GUIDE THE LM TO A SAFE ORBIT. 
THE AGS FAY BE INITEALIZED BY THE LGC AT ANY TIME BY MANUAL SELECTIJN OF THE AGS INITIALIZATION ROUTINE (R47). IN THE EVENT THAT THE GUIDANCE CONTROL SWITCH IS CHANGEC FRO¥ PGNS TO AGS DURING A THRUSTING MANEUVER, THE LGC WILL CONTINUE COMPUTATION OF POSITION ANO VELOCITY, THE DESIREO THRUST VECTOR, AND THE DESIRED ATTITUDE ERRORS. HOWEVER THE PGNCS WILL KCT BE RESPCASTGLE IF REGISTER OVERFLOWS OCCUR WITHIN THE LGC. 

(19) THE PGNCS CAN GENERATE TWO TYPES OF ATTITUDE ERRORS FOR DISPLAY ON THE FDAI$ 

MODE I — SELECTED BY EXTENDED VERB 61. AUTCPILCT FOLLGWING ERRORS USEC AS A MONETOR OF THE DAP'S ABILETY 
TO TRACK AUTOMATIC STEERING COMMANDS. 

MODE Ti ~ SELECTED BY EXTENDED VERE 62. TOTAL ATTITUDE ERRORS USED TO ASSEST CREW IN MANUALLY MANE UVERI NG THE VEHICLE. 

PGNCS - DERIVED VEHICLE ATTITUDE RATES MAY ALSO BE DISPLAYED VIA SELECTION BY EXTENDED VERB 60. 
MODE Ii ATTITUDE ERROR DISPLAYS ARE AUTOMATICALLY SELECTED AT THE BEGINNING OF R60. WITH THE EXCEPTIONS Ik {CATED TN ASSUMPTECN (17) ABGVE, DISPLAY SELECTION IS ALWAYS BASED UPON THE LAST ENTRY MADE IN THE DSKY. 

FOR A MORE DETAILED DESCRIPTECN CF THESE DISPLAYS REFER TO SECTION 3 OF R567, PARA. 3.2.6 

(20) THE EVENT TIMER WAS SET PRIOR TO SELECTION OF THIS PROGRAM TO COUNT TC ZERO AT T BRAK BASED ON A TIME FROM IGNITION PROVIDED BY THE GROUND. 

(21) THE LOAD CAP DATA ROUTINE (RO3) HAS BEEN PERFORMED PRIOR TO SELECTION OF THIS PROGRAM, AT THAT TIME THE OFS ENGINE GIMBAL SHOLLO HAVE BEEN DRIVEN TC THE CORRECT TRIM PCSITION. 

(22) CURING CPS BURAS CALY, THE PITCH-ROLL RCS JET AUTOPILOT (U AND V JETS) WAY BE DISABLED (¥65) OR ENABLED (V75) BY EXTENDED VERB AS SHOWN. THIS CAPABILITY IS INTENDEO TO BE USED TO PREVENT L4 AND DESCENT STAGE ThERMAL CONSTRAINT VIOLATIONS DURING CSM~DOCKED DPS BURNS (P40). THE CAPABILITY EXISTS DURENG P63 AND P70 ALSO. PERFORMANCE CF FRESH START (V36E) WILL ALWAYS ENABLE THE PITCH=RULL JETS. 
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(23) THE ASTRONAUT KAY MCNITOR THE FCLLOWING ADDITIONAL PARAMETERS DURING THIS PROGRAM (AFTER COMPLETION OF THE IGNITION ALGORITHM) BY KEVING IN V57E (SEE LOGIC DESCRIPTION OF V57)5 

1A) VO6 N6a 
R I-RANGE 
R2-TG 
R3-DELTA H 

RANGE - SLANT RANGE FROM THE LM TO THE DESIGNATED LANDING SITE. IN NAUTICAL MILES TQ NEAREST .1 NM. 

TG — THE ESTIMATED TIME OF FLIGHT FROM THE PRESEAT TIME TO THE ACCGMPL ISHMENT OF THE CURRENT AIM CONDITIONS. IN MINS AND SECS TO NEAREST SEC. MAX READING IS 59859. SIGN IS -. 

DELTA H — THE PRESENT LR INDICATEC ALTITUDE MINUS THE LGC CALCULATED ALTITUDE OF THE LM ABGVE THE LUNAR RADIUS AT THE DESIGNATED LANDING SITE. IN FEET TO THE NEAREST FOCT. 
(NCTE? DELTA H IS INITIALLY SET TO 99999 WHERE IT WILL REMAIN UNTIL R12 CALCULATES A VALUE BASED GN LR DATAI 

424) LGC ANC CREW PROCECURES IN CASES OF LGC-ASSUMED THRUST FALLURE ARE DEFINED BY TRE DPS/APS THRUST FAIL ROUTINE (R40). THIS ROUTINE IS ENABLED AT OPS IGNITION BY THIS PROGRAM. 

(25) THES PROGRAM IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY. IT SHOULO BE SELECTED AT LEAST 2) MINUTES BEFORE THE NOMINAL TIME GF IGNITICN FOR THE POWERED LANDING MANEUVER (T BRAK). 

(261) IT IS NORMALLY REQUIRED THAT THE I$$ BE ON FOR A MINIMUM OF 15 MINUTES PRIOR TO A THRUSTING MANEUVER. 

(27) ENGINE IGNITION MAY GE SLIPPED BEYOND THE ESTABLISFEC TIG IF DESIRED SY THE CREW OR IF STATE VECTOR INTEGRAII OF CANNOT BE COMPLETED IN TIME. FOR A SUCCESSFUL LANDING, NO SLIP SHOULD BE PERMITTED. 

(26) TO ALARM CONDITIONS MAY BE GRIGINATED BY THE PGNCS POWERED LANDING EQUATIONS: 

(A) IF SUBRCUTINE ROOTPSRS IN THE RG/VG CALCULATION FALLS TO CONVERGE IN 8 PASSES THE LGC WILL TURN ON THE PROGRAM ALARM LIGHT, STORE PROGRAM ALARM 1406, STOP ALL VEHICLE ATT ITUDE RATES, AND CONTINUE. THIS ALARM COULD GNLY OCCUR IN P63 OR P64. (NOTE: IF THIS CONDITION OCCURS BEFORE IGNITION DURING THE IGAITION ALGCRITHM, THE RESULT WILL BE A POODOO ALARM, 21406}. 

(B) IF AN OVERFLOW OCCURS ANYWHERE IN THE LANDING EQUATIONS THE LGC WILL TURN ON THE PROGRAM ALARM LIGHT, STORE ALARM CODE 1410, STOP ALL VEHICLE ATTITUDE RATES AND CONTINUE. THIS ALARM COULD ONLY OCCUR IN P63,P64, Pé5. 

(29) THIS PROGRAM ALLCWS MANUAL CONTROL OF LM ATTITUDE AND THE SELECTION OF P 66. 
DURING P63 (AND P€4 AND P65) THE ASTRONAUT CAN DISPLAY THE PGNCS TOTAL GUIDANCE ERROR GN THE FDAE ERROR NEEDLES (ATTITUDE MON SWITCr IN PGNCS) BY HAVING KEYED IN V62 THRU THE DSKY. HE CAN THEN STEER QUT THE PGNCS P63 ATTITUDE ERRCRS wITH THE AGS MAKUALLY (GUID CCAT IN AGS AND AGS MODE CONTROL IN ATT HOLD); OR WITH THE PGNCS MANUALLY (GUIO CONT IN PGNCS AND PGNCS MODE CONTROL IN ATT HGLD) OR AUTOMATICALLY (PGNCS MCDE CONTROL IN AUTO). THUS THERF 4RE THREE ATTFETUCE CONTRGL SUBRODES IN P63 (ANC P64 AND P65}: AGS MANUAL3 PGNCS MANUAL; GR PGNCS AUTO. A CAUTIONARY NOTE: LF THE ASTRONAUT HITS THE ROC {RATE-OF~DESCENT) SWITCH WHILE HE IS IN PGNCS ATT HOLD, THE 1G6C WILL IRREVOCABLY TRANSFER HIM QUT OF THE AUTO GUIDANCE PROGRAM MODES INTO THE ROD PROGRAM MODE, P66. 

(30) THE ASTRONAUT MAY MCNETOR THE FCLLCWING PARAMETERS BY KEYING IN V16 NO2Es 

{Ab V16 AG2 
R1- THRCMD 
R2- HCOT 
R3- H 

THRCMD~ THE PERCENT THROTTLE DESIRED BY THE LGC, BASED ON THE DPS RATED THRUST OF 10,500 POUNDS. IN PERCENT 
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TO NEAREST PERCENT. (NOTE: EN P63 MORE THRUST IS DESIRED THAN CAN BE DELIVERED BY THE DPSs THEREFORE, R1 MAY 
SHEw MORE THAN 100 PERCENT (WHILE THROTILE 1S AT 100 PERCENT DELIVERED}. AT THROTTLE RECOVERY {THROTTLE 
DOWN) RL WILL OLSPLAY #00055; AT HALF-THROTTLEr R1 WILL DISPLAY +00050). 

HOCT - THE PRESENT RATE OF CHANGE OF ALTITUDE (H}. IN FPS TO NEAREST -1 FPS. 

f THE PRESENT ALTITUDE OF THE LM ABOVE THE LUNAR RADIUS AT THE INITIALLY CESIGNATED LANDING SITE. IN FEET TO NEAREST FOCT. 

Loc GROUND CREW 

CREW 
« PROGRAM 
«SELECTION 

  

START BRAKING PHASE soacsccecccescceesce KEY IN BRAKING PHASE 

  

  

  

PROGRAM (P63) . PROGRAM (P63? 
CESPLAY P63 V37E 63€ 

—--+. 
#10 

. 

. MONTTOR DSKY= 
Ae meesccccwccnsccces OBSERVE DISPLAY OF 

. P63 

. 
#20 

0O IMU STATUS . . OG IMU STATUS 
CHECK ROUTINE {RO2Z)  sesssscascccncccoeee CHECK ROUTINE (RO2) 

. 
#30 

SET CPS CTA ¥ 
THRESHOLD FOR USE BY 
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SET CELTA ¥ COUNTER 
= 4 FGR LSE BY R40 

REMOVE RR TRACK 
ENABLE OISCRETE FRGw 
THE RRe 

RESET NC THRCTILE 
FLAG 

  

FLAG 

RESET LR BYPASS FLAG 

    
SET MUNFLAG 

RESET PZ5 FLAG 

FLAG 
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CAL’ IGNITION AL GO- 
RITHM TC CEFINE 
NOMINAL TIME OF 
IGNITION (TIG) FOR 
THE PGREREC LANCIAG 
MANEUVER, TIME TO GO 
{TG) FROM OPS FULL 
THRUST (CROMINAL TIG 
**200MTIME* SEC) FG 
THE AE® CCNDITIGNS 
(HI GATE}, AND THE 
THRUST VECTOR AL IGN— 
MENT AT TIG. 
{REFER SECTION 
50364 OF R567) 
(NOTE: [F THE IGAT- 
TION ALGORITHM OUES 
NCT CONVERGE. A PRO- 
GRAM ALARM (01412) 
WILL RESULT.) 

ALARM LIGHT AND 
STGRE ALARM 
CODE 01412 
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TURN ON PROGRAM ... 
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N69 PROVIDES THREE- 
COMPONENT CORR EC- 
TIONS TG THE LANCING 
SITE VECTOR IN 
STABLE MEMBER COOR- 
DINATES. IF THE NCUN 
IS LOADED BEFORE THE 
IGNITION AL GOR ETHM, 
THE CHANGE WELL BE 
INCORPORATED IN THE 
IGNITION ALGORITHM, 
THES INFLUENCING 
LIGHT-UP TIME; IF 
THE NCUN IS LOADEC 
BETWEEN THE IGNITION 
ALGORITHM AND THE 
START OF GUIDANCE, 
THE CORRECTION WILt 
BE INCORPORATED aT 
THE START OF GUI- 
DANCE IF THE NOUN 
TS LEADED AFTER TRE 
START OF GUEDANCE 
GAT THROTTL E- UP), 
THE CORRECTION wILi 
BE INCORPORATED 
IMMECIATELY. 
{NCTEs SINCE RLS IS 
NOT CHANGED» RESEL- 
ECTION OF P63 WILL 
DESTROY ANY CHANGES 
MADE USING THES 
TECHNIQUE.) 

DCES PRCGRAM ALARM 
LIGHT INDICATE pRO- 
GRAM ABNORMAL ITY? 
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HOLD 
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STORE THE CESIRED 
ATTITUDE SPECEFI- 
CATION FOR USE 
BY TRE ATTITUDE 
MANEUVER ROUTINE 
(Roch. 
THE FINAL ATTITUDE 
WiLL BE COMPUTED TO 
POINT THE OM +X AXIS 
TN THE INITIAL 
THRUST DIRECTION. 
HOWEVER, IN ORDER To 
CCNSERVE RCS FUEL 
AND NOT CONSTRAIN 
THE NON-CRIT ICAL 
ATTITUDE ABOLT THE 
THRUST VECTOR: WINGS 
BAY NCT BE LEVEL 
IN THE COMPUTED 
FINAL ATTITUDE. 

S
o
r
e
t
 

a
n
e
 

FLASH VERB-NOUN TO 
REQUEST RESPONSE AND .essene 
CISPLAY MANEUVER 
PARAMETERS COMPUTED 
FOR IGNITION TIME: 

VO6N61 
R1-TG 
R2-TF1 
R3-CROSS RANGE 

TG-THE ESTIMATED 

    

KEY [WN VOS5NO9 
AND IDENTIFY 
ALARM CODE. CODE 
01412 INDICATES 
THAT THE IGNI- 
TEGN ALGORITHM 
WILL NOT CON- 
VERGE. CREW MUST 
RESPOND WITH 
V96E OR NEW PRO- 
GRAM SELECT ION 
(V327EXXE}. CON- 
SULT BACKUP PRO- 
CEDURES. 

MONITOR DSK Y: 
CBS ERVE VERB- 

NOUN FLASH 10 
REQUEST RESPONSE 
ANO CISPLAY OF 
TG, TFs AND CROSS- 
RANGE. 
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TIME OF FLIGHT To 
THE ACCOMPLISHMENT 
OF THE AIM CONDI- 
TIONS (hI GATE). IN 
MINS AND SECS TC 
NEAREST SEC. MAX 
READING IS 59859. 
SIGN -. 

THIS VALLE Witt INI- 
TIALLY BE THE TIME 
FROM FULL THRUST TO 
HI GATE, AND WILL 
REMAIN UNCHANGEC 
UNTIL FULL THRUST 
TS COMMANDED. 

TI-TIME FROM 
NOMINAL OPS IGNITION 
(TIG). TA MINS ANC 
SECS 10 
NEAREST SEC. MAX 
READING IS 59859. 
SIGN IS - BEFORE 
NOMINAL TIG, + 
THEREAFTER. 

CROSS RANGE- 
THE CUT-OF-PLANE 
OISTANCE BETWEEN THE 
INITIAL LM ORBITAL 
PLANE ANG THE PRE- 
SENTLY DESIGNATED 
LANOGING SITE. POLAR- 
ITY INDICATES THE 
OESIGNATED SITE 
iS NORTH {+} 
GR SGLTH {-) OF THE 
ORBITAL PLANE. IN 
NAUTICAL MILES TO 
THE NEAREST «1 Kee 

      

WAIT FOR KEY BOARC 
ENTRY 

RESET EVENT TIMER 
WETH TEI. 
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ew ccccveasecnveeens KEY IN PROCEED 
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TERMINATE FLASh UPON 
RECEIPT CF PROCEEC. 

FLASH VERB-NOUN TO 
REQUEST PLEASE PER- 
FORM IMU FINE ALIGA- 
MENT: 

¥50 N25 
R1-00014 
R2-BLANK 
R3-BLANK 

WAIT FOR KEY BOARD 
ENTRY 

  

TERMINATE FLASH UPON secccsceccccaccvccccces 
RECELPT GF PROCEEC 
OR ENTER 

ENTER «PROCEEC 

  

SELECT PRESENT 
REFSMMAT (LAND- 
ING SITE OR- 
TENTATION DE- 
FINEO FGR TRE 
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MONITOR BSKY: 

OBSERVE VERB-NOUN 
FLASH TO REQUEST 

PLEASE PERFORM Imu 
FINE ALIGNMENT 

  

  

DO FT WISH TO BYPASS 
THE ALIGNMENT? 
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CESIGNATEC LAND- 
ING SITE ANC THE 
NOMINAL TIME OF 
LANCING{T(L ANDI 3) 
AS FINAL CESIREC 
IML ORIENTATION, 

CO INFLAGHT FINE ces cewnsccccence 
ALIGN ROUTE NE . 
(R51) 
  

. 

a
 

  

o
f
a
 

DO INFLIGHT FINE 
AL IGN ROUT INE 
R51) 
(NOTE: THERE ARE 
A LIMITED NUMBER 
OF STARS WHICH 
MAY BE USED AT 
THIS TIME WHEN 
THE FCLLOWI NG 
CONSTRAINTS ARE 
CONS IDERED: 

{A} THE SUN 
ANGLE OF INCI- 
DENCE (FROM 
SUN/MGON LINE 
TG LUNAR SUR- 
FACE) BELOW 
THIS POINT IN 
THE TRAJECTORY 
IS NEARLY 90 
DEGREES. 

(6) THE EDGE 
QF THE AOT 
FLELC OF VIEW 
MUST BE AT 
LEAST 15 DEG 
REES FRGM TEE 
SUNLIT SURFACE 
OF THE MUON TO 
ELIMINATE 
LIGHT REFLEC~ 
TIONS FOR SAT- 
ISFACTGRY STAR 
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SIGHT ING. 

(C) THE MGON 
SUBTENCS AN 
ANGLE GREATER 
THAN 140 DEG 
AT THE PRESENT 
ALTITUDE OF 
THE LM. 

10) THE EARTH 
SUBTENDS AN 
ANGLE OF ABCUT 
2 DEG AT THE 
PRESENT RANGE 
OF THE LM 

(€) THE SUN 
ANGLE OF INCI- 
CENCE (FROM 
SUN/ ACT LINE 
TO EXTERNAL 
AOT PRISM 
FACE} UPON 
THE AQT MUST 
BE LESS THAN 
© DEGREES 
UNLESS THE AOT 
IS SHADED 8Y 
THE LM STRUCT~ 
URE. 

THE ABOVE CONS— 
TRAINTS, COUPLED 
WITH THE DES fRA— 
BILITY GF ALIGK- 
ING THE IMU AS 
SHCRTILY BEFORE 
DPS IGNITION AS 
FEAS IBLE, RESULT 
IN A LIMITED NUB- 
BER OF ACCEPTABLE 
STARS. IT IS 
ASSUMED THAT THE 
CREW HAVE THE 
IDENT TFICAF ION OF 
TkO OR MORE OF 
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COMMANG ZERG ATT {- 
TLE ERRORS 

SET 1 DEGREE DEAD- 
BAND. 

e
e
 

CG ATTITUDE MANEUVER 
RULTINE (REG) 
(NOTE: THE 3 Axis 
FLAG WAS ASSUMEC TO 
BE RESET BY RCO AND 

  

THESE STARS. TEE 
IDENTITY OF Two 
OF THESE STARS 
MAY HAVE BEEN 
LOADED INTO THE 
LGC PRIOR To 
LAUNCH BY P27, 
OR MAY BE 

LOADED DURING THE 
AUTO OPTICS PaosI- 
TIONING ROUTINE 
(R52) (CALLED BY 
THE FINE ALIGN 
ROUTINE (R5i}}¢ 
QR DURING THE LGC 
UPDATE PROGRAM 
(P27). 
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«+ DO ATTITUDE MANEUVER 
RCUTINE (R60) 
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POSS 
HGLO 
errr 
SNAP 

WILL NOT BE RESET 
AGAIN AT THIS TIME 
FOR THIS MANELVER}. 

TS THE LANDING RADAR 
POSITION #1 DISCRETE 
PRESENT? 
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FLASH VERB-NCUN 
TO REQUEST 
PLEASE PERFORM 
LR DESCENT PCS- 
ITION SELEC- 
TiOGN: 

VSON25 
R1-00500 
R2-BLANK 
R2-BLANK 
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MONITOR DSK Y: 

DOES VERB-NCUN 
FLASH TO REQUEST 
PLEASE PERFORM LR 
DESCENT POSETICN 

  

SELECTION? 

. oN 

HAS LR GEEN . 
MANUALLY COMMAN- . 
DED TO CESCENT . 
POSI T10N? . 

oN oY 

MOMENTARILY 2 oe 
PuT £06 ANT oe 
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. . + SwitCH Ta . . 
. . "DES" THEN of 
. . + PUT IN “AUTO" . . : : 2 pcsiTiON 2 ot . ‘ serene eee a #480 

. WAIT FOR KEY- @ eeeccccececcccccens KEY IN . ° 2 BCARC ENTRY 2 .” PROCEED 2 

: : : : 2 #490 

. FERMINATE FLASH . 

. UPON RECEEPT OF . 

:-PRCCEED OR : #500 
. ENTER . 

+E P : 
. «N aR . 

Ot 20 : 
- oe wc : 
2 otk ce : 
- te ‘ 
. . =D . 

2 : : #510 

SET STILLBACH 
AND STILLBADY 
REGISTERS = 2 
FOR USE BY 
Ri2 #520 
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SET LaMy Ry 
AND S CCUNT- 
ERS = C FCR 
USE ev R12 

#530 

HAVE PGAS COATROL 
AND ALTC ATTETUDE 
CONTROL MOCES BEEN 
SELECTEC? 

#540 

  

ov Ne 

#550 

IS ThE APS FLAG 
SET? 

  

~« HAS THE AUTO 
« THROTTLE MCDE 

. #560 

« BEEN SELECTED? . 
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poss 
HOLD. 

SNAP. 

MONITOR OSKY: 
« DOES VERB-NOUN 

FLASH TG REQWEST 
PLEASE PERFORM 

FLASH VERB- . * 
NCUN TO RE- ee ccc ccc cc cccneee 
QLEST PLEASE . . 
PERFORM PGNS 
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00 1 WISH To 
HAVE THESE 
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THRUSTING 
MANEUVER? 
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WALT FOR KEY~ 
« BOARD ENTRY 

IN PROCEED Key 
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+03 INTEGRATE CSM STATE 
+EDIT VECTOR TO TOECL 

  

DO STATE VECTOR IN- . . DQ STATE VECTOR IN- #690 TEGRATLON (MIOTCAVE) asec cseccccccecsese TEGRATION (MIDTIGAVE) 
ROUTINE (R41) : . ROUTINE (R41). 
(NCTE: ENTER R41 AT OBSERVE THAT THE 
“AN) COMPUTER ACTIVITY 

ane LIGHT TS ON UNTIL 
oh TIG. COMPLETION OF R41 
«TlG SLIPe et eee ee 
«SLIP . 

  

#700 

+ (NOTE: R41 WILE 
« DEFINE TIG TC BE 

« TRE TIME 1G wHICH 
» ROL CIO INTEGRATE 
« THE LM STATE 

« VECTOR PLUS 30 
+ SECCACS.) 

#710 

CALL BLANKING OF 
OSKY AT TLG-35 
SEC. (SEE "AN 
BELCw) 

#720 

HOLD gn enna ee ne 
e+ DISPLAY ON DSKY: +  MCNITOR OSKY: 

. vO6 N62 tea ceeseseerescveses OBSERVE OISPLAY GF 
RL - VI + VIy TEL, AND DELTA 
R2- FI VM. #730 
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R3 ~ CELTA VM 

VI ~ MAGNITUCE OF LM 
INERTIAL VELCCITY 
WITH RESPECT TO THE 
REFERENCE COORDINATE 
SYSTEM. IN FPS TC 
NEAREST .i FPS. 
(NOTE: THIS CISPLAY 
(RL) REMAINS COK- 
STANT AT THE VALUE 
APPRCPRIATE TG AVER- 
AGE-G INITIATICN, 
UNTIL TIG-30 THE 
VALUE IS AN EXTRA- 
POLATED VALUE GOOD 
AT T1G-30.} 

TFI-SEE DEFINITION 
ABOVE 

DELTA VM-MEASLRED 
CELTA V MAGNITUDE, 
IN FPS TG NEAREST 
el FPS. THIS O1S- 
PLAY WILL BE 00000 
UNTIL TEG-30 SEC ANC 
THEN SHOULD CHANGE 
CNLY DUE TG PIPA 
BIAS UNTIL ULLAGE 15 
STARTED. 

EXIT 
(NCTE: THIS IS 
NCT A P63 EXtT. 

SEE “At BELOW.) 

{NOTE IF TIG HAS 
BEEN SLIPPED BY R41, 
THE TFL OLSPLAY (R2) 
AT THIS TIME Witt BE 
REFERREC TQ THE NEW 
TIG.) 

  

UPDATE EVENT TIMER 
IF OESIREC. 

VERIFY/SET THRUST/ 
TRANSLATION CONTROL- 
LER TO MIN EMUM 
THRUST POSITION. 

  

p
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BLANK THE OSKY OIS- 
PLAY (V_ No Rly R2 
AND R3)be 

  

ARM DPS. (AUTO 
THROTTLE SIGNAL IS 
ENABLED TO OPS AND 
THRUST INDICATOR). 

  

CHECK THRUST INDICA- 
TOR (RIGHT SIDE) TO 
ENSURE AUTO THROTTLE 
COMMAND 1S ZEROED 
(0 PERCENT INDICA- 
TION). 

  

CHECK STATUS OF C/wW 
LAMPS 
  

  

MONITOR OSKY 

AT TFI = ~00B35 
CBSERVE CSKY OISPLAY 
TO GO BLANK FOR 5 
SECONOS. 

( 

Sot 
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WAIT UNTIL TIG -30 
SEC. 

#840 

ee
 

e
e
e
 

e
e
e
 

et
 
t
e
e
 

  

RETURN VC6N62 soseeccwcroccesssess MONITOR OSK 
CISPLAYS . AT IFI = -00829 
TT a re oe GBSERVE RETURN OF 

VO6N62 CISPLAYS TC 
INDICATE THAT 
AVERAGE G INTEGRA- 
TIGN HAS STARTEC. 

#850 

    

  

START AVERAGE G . 
INTEGRATION (NOTE? . 

#860 THE RIO/RII/R 12 . 
SERVICE ROUTINE . 
{RCS) AND THE DE- . 
SCENT STATE VECTOR . 
UPDATE ROUTINE {Ri2) . 
WILL BE CALLED ONCE . 
EVERY 2 SECONDS BY . 
AVERAGE G DURING ° 

+t P63,P64yP 65 AND . 
+03 Poo. ROWEVER THE . 
+285 OPERATION GF RIC . 

#870 

+t AND R11 IS NOT 

ENAGLED UAT EL 
IGNITIGN. 
  

#880 

P63/LUMINARY
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C
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e
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AT TIG -7.5 SEC 
SET ULAGE FLAG 

WAIT UNTIL TIG 
~5 SEC. 

: nem 
. FROM R40 

RESET IGNETION FLAG 

  

RESET ASTRONALT FLAG 

MONITOR 
IN THE PERICD FRC 
TFI=-00830 UTIL 
TFI=-00815 
DOES DELTA VM DE S- 
PLAY BECOME GREATER 
THAN .5 FPS INDICA- 
TING EXCESSIVE PIPA 

  

BIAS ERROR? 

oN ov 

. GO TO BACKUP 
. PROCEDURES 

    TFL =-OOB0? 
MONITOR START CF *x 
TRANSLA TION. 

C
r
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CALL VERB 99 DISPLAY 
(SEE "8" BELCW) 

    

  

1S ASTRONAUT FLAG 
SET? 
  

ov Ne 

GO 1G EXIT 
ec (NOTE? THIS 

BELCW IS NCT A 
Pé3 EXIT. 
REFER 
CISPLAY 
RESPONSE 
AT #5" 

BELOW). 

ge 

FROM 
ABOVE 

r
e
 

e
r
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e
e
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ee
 

ee
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e
e
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FROM R40 
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Pr
    

    

wee - #990 

wont n= . MONITOR OSKY: 
ChANGE VERB BUT MA~ AT TFL = -00805 
INTAIN PRESEAT RCUR « + OBSERVE VERB-NOUN 
AND DISPLAY IN Rl, « FLASH TO REQUEST 
R2, AKC R3y FLASH - «= PLEASE PERFORM 
VERB-NGUN TO RECUEST . ENGINE GN ENABLE 
PLEASE PERFORM ENG- 60 nnn nanan 
IME CA ENSELE: . : #1000 

VSSNE2 . . 

. . MONITOR DSKY: #1010 
. . WAIT FOR INCREASE IN 
. . DELTA VM [NDICATING 
. . SUFFICIENT ULLAGE. 

. . RECUIREC ULLAGE 
. . DELTA VIS A 
. . FUNCTION OF VEHICLE 
. . WEIGHT « 

. . . #1020 

WAIT FOR KEYBOARD . SHALL 1 PERMIT 
ENTRY . IGNITICN? 

. aN oY 

: . . #1030 
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TERMINATE FLASH UPEAN 
RECEIPT OF PRUCEED, 
ENTER, CR TERMINATE 

=P oT oA 
ak o£ oN 
oO ok -T . 
of oM eE 
o£ et oR oe 
aE aN . . 
of oA . . 
. eT oseee 
. <E 

  

« FLAG 

« DO FINAL AUTO- 
« MATIC REQUEST 
+ TERMINATE RCU- 
+ TINE (ROO0} 

. ExT Pé3 

SET ASTRONAUT FLAG 

    

eo
 

e
e
e
 

se cece ceecnerece KEY 
TERMINATE 

IN 

V34E 

OO FINAL AUTO- 
. MATIC REQUEST 

TERMINATE ROU- 
TLNE (€ROO} 

Pe3 

e
e
e
 

e
e
 
t
e
e
 
t
a
e
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ES IGNITION FLAG 
SET? 

  

RESUME STATIC 
CESPLAY CF 
VCEN EZ 

EXIT 
(NCTE: THIS 1S 
NOT A P63 EXIT. 
REFER TIG - 0 
LOGIC ABOVE.} 

a 
a 

S
c
 

  

MONITCR CSKY3 

  

IS R2 DISPLAY OF 
TFL NEGATIVE AND 
NON-ZERC? 

“¥ Ne 

MONITOR DSKY: . 
OBSERVE RE- . 

TURN CF S¥ATIC 
VERB-NOUN . 
(VO6N62 ). . 

STANDBY FOR 
THRUST GN . 
WREN TFI = . 
~-00B00 . 

b
e
t
 

e
m
 

De
 

ee
 

e
e
e
 

me
 

we 
ee
 

we 
t
e
e
 

STANCBY FOR 
THRUST ON IMMED-— 
TATELY. 

S
e
e
 
m
e
e
t
 

w
e
t
 
m
e
 
t
o
g
 

se
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TEMP 
HCLD 

MON 

    

CHANGE VERB-ACUR AND 
CHANGE OISPLAY OF 
TFL IN R2 TO H COT 
AND DELTA VM IN R3 
TO Hs 

VO6 N63 
Ri-vI 
R2-r COT 
R3-H 

Vio - SEE CEFINITION 
ABCVE. 

bh COT-THE PRESENT 
RATE CF CHANGE CF 
ALTITUDE (H?. POL- 
ARITY INCICATES DES~ 
CENT (-) CR ASCEAT 
t+}. IN FPS TO NEAR- 
EST .1 FPS. 

H - THE PRESENT AL- 
Tituce GF THE LM 
ABOVE THE LUNAR 
RADILS AT THE OESIG- 
NATEC LANCING SITE. 
POLARITY IS + FCR 
ALTITUDES GREATER 
THAN THE ABOVE 
RADIUS. IN FEET TC 
NEAREST FOOT. 

MONITOR DSKY: 

OBSERVE VERB~NCUN 
CHANGE AND CHANGE OF 
TFL IN R2 TO HK COT 
AND DELTA VM LN &3 
TO He 

H
e
 

m
e
m
 

e
e
e
 

e
e
e
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ew
e 
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ee
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++ 
+03 
+EDIT 

SET ABORT ENABLE 
FLAG 

  

StT LANCING ANALOG 
OLSPLAYS FLAG 

  

IS I[PPLLSE FLAG SET? 
(NOTES ANSWER WILL 
ALWAYS EE NO FOR 
Pé3) 

  

CaLit FOR RESET OF 
LLLAGE FLAG 

Pe
 

e
e
e
 

me
 

H
e
e
 

HM
 

e
e
e
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o
 
t
e
e
t
e
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t
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e
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a
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IN C.& SEC. 

a 
a 

AT TiG (AS DEFINED 
BY R41) ¢ *ZOOMT IME" 
SEC COMMAND THRCTYLE 
TO MAXIMUM. 
(NCTE: TRE VALUE 
“ZOCKTIMES IS Ik 
ERASABLE STORAGE, 
HAVING BEEN LOACED 
PRIOR TO LAUNCH OR 
BY P27.) 

CALL LANDING AUTG 
MODES MCNITOR 

  

w
e
t
w
e
h
o
 

START MCNITOR OF 
BRAKING PHASE CF 
POWERED LANDING 
MANEUVER AS INEI- 
CATED BY LM AND 
DSKY OISPLAYS 

START MONITOR OF THE 
LGC/LR CPERATIGN AS 
DESCRIBED IN THE 
DESCENT STATE VECTOR 
UPDATE ROUTINE (R12) 
  

“ZCGMT IME® SECONDS 
AFTER TIG (AS DEFIN- 
ED BY R41) OB- 
SERVE THRUST IN- 
DICATOR TO INDICATE 
XX PERCENT AUTO 
THROTTLE COMMAKD 
(RIGHT Si0E) AND Loc 
PERCENT CHAMBER 
PRESSURE {LEFT SIDE) 
(NOTE: THE VALUE 
sZCOMTIFE™ ES IN 
ERASABLE STORAGE 
HAVING BEEN 
LOADED PRIGR TC 
LAUNCH OR BY P27). 
(NOTE: IF IGNITION 

570 
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ROUTINE {R13} 
  

COMMENCE POWERED 
LANDING GUICANCE 
TG ATTAIN BRAKIAG 
PKASE AIM CON- 
OITICAS. 

S
S
 

HAS NOT BEEN AUTHOR- 
TZED BY THE CREW 
UNTIL AFTER TIG (AS 
OEFINED BY R41) 
+ “ZOOMTIME™s THE 
ENGINE WILL THROTTLE 
LP AT IGNITION). 

SOMETIME BEFORE 
ALTITUDE REACHES 
30,000 FEET, YAW THE 
LM TG A ROUGHLY 
WINDOW-UP ORTENTA- 
TION TAKING THE 
ROUTE ABOUT THE 
X-AXIS THAT DOES NOT 
RESULT IN LOSS OF 
S-BAND LOCK-ON 

  

WHEN H IS EQUAL 
TO + 30000 THE 
Y-AXIS OVERRIDE 
OPTION IS REMOVED 
BY R1Z- THE LGC WILL 
AUTOMATICALLY COM- 
MANC THE LM TO AN 
ATTITUDE AROUND THE 
LM X AXIS AS SPECIF- 
TE€O BY THE GUICANCE 
EQUATICNS. THE CRE® 
NO LONGER HAS ANY 
MANUAL ATTETUDE 
CONTROL OF THE LM 
WHILE IN THE AUTO 
ATTITUDE CONTROL 

\ 
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e
e
 

WAIT UNTIL T 
IS LESS THAN 
“TENDBRAK®, 

(NOTE: TRE VALUE 
“TEANDERAK® IS IK 
ERASABLE STURAGE 
HAVENG BEEN LOACEL 
PRICR TC LAUNCH CR 

   WAIT UNTIL TG IS 
LESS THAN "TENDBRAK® 
(NOTE: THE VALUE 
"TENDBRAK" IS IN ER- 
ASABLE STORAGE HAY- 
ING BEEN LGACEC 
PRIOR TO LAUNCH OR 
By P27). 

BY P2TRe nnn ne 

GG TC APPRGACH PHASE GO TO APPROACH PHASE 
PROGRAM (P64) PROGRAM (P64) 

EXIT P63 EXIT P63 

CHANGE CCNTRCL NCTES 

LUGIC 
LUG IC 

LOGIC 

REV 00 PCR 13430531 
REV Ol PCR E586, 11851444164 91 86 9254 9246 42534401 54194437, 

497,535, 542,566,637 
REW COULL® LA) PCR 670, 737, 751 
REVS O1,¢C2(LUM 1B) PCK 814,438 4841e254~ EDI TCRIAL 
REV G3{LUM 1C) PCkK 295, EDITORTAL 
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PURPOSE = 

ASSUMPTICAS: 

++ 
+02 

+
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APPROACH PHASE PROGRAM (P64) REV O02 12/03/69 

(1) TC CCNTRCL THE PGNCS DURING ThE THRUSTING OF THE POWERED LANDING MANEUVER BETWEEN HI GATE AND LO GATE. 

(2) TC CONTROL TEE CPS TERUST AND ATTITLDE BETREEN HI GATE AAD LC GATE. 

(3) TO PROVIDE THE CREn WITH THE CAPABILITY CF REDESIGNATING THE LANDING SITE TO WHECH THE PGNCS IS GUIDING THE LM. 

(4) TG SELECT P65 AUTCRATICALLY WHEN TG IS LESS THAN TENDAPPR { TIME~TO-END-APPROACH-PHASE) « 

(1) THE CM IS CN TRE POWEREG LANDING DESCENT BETWEN HI GATE AND LO SATE (SEE SRAKING PHASE PROGRAM (P53), AND 
SECTION 5.3.24 OF R567}. 

(2) THE CSM IS IN A NEAR CIRCULAR ORBIT AROUND THE MOGN AT A NOMINAL ALTITUDE OF 60 NAUTICAL MILES. THE CSM IS 
ALNTATNING A PREFERREC TRACKING ATTITUDE FCR OPTICAL TRACKING OF THE LM. 

(3) The IMU IS GN AND ACCURATELY ALIGNED TO A LANDING SITE ORIENTATION DEFINED FOR THE DESIGNATED LANDING SITE 
AND THE NOMINAL TIME OF LANDING (TC(LAND)). THE MOST RECENT IMU ALIGNMENT TOOK PLACE DURING THE BRAKING PHASE 
PROGRAM (P62) PRIOR 10 OPS IGNITION. 

(4) THE LANDING RADAR {LR} IS CN, CHECKEC QUT, AND SHOULD HAVE BEEN PROVIDING TO THE LGC VELOCITY AND RANGE 
INFORMATION WITH RESPECT TO THE MOON. THIS INFORMATICN SHOULD HAVE BEEN INCORPORATED INTO THE LM STATE VECTOR. THE 
LGC/LR OPERATION IS UNCER TE CONTROL OF THE DESCENT STATE VECTOR UPDATE ROUTINE {R12) WHICH IS ALREADY IN PROCESS. 

(5) THE LGC WILL NEITHER DESIGNATE NGR READ THE RENCEZVCUS RADAR (RR} CURING THIS PROGRAM. 

(6) THE ENTIRE PCHEREE LANCING MANEUVER (BRAKING, APPROACH ANO LANDING) WILL BE ACCOMPLISHED USING THE DPS ENGINE. 

(7) TRE AIM CONCITICNS {LO GATE) FOR THE APPROACH PHASE ARE STORED IN THE LGC. 

(8) THE FOLLOWING PARAPETERS RECULREOD BY THIS PROGRAW HAVE SEEN STORED IN THE LEC SINCE LGC INITIALIZATION BY 
ERAS ABLE REGISTER LOAD. 

(A) THE LM STATE VECTCR. THE LGC HAS UPCATEL THIS AS REQUIRED DURING THRUSTING. ND FURTHER STATE VECTOR 
UPDATES FROM ANY SOURCE OTHER THAN THE LR WILL BE ACCEPTED BY THIS PROGRAM. 

(9) THE UPS IS NOT THRCTTLABLE CVER THE wHCLE RANGE FRC O TC MAXIMUM. IT MUST BE OPERATED EITHER AT MAXIMUM 
ThROTTLE OR OVER A SPECIFIC THROTTLE RANGE OF LOWER SETTINGS. THESE THROTTLE SETTINGS ARE SPECIFIED IN SECTION 5.3.4 
CF R567 AND ARE TCTAL THEACTTLE SETTINGS: 1.E.2 THE SUM OF THE MANUAL SETTING (WHOSE MINIMUM IS ABOUT LO PERCENT) AND 
THE PGNCS COMMANDED SETTING. 

THIS PROGRAM ASSUMES TRE THROTTLE CONTROL TO BE IN AUTU (THE OPS RECEIVES THE SUM OF THE MANUAL AND PGNCS 
COMMANDED SETTINGS) ANE THE MANUAL THROTTLE TG BE SET AT A LEVEL LESS THAN THAT REQUIRED BY THE LGC . 

NOMINALLY, IF THE APPROACH PHASE PRCGRAM IS CCMPLETED WITHOUT ANY REDESIGNATION OF THE LANDING SITE (SEE ASSUMP- 
TICN (120), TRE THRCTTLE WILL REMAIN WITEIN ThE ALLOWABLE THROTTLE RANGE THROUGHOUT THE PHASE. EXCESSIVE TARGET REDES— 
IGNATIGNS DURING THIS PRGGRAM HCWEVER MAY RESULT IN REQUIRED THROTTLE EXCURSIONS GUTSEDE THE ALLOWABLE RANGE. IN SUCH 
CASES ThE LGC WELL CCMMAND MAXIMUM THROTTLE FOR AT LEAST 2 SEC, AND UNTIL THE REQUIRED THROTTLE SETTING RETURNS TO THE 
PERMITTED THROTTLE REGICA. 

(10) DURING THE POWEREO LANDING MANEUVER, THE LGC WELL MONI TCR THE PRESENCE OR ABSENCE OF THE "NON-ATTITJDE HOLDY 
DISCRETE THIS CISCRETE IS ISSUED TO THRE LGC WhEN THE ATTITUDE MODE CONTROL Swi TCH IS IN THE AUTO POSITION. 

SHOULD THIS DISCRETE APPEAR DURING THE PCWERED LANDING MANEUVER, THE LGC ASSUMES THAT IT NO LONGER 
FAS CCMPLETE AUTOMATIC CUNTROL UF THE MANELVER. 
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TRE MUNITUR AND THE ASSOCIATED LGC LOGIC IS INCLUDED IN THE LANDING AUTO MODES MONITOR ROUTINE €R13) WHICH IS 
ALREADY IA FRCCESS. 

(11) TRE X~AXIS OVERRIDE GPTION 15 NOT PROVIDED THE CREW WHENEVER THE LGC-ESTIMATED ALTITUDE IS LESS THAN 30,000 FT. 
(REFER R12 AND ASSUMPTICN 13 OF P63). 

(12) DURING MOST OF THE APPROACH PHASE, THE LGC PROVIDES THE CREW THE CPTION TO REDESIGNATE THE LANDENG SITE 
TO #HICH THE PGACS [S GUIDING THE LM. TRIS GPT ION IS CALLEO THE LANDING POINT DESIGNATOR (LPO) MODE. IT IS WORTH 
NOTING THAT THE PGNCS MODE CONTROL SWITCH MUST BE IN AUTC FOR THE ACA TO FUNCTION AS A LANDING SITE RE-DESIGNATOR. 
IF THIS SWITCH IS IN ATT HOLD THE ACA FUNCTIONS AS A RATE COMMAND/ATTLTUDE HOLD STECK. 

THE LANDING POLNT REDESIGNATICN, IF EXERCISEO, £S BASED UPON VISUAL ASSESSMENT OF THE LUNAR TERRAIN WITH RESPECT 
TG ThE PRESENTLY DESIGNATED LANDING SITE. DURING THE LPD MODE THE PRESENT LANDING SITE 1S DISPLAYED ON THE OSKY IN 
TERMS CF COORCINATES CN TRE LPD SIGHTING GRID ON THE LEFT HAND LM WINDOW (LOD ANGLE}. LANDING SITE REDESIGNAT IONS ‘ARE 
MANUALLY PUT INTO THE COMPUTER VIA THE ATTITUCE CONTROLLER CN AN INCREMENTAL BASIS, I-E.3 A LIMIT SWITCH ACTUATION IN 
TRE ATFITUDE CONTROLLER CAUSES THE LGC TO REDESIGNATE THE LANDING SITE A FIXED ANGULAR INCREMENT (1/2 DEGREE IN 
ELEVATION, 2 DEGREES EN AZIMUTH) FROM THE PRESENT LM/LANDING SITE LOS. THE APPLICASLE ATTITUDE CONTROLLER POLARITIES 
ARE: 

(A) ~ PITCH RCTATION GIVES - LPD ELEVATION (NEW SITE BEYOND PRESENT SITE) 
(8) + PITCH ROTATION GIVES + LPD ELEVATION (NEW SETE SHORT OF PRESENT SITE) 
(Ch + ROLL ROTATION GIVES + LPD AZIMUTH (NEW SEITE TO RIGHT OF PRESENT SITE) 
(D) ~ RCLL RCTATICN GIVES — LPO AZIMUTH (NEW SEITE TO LEFT OF PRESENT SITE) 

TKE LPC MGCE 1S MORE COMPLETELY DESCRIBED IN SECTION 5.3.4 OF R567. 

(13) THE INITIAL MANEUVER CF THE APPROACH PHASE ES THE L™ ATTITUDE TRANSITION FROM THE LM ATTITUDE AT THE START OF 
Poa TO A SATISFACTORY ATTITUDE FOR LANDING SITE VISIBILITY. AFTER THE COMPLETION OF THIS MANEUVER THE LM ATTITUDE IS 
CCNSTRAINED BY THRUST PCINTING REQUIREMENTS AND IS CONTROLLED ABOUT THE THRUST AXIS SO AS TO MAINTAIN THE CURRENT 
LANCING SITE IN THE LM X/Z PLANE. THE CONDITIONS ACHIEVED BY THE START OF P64 SHOULD BE SUCH THAT THE THRUST POINTING 
RECULREMENTS GF THE APPROACF PHASE WILL YIELD SATISFACTORY VISIBELITY AND RADAR ORIENTATIONS. 

THE LANDING SITE BECCMES VISIBLE TC THE COMMANG PILOT IF THE LOOK ANGLE (THE ANGLE BETWEEN THE LM -X AXES AND 
THE LEGS TO THE LANDING SITE) 1S LESS THAN 65 DEGREES AND THE LOS IS IN OR NEAR THE LM X/Z PLANE. 

AT ANYTIME DURING P63_ P64 GR P65, THE MAGNITUDE OF THE LOOK ANGLE AND THE ORTENTATEON OF THE LOOK ANGLE 
PLANE (THAT PLANE CONTAINING THE LOS AND THE LM X AXIS) ARE DEFINED BY THE INERTIAL ORIENTATION OF THE LM X AXIS 
ANC THE PCSITION OF THE LM WITH RESPECT TO THE LANDING SITE. 

THE INERTIAL CRIEATATICN OF THE LM X AXIS IS CONTROLLED BY REQUIREMENTS OF THRUST VECTOR CONTROL. THE ORIENTATION 
OF THE LM WINDUWS WITH RESPECT 1G THE LOOK ANGLE PLANE IS CONTROLLED BY ROTATION OF THE VEHICLE ABOUT THE 
Le X AXIS. THiS CONTROL IS EXERCISED AS SHOWN IN SECTION 5.3.4 OF R56Te 

(14) THE CREW HAS THE CAPABILITY TO DISPLAY LGC CALCULATEC VALUES OF FORWARE VELOCITY, LATERAL VELOCITY, ALTITUDE ANDO 
ALTITUDE RATE ON CERTAIN LM METERS DURING THIS PRUGRAM. THE CALCULATION UF THESE PARAMETERS IS UNDER THE CONTROL 
OF THE LANDING ANALCG DISPLAYS RCUTINE (R10) WHICH IS ALREADY IN PROCESS. 

(15) THE RATE OF CESCENT (RGD) MGDE IS NOT ENABLED DURING THIS PROGRAM (SEE LANDING PHASE (RCD) PROGRAM (P66 )> 
ASSUMPTION (12) FOR CEFENETICN CF RCE MOCE}. 

(16) AN ABORT FRCW TRE LUNAR CESCENT MAY BE REQUIRED AT ANY TIME DURING THE DESCENT CRBIT ENJECTION, THE DESCENT 
COAST, UR THE POWERED OESCENT (P63)2(P64)91P65}, OR (P66). 

FOR ABORTS FROM THE DESCENT ORBIT INJECTION OR THE DESCENT COAST IT 1S ASSUMED THAT SUFFICIENT TIME EXISTS TO 
PERFGRM A TPT MANEUVER (SEE TERMENAL PHASE INITIATION {TPI) PROGRAM (P34)} TO INTERCEPT THE CSM OLRECTLY. 

FOR ABORTS AFTER DPS IGNITION FCR THE PCKERED LANDIAG MANEUVER, TIME IS CRITICAL. DURING THIS PERIOD AN ABORT IS 
NCMINALLY COMMANDED BY PUSHING ONE UF TWO BUTTONS TN THE LM. THE ABORT MAY BE COMMANDED TO USE THE DESCENT STAGE 
{ABCKT BETTCN) CR THE ASCENT STAGE (ABCRT STAGE BUTTON). If THE DESCENT STAGE 1S SELECTED+ AND THE OPS PROPELLANT 
APPROACHES EXPALSTIUN, CUNTROL MUST BE SWITCHED TO THE ASCENT STAGE BY THE CREW BY ASCENT STAGE SELECTION (ABORT 
STAGE BLTTUND. 

DURTNG THe PGHERED LANUING MANEUVER TRE LGC WILL CONTINUOUSLY MCNITUR THE ABORT ANO THE ABORT STAGE DISCRETES, 
ANE UPUN KeCkEIPT OF EETHER WELL TERMINATE THE PROGRAM IN PROCESS AND COLL THE APPROPREATE ABORT PRIGRAM (DPS ABORT 
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PRUGRAM (P70) OR APS ABORT PROGRAM (P71)). BCTH ABORT PRCGRAMS WILL GUIGE THE LM TO AN ORBIT AS SPECIFIED IN SECTION 
544.3 CF R507. 

THE MUNITUR UF THt ABURT AND ABORT STAGE PUSHBUTTCAS iS CONTROLLED 8Y THE ABORT DESCRETES MONITOR RIUTINE (R11) 
WHICH IS ALREADY IN PROCESS. 

€17) tf A THRUSTING MANEUVER 1S PERFORMED WITH THE GUICANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL Swi TCH IN 
AUTC, THE PGNCS WILL CONTROL THE TOTAL VEHICLE ATTITUDE AND GENERATE EITHER MODE I OR MODE TE ATTITUDE ERRORS ANO 
VEHICLE ATTLTWWE RATES 4SEE ASSUMPTICN (193) FOR DISPLAY GN THE FOAI. THE CREW MAY EXERCISE CONTROL AROUND THE YAW 
AXIS ONLY WITH THE ACA (X-AXIS OVERRIDE) IF THE X-AXIS GVERRIDE CAPABILITY IS PERMITTED BY THE PROGRAM IN PROCESS. 
THES MANUAL CCATRCL wWikt IN THE RATE COMMAND/ATTITUDE HOLD MODE. 

TF A THRUSTING MANEUVER IS PERFORMED WITH THE GUIDANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL SWITCH IN 
ATTITUCE HOLD THE PGNCS WILL HOLD THE VEHICLE ATTITUDE AND WILL GENERATE EITHER MODE T OR MODE IT ATTITUOE ERRORS - 
FGR DISPLAY CN THE FOAL. THE CREW MAY EXERCISE MANUAL ATTITUDE CONTROL ABOUT ALL VEHICLE AXES WITH THE ACA EN EITHER 
THE RATE COMMANO OR MUNIMUM IMPULSE MODE DEPENDING UPON THE STATUS OF THE PULSES FLAG. IT IS STRONGLY RECOMMENDED 
THAT POWEREC FLIGHT NOT BE ATTEMPTED IN THE MINIMUM IMPULSE MODE. THE PULSES FLAG IS SET OR RESET BY EXTENDED VERBS 
7€ (MINIMUM EMPLLSE} AND 77 (RATE COMMAND) RESPECTIVELY. THE PULSES FLAG IS ALSO RESET BY P12,P 40,P41 »P42 ,P63,P70,PTL 
ANC R40 AT MAIN ENGINE IGNITION. WITH THE EXCEPTION OF THESE CASES , MODE SELECTION IS ALWAYS BASED UPIN THE LAST 
ENTRY MACE IN TEE DSKY. CURING 4 THRUSTING MANEUVER IN THE PGNS/ATFITUDE HULD MODE THE PGNCS wILit NOT BE RESPONSIBLE 
IF REGISTER OVERFLORS CCCUR WITHIN THE LGC. 

(18) CONTROL OF THE LM DPS, RCSs AND APS 1S TRANSFERRED FROM THE PGNCS TG THE ABORT GUIDANCE SYSTEM (AGS) BY PLACING 
THE GUID CUNT SWITCR FROM PCNS TO AGS. 

THE AGS WILL BE CAPAELE GF TAKING OVER CONTROL OF THE LM DURING ANY PORTION OF THE LUNAR DESCENT OR ASCENT 
GR CURING EITHER OF THE ABORT PROGRAMS {P7C OR P71}. THE AGS WILL GUIDE THE LM TO A SAFE ORBIT. 

THE AGS MAY BE INITEALIZED BY THE LGC AT ANY TIME OURING THIS PROGRAM BY MANUAL SELECTION OF THE AGS INIT IALIZA- 
TEON ROUTINE {R47}. 

IN THE EVENT THAT THE GUIDANCE CONTROL SWITCH IS CHANGED FROM PGNS TG AGS DURING A THRUSTING MANEJVERs THE LGC 
BELL CONTINUE CCMPUTATICN GF POSITION ANDO VELOCITY, THE DESIRED THRUST VECTOR AND THE DESIRED ATTITUDE ERRORS,» HOWEVER 
THE PGNCS wILL NOT SE RESPONSIBLE IF REGESTER OVERFLCWS CCCUR WITHIN THE LGC. 

(15) THE PGNCS CAN GENERATE TWO TYPES CGF ATTITUDE ERRORS FOR DISPLAY ON THE FDAL$ 

MODE I - SELECTED BY EXTENDED VERB 61. AUTOPILOT FOLLOWING ERRORS USED AS A MONITOR OF THE DAPTS 
ABILITY TO TRACK AUTOMATIC STEERING COMMANDS. . 

MODE II - SELECTED 8Y EXTENDED VERB 62. TOTAL ATTITUDE ERRORS USED TO ASSIST CREW IN MANUALLY 
MANEUVERING THE VEHICLE. 

PGNC S-DERI VED VEHICLE ATTITUDE RATES MAY ALSG BE DISPLAYED VIA SELECTION BY EXTENDED VERB 60. 
MODE £1 ATTITUDE ERRGR DISPLAYS ARE AUTOMATECALLY SELECTED AT THE BEGINNING OF 860. WITH THE EXCEPTIONS 
INDICATED IN ASSUMFTICN (17) ABOVE, DISPLAY SELECTION IS ALWAYS BASED UPON THE LAST ENTRY MADE IN THE OSKY. FOR A 
MORE DETAILEO DESCREPTION OF THESE DISPLAYS REFER TO SECTICN 3 OF R567, PARA. 342066 

(20) THE COUAC CAP CATA ROUTINE (RO3) HAS BEEN PERFORMED PREOR TO THE START OF THE POWERED LANOING MANEUVER AND SHOULD 
NCGT BE RECUIRED DLRING THIS PRCGRAM. 

(21) LGC AND CREW PROCECURES IN CASES OF LGC-ASSUMEO THRUST FAILURE ARE DEFINED BY THE DPS/ APS THRUST FAIL ROUTINE 
(R4C). THIS RCLTINE IS EN EFFECT CURING THIS PROGRAM, HAVING BEEN ENABLED BY P63. 

{22} THIS PRUGRAM {S AUTOMATICALLY SELECTED BY THE BRAKING PHASE PROGRAM (P63) WHEN TG DURING THE PHASE BECOMES 
LESS THAN TENUBRAK (TIME-TC-ENO~BSRAKING—PHAS EE}, 
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€23) Tho ALARM CONDITICAS MAY BE CRIGINATEO BY THE PGNCS PUWEREO LANDING EQUATIONS: 

(A) TF SUGROUTENE ROOTPSRS IN TRE TIME-TO-GO CALCULATION FAILS TG CONVERGE IN 8 PASSES THE LGC WILL TURN ON 
ThE PROGRAM ALARM LIGHT, STORE PROGRAM ALARM 1406, STGP ALL VEHICLE ATTITUDE RATES, AND CONTINUE. THIS 
ALARM COULC OCCUR CNLY IN P63 AND P64. 

(8) TF AN OVERFLO® OCCURS ANYWHERE IN THE LANDEAG ECUATIGNS THE LGC WILL TURN ON THE PROGRAM ALARM LIGHT, 
STORE ALARM CODE 1410, STOP ALL VEHICLE ATTITUDE RATES AND CONTENUE. THIS ALARM COULD ONLY OCCUR IN P63sP64> 
OR P65. 

(24) THIS PRUGKAM ALLOWS MANUAL CONTRGL OF THE LM ATTITUDE. LF MANUAL CONTROL IS DESIRED: PUT THE MODE CONTROL 
SWITCH IN ATT HOLD AND USE THE ACA TO CONTROL THE LM ATTITUDE. 

IF Foe 1S CESIREL, CLICK THE RCD SWITCH WHILE THE MOCE CONTROL SWITCH IS IN ATT HOLD. THE ACA DOES NOT 
RE~CESIGNATE THE LANDING SITE WHILE THE MODE CCNTROL SwLTCH [S IN ATT HOLD. TO USE THE ACA TO RE-DESIGNATE THE 
LANCING SITE, PUT TEE MCDE CCNTROL SWITCH IN AUTO AND ROTATE THE ACA IN THE DESIRED DIRECTION. ONCE CONTROL IS 
TRANSFERRED FROM P64 TG P66, P64 CANNOT CE RE-ENTEREC. 

(25) THE ASTRCNAUT MAY PCNITGR THE FOLLOWING ADDITIONAL PARAMETERS DURING THIS PROGRAM (AFTER COMPLETION GF THE 
IGNITIGN ALGORITH¥) BY KEYING IN VS7E3 (SEE LOGEC DESCRIPTION OF V57) 

(A) VO6 NOB 
R1I-RANGE 
R2-TG 
RA-CELTA F 

RANGE - SLANT RANGE FROM THE L¥ TC THE DESIGNATED LANDING SITE. IN NAUTICAL MILES TO NEAREST «1 NM. 

TG — THE ESTIMATED TIME OF FLIGHT FROM THE PRESENT TIME TO THE ACCOMPLISHMENT GF THE CURRENT AIM CONDITIONS. 
IN MINS AND SECS TG NEAREST SEC. MAX READING IS 59859. SIGN ES -. 

DELTA H ~ THE PRESENT LR INDICATED ALTITUDE MINUS THE LGC CALCULATED ALTITUDE OF THE LM ABOVE THE LUNAR 
RADEUS AT THE DESIGNATED LANDING SITE. {N FEET TO THE NEAREST FOOT. 

(NCTE: CELTA F IS ENITIALLY SET TO 99999 WHERE IT WILL REMAIN UNTIL R12 CALCULATES A VALUE BASED ON 
Lk DATA). 

{26} THE ASTRONAUT MAY MONITOR THE FOLLOWING PARAMETERS BY KEYING IN Vi6 N9ZE: 
(A) Vile NS2 

Rl - THRCMO 
R2 - +lor 
R2-H 

THRCMD - TRE PERCENT THROTTLE CESIRED BY THE LGC, BASED ON THE DPS RATED THRUST OF 10,500 POUNDS. IN PERCENT 
TO NEAREST PERCENT. 

HOOT — ThE PRESENT RATE OF CHANGE OF ALTITUDE (H). IN FPS TO NEAREST 21 FPS. 

& - THE PRESENT ALTITUOE GF THE LM ASOVE THE LUNAR RADIUS AT THE ENITIALLY CESIGNATECD LANDENG SITE. IN FEET 
TC NEAREST FCOT. 
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CONT 

2 LGC 
PROGRAM 
2S ELECT JUN 

  

START APPROACH PHASE 
PROGRAM (P64). 

SET 043 CEGREE 
DEACBAND 

RESET RECESIGNATION 
FLAG 

  

CGMMENCE PCWEREC 
LANDING GLIDANCE 
USING P64 AIM 
CCNCITICNS 
(1G kILt BE CGM 
PUTED TO BE THE TIME 
TG GO TC ACCCMPLISh- 
MENT OF THE P64 AIM 
CONCITIONS WHICH ARE 
REFERREC TC THE 
OE SIGNATEO LANDING 
SITE). 
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CALCULATE LPD FOR 
TRE CESIGNATED 
LANDING SITE. 

FLASH VERB-NCUN TO 

REQLEST RESPONSE ANC seccccccccccvencccee 
OESPLAY PRESENT 
VALUE GF TR/LPC, 
DOT AND Hz 

VO6N64 
R1-TR/LPD 
R2-H DOT 
R3-t 

TR/LPD -— A SPLIT 
DISPLAY WITH TR IN 
THE LEFT TwO DIGITS, 
THE MIDDLE DIGIT 
ALWAYS BLANK, AKC 
LPD IN THE RIGHT THC 
DIGITS. 

WHERE: 

TR-TRE ESTIMATED 
TIME REMAINING 
UNTIL END OF 
RECES IGNAT ION 
CAPABILITY. IN 
SECONDS TO NEAR~- 
€st SECUNC. PG 
LARILTY 1S ALWAYS 
te MAXIMUM 
REACING IS 99, 
FOR EXAMPLE? 

MONITOR O SKY: 

Cas ERVE VERB-NOUN 
FLASH FO REQUEST 
RESPONSE AND DISPLAY 
GF TR/LPD, H COT 
AND He 

MCNITCOR FOAL ANC OUT 
THE kINDOWs 

OBSERVE ATTITUDE 
TRANSIENT TO BRING 
LM TO A SATESFACTCRY 
ATTITUDE FOR LANDING 
SITE VISIBILITY 
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130 SECONDS IS 
DISPLAYED AS 99. 
(NOTE: TR IS A 
POSITIVE NUMBER 
ECUAL TCs 
-TG-( TCGFAPPK+4) 5 
WHERE TCGFAPPR IS 
THE TEME-TC-GC AT 
WHICH ERECTION OF 
THE GUICANCE CO- 
CROENATE FRAME [S 
SUSPENDED.) 

LPD-THE ANGLE BE- 
tOm THE LM +2 
AXIS TO ThE LOS 
TO THE PRESENTLY 
DESIGNATED LAND- 
ING SITE. IN CE- 
GREES TC NEAREST 
DEGREE. 

(NOTES THE DESPLAY 
IN R1 APPEARS AS 
XXBYY WRERES XxX IS 
TR AND YY IS LPD). 

# COF - ThE PRESENT 
RATE CF CHANGE CF 
ALTITLDE (HI. POLAR~ 
ITY INDICATES DES- 
CENT {-) CR ASCENT 
(4). IN FT/SEC TO 
NEAREST «1 FT/SEC. 

H - THE PRESENT 

ALTITUDE CF THE LM 
ABOVE THE LUNAR 
RACIUS AT THE INIT- 
LALLY DESIGNATEC 
LANDING SITE. 
PGLARITY IS + FOR 
ALTITLWES GREATER 
THAN THE ABOVE 
RACIUS. IN FEET TO 
NEARES] FOCT. 

B
e
 
e
e
 

ee
 
m
e
e
 

m
e
e
 
e
e
e
 

ee
 

He
 

we
er
 
t
e
r
e
 

e
e
t
 

e
e
t
 

t
o
t
 

ee
 

t
r
e
e
t
 

s
a
t
 

eu
n 

t
e
t
 

H
o
e
 

t
o
e
n
s
r
e
 

( 
sal 

P 64/L UMINARY 

#100 

#r10 

#120 

#130 

#140 

P64/LUMENARY



4 oO 

582 

    

. . P64/LUMINARY 

a a ——— #150 
° OO i WISH TO 
. EXERCISE THE LPD 
. CAPABILITY? 

. -Y . 

WAIT FCR KEY ECAR . ------ - 
ENTRY OR FOR TR=0 coca scccccncccecceses KEY IN : 

. PROCEED . #160 

TERMENATE FLASH . . 
UPON RECEEPT OF . . 
PROCEED CR CHANGE TO . . 
NON-F LASHING DISPLAY - . 
iF TR=O . . 
ween ----- . . #170 

=P TRH . . 
aR . . 
Gos - . 
c . . . 
oE . . 

se ceeee cE . . 
. . 0. . . 

« CONTINUE . - . . #180 
» PCHEREC . . . 
« LANDING . . . . 
» GUILANCE . . . 
- USING P64. . . 
~ AIM oe . . 
» COACITICNS ©. . . 
+ REFERRED . « - . 
» TG THE . . . . 
+ PRESEATLY . . . 
» DESIGNATED « . . - #190 
« LANDING se . . 
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CALCULATE 
Lec FCR . 
THE PRE- . 
SENTLY CE- « 
SIGNATEC - 
LANDING . 
SITE. * 

  

DISPLAY CK . 
DSKY: ener 

VOGN64 - 
Ri-~TR/LPO. 
R2-H DOT . 
R3-F . 

NCTE: FOR « 
DEFINITIONS. 
SEE ABOVE - 
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USING UPD 
(RL) ANC THE LPC 
SCALE GN THE COM- 
MAND PILOT®S WIN- 
DOW OBSERVE THE 
PRESENTLY 
CES IGNATEO 
LANDING SITE. 

  

USING THE ATT I- 
TUDE CONTROLLER 
RECESIGNATE THE 
LANCING SITE. 
THIS WILL INCRE- 
MENT THE APPRO 
PRIATE REDESIGNA— 
TION COUNTER IN 
THE LGC. 
OBSERVE THE 
FOLLOWING GROUND 
RULES: 

(A) SITE RECESIC- 
NATICN TOWARDS 
THE UM (+ PITCH 
ROTATION) WILL 
REOUCE THIS SITE 
VISIBILITY CLEAR— 
ANCE WHICH IS 
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ORIGINALLY ONLY 
10 CEGREES. 

(8) LARGE REDES- 
IGNATICKS SHOULD 
BE MADE AS EARLY 
IN THE APPROACH 
PHASE AS POSS— 
BLE TO CONSERVE 
FUEL AND MINIMIZE 
ATTETUDE TRANS- 
TENTS. 

(Cd) wHEN TRIS . 
EcuAL TCO . 
SEC THE LGC . 
WILL NO LONGER . 
RESPOND TG LPO - 
REDE SIGNATIONS. . 

(NOTE: DISPLAYED . 
LPD ANGLES AND . 
VEFICLE YAW MAY BE. 
BIASED TO MAKE UP . 
FOR ERRORS IN THE .« 
ALIGNMENT OF . 
THE LPO RETICLE . 
ANDO FOR WINOGW . 
BENDING WHEN THE . 
UM ES PRESSURIZED... 
THAT PART OF . 
WINDChW ERROR . 
WHICH CANNOT BE . 
RESOLVEC INTO . 
ROTATIONS ABOUT . 
THE BODY Y AND K 
AXES wILi REMAIN . 
UNCOMPENSATEDs . 
EXCEPT AT A CHOSEN. 
SPOT ALCNG THE + 
RETICLE- THE MEAN . 
LPC ANGLE OF TFE . 
APPROACH PHASED. 
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+ ION OF NEh AIM © 
» FCINT. (REFER 2 
+ TO SECTICN . 
© 503-4 OF R567. 
« FCR DETAILEG . 
« DESCRIPTION} . 

« TRANSFER AIM . 
« CCNDITICAS TG 
« NEw AIM POINT. . 

  

« ZERO THE . 
+ REDESIGNATICN « 
« COUNTER . 
  

o WAIT 2 SEC 

RESET RELESI NAT ION 

FLAG    
WALT FCR TG TC BE 
LESS TRAN TENDAPPR 
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GG FO LANCING PRASE GO TO LANDING PHASE 
CALTC) PROGRAM (P65). CAUTG) PROGRAM (P65) 

- . : #400 

EXIT P64 EXI¥ P64 

CHANGE CCNTRCL ACTES 

REV 00 PCR 31 
REV O01 PCR 6591641246 4542 
REV OOCLUM 1A} PCR €7C, 737,781 
REV OL(LLM 18) PCR 838 840-8412 EDITORIAL 
REV O2¢LUM 1C) PCR 285,968, EDITCREAL 

P 64/L UMINARY



1222 

THIS PAGE INTENTIONALLY LEFT BLANK 

¥IG



4a 
589 

LANDIAG PHASE (AUTO) PRCGRAM (P65) REV 02 12/03/69 

PURPOSE: 

++ 

+02 
ASSUMPTIONS: 
+E01T 
++ 

++ 
+02 
+285 

+02 
+t 

{1} TC CONTROL THE PGNCS DURING THE THRUSTING OF THE POWERED LANDING MANEUVER FROM THE PERIOO IMMEDIATELY AFTER 
COMPLETICN GF THE APPRCACH PEASE AIM CONDITIONS «LO GATE) UNTIL TOUCHDOWN ON THE LUNAR SURFACE. 

(1) THE LM IS CN THE POWERED LANDING CESCENT HAVING JUST ARRIVED AT THE LO GATE CONDITIONS (SEE APPROACH PHASE 
PROGRAM (P64) AND SECTIGN 563.4 OF R567)~ 

(2) THE CSM 1S IN A NEAR CIRCULAR ORBIT AROUND THE MODN AT A NOMINAL ALTITUDE OF 60 NAUTICAL MILES. THE CSM*S 
POSITION WITH RESPECT TO THE LM 1S APPROXIMATELY 0 DEGREES CENTRAL ANGLE ABOVE THE LM. THE CSM IS MAINTAINING A 
PREFERREC TRACKING ATTITUDE FOR OPTICAL TRACKING OF THE LM 

(3) THE IMU ITS ON AND ACCURATELY ALIGNEC TO A LANDING SITE ORIENTATION DEFINED FOR THE DESIGNATED LANDING SITE 
ANC THE NOMINAL TIME GF LANDING {TILAND)). THE MOST RECENT IMU ALIGNMENT (FINE) TCOK PLACE DURING THE BRAKING 
PROGRAM (P63) PRICR TO CPS IGNITICK. 

44) TtE LANOING RACAR (LR) IS GN CHECKED OUT, AND SHOULD HAVE BEEN PROVIDING TO THE LGC VELOCITY AND RANGE 
INFGRWATICN WITH RESPECT TO THE MOON, THIS INFORMATION SHOULD HAVE BEEN INCGRPORATED ENTO THE LM STATE VECTOR. THE 
LGC/LR OPERATION £S UNDER THE CONTROL OF THE DESCENT STATE VECTOR UPDATE ROUTINE (R12) WHICH IS ALREADY IN PROCESS. 

(5) THE LGC WILL NEETHER CESIGNATE NCR REAL TRE RENCEZVOUS RADAR (RR? DURING THIS PROGRAM 

fo} ThE ENTIRE POWEREC LANDING MANEUVER (BRAKING, APPROACH AND LANDING) WILL BE ACCOMPLISHED USING THE DPS ENGINE. 

(7) THE FOLLOWING PARAMETERS RECULREO BY THIS PROGRAM HAVE BEEN STORED IN THE LGC SINCE LGC INITIALIZATION BY 
ERAS ABLE REGISTER LOAD. 

(A) THE LM STATE VECTCR. THE LGC HAS UPOATEC TEIS AS REQUIRED DURING THRUSTING. NO FURTHER STATE VECTOR 
UPDATES FROM ANY SOURCE OTHER THAN THE LR WIit BE ACCEPTED BY THIS PROGRAM. 

(8) THE OPS IS NOT THRCTILABLE CVER THE hHOLE RANGE FRCP O PERCENT TO MAXIMUM. IT MUST BE OPERATED EITHER AT MAXI MUM 
THROTTLE OR OVER A SPECIFIC THROTTLE RANGE OF LOWER SETTINGS. THESE THROTTLE SETTINGS ARE SPECIFIED IN SECTION 5.304 
OF A567 AND ARE TCTAL THRCTTLE SETTINGS. T.&.: THE SUM OF THE MANUAL SETTING {WHOSE MINIMUM IS ABOUT 10 PERCEAT? 
AND THE PGNCS COMMANOED SETTING.» 

THIS PROGRAM ASSUMES TRE THROTTLE CONTROL TO BE IN AUTO (THE OPS RECEIVES THE SUM OF THE MANUAL AND PGNCS 
COMMANDED SETTINGS) AND THE MANUAL THROTTLE TC BE SET AT A LEVEL LESS THAN THAT REQUIRED BY THE LGC. 

NOMINALLY THE THROTTLE wILi REMALN WITHIN FHE ALLOWABLE THROTTLE RANGE THROUGHOUT THIS PROGRAM. 

(S) DURING THE POWERED LANDING MANEUVER, THE LGC WILL MONITOR THE PRESENCE OR ABSENCE OF THE "AUTO STABILIZATION® 
CISCRETE. THIS DISCRETE IS ISSUED TO THE LGC WHEN THE ATTITUOE MODE CONTROL SWITCH IS IN THE AUTO PDSITIIN. 

SKCULC THIS CISCRETE APPEAR DURING THE POWERED LANDING MANEUVER, THE LGC ASSUMES THAT IT NO LONGER 
HAS COMPLETE ALTOMATIC CCATROL CF THE MANELVER. 

ThE MONITOR AND THE ASSOCIATED LGC LOGIC IS INCLUDED IN THE LANDING AUTO MODES MONITOR ROUTINE (R13) WHICH IS 
ALREADY IN FRCCESS. 

(10) TRE X-AXIS OVERRIDE GPTEON PROVIDES THE CREW WITH THE ABILITY TG EXERCISE MANUAL CONTROL ABOUT THE LM X AXIS 
WITH THE ATTITUDE CCNTRCLLER EVEN TROUGH THE PGNCS ATTITUDE CONTROL MODE 1S AUTO. WHEN THE CONTROLLER IS RETURNED 
TU DETENT THE PGNCS UAVFS THE YAw RATE, STORES THE YAW ATTITUDE WHEN THE YAW RATE IS DAMPED, AND THEN MAENTAENS THAT 
ATTITUCE. 

THE X-AXIS CVERRILE CPTIGN IS ALWAYS AVAILABLE TO THE CREW EXCEPT wHEN THE LGC IS SPECIFYING A DESIRED YAW 
ATTITUCE. TRUS THE GPTION £S NOT INHIBITED BY THES PROGRAM, 
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(11) TRE LPD UPTION IS NOT PROVEDED THE CREW DURING THIS PROGRAM. 

(12) THE INETIAL MANEUVER OF THE AUTC LANDING PHASE IS TRE LM ATTITUDE TRANSIENT FROM THE L¥ ATTITUDE AT LO GATE 
TO TRE ROVER ATTITUDE (LM X AXES ALONG THE LOCAL VERTICAL). THE FINAL DESIGNATED LANCING SITE REMAINS IN THE LM X/Z 
PLANE CURING THIS TRANSIENT. 

THE LM ALTITUDE RATE IS MAINTAINED AT A CONSTANT RATE UNTIL TOUCHDOWN {NORMALLY 3 FT/SEC DOWNWARD}. 

(13) ThE CREw FAS TEE CAPABILITY TO CISPLAY LGC CALCULATED VALUES OF FORWARD VELCCETY+ LATERAL VELOCITY, ALTITUDE AND 
ALTITUDE RATE ON CERTAIN LM METERS DURENG THIS PROGRAM. THE CALCULATION OF THESE PARAMETERS 1S UNDER THE CONTROL 
OF TRE LANDING ANALOG DISPLAYS ROUTINE (RICI WHICH IS ALREADY IN PRCCESS. 

414) THE RATE OF DESCENT {RCD) MCOE ES NCT ENABLEC DURING TEIS PROGRAM (SEE LANDING PHASE (ROD) PROGRAM (P66), 
FOR DEFINITION UF ROD MODE). 

(15) AN ABORT FROM THE LUNAR DESCENT MAY BE REQUIRED AT ANY TIME DURING THE DESCENT ORBIT INJECTION, THE 
ECESCENT COAST. OR THE POWERED DESCENT (P63)_ (P64)_ (P65), GR (P66). 

FOR ABORTS FROY THE CESCENT ORBIT INJECTION OR THE DESCENT COAST ET 1S ASSUMED THAT SUFFICIENT TIME EXISTS TO 
PERFORM A TPI MANEUVER (SEE TERMINAL PHASE INITIATION (TPi) PROGRAM (P34)) TO INTERCEPT THE CSM DIRECTLY. 

FOR AGORTS AFTER CPS IGNITION FOR THE POWERED LANDING MANEUVER, TEME IS CRETICAL. DURING THIS PERIOD AN ABORT IS 
COMMANDED 6Y PLSHING CNE CF TwO BUTTCAS IN THE LM. THE ABORT MAY BE COMMANDED TO USE THE DESCENT STAGE {ABORT BUTTON) 
OR THE ASCENT STAGE (ABUKT STAGE BUTTON). IF THE DESCENT STAGE IS SELECTED, AND THE OPS PROPELLANT APPROACHES EXHAUS— 
TICK, CONTROL MUST BE SWITCHED TO THE ASCENT STAGE BY THE CREW BY ASCENT STAGE SELECTION (ABGRT STAGE BUTTON). 

DURING THE POWERED LANDING MANEUVER, THE LGC WILL CONTINUGUSLY MONITOR THE ABORT AND ABORT STAGE DESCRETES, 
ANC UPON RECEIPT OF ELTHER WiLL TERMINATE THE PROGRAM IN PROCESS AND CALL THE APPROPRIATE ABORT PROGRAM (DPS ABORT 
PRCGRAM (P70) CR APS ABCRT PROGRAM (P71)). BOTH ABORT PROGRAMS WILL GUIDE THE LM TO AN ORBIT AS SPECIFIEO IN 
SECTION 5.4.3 GF R567 

THE MCNITOR UF THE ABORT AND ABORT STAGE PUSHBUTTONS 1S CCNTROLLED BY THE ABORT DISCRETES MONITOR ROUTINE (RLE) 
WHICH £S ALREADY iN PRECESS. 

(16) IF A THRUSTING MANEUVER IS PERFORMED wITH THE GLEDANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL SWITCH 
TN ALTC, THE PGACS WILL CCNTRGL THE TCTAL VEHICLE ATTITUCE AND GENERATE EITHER MODE I OR MODE L1 ATTITUDE ERRORS 
AND VEHICLE ATTITUDE RATES (SEE ASSUMPTIGN (18)} FOR DISPLAY ON THE FDAI. THE CREW MAY EXERCISE CONTROL AROUND THE 
Yaw AXIS CNLY WITH ThE ACA (X-AXIS QVERRIDE) IF THE X-AXIS OVERRIDE CAPABILITY [S PERMITTED BY THE PROGRAM IN PROCESS. 
THIS MANUAL CONTROL BILL BE IN THE RATE COMMAND/ ATTITUDE HOLD MODE. 

TF A THRUSTING MANEUVER IS PERFORMED WITH THE GUIDANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL SWITCH IN 
ATTITUDE HOLO THE PGACS WILL HOLE TRE VEFICLE ATTITUDE AND WILL GENERATE EITHER MODE IT OR MODE I1 ATTITUDE ERRORS 
FOR DISPLAY UN THE FDAI. THE CREW MAY EXERCISE MANUAL ATTITUDE CONTROL ABOUT ALL VEHICLE AXES WITH THE ACA IN 
EITRER TRE RATE COMMAND OR MINIMUM IMPULSE MODE DEPENDING UPON THE STATUS GF THE PULSES FLAG. IT IS STRONGLY 
RECOMMENDED THAT POWERED FLIGHT NOT BE ATTEMPTED iN THE MINIMUM IMPULSE MODE. THE PULSES FLAG IS SET OR RESET BY 
EXTENDEO VERBS 76{MINIMLM IMPULSE} AND 77 (RATE CCMMAND) RESPECTIVELY. THE PULSES FLAG IS ALSO RESET BY P12P 40,P41,_ 
P42,F63,P70,P7Ti ANC R40 AT MAIN ENGINE IGNITION. WITH THE EXCEPTION OF THESE CASES MCDE SELECTION IS ALWAYS 
BASED UPON THE LAST ENTRY MADE IN THE OSKY. CURING A THRUSTING MANEUVER IN THE PGNS/ATTITUDE HOLD MODE THE PGNCS WILL 
NOT BE RESPONSIBLE IF REGISTER OVERFLOWS CCCUR WITHIN THE LGC. 

€17) CONTROL GF THE LM DPS» RCS ANC APS IS TRANSFERRED FROM THE PGNCS TO THE A3DRT GUIDANCE SYSTEM (AGS) BY PLACING 
ThE GUID CONT SWITCH FROM PGNS TO AGS. 

THE AGS WILL BE CAPABLE OF TAKING OVER CONTROL OF THE LM DURING ANY PCRTION OF THE LUNAR DESCENT OR ASCENT 
OR DURING ELTHER OF THE ABORT PROGRAMS (P70 OR P71). THE AGS WILL GUIDE THE LM TO A SAFE ORBIT. 

TRE AGS MAY BE INITIALIZED BY THE LGC AT ANY TIME BY MANUAL SELECTIGN GF THE AGS INITEAL IZATION ROUTINE (R47). 
[IN THE EVEAT THAT THE GUICANCE CONTROL SWITCH IS CHANGED FROM PGNS TO AGS DURING A THRUSTING MANEUVER, THE LGC 

wiLt CONTINUE CUMPUTATION OF POSITION ANDO VELOCITY, THE DESIRED THRUST VECTUR AND THE DESIRED ATTETUDE ERRIRS, HOWEVER 
THE PGNCS wILL NOT BE RESPONSIBLE IF REGISTER OVERFLOwS CCCUR WITHIN THE £ GC. 

{18} THE PGNCS CAN GENERATE TwO TYPES GF ATT{ TUDE ERRCRS FCR CISPLAY ON THE FDAI3 
MODE [ - SELECTED BY EXTENDED VEKB 61. AUTOPILGT FOLLOWING ERRORS USED AS A MONITOR OF THE DAP'S ABILITY 

TC TRACK AUTCMATIC STEERING COMMANCS. 
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MUDE I] - SELECTED BY EXTENDED VERE 62. TOTAL ATTITUDE ERRORS USED TO ASSIST CREW IN MANUALLY MANEUVERING 
THE VEHICLE. 

PGNC S~DERI VED VEHICLE ATTITUDE RATES MAY ALSO BE DISPLAYED VIA SELECTEUN BY EXTENDED VERB 60. 
MODE If ATTITUDE ERROR DISPLAYS ARE AUTOMATICALLY SELECTED AT THE BEGINNING GF R60. WITH THE EXCEPTIONS 
INDICATED IN ASSUMPTION (16) ABOVE, DISPLAY SELECTION ES ALWAYS BASED UPON THE LAST ENTRY MADE IN THE ODSKY. 

FOR A MORE DETAILEO DESCRIPTION OF THESE DISPLAYS REFER TG SECTIUN 3 OF R567, PARA. 3a206e 

(19) THE LOAD DAP DATA FCUTINE (RO3} HAS BEEN PERFORMED PRIOR TO THE START OF THE POWERED LANDING MANEUVER AND SHOULD 
NOT BE REQUERED DURING THES PROGRAM. 

(20) LGC AND CREW PROCECURES IN CASES OF LGC-ASSUMED THRUST FAILURE ARE DEFINED BY THE DPS/APS THRUST FAIL ROUTINE 
(R40). THIS ROUTINE 1S IN EFFECT OURING THIS PROGRAM UNTEL P68 SELECTION (VIA ROO), HAVING BEEN ENABLED BY P63. 

(21) THIS PROGRAM IS AUTCHATICALLY SELECTED BY THE APPROACH PHASE PROGRAM {P64) AT THE COMPLETION OF THE &O GATE 
AIM CONDITIONS-TG LESS THAN TENDAPPR ( TIME-TC-—END-APPRGACH-PHAS E). 

£22) Tn ALARM CONDITICNS MAY BE ORIGINATED BY THE PGNCS POWERED LANDING EQUATIONS: 
(A) TF SUBRGUTINE ROOTPSRS IN THE RG/VG CALCULATICN FAILS TO CONVERGE IN 8 PASSES THE LGC WILL TURN ON 

ThE PROGRAM ALARM LIGHT, STORE PROGRAM ALARM 21406 AND GO IMMEDIATELY TC THE FINAL AUTOMATIC REQUEST 
TERMINATE RCUTINE (ROO). THIS ALARM COULC ONLY OCCUR IN P63 OUR ENG IGNITION COMPUTATIONS. 

(8) TF AN OVERFLOW OCCURS ANYWHERE IN THE LAADIAG EQUATIONS THE LGC WILL TURN ON THE PROGRAM ALARM LIGHT, 
STORE ALARM CODE 1410, STOP ALL VEHICLE ATTITUDE RATES AND CONTINUE. THIS ALARM COULD OCCUR IN P63, Pb4> 
OR P65. 

423) THIS PROGRAM ALLUWS MANUAL CONTROL OF LM ATTITUDE AND THE SELECTION OF P66. 
DURING P65 {AND P63 AND P64) THE ASTRONAUT CAN CISPLAY THE PGNCS TOTAL GUIDANCE ERROR ON THE FDAI ERROR 

NEECLES (ATTITUDE MON S&#ITCH IN PGNCS) BY HAVING KEYED IN V62 THRU THE DSKY. HE CAN THEN STEER OUT THE PGNCS P63 
ATTITUCE ERRCRS WITH THE AGS MANUALLY (GUIO CONT IN AGS AND AGS MODE CONTROL IN ATT HOLD); OR WITH THE PGNCS 
MANUALLY (GLID CONT IN PGNCS AND PGNCS MCDE CONTROL IN ATT KOLO) OR AUTOMATICALLY (PGNCS MODE CONTROL IN AUTO}. THUS 
THERE ARE THREE ATTITUDE CONTROL SUBMODES IN P65 (AND P&3 AND P64)? AGS MANUAL; PGNCS MANUAL; OR PGNCS AUTO. 

A CAUTICAARY NOTES IF THE ASTRONAUT HITS THE ROU (RATE-OF-DESCENT) SWITCH WHILE HE IS IN PGNCS ATT HOLDe 
THE LGC WILL TRREVOCABLY TRANSFER HIM GUT GF THE AUTO GUIDANCE PROGRAM MODES INTO THE ROD PROGRAM MODE (P66). 

(24) THE ASTRONAUT MAY PCAITOR THE FCLLCWING PARAMETERS BY KEYING IN V16 N9ZE: 

(4) V16 N92 
RL-THRCMC 
R 2- HOOT 
R3-h 

THRCMD-THE PERCENT THROTTLE DESIRED BY THE LGC BASED ON THE DPS RATED THRUST OF 10,500 POUNDS. IN PERCENT 
TG NEAREST PERCENT. 

HOOT-THE PRESENT RATE OF CHANGE OF ALTITUDE {H}. IN FPS TO NEAREST «1 FPS. 

H-THE PRESENT ALTITUDE CF THE LM ABCVE THE LUNAR RACIUS AT THE INITIALLY DESIGNATED LANDING SITE. IN FEET 
TO NEAKEST FGOT. 

icc CRCURE CREW 
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RATE OF CHANGE CF 
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CENT (-} OR ASCENT 
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NOMINALLY — DURING 
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TC NEAREST 41 FPS 
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AXIS DOWNRANGE. 

  

MONITOR AUTOMATIC 
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CONTROL OF LM ATTIIT- 
TUCE Uk THROTTLE. 

fF MANUAL ATTI- 
TUDE CUNTROL IS OE- 
SIKEG PUT ATT (TUDE 
CUNTRCL MCDE SwITCH 
IN ATTITUDE HCLD. 
TEE LGC wILL AUTCMA- 
TICALLY SELECT LANC- 
ING PHASE (ROD) PRO- 
GRAM (P66! ANC MAIN- 
TALN THE PRESEAT 
RATE OF CESCENT AND 
PRESENT LM ATTITUCE. 
ATTITUDE AND RATE CF 
CESCENT MAY THEN BE 
MOCIFIED BY FAKUAL 
CONTROL. THE MUDE IE 
ATTATUDE ERROR 
NEEOLES WILL 
CONTINLE TO OL SPLAY 
TRE LAST ERROR WEEN 
EXIT wAS MADE FROM 
P65. 

If MANUAL TEROT- 
TLE CCATROL 1S BES- 
IRED, ADVANCE THRLST 
JTRANSCAT TON CONT- 
ROLLER UNTIL LGC 
CONTREBUTION FO 
TCTAL ThRUST IS ZERO 
CTHRLUST INDICA TOR- 
RIGHT SICE)s AND PUT 
THROTTLE CGNTRCL IK 
MANLAL. THE LGC WILL 

MAINTAIN THE 

PRESENT LM LNEFTIAL 
ATTITUDE. THROTTLE 
CCATRCL wILL REVERT 

TU THE LEVER CCMMAK- 

DED BY THE THRUST/— 
TRANSLATION CONT RUL- 

LER. 
RATE GF DESCENT 

MAY THEN BE MOCIFIEC 
BY MANUAL THRCTILE 
CONTROL» LM ATTITUDE 
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WILL REMAIN INERTEA~ 
LLY FIXED UNLESS 
MANUAL ATTITUDE 
CONTROL IS EXERCISED 
POWEVER MANUAL ATT~- 
ETUDE CONTROL CAN- 
NOT BE EXERCISED 
UNLESS THE ATTITUDE 
CONTROL MODE Swi TCH 
IS IN ATTITUDE 
CONTROL. 

GNCE THIS PRO- 
GRAM IS EXITED 17 
MAY NOT BE RETURNED 
TO FROM P66. 

MONITOR OSKY: 

WHEN H IS 
APPROXIMATELY XX FT 
CBSERVE TRACKER FAIL 
LIGHT TO CGE ON 
INDICATING THAT LR 
1S NC LONGER RETURN- 
ING GOOD DATA. 

MONITOR DSKY: 
WHEN ACTUAL ALTI- 

TUDE IS APPROX I- 
MATELY 4.4 FTy 
OBSERVE LUNAR 
CONT ACT LIGHT TO 
COME ON INDICATING 
THAT THE PROBE{S) ON 
THE L™ LANDING GEAR 
HAVE MADE CONTACT 

595 
P 65/L UMINARY 

#150 

#160 

#170 

#180 

PO5/ LUMENARY



got 

++ 
402 
+EDIT 

+
t
 
e
t
r
e
e
 

r
e
 
e
t
e
o
r
t
 

t
+
 

t
o
 N 

C
e
 

e
e
e
 

we 
ee
 
e
e
e
 

O
w
e
 

Ho
 
e
e
 

eH
 
r
e
t
e
 

eo
 
t
a
e
 

e
e
e
 

t
e
e
 

ee
 r
y
 

ee
 

e
m
 

ee
 
h
e
h
e
 

h
e
e
 

m
e
e
 

te
 

e
e
e
 

e
e
n
 

re
 

e
e
e
 

e
e
e
 

B
e
e
 

ee
 

m
e
h
 

ee
 
t
e
t
 

et
 

ae
 

WITH THE LUNAR SUR- 
FACE. 

  

PUSH ENGINE STOP 
SWITCH TO TERMINATE 
DPS THRUST 

wITH MCOE CGNTRCL 
SWITCH IN "ATT 
HOLD*, KEY IN PRO- 
CEED GR V32E {TC 
COMMAND ZERO ATTI- 
TUDE ERRORS ANC 
RATES. THIS WELL 
PREVENT RCS JET FIR- 
INGS ON THE LUNAR 
SURFACE UNTIL P68 
PLACES THE DAP IN 
THE MINEMUM IMPULSE 
MODE} 

CHECK THRUST INDICA- 
TOR {LEFT SIDE) TO 
INDICATE © PERCENT 
CHAMBER PRESSURE. 

  

STANDBY ABORT STACE 
PUSHBUTICN IN CASE 
LM STARTS TO TIP 
OVER WHILE LANDING. 
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601. 

LANCING PhASE (ROD) PROGRAM [P6E) REV 02 12/03/69 

(1) TO MODIFY THE RATE OF DESCENT OF THE LM (WITH RESPECT TO THE LUNAR SURFACE) IN RESPONSE TO ASTRONAUT ORIGINATED 
TRPUTS TO THE LGC VIA TRE LM RATE GF OESCENT SwITCH. 

(2) TO MODIFY THE INERTIAL ATTITWE OF THE LP IN RESPCASE TO ASTRONAUT ORIGINATED INPUTS VIA THE ATTITUDE CONTROLLER 
CNLY IF THE ATTITUCE CONTROL SWITCH [S IN ATTITUDE HOLD. 

(3) TO MAINTAIN A CONSTANT RATE GF DESCENT AND LM [NERTIAL ATTITUDE IN THE ABSENCE OF MANUAL CONTROL INPUTS. 

(4) TC UPDATE THE L® STATE VECTOR WITh VEHICLE ACCELERATION AND LANDING RADAR (LR} DATA. 

41) TRE iM 1S IN THE LATE STAGES OF LANDING, WITH A RELATIVELY LOW INERTIAL VELOCITY. 

(23 ThE IMU IS ON AND ACCURATELY ALIGNED TC A LANDING SITE ORIENTATION DEFINED FOR THE DESIGNATED LANDING SITE 
AND THE NGMENAL TIME CF LANDING {TEL ANO)). 

(3) THE LANDING RADAR (LR) IS ONs CHECKED OUT, AND SHOULD HAVE BEEN PROVIDING TO THE LGC VELOCITY AND RANGE 
TNFGRMATICN WITR RESPECT TG THE MOON. THIS INFORMATION SHOULD HAVE BEEN INCORPORATED INTO THE LM STATE VECTOR. THE 
LGC/LR OPERATION £S UNDER THE CCNTROL GF THE CESCENT STATE VECTOR UPDATE ROUTINE (R12) WHICH IS ALREADY IN PROCESS. 

44) THE LGC WILL NEITHER DESIGNATE NOR READ THE RENDEZ VOUS RADAR (RR) DURING THIS PROGRAM, 

(5) THE ENTIRE POWERED LANDING MANEUVER (BRAKING, APPROACH AND LANDING) WILL BE ACCOMPLISHED USING THE DPS ENGINE. 

(6) THE FOLLCWING PARAMETERS RECUIREO GY THIS PROGRAM HAVE BEEN STORED IN THE LGC SINCE LGC INITIALIZATION BY 
ERASABLE REGISTER LOAD. 

(A) THE L® STATE VECTOR, THE LGC HAS UPDATED THIS AS REQUIRED DURING THRUSTING. NO FURTHER STATE VECTOR 
UPCATES FROM ANY SOURCE OTHER THAN THE LR WILL BE ACCEPTED BY THIS PROGRAM. 

(7) THE OPS IS NOT THRCTYLABLE OVER THE WHCLE RANGE FROM O PERCENT TO MAXIMUM. IT MUST BE OPERATED EITHER AT MAXIMUM 
THROTTLE OR OVER A SPECIFIC THROTTLE RANGE OF LOWER SETTINGS. THESE THROTTLE SETTINGS ARE SPECIFIED IN SECTION 5.3.4 
CF R567 ANC ARE TOTAL THROTTLE SETTINGS, I.£.: THE SUM OF THE MANUAL SETTING (WHOSE MENIMUM IS 10 PERCENT}, AND THE 
PGNCS COMMANDED SETTING. 

THIS PROGRAM ASSUMES THE THROTTLE CCNTROL TO BE EN AUTO {THE OPS RECEIVES THE SUM OF THE MANUAL AND PGNCS 
CGMMANDEE SETTINGS) ANC TRE MANUAL THROTTLE TO BE SET AT A LEVEL LESS THAN THAT REQUIRED BY THE LGC. 

NOMINALLY. THE THRCTTLE WILL REMAIN WITHIN THE ALLCWABLE TFROTTLE RANGE THROUGHOUT THIS PROGRAM. 

(8) CURING THE PGWEREC LANCING MANEUVER, THE LGC WILL MONITOR THE PRESENCE OR ABSENCE GF THE *"NON-ATTITUDE FOLD* 
OLSCRETE. THIS DISCRETE 1S ESSLED TO THE LGC WHEN THE ATTITUDE MODE CONTROL SWITCH 1S IN THE AUTO POSITION. 

SROULD THIS DISCRETE APPEAR DURING THE PORKERED LANDIAG MANEUVER, THE LGC ASSUMES TRKAT IT NO 
LONGER HAS COMPLETE AUTCMATIC CONTROL OF THE MANEUVER. 

THE MONITGR AND FHE ASSOCIATED LGC LOGIC 1S INCLUDED IN THE LANDING AUTO MODES MONITOR ROUTINE {R13) WHICH IS 
ALREACY IN PROCESS. 

(9) THE LPO OPTION IS NOT PROVIDED THE CREb® DURING THIS FRCGRAM, 

(10} THE LGC ASSUMES ALL ATT ITUCE CHANGES TO BE MANUAL THROUGHOUT THIS PROGRAM. THE LGC WILL HOLD INERTIAL 
ATTITUDE IN EL THER MODE, HOWEVER UNLY IN THE ATTITUDE HOLD MCLE MAY THE ATTITUDE BE CHANGED BY MANUAL SONTROL 
VIA THE ATTITUCE CONTRLiL ER. 
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(11) ThE CREW HAS THE CAPABILITY TO DISPLAY LGC CALCULATED VALUES OF FORWARD VELOCITY, LATERAL VELOCITY, ALTITUDE AND 
ALTITLOE RATE CN CERTAIN LE METERS DURING THIS PROGRAM. THE CALCULATION JF THESE PARAMETERS IS UNDER THE CONTROL 
OF TRE LANDING ANALOG DISPLAYS ROLTINE (R1LC) WHICH IS ALREACY IN PROCESS. 

(12) DURENG THIS FRCGRAW THE LGC MCNITCRS THE OUTPUT OF THE RATE OF DESCENT (ROD? SWITCH EN THE LM. THES SWITCH ES 
OPERATED BY THE ASTRUNALT IN RESPONSE TO HIS ASSESSMENT CF THE PRESENT LM RATE GF OESCENT BASED ON OUT-THE- WINDOW 
REFERENCES ANC LM/CSKY CISPLAYS. 

SwLICH GPERATICN IS CN AN EACREMENTAL BASISe EITHER ~ CINCREASE ROD) OR + (DECREASE ROD}. EACH COMMAND RESULTS 
IN AN LGC-COMMANDED CHANGE OF "RODSCALE™ FT/SEC IN THE &M RATE GF DESCENT. (*RODSCALE" IS A VALUE LOADED INTO 
ERASABLE STGRAGE FRICR TC FLIGHT} 

{13} 4N ABORT FROM THE LUNAR DESCENT MAY BE REQUIRED AT ANY TIME OURING THE POWERED LCESCENT (P63)_ (P64), €P65), 
GR (P66). 

FOR ABURTS AFTER OPS IGNITION FOR THE PChEREO LANDIAG MANEUVER, TIME IS CRITICAL. DURING THIS PERIID AN ABORT 1S 
CCMMANCEC BY PUSHING UNE OF TWO BUTTONS IN THE LM, THE ABORT MAY BE COMMANDED TO USE THE DESCENT STAGE (ABORT BUTTON) 
GR THE ASCENT STAGE (ABCRT STAGE BUTTGN). IF THE DESCENT STAGE IS SELECTED, AND THE DPS PROPELLANT APPROACHES EXHAUS— 
TIGN, CUNTROL MUST BE ShiTCHED TO THE ASCENT STAGE BY THE CREW BY ASCENT STAGE SELECTION (ABORT STAGE BUTTON}. 

DURING THE PCWEREC LANCING MANEUVER, THE LGC WILL CONTINUGUSLY MONITOR THE ABORT AND ABORT STAGE DISCRETES, 
AND UPON RECEIPT CF EITHER WEILL TERMINATE THE PROGRAM IK PROCESS AND CALL THE APPROPRIATE ABORT PROGRAM (DPS ABORT 
PROGRAM (P70) GR APS ABORT PROGRAM (P71)). BOTH ABORT PROGRAMS WEILL GUIDE THE LM TO AN GRBIT AS SPECIFIED EN 
SECTICN 5.4.3 CF R567, 

THE MONITOR OF THE ABORT AND ABORT STAGE PUSHBUTTCAS IS CONTROLLED BY THE ABORT OISCRETES MONITOR ROUTINE (R11) 
WkICh IS ALREADY IN PROCESS. 

(14) TF A THRUSTING MANEUVER IS PERFORMED WITH THE GUIDANCE CCNTROL SWITCH AT PGNS AND THE MODE CONTROL SWITCH 
AT ATTITUDE HOLC ThE PGNCS WILL HOLO THE VEHICLE ATTITUDE AND WILL GENERATE ELTHER MCOE FT GR MODE II ATTITUDE 
ERRGRS ANO VEHICLE ATTITUDE RATES FOR CISPLAY CN THE FOAL. THE CREW MAY EXERCISE MANUAL ATTITUDE CONTROL ABOUT ALL 
VEHICLE AXES WITH THE ACA IN EITHER THE RATE CCMMAND CR MINIMUM IMPULSE MODE CEPENOING UPON THE STATUS OF THE 
PULSES FLAG. IT IS STRONGLY RECOMMENDED THAT POWERED FLIGHT NOT BE ATTEMPTED IN THE MINIMUM IMPULSE MODE. THE PULSES 
FuaG IS SET OR RESET BY EXTENDED VERBS 76 (MINEMUM IMPULSE) AND 77 (RATE COMMAND) RESPECTIVELY. THE PULSES FLAG IS 
ALSG RESET BY P129P40,P41,P42,P€3,P70,P71 AND R40 AT MAIN ENGINE IGNITION. WITH THE EXCEPTION OF THESE CASES, MODE 
SELECTICN IS ALWAYS BASED UPON THE LAST ENTRY MADE IN THE DSKY. DURING A THRUSTING MANEUVER IN THE PGNS/ATTETUDE HOLD 
MODE, THE PGNCS WILL NCT BE RESPONSIBLE IF REGISTER GVERFLCWS OCCUR WITHIN THE LGC. 

(15) CCNTRUL OF THE LM CPS, RCS, ANC APS IS TRANSFERRED FROM THE PGNCS TO THE ABORT GUIDANCE SYSTEM (AGS) BY 
PLACING THE GUID CONT SmI TCH FRCM PGNS TO AGS. 

ThE AGS WELL BE CAPABLE OF TAKING OVER CONTROL CF THE LM DUREAG ANY PCRTIGN OF THE LUNAR DESCENT GR ASCENT OR 
DURING ETHER OF THE ABCRT PROGRAMS (P70 GR P71). THE AGS WHL GUIDE THE LM TO A SAFE ORBIT. 

THE AGS MAY BE INITIALIZED BY THE LGC AT ANY TIME BY MANUAL SELECTION UF THE AGS INITIALIZATION ROUTINE {R47}. 
IN THE EVENT THAT THE GUIDANCE CONTROL SWITCH IS CHANGED FROM PGNS TO AGS OURING A THRUSTING MANEJVER, THE LGC 

WILL CONTINUE COMPLTATICN CF PCSITIGN ANC VELOCITY, THE CESTRED THRUST VECTOR, AND THE DESERED ATTITUDE ERRORS; 
HOWEVER THE PGNCS wIiL NOT BE RESPONSIBLE IF REGISTER OVERFLCWS CCCUR WITHIN THE LGC BECAUSE THE AGS IS NIT 
MAINTAINING REASCKABLE ATTAITUCE CONTROL. 

(16) TRE LOAD CAP DATA RUUTINE [RC3) HAS BEEN PERFORMED PRIGR TO THE START CF THE POWERED LANCENG MANEUVER AND 
SHCLLC NCT GE - REQUIRED CURING THIS PROGRAM. 

{17} LGC AND CREW PROCEDURES IN CASES OF LGC-ASSUMED THRUST FAILURE ARE DEFINED BY THE OPS/APS THRUST FAIL ROUTINE 
(R40). THES ROLTINE IS iN EFFECT DURING THIS PROGRAM UNTIL SELECTION (VIA ROO) CF THE LANDING CONFIRMATION PROGRAM 
(PEE, HAVING BEEK ENABLED &Y P63. 

(18) TRIS PROGRAM £5 AUTCMATICALLY SELECTEO BY THE LANDING AUTO MGDES MGNITC® ROUTINE {R13} DURING THE POWEREC LANDING 
MANEUVER WHEN: 

(A) ATTITUCE CONTROL IS FIRST TRANSFERRED TO MANUAL {ATTITUDE CONTROL SWETCH TO ATTITUDE HOLD) IF THE 
THROTTLE CCONTRCL REMALAS AUTG {THROTTLE SWITCt IN AUTO} AND THE ASTPRINAUT COMMANDS A NET CHANGE IN THE 
KATE UF UESCENT BY MEANS CF THE ROD Swi TCH. 
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+ 

+02 (19) THE ASTRONAUT MAY MONITOR THE FOLLOWING PARAMETERS BY KEYING IN VL6 NOZE: 
+285 
+ (A) V16.NSZ 
+ R1-THRCMC 
+ R2-HDOT 
+ R-H 
+ 

+ THRCMO-THE PERCENT THROTTLE DESIRED BY THE LGC BASED ON THE DPS RATED THRUST OF 10,500 POUNDS. IN PERCENT 
+ TO NEAREST PERCENT. 
+ 

+ HDOT-THE PRESENT RATE OF CHANGE OF ALTITUDE (H). IN FPS TO NEAREST «1 FPS. . . 
+ H-THE PRESENT ALTITUDE OF THE LM ABOVE THE LUNAR RADIUS AT THE INITIALLY DESIGNATED LANDING SITE. IN FEET 
+02 TO NEAREST FCCT. 
7 

PROG icc GROUND . CREW 
CONT 

LGC 
»PROGRAM 
» SELECTION 
. 

START LANCING PHASE « MONITOR DSK ¥: #10 
(ROD) PROGRAM (P66). sevccccccccecccceues OBSERVE DISPLAY 
DISPLAY P66 . OF P66 

SET DESIRED H DOT 
EQUAL TC ACTUAL 
HOOT #20 
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OG STCPRATE TC TER- 
MINATE MANEUVER (LE 
ANY) IN FRCCESS 

#40 

RESET X-AXIS OVER- . 
RIDE ENHEBIT FLAG. . 
(NUTE2 DEPENDING UP- . 
CA TRE TIME CF SELE- . 
CTION CF THIS PRCG- . 
RAM THE X-AXES OVER- . #50 
RIDE CFTICGN MAY NOT . 
BE ITANHEBITED AND . 
TRIS FUNCTION IS RE- . 
DUADANRT.) . 
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+882 
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COMPLIE FORVELs 
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FLASH VERB-NGUN TO 
REQUEST RESPONSE AND cccsccccceseccenccee 
OESPLAY ON OSKY: 

VO6 N60 
R1-FOR VEL 
R2-H COT 
R3-H 

FORVEL-THE FORWARD 
COMPONENT CF THE 
HORIZONTAL VELOCITY 
GF THE VEHICLE With 
RESPECT TO THE CCN 
WHICH IS ESSENTIALLY 
PARALLEL TG THE x-Z 
PLANE OF THE VEHICLE 
(FOR SMALL PITCH 
DISPLACEMENTS).« 
IN FPS ¥0 NEAREST «1 
FPS 

H DOT-THE PRESENT 
RATE CF CHANGE OF 
ALTITUDE (HI. PCLA- 
RITY INCICATES DES~ 
CENT (-), GR ASCENT 
a+). POLARITY ES 
WNOMINALLY — DURING 
THIS PROGRAM. IN FPS 
TO NEAREST .1 FPS 

H-THE PRESENT RACAR 
UPDATED ALTITUDE OF 
THE LR ABCVE THE 
LUNAR SURFACE. 
POLARITY IS + 
FOR ALTITUCES 
GREATER THAN THE 
ABOVE RACIUS. IN 
FEET 10 NEAREST 

MONITOR OSK 
GBS ERVE VERB-NOUN 

FLASH TO REQUEST RE- 
SPONSE AND DISPLAY 
OF FORVEL, H COT 
AND He 
(NOTE: THIS DISPLAY 
WILL CONF ENUE FLASH- 
ING TO ALLOW THE 
ASTRONAUT TO ZERO 
ATTITUDE ERRORS ON 
THE LUNAR SURFACE AS 
GFTEN AS DESIRED). 
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MCNITOR RATE OF 
DESCENT INPUTS TG 
THE LGC 
  

  

  

COMPUTE RECUIREC 
CHANGE IN THROTTLE 
SETTING FOR PRESENT~ 
LY GESIREC ROB. 

COMMAND REGULRED 
THROTTLE SETTING 

WAIT ONE 
SECOND 

MCNITGR PROGRESS CF 
POWERED LANDING 
MANEUVER USING LM 
DISPLAYS, DSKY O1S- 
PLAYS AND WINDOW. 

USING RATE OF 
DESCENT Swi TCH,» 
COMMAND DES IRED RATE 
OF DESCENT. 

IF MANUAL ATTIT— 
uC€ CGNTROL IS CE- 
SERED USE ATTETUDE 
CONTROLL ERs 

MONITGR THRUST 
ENDICATOR (RIGHT 
SIDE} TO ENSURE THAT 
LGC THROTTLE COMMAAG 
DOES NOT EXCEED Xx 
PERCENT. {NOTE: THE 
LGC WILL NOT IATEK- 
TIGNALLY COMMAND A 
THRUST LEVEL LARGER 
THAN THAT SPECIFIED 
BY A PAD-LOADED 
LIMIT (NOMINALLY 60 
PERCENT} NO MATTER 
WHAT THE CIRCUM- 
STANCES ARE. 

TF MANUAL THROTT- 
LE CCNTROL IS CES IR- 
ED, ADVANCE THRUST/ 
TRANSLATION CONTROL- 
LER UNTIL LGC CON- 
TRIBUTION TO TOTAL 
THRUST iS ZERO 
(THRUST INGICATOR- 
RIGHT SIDE), AND PUT 
THROTTLE SWITCH TO 
MANLALe THE LGC WILE 
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MAINTAIN THE PRESENT 
LM INERTIAL ATTIT- 
UDE. THROTTLE CON- 
TROL WELL REVERT TC 
THE LEVEL COMMANDED 
BY THE THRUST/TRANS— 
LATION CONTROLLER. 

, RATE OF DESCENT 
MAY THEN BE MOCIFIEO 
BY MANUAL THROTTLE 
CONTROL. LM ATTITUDE 
HILL REMAIN INER- 
TIALLY FIXED UNLESS 
MANUAL ATTITUDE CON- 
TROL LS EXERCISED, 
HOWEVER MANUAL 
ATTITUDE CONTROL 
CANNOT BE E XERCE SED 
UNLESS THE ATTITUDE 
CONTROL MODE SWITCH 
IS IN ATTETWE HOLD. 

ONCE THIS PROGRAM 
1S EXITED iT MAY BE 
RETURNED TO BY PLAC- 
ING THE THROTTLE 
SwLTCH IN AUTO. 

MONT TOR DSKY =: 

WHEN HIS 
APPROXIMATELY XX FT 
GBSERVE TRACKER FAIL 
LIGHT TO COME ON 
INCICATING THAT LR 
TS NO LONGER RETURN- 
ING GOOD DATA. 

MONITOR OSK ¥: 
WHEN ACTUAL ALTI- 

607 
P66/ LUMENARY 

#170 

#180 

#190 

#200 

#210 

P 66/L UMINARY



ww
 

Ce
 

ee
 

e
w
w
 

eh
 

we
e 

t
e
e
 

Hw
 

eH
 

e
e
e
 

e
R
e
 

er
 

ee
 

He
 
e
e
e
 

e
H
 
E
E
E
 

e
R
e
 

eH
 

E
e
e
 

e
e
e
 

e
e
e
 

ee
 

H
e
e
 

H
e
n
 

t
n
e
 

e
e
 

e
e
 
e
e
 

e
e
e
 
e
e
 

T
h
e
e
 

e
e
e
 

w
e
r
e
 
m
e
e
e
 

t
e
o
w
 

t
e
e
 

t
o
e
 

t
o
e
 

t
a
n
s
 

e
n
n
e
 

t
a
e
 

e
n
t
 

e
n
e
 

h
e
e
n
 

  

TUBE IS APPROXI- 
MATELY 4.4 FTy 
OB SERVE LUNAR 
CONTACT LIGHT TO 
COME ON INDICATING 
THAT THE PROBE(S) ON 
THE LM LANDING GEAR 
HAVE MADE CONTACT 
WITH THE LUNAR SUR~ 
FACE. 

PUSH ENGINE STOP 
SwITCH 76 TERMINATE 
CPS THRUST 

KEY IN PROCEED OR 
V32E {TC COMMANG 
ZERO ATTITUDE ERRORS 
AND RATES. THIS WILE 
PREVERT RCS JET FIR- 
INGS ON THE LUNAR 
SURFACE UNTIL P68 
PLACES THE DAP IN 
THE MINIMUM IMPULSE 
MCCE} 
     

CHECK THRUST IANDICA- 
TOR (LEFT SIDE) TO 
INCICATE O PERCENT 
CHAMBER PRESSURE 

  

    

STANDBY ABORT STAGE 
PUSHBUTTON IN CASE 
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. . . 

. . . LM STARTS TO TIP 
. . . QVER WHILE LANOING. 

. . . AM I FENISHED wi TH #270 
. . . THE DESPLAY? 

++ rr rer nee . rt nnn nnn 
+02 . WAIT FOR KEY BOARD . . oN ¥ 
+EOIT « ENTRY ee evcece . . 
+ . . . ° 
+ . . . 
+ . . penn . 
+ . Dervceasccccccseceee KEY IN TERMINATE « 
+ . . rrr enn . 
+ . . #280 
+ . . 

+ . + 
+ . —--~~-----------~+ 
+ . WHEN LANDING HAS 
+ . BEEN SUCCESSFULLY 
+ . COMPLETED, KEY IN 
+ . V37TE68E TO SELECT 
+ « TERMINATE FLASH UPON. THE LANDING CON- 
+ «  - RECELPT OF V3TEGSE co eenncacasesccccces FIRMAT ION PROGRAM 
+ Tone eee . (P68). #290 
t . oP Vv oT ov Te 
+ « oR 43 oE 3 . 
+ . A 2 oR 7 . 
+ . of OE oM oF . 
+ . oE ol of . 
+ . oE oe oN 38 . 
t ° oD . oA oF . 
+ * * * oT . . 
+ . . . o£ . . 
+ ° . . . . . #300 
+ . .- . . . . 
+ eo  ttotesn . ° . 
+ . COMMAND . . . 
+ . zeaG aT- * . 
+ ° TITUCE * ° . 
t “ ERRORS . . . 

+ es STs . . . 

+ . . . . . 
+ . . . > . 
+ . . . . . 
+ . . . . « 

+ . . . . + 
+ . . . . . 
+ - . . . * 
+ . . - + . 
+ . . . . . 
+ . . . . . 

+ . . . . . 
+ . . . . - 
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. COMPARE . . 
. ZERC . . 
. ATTITUDE . . 
. RATES . . 

2 . 

. . 
GO TG PROGRAM SELEC— oases sececccccccence 
TED VIA ROO . . 

EXIT P66 

CHANGE CCNTRCL NOTES 

REV cc PCR 31 
REV OL PCR 8542104470, 542 
REV OOCLLM LA) PCR 700,737 

REV O1{LUM 18} PCR 838,841, EDITORIAL 
REV O2¢LUM 1C) PCR 285,882. EDITORIAL 

Oh
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GO TO PROGRAM 
SELECTED 

EXIT P66 
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PURPOSE: 

ASSUMPTIONS: 

++ 
+03 
#285 
++ 

++ 
+C3 
+EDIT 
++ 

PROG 
CGAT 

LANDING CCNFLRMATICN PRCGRAM (P68) 

qv 

THIS PROGRAM 1S SELECTED AY THE ASTRONAUT BY DSKY ENTRY. 

623 

REV 03 12/03/65 

TO TERMINATE LANDING PRCGRA® ANC CAP FUNCT IONS. 

TG INITEALIZE TRE LEC FOR LUNAR SURFACE OPERATION. 

TO PERMIT THE ASTRONALT 10 PREVENT RCS JET FEREAGS CN THE LUNAR SURFACE. 

THE FCLLCWING CISPLAY IS AVAILABLE CURING THE PROGRAM BY KEYING IN V85E (SEE EXTENDED VERBS). 

VLENSE 
Rl - RR LGS AZIMUTH 
R2 - RR LOS ELEVATION 
R3 - BLANK 

RR LOS AZEMUTH ~ THE ANGLE BETWEEN ThE L™ X/Z PLANE AND THE RR LOS VECTOR. POSITIVE ROTATEON 
IS FROM THE LM +Z AXIS TO THE LM +¥ AXIS. IN DEGREES TO THE NEAREST .01 DEGREE. 

RR LOS ELEVATICN - THE ANGLE BETWEEN THE LM #2 AXIS AND THE PROJECTION OF THE RR LOS VECTOR ON 
THE LM X/Z PLANE. POSITIVE ROTATION IS PCSITIVE ROTATION ABOUT THE LM +#¥ AXIS. 

IT IS TO BE SELECTED ONLY AFTER THE LM HAS LANDED ON 
ThE LUNAR SURFACE (P65 OR P66}. 

THE SELECTIGN OF THIS PROGRAM PLACES THE DAP IN THE MINIMUM IMPULSE CUMMAND MODE. 

V3TE68E SELECTICN CF P68 WILL TERMINATE AVERAGE G AND COMMAND THE ENGINE OFF (REFER TO ROO). 

AS LONG AS THE ASTRONAUT KEEPS 
THE MODE CONT SWITCH IN ATT HCLDy RCS JET FIRINGS WILL NOT OCCURyEVEN WHILE THE PLATFORM IS BEING GYRO TORQUED 

(2) 

(3) 

a 

WHE RE = 

(2) 

(3) 

(4) 

CIN P57}. 

ioc 

START LANDING 
CONF IRMAT [ON 
PROGRAM (P68) 
DISPLAY P48 

GROUND CREW 

o CREW 
+ PROGRAM 
«SELECTION 

. KEY IN LANDING 
«+ CONFIRMATION PROGRAM 

. (P68) 
V3 7E6BE 

  

#19 

P68/LUMI NARY



624 
P68/L UMENARY 

. MGNI TOR OSKY 
sen neweewceaseacence CISPLAY OF POE 

. . #20 

COMMAND ZERC . 
ATTITLDE ERRORS . 

. - #30 

SET PULSES (AT THES TIME THE 
FLAG OAP IS PLACED IN THE 
otter nnn MINIMUM IMPULSE 

. COMMAND MODE). 
. PLACE TFE MODE CONT 
+ SWITCH IN ATT HCLC 
. AND THE DAP WILit NOT 

. FERE a€S JETS. P12 #40 
. WELL AUTCMATICALLY 
. PLACE THE DAP BACK 
. INTO RATE COMMANC/ 

  

+t ATTITUDE HOLD MCDE 
+03 AT MAIN ENGINE 
+EDIT IGNLTION. 
++ -— 

#50 

SET SURFACE FLAG 

RESET ABERT ENABLE 
FLAG 
-----------+ +--+ +--+ #690 
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HULD 

SWAP 

  

RESET LANCING ANALCE 
DISPLAYS FLAG 

STCRE PRESENT POSI- 
TION VECTOR AS LAND- 
ING SITE IN LUNAR 
FIXED CGGRDINATES 
(REFER TO SECTION 
5304 CF R567T)~ 

FLASH VERB-NOUN TO . 
REQUEST RESPONSE ANC sooeee 
OLSPLAY LGC CALCLL- . 
ATEC LANCING SITE 
COORCDENATES: 

VC6ON43 
R1-LAT 
R2Z-LONG 
R32-ALT 

  

LAT-SELEACGRAPHIC 
LATITUDE OF THE LGC- 
ASSUBEC PRES ENT 
LANDING SITE. PCLA- 
RITY INCECATES NURTF 
(+) CR SGUTH (-}. 
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GBSERVE VERS-NCUN 
FLASH TO REQUEST 
RESPCNSE AND CISPLAY 
OF LGC CALCULATED 
LANDING SITE COURDI- 
NATES. 

RECORD THESE VALUES. 
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IN DEGREES TO NEAR- 
EST .O1 CEGREES. 

LUNG SELENUGRAPHIC 
LONGITUCE OF THE 
LGC-ASSL¥ED FRESENT 
LANDING SITE. POLA- 
RITy INCICATES EAST 
(+) CGR REST (-). IK 
DEGREES TQ NEAREST 
OL CEGREES. 

ALT-THE PRESENT 
ALTITUCE OF THE LM 
ABOVE THE LUNAR 
RADEUS AT THE 
INITIALLY CES IGNATED 
LANDING SITE (1F RE~- 
START OCCUR S-ABOVE 
ThE LUNAR RACIUS AT 
THE LGC-ASSUMED 
PRESENT LANDING 
SITE, I.E. = O}- 
THIS VALLE SHOULD 
NCMINALLY BE 00000 
EXCEPT FOR ACCRUED 
ERRORS FROM THE iR 
IN THE LAST PHASES 
GF THE LANDENG. IN 
NAUTICAL MILES TO 
NEAREST 21 NM. 

  

WAET FOR KE YBGARD 
ENTRY 

TERMINATE FLASH LPON 

e
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ENSURE THAT THE LM 
IS STABILIZED UPON 
THE SURFACE OF THE 
MOON AS WELL AS 
POSSIBLE. 

KEY EIN PROCEEC 
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#120 

#130 

#140 

#150 

#160 
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RECEIPT UF PROCEED 

#170 

FROw LGC CALCULATED 
LANDING SITE COGROI- 
NATES ANC THE PRE- 
SENT ICLCU/GIMBAL 
ANGLES COMPUTE AND 
STORE THE PRESENT 
UM ATTITUDE ®ITH RE- 
SPECT TO THE LUNAR 
SURFACE. 
DEFINE LUNAR GRAVITY 
VECTOR FG BE 
PARALLEL TC THE 
LM XK AXIS FOR USE 
BY PST. 

#190 

#200 

. 

. #180 

NOTES THE ASTRONAUT 
++ MUST SWETCH ATTITUDE 
+03 CONTROL FROM ALTO 
+EDIT TO ATT FOLD TO TURN 
++ GFF THE DAP IN CRDER 

TO PREVENT SPURI CUS 

PSB/SLUMINARY
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JET FIRINGS #210 

SET ATTITUDE FLAG . 

. . #220 

CG FENAL AUTGMAT IC see e ee weeesecsacesee UO FINAL AUTUMATIC #230 
REQGLEST TERMINATE . . REQUEST TERMINATE 
ROUTINE (ROO) RCLUTINE ( ROO} 

  

EXIT P68 ExIT pos 

#240 

CHANGE CONTRUL NOTES 

LOGIC KEV OC PER 476 
REV OL PCR 994419, 546, £47,623 
REV O2(LUM 18) PCR 838+ ECITORIAL 
REV O3(LLM iC) PCR 285, EDITCRIAL 

P&B/L UMINARY
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