CPS PRUGRAM (P 4() REV 22 12703/ 69

PURPOSE: {1} TO COMPLTE A PREFERRED IMU CRIENTATION ANC A VEHICLE ATTITUGE FOR A LM OPS THRUSTING MANEUVER.
{2} TC DC THE VEHICLE MANEUVER TO THE THRUSTING ATTITUDE,
(3) TO CONTROL THE PGNCS DURING COUNTDOWN, IGNITION, THRLSTING, AND THRUST TERMINAT IGN OF A PGNCS CONTROLLED DPS
MANEUVER,

ASSUMPTICAS: (L) THE TARGET PARAMETERS FAVE BEEN CALCULATED AND STORED IN THE LGC BY PRIOR EXECUTION OF A PRE-THRUST ING PROGRAM.
(2) THE REQUIRED STEERING EQUATEGNS ARE IDENTIFIED BY THE PRIGR PRE-THRUST PROGRAM,; WHICH EITHER RESET (WASTEER®) OR

SET (EXT DELTA V) THE EXTERNAL DELTA V FLAG. FOR EXTERNAL DELTA V STEERING, V6 IS CALCULATED ONCE FOR THE SPECIFIED
TIME OF IGNITION. THEREAFFER BOTH DURING DPS THRUST ENG ANLC UNTIL THE CREW NOTIFIES THE LGC THAT RCS TRIM THRUSTING

+4 HAS BEEN CGMPLETEDy THE LGC UPDATES VG ONLY AS A RESULT CF ACCELEROMETER INPUTS.

+02 FCR STEERING CONTRCL WHEN USING "ASTEER®, THE VELUCITY REQUIRED 15 CALCULATED FROM FIGURE 3.,3-13A IN SECTION S
+EDIT UF R-56T, THE LAMBERT ROUTINE PERIODICALLY RE-COUMPUTES THE INTERCEPT TRAJECTORY SEMI-MAJOR AXIS FOR THE WASTEER"®

e CALCULAT IONS , THE INTERVAL BETWEEN LAMBER T SULUTIONS IS CUNTROLLED BY AN ERASABLE LOADED VALUE {UT).

(3) THE IML IS5 Gh AND MLST BE AT A KNCWM CRIENTATICN BEFORE THIS PROGRAM MAY BE COMPLETED. IT IS NORMALLY RFQUIRED
THAT THE ISS BE UN FCGR A MINIMUM DF 15 MINUTES PRIOR TO A THRUSTING MANEUVER.

(4} THE EVENT TIMER 15 SET TG CCUNT TC ZERGD AT TIG.

{5) ENGINE IGNITION MAy BE SLIPPED BEYOND THE ESVABLISHED TIG IF DESIRED BY THE CREW, DR IF STATE VECTOR
INTEGRATION CANNOT BE CCMPLETED IN TIME.

++
+02 (6) LF A TRRUSTING MANEUVER [S PERFORMED WITH THE GUIDANCE CONTROL SWILTCH [N PGNS AND THE MODE CONTROL SWITCH IN
+EDIT ALTOy THE PGNCS wIl4 CLOANTROL THE TOTAL VEHMICLE ATTITUDE AND GENERATE EITHER MUDE 1 OR MODE II ATTITUDE ERRORS AND
++ VERICLE ATT ITUOE RATES (SEE ASSUMPTIUN [ 7)) FOR DISPLAY ON THE FDAI. THE CHEW MAY EXERCISE CONTROL AROUND THE YAW AXIS
CALY wlTH THE ACA {(X-AXIS CVERRIDE) IF THE X-AX[IS OVERRIDE CAPABILITY IS PERMITTED BY THE PROGRAM IN PROCESS. THIS
MANUAL CONTROL WILL BE IN THE RATE COMMANOD/ATTITUDE HCLL MCDE.
IF A& THRUST ING MANEUVER IS PERFOKMED WITH THE GUIDANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL SWITCH
IN ATTI TLDE HOLD THE PGNCS wlLL HCLD THE VEHICLE AFTITUCE AND wILL GENERATE EITHER MGLDE | OR MODE Lf ATTITUOE ERRORS
+4 FOR DISPLAY UN THE FDAl. THE CREw MAY EXERCISE MANUAL ATTITUCE CCNTROL ABCUT ALL VEWICLE AXES WITH THE ACA IN
+02 EITHER THE RATE CCMMAND CR MINIMUM IMPULSE MOCE DEPENDING UPON THE STATUS OF THE PULSES FLAG. HOWEVER, IT IS STRONGLY
+EUIT RECOMMENDED THAT PUWRERED FLIGHT ACT BE ATTEMPTED IN THE MINIMUM IMPULSE MOCE. THE PULSES FLAG IS SET OR RESET BY
+ EXTENCED VERBS 76 (MINIMUM IMPULSE) AND 77 (RATE CUMMAND) RESPECTIVELY. THE PULSES FLAG IS ALSO RESET BY PLlZ, P40,
+ Pal, P42, P63, PTUy F71s ANLC P40 AT MAIN ENGINE EGNITION; WwITH THE EXCEPTION OF THESE CASES, MODE SELECTION iS
+02 ALWAYS BASED UPON TrE LAST ENTRY MADE IN THE DSKY. DURING A THRUST ING MANEUVER IN THE PGNS/ATTITUDE HOLD MODE THE
t+ PGALS WILL NOT EE RESPUNSIBLE IF REGISTER OVERFLOWS CLCUR Wi THIN THE LGC. IN THE EVENT YHAT THE GUIDANCE CONTROL
SwITCH 15 CHANGED F®CM PGAS TC AGS CURENG A THRUST ING MANEUVER, THE LGC WILL CONTINUE COMPUTATION OF POSITICN,
VELOCITY, THE LESIRED THKLST VECTOR, AND FHE OESIRED ATTITULDE ERRORS. HOWEVFR, THE PGNCS WILL NOY BE RESPINSIBLE
IF REGISTER CVERFLCWS CCCUR WITHIN THE LGC.
{7y TrE PGNCS CAN GENERATE TwQ TYPES OF ATTITUDE ERRCRS FUR TISPLAY ON THE FUAIL;
++ MGDE I - SELECTEU BY EXTENDED VERB 6l. AUTOPILUT FOLLUWING ERRURS USED AS A MONITOR OF THE DAP'S
+02 ABILLTY TG TRACK AUTCMATIC STEERING COMMANDS .
+eDIT MODE [1 - SELECTED BY EXTENDED VERB 62. TUTAL ATTITUDE ERROKS USFD TQ ASSIST CREW IN MANUALLY

MANEUVERING THE VEFICLE.
PGNL S=UBEALWED VERICLE ATTITUDE RATES MAY ALSC 8F CISPLAYED VIA SELECTIUN BY EXTENDED VERB 60.
PUUE T1 ATTITUOL ERRUR CISPLAYS ARE AUTOMATICALLY SELECTEU AT THE BEGINMNING UF R60. WITH THE EXCEPT IONS INDICATED
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IN ASSUMPTION (€) ABOVE, DISPLAY SELECTICN IS ALWAYS BASEC UPON THE LAST ENTRY MADE IN THE DSXY.
FUR A MCRE CETALLED DESCRIPTION UF THESE DISPLAYS REFER TO SECTION 3 OF R567, PARA., 3.2.6

{8} TFE X-AXIS UCVERRIDE CPTION PROVIDES THE CREW WITH THE ABILITY TO EXERCISE MANJ AL CONTRDL ABDUT THE LM X AXES WITH

VHE ATTITUDE COUNTROLLER EVEN THOUGH THE PGNLCS ATTITUDE CONTROL MODE 1S AUTO. WHEN THE CONTROLLER IS RETURNED TG DETENT

THE PGNCS DAMPS THE YAw RATE, STCRES THE YAW ATTITUCE whEN THE YAW RATE IS DAMPE B, AND THEN MAINTAINS THAT ATTITUDE.
THE X—-AXIS UVERRIDE UPTION IS ALWAYS AVAILABLE TG THE CREW, HOWEVER IT SHOJLD NOT BE EXERGISED WHEN THE LGC

I5 SPECIFYENG & GESIRED Y AW ATT ITUCE, I[.E.: DURING THE ATTITUDE MANEUVER TO THE THRUSTING ATTITUDE (SEE R6D).

(9) WHEN THE THRUST/TRANSLATION CONTROLLER IS SET TO MINIMUM THRUST POSITION ANC THE LGC THROTTLE COMMAND ES ZERD
THE DPS wliiL START AT 10 PER CENT TRRUST.

(10) THE LUAD DAP DATA ROUTINE {R0O3) HAS BEEN PERFORMED PRIGR TO SELECTION OF THIS PROGRAM AND THE DPS ENGINE GiMBAL
HAS BEEN PREVIGUSLY LCRIVEN TC THE CERRECT TRIM POSITION.LF THIS BURN IS OF SUFFICIENT DURATION THAT VEHICLE
TRANSIENTS AT IGNITION DUE TC CG/THRULST COES AOT AFFECYT ACCCMPLISHMENT OF MANEUVER AIM CUNDITIONS, THEN GEMBAL
CRIVE TO TRIM POSITION NEED NOT BE DONE BEFORE TIG. GIMBAL DRIVE TG FRIM POSITION IN WORST CASE COULD REGUIRE

2 MINUTES.

{11} CURING DPS BURNS ONLY, THE PITCH-ROLL RCS JET AUTOPILOT (U AND ¥ JETS) MAY BE DISABLED {V65} DR ENABLED (VT5) BY
EXTENDEOD VERB AS SHCWh. THIS CAPABILITY IS INTENDED TO BE USED TO PREVENT LM AND DESCENT STAGE THERMAL CONSTRAINT
VIOLATIUNS DURING (SM-UCCKED DPS BLRNS (P40). THE CAPABILITY EXISTS DURING P63 AND P70 ALSD. PERFORMANCE OF FRESH
START (V36E) WILL ALWAYS ENABLE THE PETCH-ROLL JETS.

(12) FOR EACH oURN AN IGNITION TOTAL ALLUWABLE VIME DELAY WILL BE SPECIFIED IN THE MISSICON RULES. THIS DELAY TIME IS
THE TCOTAL T EME WHICKH THE THRUST ING MANEUVER MAY BE OELAYED BEYOND THE LGU CALCULATED TIME OF IGNITION. IF ENGINE
RESTARTS ARE INVOLVED, THE ACCOUNTING CF THIS TOTAL TIME CELAY IS UP TO THE CREW.

{13} LGC ANL CREW PRUCECURES IN CASES OF LGC-ASSUMED THRUST FAILURE ARE DEFLNED BY THE DPS/APS THRUST FAIL ROUT INE
IR4CH. THIS RUULTINE IS5 CALLED AT DPS EGMTION BY THIS PROGRAM.

(14) YHE LGC wWILL NEITHER CESIGNATE NUR READ THE RENDEZVULS RADAR [RR} DURING THIS PRGGRAM.

{15) THIS PROGKAM SHOULD 8t SELECTED BY THE ASTRONAUT BY LCSKY EANTRY AT LLAST 5 MIN. BEFORE THE ESTIMATED TIME GF
IGNIT JUN,

{16) THIS PROLRAM [ 5 SELECTED MANUALLY BY DSKY ENTRY.

LGC GRCUND CREwW

-« CREW
« PRUGRANM
«SELECTION

START Cps seresasssvaasmescans KEY [N DPS #10
PROG RANM (F40} . PRCGRAM (P40
DISPLAY P4Q v3TE 40F
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«  MONITOR DSKY:
sesssesenesreneanasss OBSERVE DISPLAY CF
. P40 #20
L] -
IS THE APS FLAL SET? .
oM .Y .
POSS . .o . . 30
HOLD . .- . . -
srvessesns o FLASH VERB-NOUN +eeseusccsnsnrasasee DOES VERB~NOUN FLASH
SNAP « TG REGLEST RE- . . TO REQUEST- RESPONSE
« SPONSE AND CIS- . AND DISPLAY CF ALARM
« PLAY ALARM COCE . CODE INDICATE THAT
« Cl7CE 10 INDICA- . B8PS FLAG SHOWS
» Tt THAT APS FLAG . THAT DPS HAS BEEN
« SHOWS THAT OPS . STAGED?
« HAS BEEN STAGED; . {NOTE:
. Vo509 . THIS ALARM CODE #40
. RL-XXXXX . MAY BE DISPLAYED IN
. R2- XXXXX . E1THER RL, R2, OR
N R3~%XXXX . R3, DEPENDING ON
. - THE PRESENLE DR
. . . ABSENCE OF OTHER
. . . AL ARM CODES.)
. - . . N
L] L[] - - - ‘50
« WAIT FGR KEY- “eesseveecssrssssses KEY IN TERMINATE .
. BLARD EATRY . T V34E .
« TERMINATE FLASH .- .
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- EX IT P40 .
« 1S THE PRESENT

« PROGRAM P427
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CU IMU STATUS C{HECK
RGLTINE (RCZ2)

SET AFPRCPRIZTE CPS
DEL TA v THRE SHULD
FUR USE BY R40 bASEC
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L e L T O I T T R e

Cmsssansasstbrennnny
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TERMINATE
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EXIT P40
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ROUT INE (RO2Z2)
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SET DELTA v
COUNTER=4 FOR WUSE
By R40

RESET NO THRUTTLE
FLAG

CCMPUTE IMNITILAL
THRLST DIRECTLON

AND INITIAL VALUE GF
¥G VECTCR ANC STCRE
WGlLv) IN N8L AND
NB6 FOR POSSIBLE
KANLAL SELECTICN:

R1-VECXILY)
RZ=vGY(iLV)
RI-wGZlLv)

Vo X(LVI=COCMPUNENT GF
VG AT TIG ALONG

(RXV }XRe IN FPS TO
NEAREST .1 FPS.

VGY (LV )-COMPUNENT OF
vG AT TIG ALCAG VXR.
IN FPS 1O NEARESY

-1 FPS.

VGZILVI-COMPONENT OF
VG AT TIC ALONG -R.
IN FPS TC NEAREST
.1 FPS.,

T I R N N

"'!l"'."l.llo.li"l..l'."Cnlc.l.l'.l'.l.......l..
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HEE K [S GEC-
CENTRIL (EARTH
CRBIT} CR SELENL- .
CENTRIC {LULMNAR .
GREIT) RACIUS VECTUR .
ANG ¥V IS veErHICLE .
INERTLAL VELUCI MY .
VECTOR AT TIC. .
(NOTE: NBL WELL NCw
DIFFER FRUM NB1 DIS-
FLAY CF P30, P32,
AND P33 BECALSE CF
ROTAT ION OF VG
VECTCRI}.

#1630

L

#170

CCMPUTE PREFERRED
I¥U CRIENTATICGN: #180
X = UNIT (T}
—S¥ -

Y = WNIT (T X R)
—5p - -

L = WNIT{X x Yy }
—5r -5M -5M
#190
WHERE:

P

T = THE IANITiAL
- THRLST VEC TUR
AT Tlb

R = THE GEOCENTRIC
{EARTH CREIT)
CR SELENC-
CENTRIC {LLNaR
ORBIT )Y RaALJUS
VECTCR AT T16.
{NOTE: JF T X K IS

SMALL (RE+ER SECTILH
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5.3.3.3.3 U+ K561,
THEN Y =

~ 5N
WIF (T 2 )

WHERE v = VEHICLE

INERT AL VELOCITY
VECTOR AT TiG.)

. ¥ * & 8

STORE DESIRED ATTI-
TUDE SPECIFICAT ION
FOR ULSE BY AITITUDE
MANEUVER ROUTINE
(R6Q ). THE FINAL
ATTITULDE wiklL BE
COMPLUTED DLRING R&0Q
AND WILL FCINT ThE
LM +X AXIS [N THE
INITIAL THRUST
DIRECTICN. HOWEV ER,
IN CRDER TG CCONSERVE
RCS FUEL ANC NJT
CCNSTRAIN THE NCN-
CRITICAL ATTITUDE
ABQUT TFE THRUST
VECTOR, wINGS MAY
NOT BE LEVEL IN THE
CCHMPUTEL FINAL

ATTI TLDE.

*

SET PREFERREC-ATTI-
TLDE-CCMPLTED FLAG

CUMMANL ZERU ATT [~
TUDE ERRCRS

L L

;.'o.ﬂt..-O.O-.la.'a.-laavng-ouo-llolo.'-ninnﬂcnl-n.lna-..o..-..
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SET 1 CEGREE
CEACBANC.,

DO ATTITLDE MANEUVER
ROUTINE {R6&G)
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SELEC TED?
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.Y KNa .
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TO REQUEST PLEASE
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v50 N25
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PGNS CGNTROL, AUTC

ATTITUDE LONTRODL,

ANG AUTCQ THROTT
MODE SELECTIGN?

LE

Y

HAVE REQUESTED
MODES BEEN
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»
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« « WAIT FOR KEY-
« » BUARD ENTRY

« TERMINATE FLASH

« « UPON RECEIPT OF

« « PROCEED CR .
» o« ENTER swwa
» +» aE « P

PR | | «R

e = a7 -C

-« WF «C

» &R -E

. e . .

S 0

LERU LPS AUTOD
THRCTTLE

©

L R N

. SET GUIUANCE N
. CONTROL SwITCH .
N TO PGNS, ATTI-
. TUDE CONTROL .
. SWITCH 10 .
. ALTOs AND -
" THROTTLE Swi- .
. TCR TO AUTGC -
“sssvecsarvensas KEY IN PROCEED .

O KEY IN ENTER

LI T A P S,

L I T L T )

L T I B R R B
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DiSPLAY Ch DSKY:

VC6 N4O
RL-TFI
R2-%G
R3-DELTA VM

TFI — TIME FROM

GPS IGNITIGN, IN
Mih, SEC TC NEAR-
EST SEC. MAX
REALING IS 59B59.
SIGN 15 - BEFCRE
NOMINAL TiG, +
THEREAFTER .

VG - MAGN]ITUDE OF

ThE VELOCITY TU BE
GAINED BY THRLST-
ING MANEULVER. LN
FPS TO NEAREST .1
FPS

CELTA VM—-MEASUREL

DELTA ¥ MAGNITUDE.
IN FPS TO NEAREST
«l FP5. THIS EIS-
PLAY wILL BE (QOOC
UNTIL TIG-30 SEC
ANC THEM SHOULC
CHANGE CALY DLE TC
PIPA BIAS UNTIL
ULLAGE IS STARTEC.

SET TDEC1 = TIG -30
SECCNCS

L R T T S T S T T S

L N N TN ¥ R A

MONITOR DSKY:
CBSERVE DISPLAY CF

TFIy VG, AND DELTA

VM.

UPDATE EVENT TIMER
IF DESIRED.

L O T T T S T O S P I T T T S N T O B

{
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L B

DO STATE VEC TOR

INTEGRATION (MiD TO
AVE) RCLTINE (R4},
(NOTE: ENTER R&1 AT

wAR L)

«NO Ti6 .
-T16 SLIP.
«SLIP .

L L L A i I I I L L R R I O I O e T T,

L B T I T I T I B IO T B T Y L e e I I ] ¢ 9 8 g v 3 4 = @

- -
[EEREERE R TR N T RE T LTy

. -

* & 3 B g 9 08 % 4 @

DG STATE VECTOR
INTEGRATION (MID TO
AVE) ROUTINE (R41)
OBSERVE THAT THE
COMPUTER ACTIVITY
LIGHT IS ON UNTIL
COMPLETICN OF R4l.

« * 8 9 *

VERIFY/SET THRUST/
TRANSLATION CONTROL-
LER TQ MINIMUM
THRUST POSI T10N.

ARM DPS LtAUTOD

THROTTLE SIGNAL IS
ENABLED TO OPS ANC
THRUST INDICATOR.)

-

CHECK THRUST iNDICA-
TOR (RIGHF SICE) TO
ENSURE AUTO THROTTLE
COMMAND [S ZEROED (¢
PERCENT INDICATION).

.Y N

LN N L L P T

L T I T T T POy
.
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LI L I I L L I T B

{NCTE: R4OL wlLL
DEFINE TIG TO BE
THE TIME TO whiCh
R41 DID INTEGRATE
THE LM STATE VEC-
TLR PLUS 30
SECCND S}

L L O e R I T e Y

WAIT INTIL TIG -25
SEC.

BLANK T#E DO3KY DIS-
PLAY {V¥, Ky Rl R2,

WAIT UNTIL TIG -30
SEC.

L T I P S I TP

asssevessussenaaneaa

CHECK STATUS CF
C/w LAMPS

LI B T Y B N I R I B I T R .

MUNITOR DSKY:

AT TFI =

-00835

OBSERVE DSKY DISPLAY
G0 BLANK FOR 5

SECONDS .

LI T U T NPT S

.

{
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++
+02
+EDIT
++

RETLRN VY(&N4AC
CISPLAYS

-
.

IS THE PRESENT
PRCGRAM P427

SET APS FLAG

START AVERAGE G
INTEGRAT JON

e« 3 % & s 3 4

LI I I

AT TFI =-7.5 SEC
SET ULLAGE
FLAG

srvesedesssreseanaaa

e s sttt arsaBRE NSRS

MUNITGR DSKY:

AT TFI = -Q0B29
OBSERVE RETURN OF
VO6N4D DISPLAYS TC
INDICATE THAT
AVERAGE G INTEGRA-
TION HAS ST ARTED.
(NOTE: IF TIG HAS
BEEN SLIPPED BY R41,
THE TFI DISPLAY (R1}
AT THIS TIME WILL BE
REFERREL TO THE NEW
TiG).

[ L T L

.

MONITOR DSKY:

IN THE PERIQD FROM
TFI =-00830 UNTIL
TFIL =-00815

DOES DELTA VM BECCME
GREATER THAN .5 FPS
INCICAT ING EXCESSIVE
P1PA BIAS ERRCR?

>

.Y

G0 TO BACKUP
PROCEDURE S

L R I ]

AT TF1 =-Q08B07
MONILITOR START OF +X
TRANSLAT §ON.
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WAIT UATIL

116 -& SEC.

: nEn
. FRUM
- R4 0

RESET ASTRUNALT FLAG

CALCLLATE CURATICA
GF BLRN

RESET IMPULSE FLAG

IS TG LESS TRAN 6
SECONDS, BASED ON
ASSUMELC 10% CPS

* a3 g % ¢ 3 & 8 g 8 & 3 B 0 4 3

L R I I I N L I I A N R I L N L LA B L B AR S

(

397
P40/ LUMINARY

#600

#610

#5620

#630

K640

P40/LUMINARY



398

. P40/ LUM [NARY
THRLS T .
N Y. .
. . A #650
. SET I¥PULLSE FLAG .
IS 16 LESS THAN . .
95 SECONDS, BASED . . #660
EN ASSUMEL 103% . .
0PS THRLST? . .
oA Yo o . .
. . . ¥6T0
. SET NO THROTT- .
. LE FLAG TC .
. [NHIBLT THROT- .
. TLE COMMANC TC .
. FAXINUN AT .
« TIG + -
. W ZCOMT IME® .
. SEC. .
. (NGTE: THE . #680
. VALUE .
. "ICCMTIME™ IS .
. IN ERASABLE .
. STORAGE MAVING .
. BEEN LCACEL .
. PRIOR TO .
. LAUNCH QR 8Y .
. P20 .
. . - #5630
CALL VERB 99 DI SPLAY .
(SEE MA" BELOW) .
———————————————————— . HT00
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HOLD

srseesase

MCN

SET?

oY N.
GU 10 EXIT
" INOTE: THIS
BELGH IS5 MCT A P4U

£X1T. REFER

CISFLAY RES-
PUNSE AT "a

BELUW. )

.lA n
FROM
ABCVE

CHAMGE VERE EUT
RETAIN PHRESENT NULN
ANC CISPLAYS IN R1,
92. R3' FLAS" VtRB'
NOUWN TO REQUEST
PLEASE FERFURM
ENGIME Ch EMNABLE:
V99N 40

LA I

P

®Ftassgenanrrerranan

.

PR

nEu
FRCM

PR Y S L

L}
»
-
.

MONI TR DSKY:

AT T#1 = -0CBCS
CBSERVE VERB-NCUN
FLASH TO REQUEST
PLEASE PERFORM
ENGINE UN ENABLE

* a9

MCNITCR DSKY:
nAlT FCR INCREASE CF

(

399
P4O/LUMINARY

k710

¥720

#730

#7740

#750

P4D/LUMENARY



s * 4 * s

rAI T FOR KEYBUARC
ENT RY

Ssasssesssbituvonancy

-

LA A A R N A AR )

400
P4O/LUMINARY

CELTA WM INDICATING
SUFFICIENT ULLAGE.
REQUIRED ULLAGE
DELTA VvV 15 A
FUNCTIUN OF VEHICLE
WELGHT .

#760

S, #770

SHALL I ATTEMPT TO
CCMPLET £ THE
THRUSTI NG MANEUVER
WITH THE RCS?

KEY [N ENTER

#780

#790

SHALL | PERMIT
IGNITIDON?

«KEY IN PRUCEED #8300

P40/LUM INARY



TERMINATE FLASH UPUN

RECEIPT LF ENTER,
PRUCEED UR TERMINATE.
P o7 .k
oR «E o
i R o7
-C ¥ «E
ok .1 «R

.k o N .
.0 - A -

. .7 .

- o £ .

. RESET .

. ULLAGE .

. FLAG B

. . sC TC
. . lIC"
. . BEL GW
.~ LU FINAL AUTU-

. MATIC REQUEST

« TEKMINATE RUL-

« TINE LROCO).

R I I I I A I R Y

*

KEY [N
TERM INATE
V34E

DU FINAL AUTO-

s tenansncaresnneses MATIC REQUEST

TERMINATE RCU-
TINE {RCO}b.

P T L T T R T I 2 e ]

"o oy

L

{

401

PeD/ LUMINARY

#810

#8210

#830

R840

# 850

PafALUM INARY



L

. EXIT P40

SET ASTRUNAUT FiAG

15 IGNIT ION FLAG
SET?

.Y N
« RESUME STATIC

« DISPLAY OF

. VOONGO

. ExIT

+ I{NOTE: ThiS IS
« NGT A P40 EXIT,
« HREFER TIG-0Q

« LCGIC AROYE.)

: " Bll
" FRCM
. ABQVE

COGMMANG CPS CN

.
4% sssesEsrssabntaay

-

EXIT P40

« % 8 8 * K 4 & 0 8 b 0 g g g s,

MONI TOR DSKY:

IS R1 DISPLAY OF TF1
NEGATIVE ANC
NON-ZERQ?

¥ N

MCNITOR DSKY:
CBSERVE RE-
TURN OF STATIC
VERB-NOUN
(VCEeN40)

STANDBY FOR
THRUST ON
kHEN TFI= -00BO0

® & ¥ 4 8 * 9 & & g4 " 5 5 ¥ 4

STANDBY FOR
THRUST ON
IMMECTAT ELY

L L I T B N A S T Y DT R S N

L T L T I R T

402
P4O/LUMINARY

#8860

#870

2380

#890

#3900

P40/LUMINARY



TEMP
ROLD

R T

MON

RESEYT PULSES FLAG

CHANGE TFI DISPLAY
TGO TFC [N RL;

wib NaQ
Rl - TFC
RZ - VG

R3 - DELTA V¥

THC - TIME FROM
ENGINE CLTLFF. IN
MIN AND SEC TU NEAR-
EST SEC. SIGN IS —
BEFORE, AND + AFTER
CUTOFF.

s ® & 8 % &4 & ? 3 & % 5 8 % 4 a0 4 4

15 THE NO THROTTLE
FLAG SET?

CALL FCR FMAXINUM
TRROTTLE COMMAND

.

.

LN B I B L I
s g * g g ¢ & 4 4

MONITOR DSKY:

0B SERVE CHANGE OF
TFI DISPLAY TD TFC
IN Rl. {NOTE: TFC IS
INITIALLY CALCULATED
ONCE AND DISPLAYED
BASED ON 10% DPS
THRUST. THIS DISPLAY
WILL COUNT COOWN WiTHK
ELAPSED TIME UNTIL
TYC STEERING IS IN-
ITIATED (WHEN STEER
FLAG IS SET 8Y R40.)
AT WHICH TIME TFC 1S
RECALCULATED AND
DISPLAYED EVERY 2
SECCNDS 8y THE GUIC~
ANCE EQUATIONS.)

.
.

IS TFC AT IGNITICN
LESS THAN 6 SECONDS?

+ N Ye

GO TO
nEn

BELCW

LI N

IS5 TFC AT IGNIT ION
LESS THAN 95

SECONDS?
N A\
. GC TC

403
P40/ LUMINARY

¥920

#2930

#940

#3950

P40/ LUMINARY



L T T I P L T B e T L

IS

IN "Z00MT [ ME"
SECCACS FRCM NOw.
{ SEE "O" BELCw)
{NOTE: THE VALUE
WICCHTIME™ 1S IN
ERASABLE STURAGE ,
RAVING BEEN LGAD-
EC FRICR TC Lau-
NCH OR BY P27},

LR N T B T T T R T Y

IMPULSE FLAG SET?

I T T R Y

CALL FOR ENGINE
OFF CUMMANG AT
CALCLLATED CUTCFF
TIME ( SEE “H"™
BELOW) (NOTE:
PGNCS wilL COMMAND
INERTIAL VEHICLE
ATTITUCE FOLL
THRCLGHCUT THRLST-
iNG MANEUVER] .

. .

[ T I L T T I TS I RS S-S T S R B TSN BT TN RS T B Y

LI Y

LR T T R T R R T

» 0 * 2 o8t

ngu
BELOW

404
P40/LUMINARY

#960

#370

#3980

#3990

#1000

P40/LUMINARY



L e I R

2 * 8 4 4 8

L N I L )

RESET IGAITILA
FLAG

FLAG

RESET IMPLLSE
FLAG

WAIT 0.5 SECUNDS

FLAG

EX 1T
(NCTE: THES (S
NOT A4 P4C EXIT,

LI S O T

LI

.

L N )

[ L L T T B O B

-

LA I I T

{

405
P4OSLUMINARY

#1017

#1020

#1030

#1040

#1050

T40/LUNINARY



SEE MW" BEL

« ® v 4 3 * g

Chweld

RESET IGNITIUN FLAG

RE SET
IDLE FLAG

& e *

CALL FOR RESET
OF LLLAGE FLAG
L.5 SECONDS.
(SEE “Cw

In

EXLE
(NOTE: TFIS

IS

NCT 2 P4G EXIT.
SEE “D" BELUR).

llu "

L R e L T R I e L L e e e e e T I e e A I N T T T T T |

406
P40/ LUMINARY

#1060

#1070

#1080

#1090

#1100

P40/LUMI NARY



FRCM
ABCVE

s

AT ACTLAL TIG PLLS
MIBOMTIME™ SEC
CCMMAMD THROTTLE
TG0 MAX] MLM.

® s & 3 a2 ¥ * s a2 2 53 3 % 3o e u *

P I R R N Y

s % % 4 4 % s 4 oa e

“ZOUMT IMEY SECONDS
AFTER ACTuAL TIG
OB SERVE THRULST
INCICATGH YO INCGI-
CATE XX PERCENT
AUTO THROTTLE coMm-
MAND (RIGHT SICE}
AND 100 PERCENT
CHAMBER PRESSURE
[LEFT SIDE).
(NOTE: THE VALLUE
“200MTIME" 1S IN
ERASABLE STCRAGE
HAVENG BEEN LGADED
PRIOR TO LAUNCH

QR 8Y P271),

e
FROUM
ABGVE

MAXIMUM THROTTL
wILL NOT BE
CUMMANDED .

E

{

407
P40/LUMINARY

#1110

#1120

#1130

#1140

P4O/LUM INARY



L L e I A ]

L L N N e R I

LI R

e 0" e 0 "

LI A I A T

.

LR T O T R e )

THIS MANEUVER
15 AN IMPULSE
MANEUV ER ANC
kILL BE DONE
AT AN INERTI-
ALLY FIXED
VEHICLE
ATTITUDE.

« % o 8 * 4 2 0 4 e s 4 e kg kA e
.
.
.

LI}
.
e 8 " g 82 & 4 % & & " & 3t s 2 * oY s o

MONITOR PS5

THRUSTING:

le DSKY:
R1~-TFC
SHCULLD BE
DECREASING

RZ=-V¥G SHOULD BE
DECREASING

R3I-DELTA vw
SHOULD INCREASE

2. FDAI-ATT. ERRCRS
SHOULD BE LESS THAN
CR EQUAL TU XX
DEGREE.

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

3. THRLST INDICATCR
LEFT SIDE: XX PER-
CENT MaAX CHAMBER

408
P40/ LUMINARY

#1150

#1160

#1170

#1180

#1190

P40/LUMENARY



(I I I N I R L I DL I

* 4 ¢ & 8 & ¥ 2 0

+

CEE RN

IS TG LESS THAN 4

SECS?

.Y

Mo

. 4 e e

LR O L I I R Y T R

t

409
P40/LUMINARY

PRESSURE RIGHT SIDE:

LGC THROTTLE COMMAND

XX PERCENT FULL

THRLST. #1200

IDENTIFY EARLY,
NURMAL, OR LATE
ENGINE CUTOFF FROM
ASSESSMENT OF DOSKY

OISPLAYS.

«E N .t

A .0 A

ROL.R T #1210
- NS

Yo .

- st .C

. oL .U

LT o

N .0

.0 .F oF

N .F

.Fo. .

.. . #1220
« .« PUSH ENGINE

« . STOP PUSH

« « BUTTCA

t e #1230
« + GUTC

. - BACKUP

« « PROCECURES.

L. 41240
. Pan/L UMINARY



» CONTINUE GUILANCE
« CONTRCGL

-

CALL ENGINE OFF COM-
MANC AT CCMPUTEL
REGLIRED TIME.

CUMMAND ZERC ATTI-
TUCE RATES

SET IDLE FLAG

LI I Y

WAIT WNTIL COMPUTED
TIMt (F CUTCFF.

LR T I L I L DY S 1

.
.
.
.
.
.
-
.
.
.
-
-
.
-

P DL R R I T )

-va

SEE DPS/APS
THRUST FAIL
ROUT INE
{R4Q) FOR
REQUIRED
RESPCASE

L T T TR S R R R R R I I T R R Y N T R T I T D D T T T T R T R T R R L T Y IR Y R D S R R T R R R I I ]

410
P4O0/LUMINARY

#1250

#1260

#1270

#1280

#1290

P40/LUMEINARY



{

411
P4G/LUMINARY

LI L e

CUFMAND ENGIMNE CFF

#1300

ZERD DP5S AUTO
TERCTTLE

#1310

CUMMANL ZEROU ATT I-
TLGE RATES

#1320
SET CEALBANG

TU PREVICLS VALLUE
CEFINED 8Y RO3.

MAINTALN VG
CUMPUTATIONS AFTER
CUTEFF FCR POSSIELE
NLLLI NG BY RCS
TRIMMING MANEUVER
(ACTE: SEE ASSUMP-
TIGN {2) ABCVE).

LR R L I T R e e R N L I T ORI B RS T R T R I T L Y

#1330

»
L T I R L T I I |

. . P&/ LUMINARY



HULD

casannans

MUN

llc L1} :
FRCM »
ABCVE .
CLMFAND .
LERC .
ATTITLDE .
RATES .
SET CEAL- .
EAMNC -
T0 .
PRKEVIOLS .
VALUE .
DEFINED B
BY RO3. .
RESET -
ULLAGE .
FLAG -

FLASH VERB-NCUN TO
REwLEST PRUCEED.

hULGC CISPLAY OF TFHL
AT ITS FINAL VALUE:

via N4l
Rl - THC
RZ ~ W

R3 = JELTA VM

CISARM CPS
naw :

FROM N

ABOVE .

MUNE TCR OSKY:
OBSERVE VERB-NOUN
FLASE TC REQUEST
PROCEEL AND DISPLAY
OF TFCy VG AND DELTA
VM.

412
PaO/LUMINARY

#1340

#1350

#1360

#1370

#1380

#1390

Par/LUMINARY



NCTE: SEE ASSUMP-
TIGN (2} ABCVE).

wAIT FLR KEYECARC
ENTRY

TERMINATE FLASH UPUGN
RECELPT CF PRGCEEL,
HECYCLE, CR TERMIN-
ATE.

P o T R
R «E -E
oG - R «C
«C .V .Y
«E .l -C
-E o 3
«0 - A -£
B oT .
- .E verwan
. G6C T1C

. L1} EI.

. HELCW

CUMMAND ZERD ATT [-
TLUE ERRCRS

SET .2 DEGREE
CEAGCBAND

E N L N L N T T T I B

LI ]

THESE VALUES
AS DESIRED.

RECURD

T T A

cetececcaannsnssace KREY IN PROCEED

" B B g s 8

N

P B L T T R O R R

{
413
P&C/LUMINARY

#1400

#1410

#l420

#1430

#l4aa0

PLl L UMINARY



HOLD

MUN

LI O T

FLASH VERB~NLUN TU
REJLEST RESPONSE AND
CISPLAY CUMPUNENTS
GF wGlLPM):

vié N85

RL-VGX (LM}

R2—NGY LN}

R3I-vGZIlLM)

CCMPCRENTS CF THE
PRESENT VG VECTUR
RESCLVEL ALCANG TRE
LM Xy Y, AND I AXES,
TrE ¥G VECTUR wlLL
Ot UPLATEL Y THE
STEERING LOOPS
CURING EACF COMPUTA~
TIUN CYCLE. EN FPS
TG NEAREST .1 FPS,
(NCTE: SEE ASSUNMP-
TIGN (2} ABLVE}.

WAl T FOK KCYBUARU
ENTRY

TER¥INATE FLASH UFCA
RECEIPT OF PRUCEED
RECYCLEs UK TERMIN-

sse e

L T R R T

L T T B

LI L |

[ P N

LI

L T R e . T Y )

@sscecanrrrrarvra

+aBssb s st e

MUNITOK DSKY:
CBSERVE VERB-NCUN
FLASH TU REQUEST
HESPONSE AND DiSPLAY
CCMPCNENTS CF vwGiLM)

TO NULL OUT v
CCMFCNENTS COMMAND
MANGAL TRANSLATIGAS
AND ROTATIONS.
[NOTE: THIS MANEUVER
IS AT THE GPTIGN OF
THE CREW.)

THE ORBITAL PARA-
METER DISPLAY

RCUT INE (H30) MAY BE
SELECTED AT THIS
TIME (vE2E} 10
FCNTTCR CONT INUOUSLY
LPDATED VALUES OF
APU ALT, PER ALT,
ANC YFF,

KEY 1N PROLEELD

P I T T R

. w " g

414
P4O/LUMINAR Y

#1450

#1460

#1479

#1480

#1499

P&/ LUMINARY



i,

ATE, .
WP . T R .
R ok o E .
U R .C .
C s M Y .
N3 ol .C .
£ «N b -
.id « A - E .
. o T . .
. . E ceseas
‘. '. IIDII
. . FROM
. - ABCVE

LERU RENUEZ VOUS
TRACKING MaARK
CGLANTERS

SET [DEADBAND
TC PREVICUS VALUE
DEFENED BY RT3,

OG FINAL AUTUMAT LL
REQUEST TeErMINETE
RULYINE (RCCH

DO EFinAL &UTCMATIC

cwsasrassvasssvanens REGJUEST TERMINAGLE

- a

RUUT INE {ROO}

{

415
P4O/LUMINARY

#1500

#1510

#1520

#1530

Hl5an

Coafif T M NAR Y



416
P4O/LUMINARY

.
a2 s ® * & 5 % @

EXIT P40 EXIT P4O #1550

CHANGE CONTRUL NOTES

REV CC PCR 3C.31

REV 01 PCR 85586y 194, 164, 1E€44C1,419,539,609,637
REV 00 {LUF | 4} PLR 547,648

REV CLILLM 18) PCR 638,841 EDITCREAL

REY 02 ECITORTAL

P40/ LUMTNARY



PURPUSE:

ASSUMET ICNS:

++
+02
+EDIT
++

419

RLS FRCORAM (P4l REv 02 12/03/69

(13 TC CCMPUTE A PREFERRED IMU GRIENTATIUN AND A VEHICLE ATTITUDE FOR AN RCS THRUSTING MANEUVER,

T0 PERFORM THE VEHICLE MANEULVER TC THE THRUSTING ATTITUDE.

(3)  TC PRGVIDE SUETABLE CISPLAYS FOR MANUAL EXECUTIUN UF THE THRUSTING MANEUVER IN THE ATTITUDE HOLD MDDE.

{L) TrE TARGET PARAMETERS HAVE BEEN CALCLLATED AND STORED IK THE LGC 8Y PRICGR EXECUTION OF A PRE-THRUSTING PROGRAM,

{2y TE REQUIRED STEERING ECQUATICNS ARE ICENT IFIEC BY TrHE PRIOR PRE-THRUST PRUGRAM, WHICH EITHER RESET (wASTEER™ QR
SET (EXT OELTA V) THE EXTERNAL DELTA V FLAG. FUR EXTERNAL DELTA V STEERENGy VG LS CALCULATED ONCE FOR THE SPECIFIED
TIFME CF IGMITICh. THEREAFTER UNTIL THE CREW NOFIFIES THE LGC THAT RCS THRUSTING HAS BEEN
COMPLETED, THE LLL WPDATES Wb ChLY AS A& RESULT CF ACCELERCMET ER INPUTS.

FCR STEERING CONTROL WFEN USING MASTEER™, THE VELOCITY REQUIRED 1S CALCULATEC FROM FIGURE 3.3-13A IN SECTION
3 OF R-5¢7. THE LAMBERT ROUTINE PERIUDICALLY RE-COMPUTES THE [NTERCEPT YRAJECTIRY SEMI-MAJOR AXIS FOR THE WASTEER™
CALCULATIONS. THE ENTERVAL BETWEEN LAMBERT SOLUTIONS IS CONTRCLLED BY AN ERASABLE LOADED VALUE (UT),

(3] Wl B4 THE GUECANCE CLATRCL SWITCER IN PGNS AND THE MODE CONTROL SWETCH IN ATTITUGE HOLD THE PGNCS WILL HCLD THE
VEHICLE ATT{TUDE AND WILL GENERATE EITHER MCOUE I OR MCDE LI ATTITUDE ERRORS AND VEHICLE ATTITUDE RATES (SEE

ASSUMFTICN (%)) FOR CISPLAY OUN THE FOAI. THE CREW MAY EXERCISE MANUAL ATVITULDE CONTRGL ABOUT ALL VEHICLE AXES WITH THE
ACA IN EITHER THe RATE CCKMAND CR MINIMUM IMPULSE MOCE CEPENDING UPIN THE STATUS OF THE PULSES FLAG. HOWEVER, IT IS
STRONGLY KECUMMENDED ThHAT POWERED FULIGHY NCT 8E ATTEMPTED IN THE MINIMUM IMPULSE MODE. THE PULSES FLAG L[S SET QR RESET
BY EXTENCED VERES 76 (MINIMUM IMPULSE)} AND 77 (RATE COMMAND) RESPECTIVELY, THE PULSES FLAG IS ALSO RESET BY P12,

P40, P4l, P42, PH3, P70, PTl, AND R40 AT MAIN ENGINE IGNITIGN; WITH THE EXCEPTION OF THESE CASES, MODE SELECTION IS
ALWAYS BASEL UPON THE LAST ENTRY MADE IN THE DSKY. DURING A THRULSTING MANFUVER IN THE PGNS/ATTITUDE HOLD MODE THE
PGNCS WILL NCT EE RESPOAS [BLE IF REGISTER OVERFLOWS OCCUR WITHIN THE LGC.

THE PGNCS CAN GENERATE TWO TYPES OF ATTITUDE ERRORS FOR DISPLAY CN THE FODAL;

MCDE | - SELECTEC BY EXTENCED VERB 6l. AUTOPILOT FOLLOWING ERROIRS USED AS A MONITOR OF THE DAP?S

ABILITY TG TRACK AUYCOMATIC STEERING COMMANDS .
MOCE II — SELECTED BY EXTENDED VERB 62. TOTAL ATTITUDE ERRORS WSEC TO ASSEST CREW [N MANJALLY
FANELVERING THE VERICLE.

PGNCS—UER IVED Vet ICLE ATTITUDE RATES MAY ALSC BE DISFLAYED VIA SELECTION By EXTENDED VERB 60.
MODE [§ ATTITUCE ERRUR DISPLAYS ARE AUTOMATICALLY SELECTED AT THE BEGINNING OF R&0., WITH THE EXCEPTIONS
INGICATED In ASSUMPTEIGMN (3) ABCVE, DISPLAY SELECTION 1S ALWAYS BASED UPON THE LAST ENTRY MADE IN THE D5KY. FOR A
MORE CETAILED UESCRIPTIUN OF THESE OISPLAYS REFER TO SECTION 3 CF R-567, PARA 3.2.6.

(41}

{5} THE IML IS OM AND WMLST BE AT A KACWM CREIENT AT IGN BEFCRE THIS PRUGGRAM MAY BE COMPLETED. IT IS NORMALLY REQUIRED

THAT ThE ISS BE UN FUR A MINImMum OF 15 MINUTES PRIOR TG A THRUSTING MANEUVER.

{6 THE EVENT TIMER 18 SET TC CCUNT TC ZERL AT TIG.

¢T3 RCS IGNIT LGN MAY EE SL IPPEC BEYOND THE ESTABLISHED TIG IF DESIREU 8Y THE CREW, CR IF STATE VECTOR INTEGRAT ION
CANNOT BE CUMPLETEL CN TIPME,

{8) THE A - AXIS UVERRIDE OPT ION PROVIDES THE CREW WITH THE ABILITY TO FAERCISE MANUAL CONTROL ABOUT THE LM X AXIS
Wi TH THE AYTITLOE CCANTRCLLER EVEMN THCUGH THE PGNCS ATT ITUCE CUNTRUL MUDE IS AUTO. WHEN THE CONTROLLER 1S RETURNED TO

CETENT ThHE #GMLS DAMPS THE YAW RATE, STOR:ZS TrfE YAW ATTETUDE WHEN THE YAw RATE IS DAMPED, AND THEN MAINTAINS THAT
ATTITLLCE,
THE X ~ .Al3 GVERRIDE CPTICM IS ALWEYS A AILABLE TO THE CREW, HOWEVER IT SHOULD NOT BE EXERCISED WHEN THE LGC IS

SPECIFYENG A onIRED Yaw ATTITuvE, l.E.: DURING THE ATTITUDE MANEUVER TO THE THRUST ING ATTITUDE {(SEE R60).

P41/LUMINARY



s
+02

+EDIT
++

PROG
CONTY

£S)  THE LUAU DAP DATA RULTINE (RO3)

(10) THE LGC wIllL NEITHER LDESIGNATE NOR REAC THE RENDEZ VOLS RADAR

(L1} ThIS PRUGRAM

LGC

START RCS PRLGRANK
{P4ll)
CISFLAY P4l

t v s

LL IMU STATUS CHECK
ROULTINE (RCRZ)

COMPLTE INITIAL
THRUST CIRECT [GA

IS SELECTED MANLALLY BY DSKY ENTRY.

CRCUND

.
davassasarsesrrnncsanys

.
Sessevsvdtannunsaney

- .
Semsasesrs et s

CREW

+LREW
«PRUOGRAM
«SELECTION

KEY IN RCS PROGRAM
(P41)
VITE 41E

MONI TOR DSKY:
OBSERVE DISPLAY OF
P4l

DO IMU STATLS CHECK
RCUT INE (RO2Z2)

« w8 % 4 5 0% 4 a8

420
P4lfLUMINARY

HAS BEEN PERFORMEC PRIOR TO SELECTIUN UF THIS PROGRAM.

[RR) DURING THIS PRCGRAM,

L]

20

#30

P4l/LUMINARY



3%%

AMD INITIAL VALUE
GF ¥ VECTOR AND
STORE ¥GILV) IN NB1
AND Nhd6 FCR POSSIBLE
MANUAL SELECTION:

RL-VGX {LV)
RZ-VG Y (L V)
R3I-VGZ(LY)

Vo XELVI-COMPCNENT CF
VG AT TIG ALONG
{RXV) XR. IN FPS TO
NEAREST « 1 FPS,.

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

«1 FPS.

VGZILV )-COMPONENT OF
VG AT TIG ALCNG -R,
IN FPS TU NEAREST

.l FPS.

WHERE R |5 GEDCENT-
RIC {EARTH CREBIT) OR
SELENOCENTRIC {LUNAR
GRBIT) RACIUS VECTOR
ANG ¥ IS VEHICLE
INER TIAL VELUCITY
VECTCR AT TlIG.
(NGTEZ NEL wibtL NCkW
CIFFER FROM NBL &IS-
FLAY CF P30, P32,
AND P33 BECALSE GF
RCT AT ION OF VG
VECTLR).

CCMFUTE PREFERRED
IML CRIENTATIGN:

L I R N N T T Y e S I T I I L L I A T R A

4 % 3 4 b 4 8 4 g %

“ e P g

L]

L R R T

421
P41/LUMINARY

#4D

#50

#60

#70

#8n

Pal/LUMINARY



422
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X = UNIT T
5w -

Y = LNIT [T X &}
-5 M - -

2 = WNET (X x ¥ )
-S5M —5M -5M

#90

WHERE :

[ R I T T TR T S R B R I B )

T = THE INITIAL

THRUST VECTOR.

R = THE GECCENTRIC
- #100
{EARTH CREBIT) CR
SELENOCENTRIC
(LUNAR ORBIT}
RACILS WECTLR AT
T1G-

(NCTE: LIF T X R IS

SMALL (REFER SECTIGN
5«3 432343 OF RDET)
THEN Y =

- SM
UNIT (T X V)

#110

WHERE v = ¥EHICLE

INERTIAL VELCCLYY
VECTOR AT TIG.)

#120

CC L Y

STURE DESIRED ATTI-
TUDE SFECIFICAT ION
FOR LSE BY ATTITLDE
MANEUVER ROUTINE
{R60), THE FINAL
ATTLTLDE wILL BE
COMPUTELC DURING Re0

PO T I I T T R R R R I I A L R

¥#130

P&1/LUMINARY



AND wlLL FCINT THE
LM +X AXLIS IN THE
INITIAL THRUST CI-
REC TI GN.

HOWEVER » IN ORDER TO
CCNSERVE RCS FUEL
AND NCT CCASTRAIN
THE NON-CRITICAL
ATTITUCE ABCUT THE
THRLST VECTGR, WINGS
MAY NOT BE LEVEL IN
THE CCNPUTED FINAL
ATTI TLDE.

SET PREFERREC-ATT-
I TUDE-COMPLTED FLAG.

.

COMMAMNG ZERQ ATTI-
TUDOE ERRORS

SET 0.3 DEGREE
GEADBAND

DO ATTITUUE MANELVER seccccccccsnansnnnas

ROUT INE (R&0)

L T S R N L O )

T I I T

R I T L I R B B B RS ]

[

CC ATTITUDE MANEUVER
ROUTINE (R6&0)

[ R R R T )

(

423
P41/ LUMINARY

#140

#150

#160

70

#180

Pal/LUMINARY



TEMP
HQLD

33

P T T TR

wavewenee DISPLAY ON DSKY:

MON

-

V16 N85

RLl-¥GX (LM}
R2-VGY{LM)
RI-YGZILILM)

(VGX(EM), VGY({LM)
VGILLM)Y - COMPON-
EANTS CF THE VG
VECTOR AT TIG RE SOL-
VEL ALONG LM Xy Y
ANC I AXES RESPEC-
TIVEL Y. LPDATED
W.R.T. VEHICLE ATTI-
TLDE EVERY 1 SECCAMD.
IN FPS TU NEAREST

<l FFS. INCTE: SEE
ASSLMPTICN (2)
ABOVE.)

SET ¥DEC 1=TIG~30
SEC.

CC STATE VECTOR
INTEGRATICN (M#ID TC
AVE)} ROUTINE (R4l).
{MNCTE: ENTER R4l

AF Wav,}
« NC TIG.
« TIG SLIP.

L L T R S

LR L N L R BPY

dsvemmacsrrvrsanEeRS

ddsseccannancsnranas

LN T T Y T A

MONITOR DSKY:
OBSERYE DISPLAY OF
VG COMPONENTS.

LR

LI L N N L I Y I R I B T R R T I

00 STATE VECTOR
INTECRAT ION (MID TD
AVE}) RGUTIKE (R4l}.

s+ " & 4 8 ' 4 9 u O

"
——

424
P4L/LUMINARY

¥190

#200

#210

#220

P4l/LUMINARY
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337 . - - P4l/LUMINARY
« SLIP . -
. . J #230
« DEFINE TIG TC BE .
» THE TIME 10 wHICh -
« R4l LCID INTECGRATE .
+ THE LM STATE VEC- . #240
« TOR PLUS 30 . .
« SECCNCS. .
WAIT LANTIL TIG .
-35 SEC. - 250
BLANK THE DSKY DIS- N MONITOR BSKY:
PLAY [VyNsRL1yR2s AND savavsssnssasvsssaecas AT TIG-35 SEC CB-
R3) . SERVE DSKY DJf SPLAY
b - TO GO BLANK FOR 5
. SECONDS $260
WAIT UNTIL TIG-30 .
SEC. .
——————————————— - #270
RETURN VI6NE5 CIS- . MONITOR DSKY:
PLAYS eassansasnsscasssnss AT TIG-30 SEC OB-

___________________ . SERVE RETURN OF
V1i6NB5 DISPLAYS
TO INDICATE THAT

P41 /LUMI NARY

1]



s e * 4 s 1 4 g

STARY AVERAGE &
INTEGRAT ICA

I = 2 o

WALT UNTIL TIG-5 SEC

RESET ASTRUNAUT FLAG

WATT LNTIL TiG-0 StC

IS ASTRCNAUT FLAG
SET?

AVERAGE G INTEGRAT-
ION HAS STARTED.
GBSERVE COUMPUTER AL~
FIVITY LIGHT BLINKS
CN EVERY 2 SECONES
DURING AVERAGE G.

LI BN L T R I R L Y S

.

426
P41/L UMINARY

#280

¥290

#300

#3110

#3120

P&4l/ LUMINARY
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HOLD

LR

MUN

.

INOTE: IN P41 THE
ANSWER IS ALWAYS NO
BECALSE ASTRCMALT
HAS NO V99 TO RE-
SPCAD TG

N.

RESET PULSES FLAG

COMMAND ZEROD ATTE-
TULCE ERRQORS

SET .3 DEGREE
CEACBANL

FLASH PRESENT VERB-
ACUK [V16NB5) FC RE-
QUEST RESPUNSE.
MAINTAIN LISPLAY OF
VG (LM} CCMPONENTS.
{NOTEz SEE ASSUMP-
TICN {2) ABGVE).

-
.
-
-
-
-
-
-
»
-
-
.
-
-
-
-

a % 3 4 e 4 g

LA A e N e

dddecennnsrrrrrr

LI L O

-..o..n-.l'-ona-Oc.Onotnctnc

MONI TOR DSKY:
0BSERVE VERB-NOUN
FLASH TG REQUEST
RESPONSE AT LGC
ASSUMEC TiG.

COMMAND MANUAL
ROTAT IGNS AND

{

427
P41 /LUMINARY

£330

#340

#350

#360

¥370

P41 /LUMINARY
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TRANSLATIONS TC MULL
VG COMPORENTS

LI T S B )
et e a4 e,

THE URBITAL PARAMET—

ER DISPLAY ROUTINE #3180
[R30) MAY BE SELECT-

ED AT THIS TIME

{VBZE) TO MONITOR

CONTINUOUSLY UPDATED

VALUES OF APD ALT,

FER ALT, AND TFF.

s * e g

LI T A N T T DT R R R NI
. s "
.

#390
hALT FCR KEYBCARL .e WHEN MANEUVER IS
ENTRY wecsvewrissnsnannnnes LOMPLETE KEY IN
ae PROCEED
TERMINATE VERE~MIUN . .
FLASH UPCN RECEILPT . . #400
GF PROCEECy RECYCLE, . .
CR TERMINATE . .
«P W7 oR - -
«R . E +E . .
0 «R «C . .
-C oM oY . -
. E ol -G . "
-E oN oL . .
«C A 13 . . #410
. o T " . .
. .k sasese .
ZERU RENCEZVYDUS .
TRACKING MARK -
LUWNTER .
. . #4620
SET UEAUBAND .
TU PREVIOUS VALUE -

L

Fras P4L/LUMINARY

. ) ( ' {
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ELd) - P41/ LUMINARY
DEFINED BY RO3. .
. . #430
D0 FINAL ALTOMATIC  wevesevecsocnasceese DO FINAL AUTOMATIC
REGUEST TERMINATE . . REQUEST TERMINATE
RLUTINE (ROQ). ROUTINE (ROO}.
s “ee #440
EXIT P4l EXIT P4l

CHANGE CCNTRCL NOTES

REV 01 PCR 854 86y 16454C1,€05,637
REV CO{LUNM 12} PCR 647

REV OllULuM LB} PCR 838,841 ,E01 TORI AL
REV 02 EC ITOR TAL

P41/ LUMENARY
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PURPOSE :

ASSUNPTIONS:

++
02
+EDIT
++

+4
+02
+EDIT
++

++
+02
+£DIT
+e

+4+
+02
+EODILT

+ + * -+

431
APS PROGRAM (P42) REV 02 12/03/69
(1) TO COMPUTE A PREFERRED IMU ERIENTATICN AND A VEHICLE ATTITUDE FOR A LM APS THRUSTING MANEUVER.
$2) TCU TC THE vERICLE MANEUVER TO THE THRUSTING ATTITUDE,
(3} TO CONTROL THE PGNCS DURING COUNTDCWN, TGN TION, THRLSTING, AND THRUST TERMINATION OF A PGNCS CONTROLLED APS

MANEUVER.
{1} VHE TARGET PARAMETERS HAVE BEEN CALCLLATED AND STORED IN THE LGC BY PRIUR EXECUTION OF A PRE-THRUSTING PRGGRANM,

{2) THE REQUIRED STEERING EQUAT IONS ARE ICENTIFIED 8Y THE PRIOR PRE—THRUST PRIGRAM, WHICH EITHER RESET (“ASTEER™) OR
SET (EXT DELTA V) THE E ¥TERNAL DELTA V FLAG. FOR EXTERNAL DELTA V SYTEERING, vG IS CALCULATED DNCE FDR THE
SPECIFIED TIME OF IGNITION. THEREAFTER BOTH DULRING APS THRUSTING AND UNTIL THE CREW NOTIFIES THE LGC THAT RCS
TRI M THRUSTING HAS BEEM CCMPLETED, THE LGC UPDATES vG DONLY AS A RESULT OF ACCELEROMETER INPUTS.

FUR STEERING CONTROL WHEN LSING "ASTEER™, THE VELGCITY REGQUIRED IS CALCULATED FROM FIGURE 3.3-13A IN SECTIOR
5 CF R-567. THE LAMBERT ROUTINE PERJODICALLY RE-COMPUTES THE INTERCEPT TRAJECTORY SEM[-MAJOR A IS
FOR THE "ASTEEH® CALCULATEGNS. THE INTERVAL BETWEEN LAMBERT SOLUT EONS [S CONTROLLED BY AN ERASASBLE LODAJED VALLE (UT).
(3) THE IMU IS ON ANG MUST BE AT A KNOWN ORIENTATION BEFORE THIS PROGRAM MAY BE COMPLETED. IT IS NODRMALLY REQUIRED
THAT THE [SS BE ON FOR A MINIMUM OF 15 MINUTES PRIOR TO A THRUSTING MANEJVER,

(4} THE EVENT TIMER IS SET TO COUNT TO ZERQ AT TiG.

{5) ENGINE IGNITION MAY BE SLIPPED BEYOND THE ESTABLISHED TIG IF DESIRED 8Y THE CREW OR IF STATE VECTOR JNTEGRATION

CANNOT BE COMPLETED IN TIME.

(6} IF A THRUSTING MANEUVER IS PERFORMED WITH THE GUIDANCE CCNFROL SWITCH IN PGNS AND THE MODE CONTRIL SWITCH
IN AUTGy THE PGNGS WILL CONTROL THE TUTAL VEHICLE ATTIFUDE AND GENERATE EI THER MGDE I OR MODE 11 ATTITJUDE ERRORS
AND VEHICLE ATTITLOE RATES (SEE ASSUMPTICN (7)) FOR CISPLAY ON THE FOAI. THE CREW MAY EXERCISE CONTROL ARDUND THE YAW
AXES ONLY WITH THE ACA [X-AXIS OVERRIDEN IF THE X-AXIS OVERRIDE CAPABILITY [S PERMITTED BY THE PRUGRAM IN PROCESS.
THLS MANUAL CCATREL WILL BE IN THE RATE CUMMAND/ATTITUDE HULD MODE.

[F A THRULSTING MANEUVER [5 PERFCRMED wWITH THE GUICANCE CONTROL SWITCH IN PGNS AND THE MODE CONTRCL SWETCH IN
ATTITUCE HULD THE PGNCS witl HOLOD THE VEHICLE ATTETUDE AND WILL GENERATE EJTHER MODE I OR MODE LI ATTITUDE ERRORS
FUR DISPLAY CN THE FCAI. THE CREW MAY EXERCISE MANUAL ATTITUDE COUNTROL ABIUT ALL VEHICLE AXES WITH THE ACA IN
EITHER THE RATE COMMAND OR MINEMUM [ MPULSE MGDE DEPENGING UPCN THE STATUS GF THE PULSES FLAG. HOWEVER
IT IS STRONGLY RECOMMENCED THAT POWERED FLIGHT NOT BE ATTEMPTED IN THE MINIMUM IMPULSE MODE. THE PULSES FLAG IS SET OR
KESET BY EXTENDED VERES 76 {MINEMUM IMPULSE) ANG 77 (RATE CUMMAND} KESPFCTIVELY. THE PULSES FLAG IS ALSO RESET BY P12,
P40, P4ly P42, P&3, PTC, P71, AND R40 AT MAIN EMGINE IGMNITIGN. wITH THE EXCEPTION OF THESE CASES, MOOE SELECTION IS
ALWAYS BASEL UFCN THE LAST ENTRY MAGE IN CSKY. DURING A THRULSTING MANEUVER IN THE PGNS/AYTITUDE HGLD MODE THE PGNCS
WILL NOT BE RESPONSIBLE L[F REGISTER CVERFLOWS OCCUR WITHIN THE LGC.

IN THE EVENT THAT THE GUIDANCE CONTRDL SWITCH 1S CHANGED FRCM PGNS TG AGS DURING A THRUST ING MANEUYER, THE
LGC wili CCNTINGE CCMPUTAT IGN UF POSITION AND VELOCITY, THE DESIRED THRUST VECTOR, AND THE DESIRED AYTITUDE ERRORS,
HOWEVER THE PGNCS WILL NOT BE RESPONSIBLE IF REGESTEK .CVERFLCWS GCCUR WITHIN THE LGC.

{7} THE PGACS CAN GENERATE TWGC TYPES OF ATTITUDE ERRURS FOR DISPLAY ON THE FDAL;

I - SELECTED BY EXTENDED VERB 6&le AUTCPILCT FOLLUWING ERRDRS USED AS A MONITOR OF THE DAP'S ABILITY
TC TRACK AUTOMAT IC STEER ING COMMANDS.

MODE I — SELECTEQ BY EXTENDEL VERB 62. TOTAL ATTITUDE ERRORS USED TG ASSIST CREW EN MANUALLY MANEUVERENG

ThE VEFICLE.

MODE

PGNCS—DERIYED VEHJCLE ATTITUDE RATES MAY ALSC BE DISPLAYEL VIA SELECTIGN BY EXTENDED VERB 60.

P42/ LUMINARY
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+02

PROG
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432
P42 FLUMINARY

MODE II ATTITUUE ERROR DISPLAYS ARE AUTGMATICALLY SELECTEC 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 MIRE DETAILED
DESCREPTION OF THESE DISPLAYS REFER TO SECTION 3 OF R567, PARA. e 24 b0

(8) THE X-AXIS OVERRICE CPTION PROVIDES THE CREW WITH TH
WITH THE ATTITUDE CCONTRCLLER EVEN THCUGH THE PGNCS AT
CETENT THE PGNLS DAMPS THE YAW RATE,
ATTI YLDE.

THE X-AXIS GVERRIODE CPTION IS ALKWAYS AVAILABLE TC THE CREW, HOWEVER 1T SHGULD NOT BE EXERCISED WHEN THE LGC IS
SPECAFY ING A DESIREC YAW ATTITUDE, I.E.: DURING THE ATTI TUDE MANEUVER TU THE THRUSTING ATTITUDE (SEE R60).

E ABILITY TO EXERCISE MANUAL CCNTROL ABOUT THE LM X AXIS
TITUGE CONTROL MODE IS AUTO. WHEN THE CONTROLLER IS5 RETURNED TO
STORES THE YAW ATTITUDE WHEN THE YAW RATE S DAMPEC, AND THEN MAINTAINS THAT

(5) FOR EACH BURN AN IGNITION TOTAL ALLOWABLE TIME DELAY WILL BE SPECIFIED IN THE MISSION RULES. THIS DELAY TIME IS
THE TOTAL TIME WHICH THE THRUST ING MANEUVER MAY BE DELAYED BEYOND THE LGL CALCULATED TIME OF IGNITION. IF ENGINE RE-
STARTS ARE INVOLVED s THE ACCCUNTING OF THES TCTAL TIME DELAY IS UP TO THE CREW.

(10) TFE LOAD DAP UATA RCUTEINE (RO3} MAY HAVE BEEN PERFORMED PRIOR TO SELECTIGN OF THIS PROGRAM.

(L) LGC ANC CREW PROCEDURES IN CASES OF LGC-ASSUMED THRLST FAIL LURE ARE DEFINEL BY TFE CPS/APS THRUST FAIL RDUTINE
(R40). THIS ROUTINE IS CALLEC AT APS IGNIT IGN BY THIS PROGRAM,

{12) THE LGC WILL NEITHER DESIGNATE NOR READ THE RENDEZ VOLS RADAR (KRR} DURING THIS PROGRAM,

113) THIS PRGGRAM SHCULD BE SELECTED BY THE ASTRUNAUT BY DSKY ENTRY AT LEAST &5 MINUTES BEFDRE THE ESTIMATED TIME OF
IGNIT LUN .

(14) THIS PRCGRAM [S SELECTEC MANUALLY 8Y DOSKY ENTRY.

LGC GRCUND CREW
+CREW

= PROGR AM
« SELECTICN

START APS PRUGRAM msssessusnssenannave KEY 1N APS
(P42) CISPLAY - PRUGRAM (P42) #10
P42 V3TE 42E

D T T I

P42/ LUMINARY
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POSS

HOLD .

amass s

S NAP

IS THE APS FLAG
SET?
.Y

«oFLASF VERE-NCUN
«e TO RECQLEST RES-
=« PONSE AND DI SPLAY
+« ALARM CODE 05706
+««TO INDICATE THAT
=+ +APS FLAG SHOWS
«« THAT THE DPS
+«HAS NOT BEEN

e« STAGEL:

<+ ¥C5 NO9

we  RI1-XXXXX

we  R2-XXXKXX

se  R3I-XXAXX

..
..
e
.
aw
-
..
.
..
..
e

.

.

.

-

-

-

"

-

-

-

.

a

- -
-0 -
. e .
. -
e -
LX) -
oe -
.“a -
-a -
.o )
- -
-

-

.
EEE R IR RN N R N IR

-
*sassssssennsnsnranan

MONITOR DSKY:
O8SERVE OISPLAY OF

L T T T I

DUES YERB—NOUN FLASH
TO REQUEST RESPONSE
AND DISPLAY OF ALARM
CODE INDICATE THAT
APS FLAG SHIMS
THAT THE OPS HAS NOT
BEEN STAGED?
(NGTE:=

THES ALARM CODE
MAY BE DISPLAYED IN
EITHER Rl, RZ, OR
R3, DEPENDING ON THE
PRESEMCE OR ABSENCE
OF OTHER ALARM
CODES.}

3

DO 1 wWiSH TO
CONT INUE W ITH
P42 ALTHOUGH TYHE
DPS HAS NOT BEEN
STAGELC?

{NOTE: [F CONTE~
NUATION 15

L A e e N I e A L B L ]

{

433
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#20

#30

#40

#50

#60
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LR Y

+«WALT FUR KEYBOARD

ENT RY

-

TERMINATE FLASH

«+UPCGN RECEIPT GF

TERMINATE OR

++ PROCEED

es oF Te
=+ <R E.
sa W0 LE
s WC M.
as «E I.

re e T.
s E.
«aIS THE FRESEMNT .
«+ PRUGRAM P 427 .
e oh Y.

CC FIMNAL AUT U MA-
TC REGLEST Tik-
MINATE RUUTINE
{R30)

¢4 s s 0 as s sssesnnanay

LR R R R R R T

SELECTED,
STAGING MUST BE
PERFGRMEL AFT ER
TIG -30 SECEGNDS
ANC BEFORE
IGNIT [ON.)

KEY {N .
TERMINATE .
V34E .

« KEY [N
« PROCEED

DU FINAL ALTO~,
MATIC REQUEST .
TERMINATE .
KOUTINE (Re0)

. x
P .
. .
- +

-o-ol-oo..l-‘o-in.-..o..o..-,...-.,,

LI I I Y T B

434
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K70

#B0

#30

#1039

#110
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i

*
v
- .
.
- -

. EXIT P42

OC IMU STATUS CHECK
ROUTINE (RO2)

SET APS DELTA v
THRESHOLLC FOR USE
BY R4C.

SET LELTAE ¥
COUNTER = 4 FCR USE
BY R4C

COMPLTIE INITLAL
THRUST CIRECTIUN AND
INITIAL VALUE UF VG
VECTOR AND STURE
VELLV ) IN NB1 AND
NB6 FCR PCSSIBLE
MANUAL SELECTIUN:

RE-VGX (LV)
R2-¥GylLv)
R3-VGZILY)

VG X(LY)-CCMPOMENT OF
VG AT TIG ALONG
{RXV)IXRa IN FPS TG
NEAREST .1 FPS,.

EXIT P42

DR L T e

#sevesravaasssvescss DO [MU STATUS CHECK
RQUT INE (ROZ}

L e I T T R S e 1

. s & 3 4 ¢ B,

435
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#120

H140

#150

#160

P4Z2/LIUMINARY
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Vo Y{LVW) -CCMPCMENT CF
¥G AT TIG ALUNG VXR.
{N FPS TC NEAREST

-1 FPS, #170

L N L T

VGZILVI-COMPLNENE CF
Ve AT TiG ALCANG -R.
IN FPS TO NEAREST

«1 FFS,

WHERE R 15 GECCENT -
RIC (EARTH GRBITI

CR SELENUCENTRIC
TLUNAR CRELT) RALCIUS
VECTOR, AND ¥ IS
VEFICLE INERT IAL
VELOCI¥Y VECTCR AT
TIG.

(NOTE: N81 wWill NUw
DIFFER FRCK ABL
DISPLAY OF P30, P32,
AND P33 EECAUSE CF
RCTATICN CF G
VECTOR) .

#£180

" a8 e

¥150

CCMFLTE PREFERRED
IMU GRIENTATION:

X = LM TIT)
_SH -

¥Z200

L N T R R R R

Y = LMTIT X R)
—SM - -

£ = UNMITH(x X Y
- 5M —5M - 5M

wHERE :

I

T = THE INITIAL #210
- THRUST VECTOR

L L L T L R R

P& 2 /L UMIN ARY

(

’
—
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AT IGNITICA

R = ThE GEGCENTRIC
- {EARTH GRBIT)
OR SELENOCENT-
RIC (LUNAR
ORB[ T) RACIUS
VECTOR AT TiG.
(KCTE: IF T X R IS
SMALL (REFER SECTIUN
5.3.3.3.3 CF R5671),
THEN ¥ =
—SM
UNIT T X v},

WHERE v = VEHICLE

INERTIAL VELCCITY aT
TiG.)

STURE CESIRELC ATT |-
TWE SPECEFLCATICH
FOR WSE BY ATTITWE
FANEUVER RCUT INE
(R&0). THE FINAL
ATTITUDE wiLL BE
CCFPUTED CURING R60
AND WiILL POINT THE
LM +X AXIS IN TFE
INITIAL TRHRLST
DIRECTION. HORE VER 4
IN ORCER TO COUNSERVE
RCS FLEL AND NOY
CONSTRAIN THE NON-
CRITICAL ATTITUCE
ABOLT THE THRLST
VECTOR, WINGS MAY
NCY BE LEVEL IN THE
COMPLTED FINAL
ATTITUCE.

SET PHEFERRELC-
ATTITUCE-CEMFUTEE

L N R T R S R T T T T L

L I e L I T R T T I T L I I N L T L T T,

437
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#220

#230

#240

#250

#260
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. P42 /LUMINARY
FLAG .
. . £270
COMMAND 2ERO ATTI- .
TUCE ERRGRS .
. . ‘%280
SET 1 CEGREE DEAD- .
BAND .
RESET 3-AXIS FLAG .
——m—mmmee . #290
- . . - -=- #300
CC ATTITUCE MANEUVER weeesasssassssessess DU ATTETUDE MANEUVER
ROLTINE (R€O) . . RCUT INE (R&O)
X . #310
HAVE PGNS CUNTRUL . .
AND ALTC ATTITUGE . .
. . P42/LUMIN ARY

- C (



POSS
HOLD

SNAP

CONTROL MODES BEEN

SELECTEL?

.Y N.
IS ThE APS FLAG .
SET? -

.Y N. .

« HAS ThE ALTO -

« THROTTLE MODE .

- BEEN SELECTEC? .

P Ne .

« « FLASH VERB-

« « NOUWN TO RE-

« o« QUEST PLEASE

= « PERFORM PGAS

« o« CONTROL AND

« » AUTO ATTITUCE

« « CCNTRCL MCCE

« « SELECTION:

P ¥50N25

. . Ri1-0C203

. . R2-8L ANK

- . R3-BLANK

LI I I T T T T TP U,

secmssaseumennn

L L L T L T S R T R B O

.
"
.

-
-

.

.
.
.
.
-
-
.
»
.
.

.
.
.
.
-
.
-
.

.

.

.
-

-
.
-
.
-

.
.

-

.

seemsben

.
.
.
.
.
.
.
.
.
.
-
.
.
-
.
.
-
-
.
.
-
.
-
.
.
.
.
. .
.

.

MONITOR DSKY:

UUES VERB-NOUN
FLASH TO REQUEST
PLEASE PERFORM PGNS
CONTROL AND AUTC
ATTETUDE CONTROL

MOCE SELECT 1ON?

HAYE REQUESTED
MCDES BEEN
SELECTED ?

DG I WISH TO
HAVE THESE

L T I R T RO Y
-

=z

L L I T R O R 2 T R T R S |

{

439
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#320

#3230

#340

#350

#1360

#370
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s b e
[

* 3 8 8 3 5 % o "

L I A N N T ]

-
-
-
-
B
.
.
-
.
-
-
.
.
.
.
-
.
.

!.'OOII.‘.'..‘IOUUI'IIl.l'l'.l‘...lt'lt'l'

LI S
* %" & s % & B 3 4 8

s o * 4 4 84t s s " e gt

5 . * ow s b

wAlT FCOR KEY-—

BOARD ENTRY

TERMINATE
FLASH UPUN RE~ ....
CEIPT CF PRC— .
CEED OR ENTER

¢ & * 5 g 4 5 s p * g

L T B T T O T I T R R |

Sses s emmencnrs

L T I e S R R R TR S T T PO T 1

srscssannasnsns

MOCES SELECTEL
DURING THE
THRUSTING
MANEUVER?

- -
. -
- .e
-

-

SET GUIDANCE
CONTRGL SWITCH
TC PGNS AND
ATTI TLDE CON-
TROL SWITCH TO
ALTC.

KEY IN PROCEED

KEY IN ENTER

L N T T O T S

LI T L B I )

-

L L N N A N T T L)

e 8 % 4 2 F 4 B b 4w gt g

L L I O I ]

440
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#380

#390

¥400

#4610

#420
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TEMP
HOLD

MON

L

-
.

DISPLAY ON DSKY:

vC6 N4O
RL - TF]
RZ — ¥6

R3 - DELTA VM

TFL - TIME FRGM
APS IGNITLON. IN
¥Ih, SEC TG NEAR-
EST SEC. MAX
REAGING IS 59B59.
SIGh IS — BEFURE
NOMINAL TIG, +
TREREAFTER ,

VG - MAGNITUDE CF THE
VELUCITY TO BE
GAINEC BY THRLSTING
MANEUVER. IN FPS

- TQ NEAREST .1 FPS

DELTA VWM—MEA SLRED
CELTA V MAGN ITUDE
IN FPS TC NEAREST
ol FPS. THIS
CISFLAY WILL BE
0CC00 UNTIL TiG-3C
SEC AND THEN
SHCULE CHAMNGE CALY
DLE TC P1PA BIAS
UNTIL ULLAGE IS
STARTEC.

SEY TDECL = TIls-30
SECCNCS

"igl'l.n'l..n¢c

.

LERREENENE N EE YT TR

P I T R S
L S R

MONITOR DSKY:
OBSERVE DISPLAY CF
TEL, VG AND DELTA VM

UPDATE EVENT TIMER
[F DESIRED

T s o % 4y o8 8 4 0 s 4 @

L e e R e R I O L T T T O R RS

& a ® ®

!

441
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#430

#4640

#450

#1460

#470
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. 542

. . P&2/LUMINARY
00 STATE VECTOR - . DO STATE VECTOR
INTEGRATICN (MIC TO suieeaccasvonvasanses INTEGRATION (MID TO
AVE) HOUTINE (R41) . . AVE} ROUT INE (R41)
INCTE: ENTER R41 DBSERVE THAT THE
AT wAW_ ) COMPUTER ACLTIVITY
e it LIGHT IS ON UNTIL
+ NG TIG. COMPLETION OF R4l. #480
« TG sLip. -
«SLIP . .
« I(NOTE: R41 wWiILL ARM APS
. DEFINE TIC TC EE ——
» VHE TJIME TO WHICH . #430
« Ral CID INTEGRATE .
» THE LM STATE VEC- .
« TOR PLULS 30 .
« SECENCS .} .
- - CHECK STATUS OF C/W ®500
. . LANPS
WAIT UNTIL TIG -
—-35 SEC .
. . #510
BLAMK THE DSKY LIS~ csesasassmesnsessss MONITOR DSKY:
PLAY [V N,R1sR2, AND - AT TIG —-35 SEC QB-
R3}. SERVE DSKY DISPLAY
e e e TO GU BLANK FOR 5
. SECONDS.
. . #5 20
wAIT UNTIL TIG .
-3C SEC. .
. P42 /LUMINARY

- | (



RETURN VC6N4C DI S
PLAYS

15 THE PRESENT
PROGRAM P 427

N Y.

+« SET THE APS FLAG

LI L ]

START AVERAGE G
INTEGRATIGN.

CALL 1/ACCS AND
INETIALIZE THE DaAP.
ENOTE: NCRMALLY TRE
DAP 1S INITEALIZED
8Y CATA SELECTED VIA
RO3, WHERE ThE APS
FLAG IS SET OR RESET,
FGR THIS PROGRAM,
THE AFS FLAG IS SET,
CAUSING THE COURRECT
DAP INITIAL IZAT IUN
DATA TC BE SELECTED
wITHOLT RECOLRSE 7O
RO3.)

.

!

443
P42 /LUMI NARY

MONITOR DSKY: #530
AT TFI = - 00B29 ’

CBSERVE RETURN CF

VOGN40 DISPLAYS TO

INDICATE THAT AVER-

AGE G INTEGRATION

HAS STARTED.

(NOTE: IF T1G rAS

BEEN SLIPPED BY R4l,

THE TFI DISPLAY (R1)

AT THIS TIME wlLL BE #540
REFERRED TU THE NER
TiG.}

IS THE PRESENT
PROGRAM P427?

____________________ #550
.Y N.
PERFORM DPS .
STAGING IF IT HAS .
NOT ALREACY BEEN .
DONE .

. . #5850

° ¥570

L N T A

LI T I A I A T I A T T B Y

LA L B )
.

P42/LUMINARY

.



444

RESET IMPULSE FLAG

. . . P42/ LUMINARY
. - —_— #580
. MONITOR DSKY:
. IN THE PERIOD FROM
. TFI =-00830 UNTIL
- TFI =-00815
. COES DELTA vM BECOME
. GREATER THAN ,5 FPS
. INDICAT ING EXCESSEVE
. PLPA BLAS ERROR?
. «N ¥ #590
- . - .
. . GO TG BACKUP
. - PROCEDURES
: . # 600
++ - . — :
+02 WAIT LNTIL TIG .
+EDIT -5 SEC. .
++ -_———— .
: nfn .
. FROM . R610
. R4 0 -
RESET IGNITICN FLAG .
. . #620
RESET ASTRONAUT FLAG .
. #630

LI I A Y

P42/LUMINARY

,



Ly

e

wILL ACTIVE STEERING
BE ATTEMPTEL DURIAG
THIS MANELVER?

(REFER PARA. 5.3,.3.-
3.3 OF SECTICM 5 OF

R5567)
. N
« SET IMPLLSE FLAG

CALL VERB <9 DI 5-
PLAYS {(SEE maw
BELCHW)

CALL SET OF ULLAGE
FLAG AT TIG-3.5 SEC

WAL T LNTIL TIG -¢

LR T Y

SET IGNITION FLAG

LI O L T I T

L I R |

'c.o'o-'c..'-.ncc-'anl'-..-.o'l.-'-c‘-a'ut'-ool.-.'-o-n-

\
445
P42/ LUMENARY

#640

#5650

#6560

#6170

#680

P&e2/LUMIN ARY



44

-ae

MCNITCR DSKY:

AT TFI = - Q0BCS 4720

DBSERVE YERB-NUUN

LHANGE VERB BLT RE- N FLASH TG REQUEST

HCLD TAIN PRESENT NOUN esstecqnnecnncreneans PLEASE PERFORM

enesmesse AND DISPLAYS IN Rl, ENGINE ON ENABLE

MUN . R2y R3, FLASH VvERB- e et e
NCUN TC REQUEST
PLEASE PERFGRVM ENG—
INE ON ENABLE ¢

VIINGOD

- . . P42 FLUMINARY
IS5 ASTRONAUT FLAG - -
SET? . .
oY «N . . #4690
GC 1C EXIT . .
nge (NOTE: THIS . .
BELOW IS NOT A - -
P42 EXIT. - -
REFER O] §- - -
PLAY RE- - - #700
SPCNSE AT - .
HAM BELOK} . .
L] L]
. . wEN #1710
nam - - FROM ‘
FRCK . - R40
ABU VE . . .

.
-

H730

L
s e * 4 s 0t 4,
L I .

P427L UM INARY

. ’ . . ( {



-~

o

P42 /LUMINARY

WAIT FOR KEYEOARC
ENTR Y

- #7740

. AT TF1 =-00B0O3 MONI-
seevesvesasses TOR START OF +X
. TRANSLATION,

MONI TOR DSKY: 4750
WAIT FOR INCREASE OF

CELTA VM INDICAT ING

SUFFICTENT ULLAGE .

REQUIRED ULLAGE

DELTA V IS 4

FUNCTION OF VEHICLE

WEIGHT .«

#7640

L T T R S )

SHALL I AT EMPT

T0 COMPLETE THE #7170
THRUSTEING MANEUV-

ER WITH THE RCS?

.Y N

e teesessesceceeaes KEY IN ENTER .
] ) 2780

60 10 .

P&2/LUM INARY
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P42/ LUMINARY

Hpn
BELD W

L T T N

———————————————————— #7920
SHALL 1 PERMIT
IGNITION?

nessmseacasevseennessns KFEY IN PROCEED

. #800

TERMINATE FLASH WPUN  «  crmmmmmeoe o .
RECEIPT UF ENTER, cesececucsasanssnens KEY IN .
PROCEED CR TERMI- . TERM INAT £ .
NATE, V34E .
—————————————————————————————————— . #310

R N N . .
oC «R W T B B
L M « £ - .
«E -1 R . .
-k N . . .
.0 <A . . .
. o7 . . .
- (33 . . .
. - . - . #820
. RESET . . .
. ULL AGE . - .
- FLAG . . .
. . - . . #830
- . - . . P42/LUMINARY

- - - - ( . . (



35."

- TERMIMATE .

. CALL FOR .

. SET CF .

. LLLAGE .

. FLAG AT .

. F16-3.5 .

. SEC IF .

. CALL NOT .

. YET OCME .

. . GC TC
. . new
- . BELUW
+ DO FINAL ALTO-

« MATIC REQUEST

« TERMINATE

« ROLTINE (ROO)

. EXIT P42

SET ASTROUMNALT FLAG

IS IGKNITICN FLAG
SET?

« RESUME STATIC OI-

Stdmasrnsastsererr e

Sermsm saassAs st eannns

.
-

.
*

00 FINAL MTQ-
MATIC REQUEST .

TERM INATE
ROUTINE (RDO)

EXIT P42

L e L D DT DU R R B

MCNITOR DSKY:

15 Rl DISPLAY CF
NEGATIVE AND
MCN-ZERC?

MONI TOR DSKY

TFE

449
P42 /LUMINARY

#3840

¥ 850

#8460

#8870

¥880

P&z /LUMI NARY



Kl

SFLAY CF YO6N40

N EXLT

. (NOT ES THRIES
. IS NOT &

. P42 EX1T,
. REFER TIg
. -C LDGIC

. ABOVE.)

.. |l8|l

» FROM
. ABOVE

.
.

- .
. -
. ase
- .

COMMANL APS ON

RESET PLLSES FLAG

UbBSERVE RETURN
OF STAT [C vERS- .
NCUN U SPLAY .
I VO6N40) .
STANCBY FOK .
THRLST GN -
WHEN TFI = -00BCC

L L T T T R T B Y

STANDBY FOR
THRUST ON
I “MEDIATELY

L R R L e L]

L

450
P4Z2/LUMINARY

#890

#900

#9110

#9520

#9130

#540

P42/LUMINARY

(



TEMP
HOLD

dranrasass

MCN

L T Y

ChAMGE TFI1 ClspLAY
TG TFC IN R1

V06 N4O
RL = TFC
R2 - ¥G

R3 -~ CELTA VM

THC - TIME FRUM
ENGINE CUTOFF.

IN MIN AND SEC TC
NEAREST SEC. SIGN 15§
- BEFCRE ANC + AFTER
CLTOFF.

LI T L T T T

IS IFPULSE FLAG SET?

N \

CALL FLR ENGINE
CFF CCMPAND AT

PO R RO

Teess v ssbacar st

MUNITOR DSKY:
CBSELRVE CHANGE OF
TFL OISPLAY TC TFL
IN RI

(NCTE: TFC IS IN-
ITIALLY CALCULATED
ONCE AND DISPLAYED.
THIS DISPLAY WiLL
COUNT DOWN Wl TH
ELAPSED TIME UNTIL
Tvl STEERING 1S
INITIATED {STEER
FLAG IS SET BY R40}
AT WHICH TIME TFC IS
REC AL CULATED AND
OISPLAYED EVERY 2
SECONDS BY THE
GUICANCE EQUATIUNS.)

IS TFC AT IGNITION
LESS THAN 6 SECONDS?

.
=
=<
.

L e N N N T
o‘o-'-.ov.-n.-o.-..c..-,

(

451
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#950

#3560

#3570

#980

#9390

P42 /LUMINARY



gt

L N

. .

LA I T L

+

CALCULATEL CUTCFF
TIME. (SEE wyn
EbL G )

[NCTE: PGNLS WILL
COMMAND INERTIAL
VERICLE ATTITULE
HCLD THRCLGHOULT
THRLSTING MAN-
EUVER .}

RESET IMPULSE
FLAG

wAIT 0.5 5ECUNCS

HRESET ULL AGE
FLaAC

L T

L B

L T ]

.o........-..-.-..o.,-..-.o....,........_..

452
P42/L UMINARY

#1000

#1010

#1020

#1030

#1040

P42/LUMINARY

(



3

- EXIT

. INCTE: THIS IS
. NOT A P42 EXLT.
. SEE “O" BELOW).

RESET IGMNITION FLAG

RESET ILLE FL.AG

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

.
.
-
.
.
.
-
.
.
-
-
-
.
.
-
.
.
.
-
.
.
.

L L A L T

l'u.-'0-'l.ol-'-ao.la-'-01-'-'01‘.a'|-l.-'n¢'|

e 408 o8,

l'.l....l"-.'...".l.....l

THIS BURN IS &
MINIMUM [MP UL SE
MANEUVER ANC
wiLlL BE DONE AT
AN INERTIALLY
FIXEC VEHMICLE
ATTITWE

P . T T

TR ]

{

453

P42/ LUMINARY

#1050

#1060

#LOTO

#1080

#1090

P42/LUMIN ARY



bl

2 = * 5 4 * a

FRL L

L N B ]

L L I T

MONITOR APS

THRUST [NG:

l« DSKY:
R1-TFC
SHCULD BE
DECREASING.

RZ2=WV,o SHCULD BE
DECREASING.

R3-DELTA VM
SHOLLD TNCREASE.

2. FDAI-ATT. ERRCR
SHOULD RE LESS THAN
CR EQUAL TU XX
DEGREE.

ATT RATES SbHOULC BE
LE S5 THAN CR EQUAL
TO XX LtGREE/SEC.

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

IDENTIFY EARLY,
NORMAL, OR LATE EN-
GINE CLTOFF FROM AS-
SESSMENT OF DSKY

CISPLAYS.
. E N -L
-4 -G Y]
«R R T
-L M .E
Y . .
. +C «C
«C W By
ol -7 o7
« T -0 -0
=0 WF «F
.F «F «F
oF

LI A L N e

.
.
.

454
P42 /LUMINARY

#1100

#1110

#1120

#1130

P42 /LUMINARY

(



IS TG LESS THAN 4 N
SECONDS 7 .
.Y N .
« CONTINUE GUIDANCE .
« CONTROL -

CALL ENGINE CFF CCM-
MAND AT COMPUTED

L T I I T I T I DR T R B R B}

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

......,....,....c..-..-..-.....l..o.-..-..-a.-....-ccb

PUSH ENGINE
STGP PLSH-
BUTTON

GO TO BACK-
UP PRCCE-
DURE S

455
P42/l MINARY

#1140

#1150

#1160

#1170

¥1180

P42 /LUME NARY



3F

REWUIRED TIME

CUMMAND ZERU ATTI-
TUCE RATES

SET IDLE FLAG

WAL T UNTIL COMPLTED
TIME UF CUTDFF

: ngn
. FRUM
. ABUVE

COMMANL {ERD ATV I-
TLDE RATES

SET CEACBANC
TG PREVICLS VALLE

L T R e T L T I T T T T T T

456
P 42/LUMINARY

#1190

¥1200

#1210

#1220

#1230

#1240

P42/ UMINARY



3k

DEFINED BY RO3.

+

MAINTAIN VG

COMPLTATICNS AFTER
CUTOFF FOR POSSIBLE
NULLING BY RCS
TRIMMING MANEUVER
(NOTE: SEE ASSLMP-
TION (2} ABOVE).

“Cn
FRCM
ABCVE

COMMAND
ZERO ATT-
ITUBE
RATES

SET DEAD-
BAND TO
PREV IOUS
VALLE DE-
FINED BY
RO3

RESET
LLLAGE

L L R T U T I B

L T R O T A I

L T I e R T T R e

DI SARM APS

L N R O I N S I T R T DS R Y

LA B T I R S IO

.

457
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#1250

#1260

#1270

#1280

P42/LUM INARY



-]

HGLD

LR I A WY

MON

TERM INATE
CALL FOR
SET CF .
LLLAGE .
FLAG AT -
TIG-3.5 .

SeC IF
CALL NOT
YET CCNE

FLASH VERB-NOQUN TO
REQUEST PRCCEEL.
HOLD DI SPLAY CF TF(
AT ITS FINAL VALUE:

V16 N4

R1 - TFC

R2 - ¥

R3 ~ CELTA v¥

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

WAIT FCR KEY BOARL
ENTRY

TERMINATE FLASH UPUN
RECEIFT CF PROCEEC:

+

L O L I R T O O I T

"A LL] :
FRUM .
AJCVE .

MONITOR DSKY:
CBSERVE VERB-NCUM
FLASH TO REQUE ST
FRCGCEEL AND DISPL AY
CF TFCs VGs AND
DELTA VM

RECORU THESE VALUES
A5 DESIRED.

453
P42/ LUMINARY

#1290

#1300

#1310

#1320

#1330

P42 fLUMINARY

{



HOLD

LR T Ty

MCh

RECYCLE, OR
TERMINATE
P .T K
«R . E .E
«0 -R «C
-L M Y
+E -1 +C
-£ N -L
-0 oA -E
. -7 .
. - anse
G0 TC
'IEN
BELOW

.

COMMAND ZERC ATT-
I TLDE ERRCRS

SET 0.3 CEGREES
DEADBAND

FLASH VERB-NLCUN TG
REQUEST RESPONSE AND
CISFLAY COMPGNENTS
OF MGELM:
Y16 N85
RL-VGX {LM)
RZ2ZYGYILM)
R3I=VGZII(LM)

L L T I I B B )

LR N

L e I L R |

[ A I

-
LR Ry e AR R Y]

{

459
P42/1 UMINARY

#1340

#1350

#1360

#1370

I-I'!"'Qt'iu".l‘oc‘D"."l"l'!!'.l'l.‘.l"-

#1380

MONITOR DSKYs
OBSERVE VERB-NCUK
FLASH TO REQUEST
RESPONSE AND CISPLAY
OF VGiLM) COMPCKNENTS

L I DL I TR )

P42 /LUMINARY



CCMFCMEMTS CF TrE
PRESENT VG VECTUR
RESCGLVELD ALUNG THE
LM XyYy ANG 7 AXES.
THE VG VECTOR wlLL
BE UPCATEL BY TFE
STEERING LCOPS
ODURING EACH COMPUTA-
TICN CYCLE. IN FPS
TO NEAREST .1 FPS.
{NOTE: SEE ASSUMP-—
TICAN {2) BELVE}.

wAI T FOR KEYBOARD
ENT RY

TERMINATE FLASH UPCN
RECEIPT UF PRUCEED,
RECYCLEs DR

TERMINATE

-P -T R
-R «E . E
-0 R «C
«C M -Y
vE o1 «C
.E «N oL
.C A -E
- o1 "

PR L B S B 3

* e . . L A .

edessdbossenasnunna

TU NULLL OUT VG
COMPONENTS CUMMAND
MANUAL TRANSLATICNS
AND ROTATIUNS,
{NCTE: THIS MANEUVER
IS AT THE COPTICN CF
THE CREW.)

P

THE OURBITAL PARAME-
TER GISPLAY ROUTINE
{R30) MAY BE SELECT-
ED AT THIS TIME
(VBZ2E) TO MONITOR
CONTINCLSLY UPCATED
VALUES OF APD ALT,
PER ALT, AND TFF.

-
-

-

KEY I[N PROCEED

460
P42/LUMINARY

¥L390

#1400

#1410

#1420

#1430

#1440

P42/LUNMI NARY

(



CHANGE C

REV
REV
REV
REV
REV

LI L I

L I L S B

ZERC RENDEZVCLS
TRACKING MARK
CCUNYER

[ T A e |

T0O PREYIOUS VALUE
DEFINED BY RO3,

s % + 40

DO FINAL ALTOMATIC .

L T T P S

L L I R T R )

ca F
REQU
RAQUT

REQUEST TERMINATE Wesrvmssestssavenaan
ROLTINE (ROO) - .
EXIT P42
CNTRCL NCOTES
00 PCH 31
01 PLR ES5,B69114+144,164 41864401 1419 4609,637

00(LUM LA) PCR 641,¢C48
QL{LUM 1E) PCR 833,841,
c2 EDITOR AL

ECITCRIAL

INAL AUTOMAT IC
EST TERMINATE
INE (ROD)

EXIT P42

{

461
Pa2/LUMINARY

21450

#1460

#1470

#1480

P42 /LUMINARY
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PURPOSE:

ASSUMPT IENS: (1) THE IMU IS5 UN AND MLST BE AT A KN
THAT THE 155 BE ON FUR A MIN

++
+02
*EDIT
++

PRGG
CONT

THRUST MONITUR PRUGRAM (P47}

(1) TO MONIYOR WEHICLE ACCELERATIGA CURING A NON-PGNCS CCNTROLL ED THRUSTING MANEUVER.

(2) TC DESPLAY THE CELTA v APPLIED TO THE VEHICLE BY THIS THRUSTING MANEUVER,

t2) THE RESPONSISILITY UF AVDIDING GiIMBAL LUCK DURING EXECUTICN OF THIS PRUGKAM IS JPON

{3} THIS FROGRAM 1S NCKMALLY GSEEC CURING RENCEZVUUS FINAL PHASE.
MANEUVERS AUTOMATICALL Y UNDER PGNCS CONTROL THEY MUST BE ACCOMPLI
FRUGRA¥ (P34) AND THEN THE DPS THRUSTING PROGRAM {P4C) OR THE APS

Uhh CRIENTATICMN BEFCRE THIS PROGRAM MAY BRE COMPLETED,
IMUM OF 15 MINUTES PKIOR 10O A THRUSTING MANEUVER,

THE ASTRONAUT.

463

IT IS NORMALLY REQUIRED

IF THE CRtw DESIRES TO DO ANY FINAL PHASE THRUSTENG
SHED VIA SELECT [ON OF TRANSFER PHASE
THRULSTING PRUGRAM

INLUTIATION (TPI}

(4) RANGE, RANGE RATE, AND IHETA MAY BE DI SPLAYED DURING THIS PROGRAM BY CALLING THE RENDEZVOUS PARAMETER DISPLAY

RCLUTEME (R31).

(5} TriS PROGRAM 1S SELECTED BY THE ASTRGNALT BY DSKY ENTRY.
FLAMNED THRUSTENG MANEUVER AND TERMINATEC AS SOON AS POSSIBLE

mITH AVERAGE G INTEGRATICN AT A MINIMUM,

LGC

START THRUST
MCNITCK PRUGRAM
(Pal).

CISPLAY P47,

+

CROUND

SdAsbduaneavnnrnsain

.
Sh rraseesvavEanELAS S

CREW

«CREW
«PROGRAM
«SELECT ION

KEY IN THRUST
MONITOR PRDGRAM
(P47}

V3ITE4TE

MONIT OR DSKY?
OB SERVE DI SPLAY
0OF Pa7.

-

ThE PROGRAM SHOULD BE TURNED ON JUST PRIOR T3 THE
AFTER FHE MAMEUVER IN CRDER TGO KFEP ERROKRS ASSQOCIATED

#10

P4T7/LUMENARY



464
P4T/LUMINARY

OL IMU STATUS . N DO TMU STATUS
CHECK RLUTINE ecessessnnessasssess GHECK ROUTENE
(RCz) . . (RO2Z2)
. . #3190
DO STATE VECTOR [NT- . . CC STATE VECTOR INT-
EGRATION (MIDTUAVE) 4eveevsoessesnonana. EGRATIGA {MIDTCAVE)
RCUTIAE (R4]) . . RUOUTINE (R&1). 08—
INOTE: ENTER R4l AT SERVE THAT THE COM-
LU PUTER ACTIVITY LIGHT
———————————————————— IS UN UNTIL COMPLE-
. TILN CF R&4l.
- e a0
START AVERAGE & .
INTEGRAT [CGN .
. . #50
HOLL ..  FLASFK VERB-NOUN TQO MONI TOR DSKY: .
seerenses REQLEST RESPLASE ANE . OBSERVE FLASHING .
MON «s DEISPLAY DELTA V tessemscananavesanss WERB-NOUN TQ RECUEST .
. dL¥V): . RESPONSE AND DISPLAY .
N V16AB3 OF EACH COMPONENT OF . ¥60
. R1-DELTA VXILM) DELTA V(LM), .
- R2Z-CELTA VY {LM) e o e .
. R2ZDELTA vZI{LM} . .
o DELTA MX(LMY - C{¥- . .
« PONENT OF INTEGRATED . .
« ALCEL ERATION ALONG . .
« LM #x AXIS. IN FPS . .
. TO NEAREST .1 FPS. - .
3k . . . P4T/LUMENARY

. T : (



A

LI TS A I L I

L I R T T T T R TR

L )

L e I L R N T I I

[ A I L B

DELTA wy{LM) — COM-
PCNENT OF INTEGRAT EG
ACCELERATICN ALUANG
LM +Y AXIS. IN FPS
TC MEAREST -1 FPS.

DELTA vZILM) - COM-
PCMENT CF INTEGRATEL
ACCELERATION ALUNG
LM +2 AXIS. IN FPS
TG NEAKEST .1 FPS.

NCTEZ R1,2, ANL 2
WlLL READ Q0000 JN-
ITIALLY AND WILL RE-
MAEM SC EXCEPT FOR
P1PA BIAS ACCLMLLAT-
LGNS UNTIL A THRUST-
ING MAMNELVER IS
STARTED. THEY WILL
BE UPLATEL EVERY

2 SEC.

WAIT FCR KEY EUARL
ENTRY

sEsecassmanrasrearvennns

PERFGRM THRUST ING
MANE UVER(S) AS
DESIRED,

MONITOR FDAL BALL
TO AVOID GIMBAL

THE CREIT AL PARAMET-
ER Ol SPLAY RDUTINE
[R306) MAY BE SELECT-
EC AT THIS TIME

( VB2E} TO MONI TOR
CONT INUOUSLY UPDATED
VALUES CF APO ALT,
PER ALT AND TFF.

SHALL 1 TERMINATE
THIS PRUGRAM?

« SHALL 1 ZERO

« FTHE DISPLAY IN
« ORDER TO MONI T-
« GR ANGY HER

« BURN?

«« KEY [N RECY-
CLE (V32E)

“ss e

L I R T I T O S

L3

LA T T I IR Y Y

*Ssscssssscssrnsr

L T I I L R T T I S N + ¢ 8 8 * a3 & b

A R R I L I T T R R

{
465
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#T0

#80

¥90

#100

#110

#1120
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« TERMINATE FLASH UPUN
» HRECEIPT CF PRCCEED,
« TERMINATE OKR RECYCLE,.
- « R Pa
. ok Re
- .C Go
. .Y Ce
- -C E.
- oL E.
. ok [*
. . /a
. . T.
. . E.
. . K
. . LN
- . L.
- . Ne
. - A.
- . T.
. . E.
« PREINITIALIZE .
s ACCELERLCMETER -
« INTEGRATIUN .

CU FINAL AUTCMATIC
REGUEST TERMINATE
RLUTIANE {(ROOC )

EXIT P47

Srass ssensnnsnnsaran

4 vrssrs st s enenmn

KEY
T ERM

iN PROCEED pR
INATE (V34E)

CG FINAL AUTOMATIC
REQUEST TERMEINATE

ROLT

INE (ROQ}

e

EXIT P&t

4668
P&T/LUMIN

P4T/LUMIN

(

ARY

#130

#140

#150

K160

#170
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PURPOS E:

ASSUMPTIGANS:

PROG
LONT

469

EMU OREENTAT [UN DETERMINATION PROGRAM (PS5i) REV 22 08/07/69

(1) TO DETERMINE THE INERTIAL ORIENTATION OF THE IMU USING SIGHTINGS ON TwWO CELEST [AL BODIES WITH THE AOT
OR A BACKUP UPTICAL SYSTEM.

(1) THIS PROGRAM MAY UNLY HE PERFORMED WHILE THE LM IS IN FLIGHT.
(2) THE IS5 MAY BE:

{ar CFF (STANCEY)

{B8) UNy AND AL [GNED OR NOT ALIGNED SENCE TURN ON.

1F (A} IS TRLE, THE IML MLST BE TURMEL CMh BEFCRE THIS PRUGRAM CAN BE PERFORMED,
IF (B) IS TRUE THIS PROGRAM CAN BE CGMPLE TED.

(3} THERE ARE MC HKESTRZINTS UPCN THE LM ATTITUDE CONTROL MUDES UINTIL THE CREwW WISHES To
MANUALLY MANEUVER THE VEHICLE.

(4 TIME AND RCS FLEL MAY BE SAVED,; AND SUBSEQUENT IMU ALIGNMENT DECISIONS GREATLY SIMPLIFIED IF THIS PROGRAM Is
PERFORMED IN SUCH A WAY AS TO LEAVE THE IMU [NERTIALLY STABILIZED AT AN ORIENTATION AS CLOSE AS PJISSIBLE TO
THE OPT IMUM CORIENTAT ION REQUIRED BY FUTURE LGC PROGRAMS.

(5) EXTENDED VERBS SHOLLD NOT BE EXERCESEDQ DURING THIS PRCGRAM BECAUSE OF PUSSIBLE INTERFERENCE WITH RS53,

f€) THE PROGRAM IS SELECTED BY THE ASTRCNAUT 8y L£SKY ENTRY.

LGC GROLND CREW

+CREMW
<PROGR AM
«SELECT ION

- -= . KEY IN IMU

START IML DRIENTATICON cccevvevesnnnsenses ORIENTATICN DETERMI-
CETERMINAT IGN . NATION PROGRAM (P51)
PRCGRA¥ (P51} V3TE 51t

GISPLAY P51 e

410

PS5 1/LUMLI NARY



+EDIET

++
+02

+ 4

oY «N
SET IMUSE FLAG -

TURN M FRCGRAM
ALARF LIGHT ANC
STORE ALARM CGCF.
(NCYE: JF CALLEC,
ALARM CODE wilLiL
BE 00210.)

s * 8 g & 3 4 &

DO FINAL ALTOMATIC
RECUEST TERMINATE

L N e e N N
L[]

- .
. -
- -
- -

.
desaasrssnsastsienaan

-
* Issesmereassseat e

- -
e dgasensnrsrssnansans

LR S

MONITOR D3KY:
CBSERVE DISPLAY OF
P51

L T T TR TP

MONITOR DSKY:

COES PRGGRAM AL ARM
LIGHT CUME ON INCIC-
ATING THAT THE [Muy

IS NCGT ON?
¥ +N

TURN ON [MU
AND RES EL ECT

P51 vIA ROD .
DO FINAL -
AUTOMATIC .
REQUEST TER- .
MINATE ROU-
TINE (ROO). .

470
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# 50

#60
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HOL D

earmnanssse

ShAP

L T A

FLASH VERB-NOULN TO .
REQUEST PLEASE PER- .
FORM CELEST]IAL BUDY .
ACCUISITION: -
¥50 K25 .
R1-CCC15 .
RZ - BL ANK .
R3I-ELANK .

.

4440 sd s esennanvssn

-

+
.

EXIT .
P51 .

MONITOR DSKY:

OB SER VE VERB-NUOUN
FLASHK TC REGUEST
PLEASE PERFURM
CELESTIAL BODY
ACQUIS IT ION

tessena

SHALL [ MANEUYER (DR

CONTINUE TO MAMEU-

VER) THE LM TO POSI~

TION THE IMU INNER

GIMBAL AXIS IN A

PREFERRED DIRECTION?

z

Y

CONTRCL RCTATE

PITCH AXIS IS
THE PREFERRED
OIRECTION

W ITH THE ROTATION

THE LM UNTIL THE

IN

PO I R N N L

ARE 2 CELESTIAL
BCOIES VISIBLE IN

“ 4 v 8 g * e

% & & .

« 3 * 8 g "

-

a8 ¢ a4 3 %

. 4

LI ]

{

471
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#120
#130
4140
#150
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L-4 LI I Y
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) 14 T = 1 |
7] | b wd 1 -0
ot z 100 VWt 1 a >
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M,u I W Z = O 1 | w t < Z
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p g YV P e I T I T T T I e B O T T S R I I
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_Al.om_
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P L T R e T I R e I R I L T O R I O L T T S

o,

I T I T e I e e I T T I I R S R R R S S P

-

#160

KEY 1IN ENTER

WAI T FGR KEYBCARD

ENTRY

trdsevressstrrbbbana
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TEMP
HGLD

SNAP

TERMINATE FLASH UPCA
RECEIPT OF PROCELU

CR ENTER

oF «E

R N

0 T

.C +E

«E R

.E .

«C .

« LISPLAY CN DSKY:
. Val N2z

. R1-00000

- R2-0Q0000

- R23-00000C

« WHERE Rl, R2,

« ANL R3 REPRESENT
« ICOU/GIMEAL ANG-
- LES 70 BE COARSE
« ALIGNED TO (0G,
« TGy MG, BESPEC-
« TIVELY),

« IN CEGREES TO

« NEAREST .01 DE-
« GREE

« CUMMANG ISS TO

« LCLARSE ALIGN

« MCODE

« TURN ON ®NU ATT®
« LIGFT

L N A e e N I L

L T T R I N O L R T T TS T

mcsssssrscsssses KEY IN PROCEED

ST TescsravasEEERSea

sesr Ve rssassas s nn

L L T RS S T R T T T T

.

LI L L L I R R A B T TSP

PR R

»

LI N I I T Y T T R A ]

MONITOR DSKY:
OBSERVE DISPLAY
OF COARSE ALIGN
VERB AND ICDU
ANGLES (ALL
00000} FOUR COARSE
AL IGNMENT

LI B S T Y TR B |

CBS ERVE “NO ATT®
LIGHT TO INDICATE
TRAT MU IS IN
COARSE ALIGA MODE

LI SPT R Y

LR

LI I I R

N

. e

LI B R I Y NI T DT Y T

+ % 0 4 %

LR L D A T I

P

.
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#200
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L A A L A R L I I

e s

* 5 o8 T 40

RESET TRACK FLAG

RESET CRIFT FLAG

RESET REFSMMAT
FLAG

COARSE ALIGN IS5

(NUTE:z [EFy AT
THE ENC CF CCAR~
SE ALIGNMENT,
THE GIMBALS ARE
NOT WITHIN 2 DE~-
GREES OF 0,040,
THE LGC wWiLL
TURN ON THE PRO-
GRAM AL ARM L IGHT
AME STCRE ALARM
CODES CC211 AND
00217.)

TERMINATE COARSE
ALIGN MODE IN

L I O L L Y T B

L S

s » .

[ L L N e

L T T O

L L R B Y

Eereressessamsase e

L N I I I I T I I T U DL I S T T

LI I L I LY T T TR DR TR R R

s v & 4 ¥ o g v g

Y e g v s

.- na

-

L O I L I I O R SR S

P T

« % 8 v

INOTE: IF, AT THE
END OF COAR SE
ALIGNMENT, TFE
GEIMBALS ARE NOT
WITHIN 2 DEGREES
OF 04040, THE LGC
WILL TURN ON THE
PROGRAM AL ARM
LIGHT AND STCRE
AL ARM CODES

00211 AND 00217.1}

LI

e

* 8 % 4 & * 8 3 Y pow ¥ g o4

LR I R T I T T B T SRR Y

L R TR R R T e e LA ]
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B . . . . 475
B . . - PSIALUMINARY

- 15S. . . . .
o oo . . . . ¥270
- ENABLE DAP, . . . .
« RESUME ATTLTUDE . . . .
» HCLD CF VERICLE. . . . .
. . . . . . #280
. TLRN OFF N eerevseveseacrseonnsaes UBSERVE TERMINA- .
o ATT" LIGHT . . « TION OF nNC ATTw .
B T —— . . LIGHT TU INDICATE .
. . . . THAT IMU IS NOW .
. . . . ENERTI AL. .
. - - . - . #290
SET DRIFT FLAG . . .
. . . . #300
CL ACT MARK RCUTINE . . . DD ADT MARK ROUTINE .
{R53) FCR CELESTEAL auvsvveeavsanscasaea [R53) FOR CELESTIAL .
BGDY #1 . . . BODY #1 . #310
. . . . P51 /L UMINARY



DU CELESTIAL BUOY
CEFINITICN ROUT INE
(R58) FOH CELESTIAL
BODY USED.

CC AOT MARK ROUTINE
{R53) FOR CELESTIAL
BUDY w2

DC CELEST AL BORY
DEFINITIGN ROLTINE
{R58) FGOR CELESTIAL
80CY LSEC.

DG SIGHTING DATA
DISPLAY ROUTINE

(R54}
N -E
oA X
ol .l
) T
:“A" :th

L T

« 8 * 3 3 * 8 a *

CALCLLATE IML INERTIAL

ORITENTATIUN w.R. T
CELESTIAL COURDIN-
ATES AS CEFIMNEC BY
CELESTIAL BODIES # |

- .
CavasasaserrsRananae
. -
. .
P T TN N ]
- .
- -
“eassEssEsRNsIRNERS Y
. -
- -

seansemssaseb AN

CO CELESTIAL BCLY
UEFINITION RULTINE
{R53) FCR CELESTUIAL
BAODY USED.

00 ADT MARK ROLTINE
{R53) FOR CELESTIAL
BOCY #2

D0 CELESTIAL BODY
CEFLNIT EOGN ROUT INE
{R58) FOR CELESTIAL
BOCY USED.

CO S IGHT ING DAT A

DI SPLAY RCUTINE

{R54)
+E -E
X X
.1 .1
T T
:HAII :lIBII

.
——

[ I T ]

L L T I S R I

LI

8 T 4 oM & % 8 82 * oo

476
P51/LUMINARY

¥ 320

#330

#340

#1350

#360
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af

ANDG # /2 o STOCRE AS
PRE SENT PLATFCRNM
CRLIENT AT 10N
(REFSMMAT)

SET REFSMMAT FLAC

BC FINAL AUTGMATIC
REQUEST TERMINATE
ROUTINE [KCO}.

‘e

EX{¥ PS1

CHANGE CCNTRLL NGTES

LOGIC REV 00 PCR 7
REY Cl ECITCRIAL
REV C2 EDITGRIAL

LI R BN S

D0 FENAL AUTCMATIC
REQUEST TERMINATE
RCUTIME (ROO).

eXIT P51

{

477
PS1/LUMINARY

370

#380

PS5 1/LUML NARY
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IMU REAL TUN PRUGRAM (P52) REV 22 12/03/69
PURPLSE: (1) 10 ALIGN THE IML FRUM A "KNOWN" (SEE ASSUMPTIGN 5) CRIENTATION TC GNE CF FOUR CRIENTAT IONS SELECTED BY THE
ASTRONAUT USING SIGFTIMNGS Ch Twl CELESTIAL BODIES WITH THE ADT OR A BACKUP UPTICAL SYSTEM.

(A} PREFERRED URIENTATION {UPTICN 0QQOCL)

AN UPTIMLM CRIEATATIUN FCR A PREVIOUSLY CALCULATED MANEUVER. THIS ORIENTATEON MUST BE CALCULATED AND
STURED BY A PREVIOUSLY SELECTED PRCGHAM,

(8) LANCIAG SITE CRIENTATIGN {(OPTICN O0QO04}

X = UNIT [R

-5 -L5

Y = UNIT (2 % X )

-S¥ -5M  -SM

L = LNIT [H X X )

—5¥ -CSM  -5M
whERE:

THE CRIGIN IS THE CENTER OF THE MOON,

W = THE POSITION VECTOR OF THE LM ON THE LUNAR SURFACE AT A LANDING SITE AND A TIME
-LS
TLALJGNY SELECTED BY THE CREm.

H = TFE AMGULAR MOGMENTUM VECTCR DF THE (SM (R X v be
~L5H -CSM  ~CSM

A SPECIAL CASE GF ThE LANCING SITE ODRIENTATION OCCURS WHEN T(ALIGN) IS DEFINED AS THE TIME OF LUNAR
LANDEING TCLAND)» THIS CASE CCCURS GALY IF T{LAND) HAS BEEN CEFINED BY THE MSFN, TRANSMITTED TO THE
CREWs ANC THE CREW HAS THEN DEFINED TUALIGNY TG BE T(LAND) 1IN THIS PROGRAM,

(C) NUMINAL GREENTATION (OPTION 00002)

X = UMIT (R)

-SM -

Y = UNITIV X R}

—5M - -

Z = UNIT{(X X ¥y )

-5 -5M  -5M
nhERE:

#o= THL GECCENTRIC {EAKRTH ORELT) UK SLLENCCENTRIC (LUNAK URSETY RAGIUS VECTUR &T TEME TLALIGN)

SELECTEL BY Tri ASTRONAUT.

PSZ/LUMINARY
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ASSUMPTIONS:

PROG
CCNT

480
P527 LUMINARY

v = THE INERTIAL VELOCITY VECTOR AT TIME T{ALIGN) SELECTEU HY THE ASTRONAUT.

{E) REFSMMAT (GPT ION 00003}

SEE ASSULMPTION (5)

(1) THES PRUGKRAM MaY GALY BE PERFCRNEC WHILE THE LM IS IN FLIGHT .

{2} THE CUNFIGURATICN MAY Bf COCKEL {LM/CSM) OR UNDUCKED {LM ALONE). THE PRESENT CCONFIGURATION SHOULD HAVE BEEN
ENTERED INTQ THE LGC BY COMPLETICN OF THE CAP DATA LCAD RCUTINE {RD3).

{3) THERE AKE KC RESTRAINTS UPUN THE LM ATTITUDE CONTROL MODES UNTIL A P3NCS CONTROLLED MANEUVER IS CALLED BY A PRO-
GRAM UR THE CRE® WISHES TC MANUALLY MANEUVER THE VE~ICLE. THE GUIDANCE CUNTRGL SWITCH MAY BE AT PGNS OR AGS AND [F
AT PCENS, THE MUDE MAY BE AUTO Ow ATTITUDE HOLD. PRIGK TC PGNCS CONTROLLED MANEUVERS THE LGC WlilL REQJIEST THE CORRECT
MCOE IF 1T IS NCT IN EFFECT o FOR MANUALLY CONTROLLED MANEUVERS THE CREW WUST SELECT THE CORRECT MODES.

{¢) THIS PRCGRAM MAKES WU PRUVISION FOR AN ATTITUDE MANELVER T8 RETURA THE VEHICLE TC A SPECIFIC AFTITUDE. SUCH A MAN-
ELVERy IF DESIKEOD, MUST BE CONE MANUALLY. AN OPTION IS PROVIDED HOWEVER T2 ALLOW POINTING OF THE ADT AT ASTRONAUT

OR LGC SELELTED STARS EITHER MANUALLY BY THE CREW CR AUTCMATICALLY BY AN LGC CONTROLLED ATTITUDE MANEUVER,

(5) THE §5S IS5 Ch ANC HAS BEEN ALIGNEC TO A "KNUWN™ CHRIENTATION WHICH [S STORED IN THE LGC (REFSMMATI. THE PRESENT

IMU URIENTATION ULFFERS FHOM THAT TO WHICH IT WAS LAST ALIGNED ONLY DUE TU GYR) ORIFT [[.E. NEITHER GIMBAL LOCK NOR
I#) FOWER INTERRUPT ICN FAS OCCURRED SINCE THE LAST ALIGNMENT).

(&) AN UPTIUN IS PRUVIDED TQ REALIGN THE IMu TC THE FREFERRED, NOMINAL, GR LANDING SITE DRIENTATIONS WITHIUT MAKING
CELESTIAL BGCY SIGHTINGS (SEE LOGIC FLOW},.

(7) EXTENDED VERBS SHOULU NCT dBE EXERCISEC DURING THIS PRCGRAM BECAUSE OF POSSIBLE INTERFERENCE WITH R53,

(8) ThE FROGRAM IS SELECTEC BY TrE ASTRONAUT BY DSKY ENTRY.

LEC GRUUND CREW
«CREW

« PROGRAM
«SELECTION

———————————————————— . KEY IN IMU REALIGN
START [MU REAL IGN sscvareannavssaansea PROGRAM ($£52)
PRCGRAVM 1PB2) . V37E S52F #10

OESPLAY P52 —

L R L )

PS2/LUM INARY

L | (
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- 481
. P52/ LUMINARY

sevssercannsassnansas MONITCR DSKY:
. OBSERVE DISPLAY QF

P52
. . #20
CC o iMu 5TATUS CHECK . « DU IML STATUS CHECK
RLLTINE (RC2) seesnssresssnsessass RCUTINE {RL2)
. . #30
[S THE FREFERREG- .
ATT ITUDE-CUMPUTED .
FLAG SET? .
NG Na .
———————————————— . . #40
SET LGC ASSUMEC . .
GPTICN TC £OCCl. . .
« SET LGC ASSUMED .
. CFTICN TC G0OOD3. . 50
. . cenns - . . 60
HULD .« FLASR VERE-NCUN TI . MONTTOK DSKY: .
cesacanss REJLEST RESPUNSE &R0 . . CRSERVE VERE-LUUN .
SN&F LISPLAY CPTIGN LUl seessnsrsansoccsnees FLASH TG FLUUEST .
FCR ASSULMEL [MU LR~ . . KESPORSE ANU DISPLAY .
TENTATION SELELTIGN: . LF CPTILK LGLe FCR .
. . PS2/LUMINARY
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-

vi4 ANOE
R1-00001
RZ=0000X
R3-BLANK

Kl 5 THE
UPTION CODE

FOR ASSUMEC

EMU CRIENTATIGN
SELEC TIDN.

R2 IS5 ThE

LGC ASSLMED OPTION:
Q0001 -PREFERKEL
CCCG2Z-ACMi NAL
00003-REF SMM AT
00004~LANCING S 1T¢E

WAIT FOR KEYBUARD
ENTRY

TERMINATE FLASFE UPUN
RECEIPT CF PRGCEED
OR NEw DATA

.P « NEW
R L OUE

.C .

.C .

.E e S
-E STCRE COLE

D e

LI B

-

.

LR R R R RN R R EE I

R T TS Y B ]

"aeprancrrrrrrTev IR LS

ASSUMED IMU GRIEN=-
TICN SELECTIUN

IS THIS THE IMy GRI-

ENTATION I DESIRE?
Y N
KEY N .
PROCEED .
« KEY IN VZZE
« ANC LCAL ThE
« DESIRED ORJEN-
. TATION CODE IN
+ R2

L A T L R B D R N R L

.

.
—

LI T I O T T

T I N T R I T |

482
P52/ LUMINARY
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#82

#9390

#100

#1110
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aaf

- .
- -

. .

. .

. .

. .

. sevsmsvarens
.

.

caoe

.0 .0 -0 -0

«0 «C -0 « 0

-0 .0 -0 N

«0 .0 «0 =0

«2 o C -l .3
«C . .
.C - .
«0 . .
-G . -
b . .
- LN LI
. GO TO 64 10
- ﬂal! Ilﬁll

BELCW BELCK

STORE T(LANG) IN
TCAL LGN}

L Y N L T I T L B T T I D L B )

STCRE 000CO,
CoC0CC.CCCCC FLR
GISPLAY a5
T{ALIGN)

3
3

a4 % 4 & 4 5 & ¥ 4

WAS NOMINAL OR LAN-
CING SITE ORIENT A-
TICN SELECTED?

{NO

TE: AN JRIENTA~

TICN COCE OF 00000

Wil
AS
GPT

L BE INTERPRETED
LANDING SITE
ICN BY THE LGC).

2 T s 8 ¥ 2 8 b 4 @

L T L I |

WAS THE PREFERREC
ORIENTATION SELE-
CYEC?

.Y Ne.
GO 1O GO TO
npn ngi
BELOW BELOW

{

483
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HOLD

deassaanse

SNaP

.
. 2 ¥ s
@ n v

FLASH VERB-NCuN TC
REQUEST RESPUNSE AND
CISPLAY TUALIGN};
vOEN34
Ri- T{ALIGN}I-HRS
R2~ TLALIGN)-MINS
R3— T{ALIGN)-SECS

TUALIGN) - TIME{GET)
AT WHICH LM POSITION
ANC VELCCITY VELTORS
ARE TO BE DEFINED
FOR A NOMINAL OR
LANCING SITE IMy
ORIENTATIGN. [N

HRSs MINSe SECS, TO
MEAREST .01 SEC.

L R T N N B N N e N A LA )

LI A T B T |

L T T R L T A I I T I e I R L T T O R e N L

secceccsancerssvences MONITOR DSKY:

OBSERVE VERB-NCUM
FLASH TO REQUEST
RESPCNSE AND CISPLAY
OF TLALIGN) .

# g 8 2 4 8 % a4 08 4 8 b 8 s * a

FCR OPTION 2
T{ALIGN) WILL APPEAR
HERE AS 00000,
00000, 00000, WhICH
IF ACCEPTED nWILL
INDICATE THAT THE
NCMINAL OR LANDING
SITE ORIENTATION
WwILL BE DIFINED FOR
A T{ALIGN) AUTCMAT-
ICALLY SELECTED AS
THE PRESENT TIME,
FOR OPTICN 4,4
T{ALEGN) wWILL BE
DEFINED &5 T (LAND).

-
-

DO I WISH TOQ ALIGN
THE 1ML TO AN

L T B T

I O R O T T T T I T R T S S R P I T A L R T L S P R

484
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#200
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. . . 485
. . . P52/ LUMINARY
. . ORIENTATION GEFINED .
. . BY THE T{ALIGNI .
. . PRESENTLY DISPLAYELC? .
. . .Y N .
-------------------- - ——————————— #220
nAl T FUR KE YBUARD weessavveusssasseess KEY I[N PROCEED . .
ENTRY e e e . .
VERMINATE FLASH UPUN .. B R .
RECEIPT UF PROCEED “esvcensnassensvssnncaa KEY IN ¥W25E ANT .
CR NEW CATA . . LOAD THE DESIRED .
———————————————————— . « TLALIGND IN R1,y -
.PROCEED «NE W N . R2, AND R3. . £230
- +oATA . @ e,
« STCRE DATa - .
. [ . #240
IS TLALIGN) CEFINED .
T& BE ZERC CR NEGA- .
TIVE? .
.Y N .
. . " #250
DEFINE T{ALIGN} . .
= T PRESENT . .
LR . i B
il .
. .
+ . - *
+ . . .
+ . .
+ . - -
+ » *
+ . - .
+ . - -
+ . . .
+ . . . P52/ UMINARY
+ . . .
+ - - -



EDIT

. 8 4 v B 4 & 9 4

[

P A I I A I P L P

R I R L A B I L R T T I B R

.

TUALIEGN) IN
THE T(LANC)
+(2 LOCATICA.

++ ——————

IS STCRED GRIENT AT ION
CODE cccce?
oh oY
afblaSe) «{ NOM)
STORE Tht .
VALLE OF .

CLMPUTE NCMINAL
ORLENTATICN FCOR
THE PREVIUUSLY
DEFINEC TULALIGN}.
SELECT THIS ORI-
ENTAT ION FOR
GIMBAL ANGLE
COMPLTATICAS.
{NOTE: AT THIS
TIME ANY PREFERR—
ED QRIENTATION
STOREC iN THE LGC
15 tsm).

GO TO

NAH

BELOwW

LUOMPUTE LAT: LONG/Z,

ARE

ALt FROM

« % . ou

WAS NOMINAL IMU
CRIENT AT IGN S ELEC~
TED?

I L T S T T T S R S B T N

« ® * a g @

> 8 &« * 3 p & * s 8 " e a ¢

x ® e 4 a2 ¥

.

GG TG
LT

BELCW

486
PS2/LUMINARY

260

#270

#280

#290

¥300

PS2F/LUMINARY

(



34?

++
+02
+EDIT
+s

HOL O

SNAP

STORED LAMNDING SITE
VECTOR {IN "PRIMARY"
STORAGE) ANC SPEC-
IFIED T{ALIGN).
(NOTE: THE “PRIMARY™
STGRAGE GF ThE LAN-
DING SiTE CAM BE
MOCIFIEC ONLY BY
PRELAUNCH ERASABLE
LoAD, P27, PST, OR
PoB. SHOULE THE CREW
WRITE OVER THE
FGLLORING DI SPLAY,
THE MEwLY OEFINED
LANOING SITE IS
EFFECTIVE ONLY 10
DEFIME A LANCING
SITE GRIENTATION FCGR
THE [MU.)

-

-

FLASH VERB~NOUN TO
REQUE ST RESPGNSE AND
DISPLAY THE LGC-
STGRED OR THE NEWLY-
DEFINED LANDING SITE
COURDINATES .

VQaNa9

RI-LAT

R2~-LONG/ 2

RI-ALT

LAT-SELENGGRAPHIC
LATITLOE OF THE
DES IGNATEC LANDING
SITE. POLARITY
INDICATES NORTH(+)
CR SOUTK{-). IN
DEGREES TG NEAREST
«C01 DEGREES.

L L N N N R

LR RN ER RN TEERY P PRy

L L R O R I T e BT

MONITOR DSKY:

0BSERVE VERB-NDUN
FLASH TG REQUEST
RESPONSE AND DISPLAY
OF THE LGC-STORED OR
THE NEWLY-DEFINED
LANDING SITE CODOR-
DINATES.

ARE THESE THE
DESIREC LANDING SITE
COORDINATES?

-
=
)

.-...l.|||.|l'..|."|.lll'.'l.‘...|

L L I S I O I ]
.

{
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#310

#320

#330

#340

#350
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H‘)O

LCAG/2-SELENCGRAPHIC
LOGNGI TUDE DIVIODED BY
TWO OF THE LGC-STD-
RED CR THE NEWLY-
QEFENED LANDING SITE.
POLARITY INDICATES
EAST(+) OR WEST{~-}.
IN DEGREES T(Q NEAR-
EST 001 CEGREE.

ALT-THE ALTITWOE OF
THE LEC-STORED OR
THE NEWLY-DEFINEQ
LANDING SITE ABQVE
ThE RACIUS AT The
DE SIGNATED

LANGING SITE. IN
NAUTECAL MILES Y@
NEAREST .Gl A,

WAIT FOR KEYBOARD .
ENTRY

TERMINATE FLASH UPON
RECEIPT OF PROCEED .
OR NEW CATA

«PROCEED oNE K
«CAT A

B s S —

LI 2 R L R B
L I T

COMPLTE LANDING SITE
CRIENT AT IGN FDR THE

LI T R

LA I T T T T O T T Y

*ssevseanvsncasssns KEY IN PROCEED

Se B sssstsnannsranas e

-

L L N I e N e T

L L T I T T T SRS T SO

LI R I L T Y B Y

L I I I O I R T O T

L L e L e N N
L T

LR S O I L

KEY IN V25E ANC
LOAD THE CORRECT
COORDINATES. .

- .
N -

sSssamsssssanns

488
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#3IED

#370

#380

#390

#400
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Y

HOLD

tuesansas

SNAP

oi-.o.ol.o..-.l.....l.olgl..l.

LI I L

LeC—STGRED GR THE
NEWL Y-DEF INED
LANCING SITE COGR-
DINATES AND T{ALIGN),
SELECT THIS ORIENTA-
TICN FCR GIMPAL
ANGLE CCGMPLTATICH.
INGTE: AT THIS TIME
ANY FREFERREC ORIEN-
TATICN PREVIOULSLY
STOREC IN THE LGC

15 LO5T)

npn
FROM
ABCGVE

L N T Y |

- .

READ PRESENT VEHICLE
ATT ITUDE FROM THE
PRESENT GIMBAL
ANGLE S

COMPUTE GIMBAL
ANGLES AT CESIREL
1MU ORIENTATICN AND
PRESENT VEHICLE
ATTITLCE

FLASH VERE-NCUN TU
REGQLE ST HESPONSE ANG
DISPLAY THE RESUL T~
IhG ICDU/GIMEAL
ANGLE S:2

*aerveanugsarsnnettne

HAN
FREM
ABOVE

.
-
.
.
-
.
.
-
.
.
-
-
.
.
.
.
.
-
.
.
-
.
-
-
.
-
.
.
.
-
.
.
.
-
.
.
.
.
-
.
-
-
.
.
.
.
-
-
.
.
.
-
-
. - -
.

MONITOR DSKY:
CBSERVE VERB-NOUN
FLASH TC REQUEST
RESPONSE AND DISPLAY
OF ICDU/ GIMBAL

-
-
a
-
.

-
-
.

*

{
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#410

#420

#430

#4450

#450

#4560
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yo¥

PO T T N T T T T O R R R I e L L T I R O L A R

s g & s

voe W22
R1-CG
R2-1G
R3-FG

ALL GIMBAL ANGLES IN
DEGREES TC NEAREST
«Cl DEGREE

L L L R I I I I )

WAIT FOR KEYBUARD
EMIRY

ANGLES AFTER PRO-
POSED LM/ IMU AL IGN-
MENT

DO I WISH TO
MANEUV ER VEHICGLE
TO AN ATTI TUDE
WHICH WILL PRO-
VICE A MORE
SULITABLE MGA?

N oY

MANEUVER VEH-
ICLE WITH

ROT AT ION
CGONTRGELLER

[ I A A
L]

)
.

UPDATE THE
DISPLAY OF

« % s ¢ 8 5 0 % 3 & a2 ¥t a0

L N L Y

L A I

490
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#470

#480

r490

#500

#510
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HOL D

¢ 8 & g 4 & 4w 4 § 4 % ¥ g B v 5 & g g b g o4 ®

SNAP

TERMINATE FLASH LUPUN

RECEIPYT GF PRGCEED

OR RECYCLE
«R P
+E R
-L 0
.Y .C
«C «E
L -
+E «D

FLASH VERB NOUN TQ
REQUEST PLEASE PER-
FORM NORMAL 0OR CYROD
TCRQUE CCARSE ALIGN;
VECN25
R1-00013
RZ—-BLANK
R 3-BLANK

R L T T I R O I LY

TraasssemtddsssacanrER LS

4ssssesscassnsrersnn

damsassenssbst bt naa

-

RESULT ING
GIMBAL
ANGLES:
KEY IN
RECYCLE
V32E

ssssanae

KEY IN PROCEED

MONETOR DSKY:
CESERVE VERB NOUN
FLASH TO REQUEST
PLEASE PERFORM
NORMAL CR GYRO YOR-
QUE COARSE ALIGN

THE NORMAL METHCD
Of ACHIEVING IMY
REALIGNMENT IS TO
ACCEPT THIS RECUEST
BY KEYING IN PROCEED

.
.
-
.
-
-
-
.
-
.
-
-
-
-
-
-

!
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#530

#540

#550

#560
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'la'o.‘l.'l.'nl'nlc.'o-'-o‘.o'.nl.‘.c'.o'..'-

WAIT FOR KEYBODARD
ERATRY

wHICH WILL CAUSE THE
LGC TO COARSE ALIGN
THE STABLE MEMBER TO
THE GIMBAL ANGLES
APPROXIMATING THE
NEW GRIENT AT ION ANC
THEN TG PROCEED
THROUGH OPTICAL
SIGHT INGS AND PULSE
TORQUING TO ACHIEVE
PRECISE AL [GNMENT,
AN ALTERNATE METHCD
OF ACHIEVING |MU
REALIGNMENT IS TO
KEY I[N ENTER WHICH
WILL CAUSE THE LGC
TO CCMPUTE THE NUM-
8ER CF TORQUING
PULSES REQUIRED BY
EACK IRIG (KeYy2})
IN CRDER TO ACHIEVE
PRECISE AL IGNMENT,
AND ISSUE THESE
PULSES. THIS ALTER-
NATE METHOD INTRO-
OUCES A PREDICTABLE
ERROR INTO THE LGC'S
KNCWLEDGE OF THE
STABLE MEMBER GRTEN-
TATION AND TAKES A
PREDICT ABLE PERIOD
OF TIME FOR COMPLET-
ION.
AN APPROX IMAT IUN OF
THI S ERROR AND THE
TIME TO TORQUE CAN
BE MADE BY CAL(CUL A-
TING THE SUM CF THE
GIMBAL ANGLE CHAN-
GES )y MULT IPLYING BY
2 FOR TIME TO TORQUE
IN SECONDS, AND MUL-
TIPLYING BY .002 FCR
ERROR IN DEGREES.
SHALL I REALIGN IN
THE NORFAL WAY?
oY

.
2

RS )
LI T I R )
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#570

#580

#5990

#600

#610
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TERMINATE FLASH UPDN
RECEIPT GF PRGCEED
UR ENTER

P +ENTER

R .

«C .

.C .

+E .

-E .

.0 -

« CCMFUTE TCORQUING

« ANGLES REQLIRED

» TO ACHIEVE NEW

+ CRIENTATIECN,

« RESET REFSMMAT

- FLAG

P

PULSE [RIGS
THROUGH TORQUING
ANGLES ANL DIS-
PLAY PRESENT ICDL
ANGLES UNTIL

"ssssssetbman

-
B st sccasarren

.
LER RN R NN TN RN N R

KEY [N PROCEED

CEL I R R P )

KEY IN ENTER

L e R e I I O T T T ]

MONITOR DSKY:
OBSERVE VERB-NOUN
CISPLAY OF PRE-
SENT GIMBAL
ANGLES UNTIL CCM-

{
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#630

#640

#650
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4ov

POSS
TEMP
HOLD .
MCN .

M T e T T

l..c....ll.lin...'cl‘l

LY

L N )

COMPLETIUN.
V1enz0
R1-GG
R2~-1G
R3I-MG

ALL CIMBAL ANGLES
IN LEGREES TC
NEAREST ,(C1
CEGREE.

'..‘.l'.o‘lllc.lo'.l'll

DEFINE REFSMMAT
TO BE THE DESIRED
IMU ORIENT AT ION

RESET PREFERRED-
ATTI TLDE-CCMFUTED
FLAG.

« % % 4 a0

L T T I

0'000.0'.-..-.Oo.'-q’.-.!-

LA B

L N S T

PLETICN COF PULSE
TORQUING .

(NCT B2 UNLESS THE
DAP IS OFF ("MCDE
CONTROL-PGNS*
SWITCH TO "OFfF" )
OR IN A MODE
WHERE IT DDES NOT
MAINTAIN ATTITUCE
({1sEsz MINIMUM
IMPUL SE MODE VA
VI&E) THERE IS5 A
HIGH PROBABILITY
THAT RCS JETS
Wlti BE FIRED AS
THE INERTIAL RE-
FERENCE IS CHANG-
ED (GYRGCS TCR-
QUED). HOWEVER,
THE GYROS MAY BE
TORQUED SO AS TO
CRIVE THE GIMBALS
INTE GIMBAL LGCX.
THEREFORE THE
CREW SHIULD MAN-
UALLY MANEUVER
THE SPALECRAFT IN
THE MINIMUM IM-
PULSE MODE GR
UNDER CONTROL OF
THE AGS TO AvOID
GIMBAL LOCK.)

L L N e N N I L T

494
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#660

#670

#680

#690

#700
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POSS
HOL D

sssassene

SNAP

-

T e e v,

SET REFSMMAT FLAG

SET DRIFT FLAG

FLASH VERB-NOUN
TC REQUEST PLEASE
PERFGRNM FINE
AL JGNh:
V50 N25
R1-GCCL4
R2~ 8L ANK
R3-BLANK

.

WAIT FOR KEYBCARD
ENTRY

TERMINATE FLASH
UPCN RECEIPT OF
PROCEED OR ENTYER

+P .E
«R N
-0 T
.C o E
+E R

ddrmnsrmnssudnasreanna

.
...-.-.'l..l-.-..-ooa-'-.'-.‘to'l-'l-'

L N YL ]

.

-

R N . L A SO

LA Y I I O L T

MONITOR DSKY:
OB5ERVE YERB-NOUN
FLASH TO REQUEST
PLEASE PERFCRM
FINE AL IGN

0O i WISH TO AT-
TEMPT TOD FINE
ALIGN THE [Mu?

Y K.

GQ TG GC TC

{
495
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#¥710

#720

#1730

#1400

#750
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« oE .

« C -

« GC TE GC TC
. gy nn

« BELOW BELOW

D0 CUARSE ALIGN
ROUTINE {R501)

.

SET REFSMMAT FLAG

RESET PREFERRED-
ATTITUDE-COMPUTED
FLAG

ugn
FRUOM
ABCVE

DD FEINE ALIGN
HCGUT INE {R51)}

L I L L I |

+ -
sSemssvesessmasastben
- -

- -

"Ell

BELCW

CO COARS
RCUTINE

wen
BELOW

£ AL IGN
(R50)

DL FINE
ROLTINE

* a3 % g & g

496

PS2/ LUMINARY

#760

#770

#780

#7190

#800
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-~ c“ : : "C (1]
FRGM o . FRUM
ABOVE . . ABCVE
. . . . #8190
OC FINAL AUTCMAT IC . . DO FINAL AUTOMATIC
REQUE ST TERMINATE tetemseseenvasseesss REQUEST TERMINATE
RUUT INE (RQO ) . . ROUTINE LROO)
. . £820
EXIT P52 EXIT P52

CHANGE CCNYRCL NOTES

REV 01 FCR 134,439

REY OCILLM 1A} PCR T74C
REV QL{LuM 18) PCR 825.2
REV 02 ECITCRIAL
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4+

+03
PURPOSE s
+EDIT
++

+4
+03

+EDIT

++
ASSUMPTICANS:

499
LUNAR SURFACE ALIGN PRUGRAM (P57) REV 33 12/03/69
{1} WhILE GN ThE SURFACE OF THE MOON TO ALIGN OR REALIGN THE IMU TO ONE GF THREE TYFPES OF ORIENT AT 1ONS:
(A) LANDING SITE QRIENTATION
X = LKIT (R )
-~ 5M -LS
Y = UNIT (2 X x 1}
- SM ~5M -SM
F4 = UNIT (b X X
-SM -CSM  —-5M
WHERE:
(1) THE GRIGIN IS THE CENTER OF THE MOON
2y R = THE PCSITICN VECTOR OF THE LM ON THE LUNAR SJRFACE AT THE MOST RECENTLY DESIGNATED LANDI NG
“LS
SITE ANL A TIME TCALIGN) SELECTED BY THE CRE .
{3) H = THE ANGULAR MCMENTUM VECTCR OF THE CSM (R X v 1.
-C5 ¥ -C 5M -C5M

41

(B) PREFERREDC OREENTATION

AN IMU ORIENTATION SPECIFIED 8Y THE GROUND AND LGCABED INTO THE LGC BY THE LGC UPDATE PROGRAM (P27).

(C} PRESENT REFSMMAT

THERE ARE SEVERAL TECHNIQUES AVAILABLE TG THE CREW FOR COMPLETING AN I MU ALIGNMENT. THE RESULT ANT ACCURACY OF
THE IML TO THE SPECIFIED DESIRED ORIENTATION {1.E. ThAT CRIENT AT ION DEFINED BY THE FINAL REFSMMAT) 15 DEPENDENT
UPON THE ALIGNMENT TECHNIQUE WHICH THE CREW SELECTS. THIS SELECTION WILL BE DICTATED BY THE CIRCUMSTANCES AT THE
TIME GF ALIGRNMEANT .

THE LM HAS LANDEU ON THE LUNAR SURFACE, THE LM YAW ANGLE WITH RESPECT T( THE INERT TAL ORIENTATION JF THE [MU AT
LANCING wAS NCT CCASTRAINEC DURING LANCING.

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 PROV IS ION HAS BEEN MADE TO INCORPDRATE IN THE LGC ANY MEASUREMENT OF LM SETTLING ON THE
LUNAR SURFACE. HOWEVER A SHEFTING OF THE LM WILL RESULT IN A MISALIGNED IMU ONLY IN THE CASE WHERE AN ALIGNMENT

IS MAGE FROM A STOREG LM ATTITUDE WITH RESPECT 10 THE LUNAR SURFACE (DPTION CODES 00000 AND 52001; SEE LNGIC
BELCw) v ANG THE 1ML [S NCT SUBSEQUENTLY ALIGRNELD BY REFERENCE TO CELESTIAL BGGIES AND/OR LUNAR GRAVITY,

THE 1S5 IS ON ANC MAY BE:
(A} AT AN INERTLAL CRIENTATICN YLNKAGWA® TCO THE LGC: [eE.: [T MAY HAVF BEEN SHUT DOWN AND RESTARTED SINCE

PST/LUNINARY
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+ 4+
+03
+EDIT
+4

PROG
CONT

18)

(3

(1c)

500
PST/LUMINARY

LANDING WwITHCLT SUBSEQLENT CRIENTATION CETERMINAT ION.

FE) AT AN INERTIAL CRIENTAT IUN SKNOWN™ BY THE LGC; I.E.: NEJTHER GEMBAL LOCK NCR IMU POWER INTERRUPTION HAS
UCCURRED SINCE THE LAST IMU ALIGNMENT UR ORIENTATION DETERMINATICN, THEREFORE THE PRESENT DRIENTATION
DIFFERS FROM THAT STORED IN REFSMMAT ONLY BECAUSE OF GYRO DRIFT AND/CR THE INITIAL MISAL IGNMENT OF THE
I¥U TC THE STCREC REFSMMAT,

NO MON ITOR OR CONTROL OF THE RENUEZVOUS RADAR {RR} WILL BE EXERCISED BY THE LGC DURING THIS PROGRAM EXCEPT
AS CEFINED 8Y THE RR MCNITOR ROUT INE {R25).

THE LM ATTITUDE WITH RESPECT TO THE LUNAR SURFACE IS AVAILABLE IN LGC STORAGE, 1.E.: IT WILL HAVE BEEN STORED
BY THE LAMDLAG CCNFLRMATICN PROGRAM (P&B). ONCE THIS ATTITUDE HAS BEEN STORED IT WILL BE PRESERVED BY THE LGC
LNTIL IT IS REPLACED BY A MCRE RECENT VALUE.

EXTENDED VERBS SHCULC NOT 8E EXERCISEDC DURING THE R59 PORTION OF THES PROGRAM BECAUSE OF POSSIBLE ENTERFERENCE
nITH RE3,

THE UAP SHCULD 8E CFF CR IN ATT HOLD (™MODE CONTROL-PGNS™ SWITCH TO "OFF"™ OR “ATT HCLD") DURING GYRO TORGUING
BY THIS PROGRAM TC PRECLUDE RCS JET FIRINGS DUE TG REALIGNMENT OF THE IMU CAUSING ATTITUDE ERRDRS EXCEEDING THE
MAX IMUM DEADS AND.

THLIS PROGRAM IS SELECTED BY THE ASTRONAUT BY DSKY EATRY. (T WILL NORMALLY BE SELECTED TO PERFORM AN ALIGNMENT

CF THE [MU IMMECIATELY AFTER LANDING ON THE LUNAR SURFACE, PRIOR TO SELECTION UF THE RR LUNAR SURFACE NAV IGAT ION
FPRCGRAM (P22), PRICR TC AGS INITIALIZATICN AND APPROXIMATEL Y 15 MINUTES PRIOR TO ASCENT. THIS PROGRAM MAY ALSO
8E USED TO PROVIODE AN IMU ALIGNMENT IN TEME~-CRITICAL EMERGENCIES PRIOR TO ASCENT .,

A DETERMINATIGN OF THE LM PCSITIUN VECTOR WHILE ON THE LUNAR SURFACE (R } CAN BE ACCOMPLI SHED ONLY IN

-15
CCNJUNCTICN WITE IMJ ALIGNMENT TECHNIQUE OPTION #2 (USING ADT SIGHTINGS TO TwG CELESTIAL BOOIES). IT 1S VALID
ONLY IF THE LUNAR GRAVITY VECTOR HAS BEEN PREVIODUSLY GEFINED, DUR IAG P57y, USING IMU ALIGNMENT TECHNIQUE OPTION
#l {USING REFSMMAT OR STORED LM ATTITUDE AND DETERMINATIGN OF LUNAR GRAVITY VECTOR) OR OPTION #3 (USING SINGLE
CELESTIAL BCDY SIGHTING ANC CEVERMINAT ION DF LUNAR GRAVITY VEC TOR).

LGC GRCUNL CREN

+CREW
«PRGGRAM
«SELECTICN

B KEY IN LUNAR SURFACE

START LUMAR SLRFACE 4uescecsecvesssensss ALIGN PRGGRAM (PS7)
ALIGN PRUGRAM (P57). . W3TESTE #10
DISFLAY P57 e e

L N T

PST/LUMINARY

: ( (



413

3
-

1S THE [S$§ any

oY «N
SET IRLSE FLAG .

TURN CN PRCGRAM
ALARM L IGHT BUT
DC NOT CHANGE
PRESENT DISPLAY
{PRGGRAM AL ARM
DISPLAY IF CALLED
IS C€C210}:

VO5NOS

RL—XXXXX

R2— XXXXX

R3 -XXXKX

LI L T T T T T B PO |

L O T T T S A SO

L I e R A T I O R I T T P

LR IR N I N I I R

.

-
FHET s s st cenanre s

MONI TCR DSKY:
OBSERVE DISPLAY
CF P57.

MONITOR DSKY:

DOES PROGRAM
ALARM LIGHT INDICATE
THAT IMJ IS NOT ON?
(NOTE: ALARM CODE
MAY BE DISPLAYED
IN RLy RZy CR R3,
DEPENDING ON PRE-
SENCE DR ABSENCE OF
OTHER ALARM CCDES.)

.
-
=z
.

CALL PRLGRAM
ALARM DISPLAY
{(¥OSNC9) 10 ID-
ENT IFY ABNORMAL -
ITY. WHEN FINISH-

L I T T T T O T

{

501
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#30

#4540

#50

#60
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HOL O

i

SNAP

« DD FINAL ALTO-
« MATIC REQUEST

« TERMINATE ROUTINE

{(ROO)

s * s 3 *

EXIT P57

SET LGC ASSUMED
CPTION COCE FOR
IML ORIENTATICN
T0 = €0003
(REFSMMAT )

FLASH VYERB-NOLN TO

RECUEST RESPCNS £ ANC
DISPLAY CPTICN CCDE
FOR ASSUMED IMU OR~

Sasssnvassssssnnsar

saeaase

e gt s

L N T T )

ED PUSH KEY
RELEASE.

PRESS ALARM RESET
TO RESET PROGRAM

D0 FINAL AYTO-
MATIC REQUEST
TERM INATE ROUT INE
{ROO)

.
-
-

..

EXIT PS5

MONITOR OSKY:

L IR T R

LN N T I

[ I A T IR B R R I L I T B}

LR T T T R S A L

OB SERVE VERB-NGUN

FLASF ¥C REQUEST

RESPONSE AND DISPLAY

L A L ]
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#80

#90

#100
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503
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L I T L Y

L e

L L R R R T
.

PST/LUMINARY

TIENT AT ION SEL ECT ION CF OPTEON CODE FOR #110
V04 NGo ASSUMED MU ORIENTA-
R1-CCCCL TICN SELECTION
R2-gopox . _____ - .
R3-BLANK . .
RL IS THE CPTION . - .
COUDE FCR ASSULMEL L e Y, .
IMU ORIENTAT ION . IS THIS THE DESIRED .
SELECTICN. . IMU QRIENTATION? .
_ . . #120
R2 IS THE LGC - .Y Ne
ASSLMED 1ML GRIEN- . . ..
TATION SELEC TION . . “« -
CPT ION: . . . .
OCCCL-PREFERRED - . .« .
OCCC2~NDMINAL . - ..
00003 -REFS MMAT . . . .
GGO04—LANDING SITE . . . .
. . . P #130
WAIT FOR KEYBOARD ssasesnssssannsvanas KEY IN PROCEED . -
ENTRY - . .
. . . - #1540
. » KEY IN V22E .
tevansssveersaasennassnas AND LOAD THE N
.e « DESIRED ORIENTA-
TERMINATE FLASH UPON » TION GPTICN IN .
RECEIFT CF PROCEEC - . R2 .
GR NER DATA « ¢ e
«P NEW . . . . . 150
«R DATA. . - . .
.ﬂ T ————— - - "SSP sSILABSSEnsey
.C STORE . . .
.E NEW . . .
-E OPTION . . .
«D TmEsse———m— . e .
. . . WAS THE NOMINAL .
. . OPTION SFLECTED? .
cnassesan «N ¥ . #160

[
.
s
a
.



iHe

1S THE LGC ASSUMED
CPTILN = Q00027

IS ThE LGC ASSUMEL
CPTION = 0COC3?

¥ Na
DEFINE THE DESIR- .
EC IMU GRIENTA- .
TICN TO BE .
REFSMMAT. .
GG.To .
REW .
BELOW .

IS THE LGC ASSUMELC
CPTIGN = Ogaocl?

.Y Na
G0.T0 .
nEM .

. .
- .

- .

- .
. .

. oy
-

.

-

.

.

.

.

.

.

.

-

WA S THE REF SMMAT
GPTICN SELECTEC?

A Ne
GO.TD .
" En »
BELCK -

WAS THE PREFERRED
CPTION SELECTEC?

«Y N

NCTE: iF CREW
SELECTS ALIGNMENT
TO A PREFERRED

LIS T N

¢ F 4 4 0 T e oy s Y oy

e v .

504
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K180

#190

#200
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HOL D

sSssssswas

SNAP

BELCW

LI e L T T R Y

LR P S

CBTAIN CONTENTS OF
TIG REGISTER FRCM
STORAGE FOR DISPLAY
AS TUALIGN)

(NOTE:z IF PLZ2 WAS
PARTIALLY PERFORMED
IMMECEATELY AFTER
THE LUNAR LANDI MGy
TIG WILL CUNTAIN
TIGLAS).

LA T S I T L

FLASH VERB-NOLN TO

REQUEST RESPONSE ANC

DISPLAY T(ALIGN}:
VOON3Z4
R1-T(ALIGN}-+RS
R2-TLALIGN])-MINS

- -

Famsssdensrsasssnvas

L ]

« » * & 4 0

> 4 * e

D Y

ORTENTATION
{00001}, AND NONE
HAS BEEN DEFINED,
NO ALARM wWILL
RESULT, BUT THE
RESULTING ALIGMN-
MENT mILL BE

WORT HLESS &

[ I

GL.TO
" »

BH OW .

dssessvinnas
.

.

- seese
- .

MONITOR DSKY:

0B SERVE VERB-NGUN
FLASH 70O REQUEST
RESPUONSE AND DISPLAY
OF T{ALIGN} WHICH 5§
EQUAL TC THE PRES~

LI N L e R I I L

LT B 'Y

(

50%
PST/LUMINARY

#210

#220

#230

#240

#250
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qu

RI-TLALEGN)-S ECS

TULALIGN)-TIME(GET)
AT WHICH LM PCS[YION
VECTOR 1S DEFINED
FOR A& LANCING $ITE
DRIENTATICN. IN HRS
MINS AND SECS TO
NEAREST .01 SEC.

WAIT FOR KEYBOARD
ENTRY

L I e T R T T T T L T T S S S L

LI L L I T B

ENTLY DEFINED TIG
(AS).

(NOTE: IT IS ASSUMEL
THAT P12 WAS PAR-
TIALLY PERFGRMECD
IMMEDEATELY AFTER
THE LUNAR L ANDING.
AT THAT TIME TIG(AS)
WA S DEFINED.)

LA I T I I O I L I I Y R R I O L PR T BRI ]

IF TUALIGN) 15
DEFINED TO BE
00000, 0COQC,
00000, THE LAND-
ING SITE
ORIENTAT IDON

WILL BE CE-
FINED FOR A

L R T S

L L I e R R T e R R R N I T L I I R O T e

506
PST/LUMINARY

#1260

7#270

#280

#290

#3200

PST/LUMINARY

(



{

507
P57/LUMINARY

T{ALIGN)
AUTOGMATICALLY
SELECTED BY
THE LGC AS THE
PRESENT TIME.

LA B R

e Y, e b4,

£310

.
DO I WISH TO .
ALIGN THE IMuU TQ
A LANDING SITE
ORIENTATION DE~-
FINEC BY THE T
(ALIGN) PRESENTLY
OISPLAYED?

#320

-
.
4

KEY IN v25E .
AND LOAD THE .

LI O L T R Y
]

CSsasssssseasinsens

OESIRED T
CALIGN) IN R1,
R2 AND R3

#330

TERMENATE FLASH UPCGH
RECEIPT OF PROCEED
CR NEW CATA

#340

sesennssscscccanes KEY IN PROCEED

PR I S B A I L R T DT RY

P «NEwW
W R «CAT A

.C ————
«E STCRE CATA

.E ———————-

4350

.
L L N O T L T

PST/LUMINARY

L T L e e T
L A I e I L T T

.
-



L e L e N N I )

.
-
-
-
.
.
.
-

asssaas

1S TUALIGN) DE-

FINEC TO BE = 07
N Y.
. CEFINE T
- (ALIGN) = PRE-
. SENT TIME

IS TCALIGN) .

CEFINEC TO BE .

GREATER THAN .

THE PRESENT .

TIME? .
N Yo .
. STORE .
+ TLALIGN] .
. IN TIG .
.« REGISTER .
. FOR POSSI- .

.l.l..‘..l.CI'I.ql...‘l."..'n.!l.l.lll“A

L T R

L L I A R

508
PST/LUMINARY

#360

K370

#380

£390

PST/LUMINARY

(



$a!

HGLD

sssssaasse

SNAP

. BLE USE BY
« P12 AS
« TIGLAS).

COMPUTE LANDING
SITE CRIENTATIGN
FOR DEFINED T
{ALIGN) .

{NCTE: AT THIS
TIME ANY PRE-
FERREL OR LENT A—
TION PREVICUSLY
STORED IN THE LGC
IS LCST.)

"n
FRLC¥
ABOVE

LI L I B )

SET LGC ASSUMED
ALIGAMENT TECHNIGUE
CPTICN COGDE TG
QG000 (SEE BELOW}.

- sesvraans
- -
- -

- s

FLASH vERB-NCUN TC
REGUEST RESPONSE ANO ...
CISFLAY CPTICN CGCE
FOR ASSLEMED ALIGN-

LA DL B L R TR RS R Y RPN

.

messssservncanaa

.

L R L T Y TR T

L L L R R e O I O L T T PO R S Y RO

nEN
FRCN
ABOVE

ssssasase

4 0 % 4 e b 4 os o og s

|

MON ITUR DSK Yz
CBSERVE FLASGHING
VERB=NOUN TG REQUEST
RESPGNSE AND DISPL AY

L R T T T T Y

{

509
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#400

%410

#4520

#430

#4440
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2

++
+03
+EDIT

++
+03
+EDIT
++

L X

MENT TECHNIQLE TO HE
EMPLLYEL, ANC STCHEL
DATCUODE :

YO5NOS

R1-00010

R2-CCCOX

R3-00CL0

R1 IS THE GPTIDN
COOE FOR ASSUMEC
ALIGNMENT YECHNIGQUE
T BE EMPLOYED.

RZ2 IS THE LGC-ASSUN-
ED ALIGNMENT TECHNI-
GUE CFTICN CCUE:

DO000: TIME CRIT-
ICAL ANYTIME ALIGN
T0 THE DESIRED
ORIENT AT ION
PREVICLSEY SEL-
ECTED USING

STOREL LM ATT ITUDE
wI TH RESPECT TC
THE LUNAR SURFACE
ER PRESENT REFS~-
MMA T,

QUOCL -ALIGN TO
THE DESIRED
ORUENTAT JON
PREVICUSLY SEL-
ECTED USING
PRESENT REFSMMAT
{CR A STCRED LV
ATTITUDE WITH
RESPECT TO

THE LUNAR SLRFACE)
AND DETERMINATION
LF THE LUNAR
GRAVETY VEL TUR.

CoQC2-ALIGN TC
THE DESIRED
CREENT AT 10N
PREVICLSLY SEL-~-

a0t 2 4 e & @

L I L R N R R N T T T R T T

LI )

CF CPTICN CGCE FQR
ASSUMED ALIGNMENT
TECHNICQUE TO BE
EMPLEYED, AND STCREC
DATCGOE «

THE PREKEQUISITES
FOR SELECTION QF AN
AL IGNMENT TECHNE QUE
GPTIGN CODE (R2) ARE
AS FOLLCwS:

00000-(A}
0cCoLI-tA)
00Qcz-{8)
00003-(C)

WHERE:

(A} A LM ATTITUDE
WITH RESPECT TO
THE LUNAR SURFACE
OR REFSMMAT 1S DE-
FINEC.(REFER TO
ASSUMPTEON (&) (B)
ABOVE.)

{6} TwO CELESTIAL
BODIES ARE VISIBLE
FOR SIGHTING {TWC
NAV STARS/PLANETS,
UR ONE NAV STAR/
PLANETY AND THE
SUN).

{C) CAE CELESTIAL
BUOY IS VISIBLE
FCR S IGHT ING {NAV
STAR/PLANET DR
SuN),

L T

.

LI A

2 0 * 2w e

4 & & 4 o 9 o5 ' 2 e P 3 oe s,

* 4 & »

.

510
PST/LUMINARY

¥450

#4560

#470

#480

R490

P5T/LUMINARY



323

+ 4+ v 4+

++
+03
+ECIT
++

ECTEC U5 ING ACT
SIGHTINGS TC Twl
CELESTLAL BUDIES.

CCCC3-ALIGN TO

THE LESIRED
GRIENTATION
PREVIOLSLY SEL-
ECTELC US ING AGTY
SIGHTINGS TC CANE
CELESTIAL BADY AND
DETERMINAT ICN GF
THE LUNAR GRAVITY
VECTOR.

R3 1S DATCODE-A
Twd CIGIT CODE. k3
WILL CCATAIN A w1 n
IN THE "C*™ DIGIT IF
A REFSMMAT S
DEFINED, CR
A "O" IF NO REF SMMAT
1S DEFINEC.
RI wItt COATALN A
"1" IN THE »[»
DIGIT TC INCICATE
THAT A STORED LM
ATTITUCE S AVAIL-
ABLE, OR A "0" IF IT
IS5 NOT AVAILABLE.
OPTIMAMLY DATCODE
SHOULD THEREFCGRE
READ 00110.

8 * 8 4 " 4 o o oa

WALIT FUR KEYBOARD
ENTRY

L]
L e R R R I T T T e B O T T T T T T T T e e o Y

L L I I T S R T

"sss s s ransTRas

4 2 * a5 % 5 8 0 4 " s g 8 g B s N g oa e oo

T I T T S T R

« s, 0

15 THE LGC—ASSUMED
AL IGNMENT TECHNIQUE
CPTIEN CODE CORRECY
(R2) 7

KEY IN PROCEED

R B TR S 'Y .
a & * 3 & % 8 3 o8 T 4 4 a o os s g

s & ¥

P I R R T e

L I I O I L I I I T R R e A e

(

511

P57/ UMINARY

#500

#510

#520

#530

#540

PST/LUMINARY



w2

TERMINATE FLASH UPGK
RECEIPT OF PROCEED

(R NEW LCATA

P
«R
«C
-C
-E
«E
oD

T T TPO R

«NE W
«CAT A

ssv e seenas

[5 REFSMMAT FLAG

SET?

Y
.
-
.

«h

iS ATTITUDE FLAG

SET?

L L I T R

LA I N 2 L D Y

l'll'.....“.l.'l.‘I.‘IC'..‘I..'.I.lllo'lo.'l.

L T Y T O R S S Y

Prassassasebstenenan

L R N I T L I T I

LR I T I A O L R I T D L DA RS Y TP Y

KEY IN VZ22E AND
LGAG THE DESIRED
LGC—-ASSUMED ALIL-~
GNMENT TECHNIQUE
CPYT ICN COCE IN
R2.

IS REFSMMAT FLAG
SET?

Y.

ooy s

IS ATTITUDE FLAG
SET?

-
- .
. -
. .
. .
. .
. -
. .
. .
- .
. .
. -

LR T L I Y

LA R R L T L T O )

L T e e e R e O R e T )

512
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#550

#560

STO

#5380

#5390

P57/LUMI NARY



POSS

dsdunasne

HOL D
SNAP

LI L T P O

*

L R I TR T

GO TO B
Ilall -
BELCW -
IS ALIGNMENT
TECHMNIQUE GPT 1GN
CODE = gcCgoz
ar 000037

.Y aN
GG TC .
" gn .
BELCW -

FLASH VERB—NCUN
TO REQUEST RE-
SPENSE BNC CIS-
PLAY ALARNM CODE
00701:

VOSKO G

R1-XXXXX

RZ— XXX XX

R3-XXXXX
(NOTE:= ALAKRM CODE
¥AY BE CISPLAYEL
IN Riy R2, OR R3,
DEPEND ING ON PRE-
SENCE CR ABSENCE
OF OTHER ALARM
COCES .}

WAIT FOR KEYBOARD
ENTRY

LR

L R R R O I L T RS T SO S

LI L T T T

'."Gt'."l'll't!ﬂl'.t‘-i'l.l.'l.'

-
Saddenanrencsansa e

=

eresassssransasnnee

LT T )

L e T T T R SR

LI A L

-
.
.
.
.
.
.
.
.
.
-
.
-
.
.
.

*

I'S ALIGNMENT
TECHNIQUE OPTION
CODE = 00002
CR 000037

oY N

MONITOR DSKY:
CIsPLAY OF
ALARM CODE INDIC-
ATES THAT OPTIGON
00000 OR 00001
HAS BEEN SELECTED
BUT THE LGC CAN-
NOT CONTINUE
BECAUSE NEITHER
PRESENT REFSMNAT
NOR A STORED tM
ATT ITUDE ARE
AVAI LABLE.
DO I wISH TO SEL-
ECT ANGY HER
GPTIGN?

seee KEY IN
RECYCLE
V32E

L I ]

.
’

L e I T T T T

L R T T T T S RO SO

-

L]

-'.-.'lc'o-c.ln.I--.-

{

513
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#600

#610

#620

#630

#5640
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b

L R R L T e I

TERMINATE FLASH
UPON RECELIPY OF

COMPUTE AND STORE
LF ATTITUCE IN MGON~-
FIXED CGGRDIMATES
USING REFSMMAT

L N O R I R |

RECYCLE OR
TERMI NATE
T. R
E. «E
Ra .C
LM oY
I. «C
N =L
Al .E
T -
E. .
« DC FINAL AUTO-
« MATIC REQUEST
« TERMINATE ROUTINE
« (RQC}
. EXIT P57

.

Ssssesasssaunvenaa

LR R I NI S A R

¢ s % o4 o400

l.'lc""l'loi""cl'l..‘ll'.lo.'l.'

KEY IN FTERMINATE
V34E

DO FINAL AUTD-

MATIC
TERMIN
{RO0)

REQUEST
ATE ROUTINE

EXIT P57

514
P57/ LUMINARY

k5650

#660

pe70

#680

#690

P57/LUNINARY



{

515

. . PST/LUMINARY
- - - . #700
SET ATTITUDE FLAG .
-Bll : ..
FROM . .
ABOVE . .
. . . #4710
SET INITIAL ALIGN .
FLAG .
. . 720
1S ALIGNMENT TECH- [S ALIGNMENT TECH-
NI QUE CPTICN CUCE = NIQUE OPTION (ODE =
€COCl OR CCOC3? 00001 GR 000037
N .¥ .Y N
. . . . 2730
6C TO . . ce TC
IC“ - - "Cll
BELOW . . BELCW
. . . . #7640
SET DESIRED GIMBAL . .
ANGLES AS FOLLOWS: . .
. . P57/LUM [N ARY



OG = +42 PEG
IG = —42 CEG
MG =

+35,25 DkG

CONMANG ISS TQ
COARSE ALIGN MCDE.

-

TURM TN "NG ATT™
LIGHT

RESET TRACK FLAG

-

RESET DRIFT FLAG

RESET REFSMMAY FLAG

COARSE AL IGN IS5.

»

(NGTE: IF AT THE ENG
LF CCARSE ALIGNMENT,
THE GIMBALS ARE NOT
WITHIN 2 CEGREES OF

L L I T T

L)

'-.'t..-cl'o.-.-l-'-.-‘o'laniin'l-l

messsusvssanase

2% sececcacnannsn

ssssarne

L e I T T A T T T

LN

L I R R R L T T T

OBSERVE “NO ATT®
LIGHT YO INDICATE
THAT IMU £S5 IN
COARSE ALIGN MODE
FGR ALIGNMENT TO TkE
FIRST PCSITION FQR
LUNAR GRAVITY DETER-
MINATIGN

LI A T T T D T I T I

UNCTE: IF AT THE ENC
OF COARSE ALIGNMENT,
THE GIMBALS ARE NGT
Wl THIN 2 DEGREES CF

516

P5T/LUMINARY

4750

#760

1770

#780

#790

PST/LUMINARY

{



n

Tre CESIREL VALUES,
THE LGC wItL TURN LA
THE PRUGRAM ALARM
LIGHT ANC STCRE
ALARM CCDES C©O211
AND 0C217).

TERMINATE CUARSE
ALIGN MCOE IMN ISS-.

TURN OFF "NO ATT»
LIGHT

DETERMIKE GRAVITY
VECTOR, Gy BY READ-

ING ACCELERCMET ER
GUTPUTS

STORE 1/2 UNIT (6}

Ih NAV BASE
COORDINATES AS Gl

L T R e N |

PO R

L T e L I e R I L S e N L

L R I T O S

esassevanassew

LI P

L N L T T T T

L e I R T T T T S R,

s+ % 4 .

sana

THE DESIRED VALLES,
THE LGC WILL TURN UN
THE PROGRAM ALAKM
LIGHT AND STORE
ALARM CCDES 00Z1L
AND 00217).

L N R T I I )

OBSERVE TERMINATION
OF #NO ATT"™ LIGHT TQ
INDICATE THAT IMU IS
NOW INERTIAL.

P N R O L L)

L R L T A T P I 1

{

517

PS5T/A UMINARY

#B00

¥810

#3820

#830

¥ 840

PST/LUM INARY



e

CALCULATE CESERECL
ICOL/GIMBAL ANGLES
TC ROTATE IMU STABLE
MEMBER 180 CEGREES

ABOLUT G

CGMMANL 155 TO

COARSE ALIGN MGDE.

TURN Ch “NG AFT®

LIGHT

RESET TRACK FLAG

RESET DRIFT FLAG

-

RESET REFSMMAT FLAG

COARSE AL IGN

i155.

LI L I BT N I |

L L N L e T N N I I N I

il

ssssstsdnansna

LI I R A I R I L T T I R T TR T

LI I e I I T T S

L R T

L N I T N I T T B R

OBSERYE "NJ ATT®™
LIGHT TC INCICATE
THAT IMU IS IN
COARSE AL IGN MODE,
FOR ALIGNMENT TC THE
SECOND POSITIDN FOR
LUNAR GRAVITY DETER~-
MINATICN.

LI R O e R L I T I T T T S Y R

518

POT/LUMINARY

#850

#860

#870

#880

#890

PST/LUMINARY

(



{NOYE: IF AT THE END
CF COARSE AL iGNMENT,
THE GIMBALS ARE ACT
WITHIN 2 DEGREES OF
The CESIRED VALUES,
THE LGC wWILL TURM G
THE PROGRAM ALARM
LIGHT AND STORE
ALARM CODES GO2L1
ANC 00217}).

TERMINATE COARSE
ALIGN MCDE IN ISS.

TURN OFF "NO ATT®
LIGHT

L

CETERMINE NEW GRA-
VITY VECTCR G BY

REALCING ACCEL ERD-

-#ETER CLTPLTS

STGRE }/2 ULNIT (G)

I R I R T T

L T N T T T

L L N I L T T IS T T PO S,

2

fesrssdssaanse

L L I R e e R T O I O T T S T

L O I T T T T,

oo a

ENCTE: if AT THE END
OF COARSE ALIGNMENT,
THE GIMBALS ARE NOT
WITHIN 2 DEGREES CF
THE DESIRED VALLES,
THE LGC WILL TURN ON
THE PROGRAM ALARH
LIGHT AND STORE
ALARM CODES 00211
AND 00217).

OBSERVE TERMINATICN
OF "NQ ATT™ LIGHY TU
INDICATE THAT MU |5
NOwW INERTIAL.

L

L T T

519
PST/LUMINARY

#3900

#910

#9220

%330

PST/LUMI NARY ~



§3e

POSS
HOLD

dsveavreese

SNAP

-

IN NAY BASE
COORDINATES AS (2

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

FLASH VERB-NOUN TO
REQUEST RESPUNS &
AND DISPLAY GRAV ERR
ANGL E =
V06 MNO4
R1-GRAY ERR ANGLE
R2-BLANK
R3-8LANK

GRAY ERR ANGLE - THE
ANGULAR LIFFERENCE
S8ETWEEN PRESENT AND
ANY PREVIOUSLY DE~
FINED GRAVITY VECTOR.
POLARITY [5 ALWAYS +.
IMN DEGREES TGO NEAR-
EST . L1 DEGREES
(NCTE: UNTIL THIS
PRCGRAM IS PERFCRMEL
THE FIRST TIME THE
LGC WELL ASSUME THE
LUNAR GRAVITY VECTOR
TO BE PARALLEL TO
THE LM X AXIS IF P63
WAS PREVIOQLSLY CCMN-
PLETED. IF P&B WAS
NCT PREVIOUSLY CCM-
PLETED, THIS DISPLAY
IS MEANINGLESS ON

L O T T T T O S S T TS T

L S S I T T T R R

L I T e I T T T

SBsA s snscnnrs

L L I T I I I I T 2 T T R S T RO S )

L T T T T T T T T T R

ssanm

MCNITCR DSKY:

OBSERVE VERB-NOUN
FLASH TO REQUESTY
RESPONSE AND DISPLAY
OF GRAV ERR ANGLE.
(NGTE: UNTIL THIS
PROGRAM 1S PERFCRMECD
THE FIRST TIME THE
LGC WILL ASSUME TEE
LUNAR GRAVITY VECTODR
TO BE PARALLEL TO
THE LM X AX]S.)

*

PO R

L A L e e e e N N N L N L N

520
PST/LUMINARY

#9240

#2950

#9560

#9790

#9380
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433

THE FIRST PASS).
(NOTE: A PREVIOQUSL
CEFINEC GRAVITY
VECTOR HAS ONLY BE

Y

EN

RETAINEC FOR COMPA-

RISCN IF THIS DIS-

PLAY WAS NOT TERMI-

NATED AT ThAT T IME
BY v34E).

L L I L I R

L T

WALT FOR KE YBOARD
EATRY

L Y B )

LI I N N T R

-

'-"t-"-'-ocl'.'l.'-.¢0l.'c.ll.la

D T R T RO R S

PO I

00 [ WISH TO COM-

PLETE ALIGNMENT NOW?

N

00 [ WISH TQO
REMEASURE THE
LUNAR GRAVITY

"essscnassssnsnsess TERMINATE

VECTCR?
.Y N.
«sss KEY IN .
RECYCLE .
V32E -
aEedd be -
KEY IN
V34E

L N L L N N N

L L L e R A B

-

521
PET/LUMINARY

#9590

#1000

#1010

#1020

#1030

P57/LUMI NARY



31

TERMINATE FLASH UPCA
RECEIPT OF PROCEED,
RECYCLE, CR

TERMINATE
«P o7 «R
=R -E -E
<0 «R «C
«C M Y
+E o1 «C
oE - N «L
D <A +E
. o7 .
-E .

LI

DO FINAL AUTO-
MATIC REQUEST

TERMINATE ROLTINE
(ROO)

.

EXIT P57

nCn
FRUM AB

OVE

15 THE
SET?

ATTITUCE FLAG

-

L N A ]

LI T A L T

LA R D R Y T 2 B R T O DR R B B

cssssessmsssetsBsusay

522
PST/LUMINARY

LA B T R

»+ KEY I[N PROCEED

#1040

#1050

L I N T T TR R T R S R R

DO FINAL AUTO-
MATIC REQUEST
TERMINATE ROUT INE
{ROO}

L B L I I DI I

1

#1060

win
FROM
ABOVE

. EXIT P57

#1070

L I L I T R )

CENSIGER THIS TC BE

THE FIRST PASS

THROUGH THE AL 1GN-

MENT PROGRAM.

WAS A STORED LM

ATTITUDE OR REFSMMAT

AVAI LABLE AT THE

START OF THIS #1080¢
PROGRAM?

)
<
-

L T R R

LI I T T Y

P5T/LUMI NARY

C | (
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523

L

. - . PST/LUM INARY
. . . . #1090
- RESET THE INETILAL . . .

. ALIGN FLAG. . . .

. - . . . . . #1100
. CHECK THE TECHN I- . . CHECK THE FECHMI-

. GUE CPTION CCLCE . - QUE OPTION CDOE .

- 00000 .0 0 . . . coce2 900C0. .

. .0cool -0 .0 . . .00003 000CL. .

- S(NOTE:  .C .C . . . ANOTEz ON .

< JUNTRE .0 .0 . . - THE FIRST . .

«  <FIRST .2 .3 . . . PASS THIS . . #1110
+  «PASS .- . . . - LEGIC PATH .

«  LTHIS - . . « EXISTS IN .

- .LCGIC . . . . - THE PROGRAM .,

. «PATH . . . + AS SHOWN. . .

. WERISTS . . . . » IT IS NEVER . .

«  «IN THE . . . . USEL HOWEVER. .

- JPROGRAM . . . . « ASITHAS . .

s «AS SHO- ., - . + BEEN PRE- . .

. WWN. - . . . . CLUDED BY . .

. WIT IS . - . . . PREVIOUS .- . #1120
- «NEVER . s . . - LOGIC. SEE .

- SUSEC - . . . . ABLVE). . .

+  HOWEVER . . . . . . ..

. WASIT . . . . . . - .

«  «hAS BEEN . . . . . . . .

«  «PRECLU- . . . . . - e e

+  -RED BY . . . . . vetsena 4 .

< WPREVIOUS . . . . . . e .

«  SLGGIC. . . . . . - .

. +SEE - . . . - e #1130
«  sABCVED. . . . . . .

- . C e . . . . . PST/LUM INARY
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.
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.
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PURPOSE:

ASSUMPT FOUNS:

541

BRAKING PHASE PROGRAM (P63) REV 03 12/03/6%

{1) TO CALQULATE THE REQUIRED TIME OF 0PS IGNITEON (TIG} AND OTHER INITIAL CONDITIONS REQUIRED BY THE LGC [OR A
PGNC S—CCNTROLLED, DPS—EXECUTEC, BRAKING PHASE CF THE POWEREC LANDING MANEUVER .

t2) TG PROVIDE OPTION TO FINE ALIGN THE IMU TO AN EXISTING REF SMMAT.

(3t TO ALIGN THE LN TCL THE THRULSTING IGNITION ATTITUGE.

(4} TO CONTRCL THE PGNCS OURING COUNT COWN, IGNITION, AND THRUSTING OF THE PUWERED LANDING MANEUVER UNTIL HI GATE.

(5) TO INDICATE THAT kI GATE HAS BEEN REACHED (TGO LESS THAN TENDBRAK) BY AUTOMATIC SELECT ION OF THE APPROACH
PHASE PROGRAM (Po4).

{1} THE LM IS ON A DESCENT COAST ORBIT {HCHMANN TRANSFER) APPROACHING THE SRAKING EGNITION PUINT WHICH 1§ NOMINALLY
50,0C0 FT. ABOVE ThE LUNAR RACIUS AT THE CESIGNATED LANDING SITE. THE DESCENT COAST CRBIT [5 APPROXIMATELY CHPLANAP
WITH THE CSM ORBITAL PLANE. IF THE CESIGNATED LANCING SITE IS NOT IN THE DESCENT COASY PLANE AT THE NUMINAL TIME O
LANEING THE PLANE CHANGE WiLL BE ACCOMPLISHED BY THE POWERED LAMNDING MANEUVER {BRAKING PROGRAM (P53} 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 {54 [,
MAINTAINING A PREFERRED TRACKING ATTITUDE FOR OPTICAL TRACKING OF THE LM.

{3) THE IMU IS ON AND ALEGNED TO A LANDING SITE ORIENTATION DEFINED FOR THE DES IGNATED LANDING SITE AND THE NOMINAL
TIME OF LANDING ITULANC)}, BUT SHOULLD BE FINE ALIGNED TO THIS ORIENTATION AS CLOSELY AS PUSSIBLE PRIOR TO oPs
IGRITION. THE LM HAS NOT YET BEEN ALIGNED TO THE CORRECT ATTITUCE FOR IGNITION FOR THE POWERED LANDING MANEUVEER,

{4) THE LAMDING RADAR (LR) WAS ENERGIZEC AND CHECKED DUT, AND MADE READY AT L POSITION #1 PRIOR TO

SELECTION OF THIS PROGRAM. RADAR DATA mILL NOT BE INCORPORATED INTO THE LM STATE VECTOR UNTIL THE ASTRONAUT SETS THE
LR PERMIT FLAG VIA VSTE INDICATING HE IS SATISFIED WITH FHE QUALITY OF THE DATA {THE LR PERMIT FLAG IS RESET

BY RCO» OR BY EXTENDED VERBS V57 GR ¥58).

(5} THE LGC WILL NEITHER ODESIGNATE NOR READ THE REMNDEZVCUS RADAR (RR) DURING THIS PROGRAM.

€6) THE LANDING ANALOG DISPLAYS RGUTINE [RIO! IS ENABLEC AT DPS IGNITION AND IS TERMINATED UPIN TERMINATION OF
AVERAGE G. THE POWERED FL IGHT DESIGNATE ROUTINE {R2S} IS NOT ENASLED DURING THE LUNAR DESCENT .

(T) THE ENTIRE PUWERED LANDING MANEUVER (BRAKING, APPRCACH, ANC LANDING) WILL 3E ACCOMPL ISHED USING THE DPS ENGINE.
{8) THE AIM CCADITICAS FCR THE ERAKING PRASE ARE STORED IN THE LGC.

(9) THE FOLLOWING PARAMETERS REQUIRED BY THIS PROGRAM HAVE BEEN STORED BY THE LGC SINCE LGC INITJAL IZAT ION BY
ERASABLE REGISTER LGAD.

fA) THE LM AND CSM STATE VECTDRS. THE LGC HAS UPDATED THESE AS REQUIRED. NC FURTHER STATE VECTOR UPDATES
FRCM ANY EXTERANAL SOURCE OTHER ThAN THE LR WILL BE ACCEPTED By THI S PROGRAM,

(8} THE NOMINAL LANDING TIME AT THE OESIGNATED LANODING SITE {T{LAND}) AND THE POSITION (RLS)
(10) THE DPS IS5 NOT THROTTLABLE OVER THE WHCLE RANGE FROM O TO MAX IMUM. 1T MUST BE DPERATED EITHER AT MAXIMUM
THRCYTLE 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 SETTINGSs I.E.: THE SUM GF THE MANUAL SETTING (WHDSE MINIMUM 15 ABOUT 10 PERCENT) AND

P63/ LUNINARY
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THE PGNCS COMMANDED SETTIANG.

THIS PROGRAM ASSUMES THE THROTTLE CONTROL TO BE IN YAUTO™ (THE DPS RECEIVES THE SUM OF THE MANUAL AND PGNCS
COMMANDEC SETTINGS) AND THE MANUAL THROTTLE TO BE SET AT MINIMUM FOR ™200MTIME"™ SECONDS OF THRUSTING, AND THEREAFT ER
AT A LEVEL LESS THAN THAT REQUIRED BY THE LGC. THE VALUE "ZCOMT [ME® [S [N ERASABLE STORAGE, HAVING BEEN LOADED PRIOR
TC LAUNCH DR BY P27.

DLE TO THE REGICN CF FCREICCEN THROTTLING, THRUST COMMAND LOGIC IN CINJUNCTION WITH THE INTERIM TERMINAL COND T-
TIONS (SEE ASSUMPTION (B)) ASSURE THAT THE COMMANDED THROTTLE REMAINS AT MAXIMUM UNTIL THE GUIDANCE EQUATIONS
FIRST REQUIRE IT TO BE WITHIN THE ALLOWABLE THROTTLE RANGE. THEREAFTER IV SHOULD REMAIN WITHIN THE ALLOWABLE
THRUTTLE RANGE- THIS PRINCIPLE 1S DESCRIBED IN MURE CETAIL IN SECTION 5.3.4 DOF R567T. THE RESULT 15 A SMOOTH
ANC EFFICIENT THRUST ATTITUDE PROFILE THROUGHOUT THE BRAKING PHASE.

FURTHERMCRE THE DPS MJST BE STARTEG IN THE FOLLOWING SEQUENCE: +X AXIS 2 JET ULLAGE FOR 7.5 SEC; IGNITION AT
MINIMUM THROTTLE:; ULLAGE OFF 0.5 SECONDS AFTER IGNITICN: MINIMJM THRUST UNTIL TIG(AS DEFINED BY R41) + ™ZOOMTIME™;
ANC TrHEN MAX IMUM THROTTLE. THE THROTTLE SETTING THEN BECOMES CONTRCLLED BY THE GUIDANCE EQUAT T0ONS .

(11) DLWRING THE POWERED LANDLING MANEUVER, THE LGC WILL MCMITCR THE PRESENCE CR ABSENCE OF THE "NON-ATTITUDE HOLD®
DISCRETE. THIS CISCRETE IS ISSUED TO THE LGC WHEN THE ATTITUDE MODE CONTROL SWITCH IS IN THE AUTU PGSIT ION.

SHOLLD THIS CISCRETE AFPEAR CURING FHE POWERED LANDING MANEUVER, THE 1GC ASSUMES THAT I T NO LONGER HAS COMPLETE
AUTOMATIC CONTROL OF THE MANELVER.

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

(12) THE X-AXiS OVERRIDE OPTION PROVIDES THE CREW WITH THE ABILITY TO EXERCISE MANUAL CONTROL ABOUT THE LM X AX[S
WITH THE ATTITUDE CONTRCLLER EVEN THOUGH THE PGNCS ATT ITUDE CONTROL MODE IS AUYD. WHEN THE CONTROLLER [S RETURNED
TO DETENT THE PGNCS DAMPS THE YAW RATE: STORES THE YAw ATTITUDE WHEN THE YAW RATE IS CAMPED, AND THEN MAINTAINS THAT
ATTITUOE.

THE X-AXIS GVERRIDE CPTICN IS AVAILABLE TO THE CREW (UNTIL THE ESTIMATED ALTITUDE IS BELDW 30,C00 FEET) , HOWEVER
IT SHOULD NOT BE EXERCESED WHEN THE LGC IS SPECIFYING A DESIRED YAW ATTITUDE, I.E.: OURING THE ATTITUDE W& <EUVER 10
THE THRUSTING ATTITUDE (SEE R60). THE OPTION IS INHIBITED 8Y THIS PROGRAM FROM MIDWAY IN THE PROGRAM {SEE ASSUMPTION
({13} BELOW} TO THE END,

(13} THE LGC SPECIFIES LM ATT ITUCE CURING THE PONERED LANDING MANEUVER BASED UPON THE REQUIREMENTS OF THRUST
VECTOR CONTROLs LANDING SITE VESIBILITY, ANC LR ORIENTATICN. AFTER DPS IGNIT ION, THRUST YECTOR CONTROL 15 REQUIRED
THRCUGH THE REMAINDER OF THIS PROGRAM. THE LANDING SITE BECOMES VISIBLE AT THE BEGINNING OF THE APPROACH PHASE.

THRUST VECTOR CONTRCL COES NCT CONSTRAIN THE LM ORIENTATION ABJUT THE THRUST AXIS { YAW ATTITUDE). ROTATION
ABOUT THE LM Y AND LM Z AXES IS LSED TO POIANT THE MEASURED THRUST VECTOR ALONG THE DESIRED THRUST VECTOR.

THE FIRST RESTRAINT UPUN THE LM YAW ATTITUDE TO UCCUR IS THAT OF LR ORIENTATION, THE LGC WILL NOT ATTEMPT
TO USE LR DATA UNTIL THE LGC ESTIMATICN CF ALTITUCE IS 30,000 FT.. AUTOMATIC X-AXIS OVERRIDE LOCKOUT {DONE BY RL2)
AND 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-WINDGW-UP YAW ORIENTATION TG PREVENT SUBSEQUENT LOSS OF S$-8AND
LOCK-ON, THE LGC WILL THEN COMMAND THE VEHICLE TO THE LGC-SPECIFIED YAW ATT ITUDE.

SUBSEQUENT TO X—AXIS DVERRIDE LOCKOLT, CONTROL OF THE VEHICLE ABOUT THE L™ X AXIS IS GOVERNED BY LR ORIENTATION
REQUIREMENTS DURING THIS PROGRAM, THE LANDING SITE BECOMES VISIBLE TD THE COMMAND PILOT [F THE LODOK ANGLE (THE ANGLE
BETWEEN THE LM -X AXIS AND THE LOS TG THE LANDING SITE) [S GREATER THAN 25 DEGREES AND THE LOS IS IN OR NEAR THE
Lr X/Z PLANE.

AT ANY TIME DURING F63, P64 (R P65, ThE MAGNITULE OF THE LODK ANGLE AND THE ORIENTATION 0OF THE LDOK ANGLE PLANE
(THAT PLANE CONTAINING THE LOS AND THE LM X AXIS) ARE DEFINED BY THE INERTIAL ORIENTATION OF THE LM X AXIS AND THE
PCSITIGN OF THE LM WITH RESPECT TO THE LANDING SITE.

t14) THE CREW HAS THE CAPABILITY TO DISPLAY LGC CALCULATEL VALUES GF FORWARD VELOCITY, LATERAL VELOCITY, ALTITUDE AND
ALTITUDE RATE ON CERTAIN LM METERS DURING THIS PROGRAM. THE CALCULATION OF THESE PARAMETERS IS5 UNDER THE CONTROL OF
THE LANDING ANALGG OISPLAYS RCUTINE (RLO) WHICH [S ENABLEC AT DPS IGNIT [UN.

[15) THE RATE OF LCESCENT (ROD) MUDE IS NOT ENABLED DURING THIS PROGRAM {SEF LANDING (ROD} PROGRAM (P66 ), ASSUMPTION 12
FOR DEFINIVIGN OF RGO MCDE).

tl6) AN ABURY FROM THE LUNAR DESCENT MAY BE KEQUIRED AT ANY TIME OURING THE DESCENT CRBIT INJECTION, THE DESCENT
CCAST, OR THE POWERED DESCENT (P63), {P64)s (P65), OR (Pb6).
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FUR ABORTS AFTER DPS IGNITIGN FCGR THE POWEREC LANDING MANEUVER, TIME IS CRITICAL. DURING THIS PERIOD AN ABDRT IS
NOMINALLY COMMANDED BY PUSHING ONE OF Twl BUTTONS IN THE LM. THE ABORT MAY BF COMMANDED TO USE THE OESCENT STAGE
(ABGRT BLTTCN) OR THE ASCENT STAGE {ABORT STAGE BUTTON). IF THE DESCENT STAGE IS5 SELECTED, AND THE DPS PRUPELLANT
APPROACHES EXHAUSTICN, CUNTROL MUST BE SWiTCHED TO THE ASCENT STAGE BAY THE CREN BY ASCENTY STAGE SELECTION {ABDRY STAGE
BUTTCNID .

DURIN: THE PUWEREL LANCING MANEUVER THE LGC WILL CONT INUOUSLY MONIT3IR THE ABORT AND ABORT STAGE DISCRETESe Afi)
UPON RECEIPT OF EITHER WILL TERMINATE THE PROGRAM I[N PROCESS AND CALL THE APPR(PRIATE ABGRT PROGRAM [DPS ABDORT PRIGREH
{PT0) CR APS ABORT PROGRAM (PT71)}). BOTH ABORT PROGRAMS WILL GUIDE THE LM TO AN ORBIT AS SPECIFIED IN SECTION 5.4.3
OF RS&T. .

ThE MONITOR OF THE ABORT AND ABCRT STAGE PUSHBUTTONS IS CONTROLLED BY THE ABORT DISCRETES MONITOR ROLTINE (R11}
WHICH WILL BE ENABLEC BY THIS PROGRAM.

(17) IF A THRUSTING MANEUVER IS PERFORMED WwITH THE GUIDANCE CONTRGL SWITCH IN PGNS AND THE MODE CONTROL SWITCH £
AUTC, THE PGNCS WILL CCATROL THE TOTAL VEHICLE ATTITUDE AND GENERATE EITHER MODE I OR MODE I1 AYTITUDE ERRORS AND
VEHICLE ATIITUDE RATYES (SEE ASSUMFTICN (19}) FOR DISPLAY CN THE FDAL. THE CREW MAY EXERCISE CONTROL AROUND THE YAW
AXIS ONLY W iTH THE ACA (X~AXIS OVERRIDE) If THE X-AX1S DVERRIDE CAPABILITY 1S PERMITTED BY THE PROGRAM IN PROCESS.
THIS MANUAL COMNTRCL WILL EE IN RATE COMMAND/ ATT ITUDE HOLD MODE.

IF A THRUSTING MANEUVER IS PERFORMED WITH THE GUIDANCE CGNTROL SWITCH IN PGNS AND THE MBDE CONTROL SWITCH IN
ATTITUDE HOLDC THE PGNCS WILL HOLD THE VEHICLE ATVITUDE AND WILL GENERATE EITHER MODE I OR MODE [! ATTITUDE ERRORS FOR
DESPLAY ON THE FDAI. THE CREW MAY EXERCISE MANUAL ATT ITUCE CONTROL ABOUT ALL VEHICLE AXES WITH THE ACA IN EITHER
THE RATE COMMAND UR MINIMLM [MPULSE MODE DEPENDING UPON THE STATUS OF THE PULSES FLAG. THIS FLAG IS RESEY BY P17, P46
P4l, P42, P63, PTO, PT1 AND R40 AT MAIN ENGINE IGNITION. IT IS STRONGLY RECOMMENDED THAT POWERED FLIGHT NOT BE
ATTEMPTED IN THE MINIMUP IMPULSE MODE. THE PULSES FLAG IS ALSG SET OR RESET BY EXTENDED VERBS 76 (MINIMUM [ MPULSE)
AND 77 tRATE COMMAND) RESPECTIVELY. DURING A THRUSTING MANEUVER IN THE PGNS/ATTITUDE HOLD MODE THE ASTRONAUT IS
RESPONSIBLE FCR MAINTAINING SMALL ENOUGH ATT ITUDE ERRORS TG ACHIE VE GUIDANCE OBJECTIVES.

(18} CONTROL OF THE LM DPS, RCS AND APS IS TRANSFERRED FROM THE PGNCS TQ THE ABORT GUIDANCE SYSTEM (AGS) BY PL.”  ING
THE GUID CONT SWITCH FRCHM PGNS TO AGS.

YHE AGS WILL 8E CAPABLE OF TAKING OVER CONTRUL OF THE LM DURING ANY PGRT ION OF THE LUNAR DESCENT OR ASCENT CR
DURING EITHER OF THE ABORT PROGRAMS (P70 DR P71). THE AGS WILL GUIDE THE LM TO A SAFE ORBIT.

THE AGS FMAY BE INITIALIZED By THE LGC AT ANY TIME BY MANUAL SELECTIIN OF THE AGS INITIALIZATION ROUVINE {R4TI).

IN THE EVENT THAT THE GUIDAMCE CCONTROL SWITCH IS CHANGED FROM PGNS TO AGS DURING A THRUST ING MANEUVER, THE LGC
WILL CONTINUE COMPUTAT IGN OF POSITION AND VELOCITY, THE DESIRED THRUST VECTOR, AND THE DESIRED ATTITUDE ERRORS .,
HOWEVER THE PGNCS WILL NOT BE RESPCNSIBLE IF REGISTER DVERFLOWS OCCUR WITHIN THE LGC.

€19) THE PGNCS CAN GENERATE TWO TYPES OF ATTITUDE ERRORS FOR DI SPLAY ON THE FDAI 3

MOOE I - SELECTED BY EXTENDED VERB 61, AUTCPILCT FOLLOWING ERRORS USEL AS A MONITOR OF THE DAP'S ABILITY
TO TRACK AUTOMATIC STEERING COMMANDS.

MODE II — SELECTED BY EXTENDED VERE 62. TGT AL ATTITUDE ERRORS USED TO ASSEST CREW IN MANUALLY MANE UVERING
THE VEHICLE.

PGNCS — DERIVED YEHICLE ATTITUDE RATES MAY ALSO BE DISPLAYED VIA SELECTIIN BY EXTENDED VERB 60.
MODE I1 ATTITUDE ERROR DISPLAYS ARE AUTOMATICALLY SELECTED AT THE BEGINNING OF R60. WITH THE EXCEPT IONS 1% 1ICATED
IN ASSUMPTICN (L7) ABOVEs DISPLAY SELECTION IS ALWAYS BASED UPON THE LAST ENTRY MADE IN THE DSKY.

FOR A MORE DETALLED DESCRIFTICN CF THESE DISPLAYS REFER TO SECTION 3 OF R567, PARA, 2.2.&

(20) THE EVENT TIMER WAS SET PRIOR TO SELECTION OF THIS PROGRAM TO COUNT TL ZERD AT T BRAK BASED ON A TIME FROM
IGNITION PROVIDED B8Y THE GROUND.

(21) THE LOAC CAp DATA ROUT INE {(RO3) HAS BEEN PERFDRMED PRIOR TO SELECTION OF T4IS PROGRAM, AT THAT TIME THE Dps
ENGINE GIMBAL SHOULD HAVE BEEN DRIV¥EN TC THE CCRRECT TRIM PCSITICN.

{22} CURING CPS BURKS LCALY, THE PITCH-ROLL RCS JET ALTOPILOT (U AND V JETS) VAY BE DISABLED {v65) OR

ENABLED (V75) BY EXTENDED VERB AS SHOWN. THIS CAPABILITY IS INTENDED TO B8E USED TO PREVENT LM AND DESCENT STAGE
THERMAL CONSTRAINT VIOLATIONS DURING CSM-DOCKED DPS BURNS (P40), THE CAPABILITY EXESTS DURING P63 AND P70 ALSO.
PERFCRMANCE CF FRESH START (V36F) WILL ALWAYS ENABLE THE PITCH-ROLL JETS.
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123} THE ASTRONAUT MAY MCNITOR THE FCLLOWING ADGIT L1ONAL PARAMETERS DUWRING THIS PROGRAM (AFTER COMPLETION DF THE
IGNITION ALGORITHM) BY KEYING IN VS7E [(SEE LOGIC DESCRIPTION OF V5T1;

14A) V06 Né8
R I-RANGE
RZ2-TG
R3-DELTA H

RANGE — SLANT RANGE FROM THE (M TO THE DESIGNATED LANDING SITE. IN NAUTICAL MILES TO NEAREST .1 NM.

TG - THE ESTIMATED VIME QF FLIGHT FRGM THE PRESENT TIME TO THE ACCOMPL [SHMENT OF THE CURRENT
AIM CONDITIONS., IN MINS AND SECS TO NEAREST SEC. MAX READING 1S 59859, SIGN IS -,

BELTA H - THE PRESENT LR INDICATEC ALTITUDE MINUS THE LGC CALCULATED ALTITUDE OF THE LM ABOVE THE
LUNAR RADIUS AT THE DESIGNATED LANDING SITE. IN FEET TO THE NEAREST FOOT.
(NGTE: DELTA H IS INITIALLY SET TO 99999 WHERE IT WILL REMAIN UNTIL R12 CALCULATES A VALUE BASED ON LR DATA)

(24) LGC ANC CREW PROCECURES IN CASES OF LGC-ASSUMED THRUST FALLURE ARE DEFINED BY THE DPS/APS THRUST FAIL ROUTINE
(R40). THIS ROUTINE IS ENABLEC AT DPS IGNIT ION BY THIS PROGRAM .

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

(261 IT iS5 NORMALLY REQUIRED THAT THE I5$ BE ON FOR A MINIMUM OF L5 MINUTES PRIOR TO A THRUST ING MANEUVER.

(27) ENGINE IGMITIGK MAY BE SLIPPED BEYOND THE ESTABLISKEC TIG IF OES [RED BY THE CREW DR IF STATE VEC TOR JWTEGRA /10K
CANNOT BE COMPLETED IN TIME. FOR A SUCCESSFUL LANDINGy NO SLIP SHOULD BE PERMITTED.

{2E) ThD ALARM CONDITIGNS MAY BE GRIGINATED BY THE PGNCS POWERED LANDING EQUATIONS:

(A} IF SUBRCUTINE ROOTPSRS IN THE RG/VG CALCULATION FAILS TO CONVERGE IN & PASSES THE LGC WILL TURN ON THE
PRUGRAM ALARM LIGHT, STGRE PROGRAM ALARM 1406, STOP ALL YEHICLE AYTT ITUDE RATES, AND CONTINUE.

THIS ALARM COULD OMLY OCCUR IN P63 OR P6&4. (NOTE: IF THIS CONDITION OCCURS BEFORE [IGNIT ION DURING THE
IGAKITION ALGCRITHM, THE RESULT WILL BE A POGDOO Al ARMy 214061.

(B) IF AN OVERFLOW OCCURS ANYWHERE IN THE LANDING EQUATIONS THE LGC WEILL TURN ©N THE PROGRAM AL ARM L IGHT,
STORE ALARM CODE 1410, STOP ALL VEHIGLE ATTIVUNE RATES AND CONTINUE. THIS ALARM COULD ONLY OCCUR IN P63 4 P64,
P&5.

(29) THIS PROGRAM ALLUWS MANUAL CONTROL OF LM ATT ITUDE AND THE SELECTION OF P gs.

DURING P63 (AND P4 AND P65) THE ASTRONAUT CAN DESPLAY THE PGNCS ToOT AL GUIDANCE ERROR ON THE FDAI ERRDR NEEDLES
(ATTITUDE MON SWITCH IN PGNCS) BY HAVING KEYED IN ve62 THRU THE DSKY. HE CAN THEN STEER OUT THE PGNCS P63 ATT ITUDE
ERRCRS wITH THE AGS MAKUALLY (GUID CCNT IN AGS ANC AGS MODE CONTROL IN ATT HOLD) ; OR WITH THE PGNCS MANUALLY (GUID
CONT IN PGNCS AND PGNCS MODE CONTROL IN ATT HGLD) OR AUTOMATICALLY {PGNCS MCOE CONTROL IN AUTO}. THUS THERFE ARE THREE
ATTITUDE CONTRGL SUBRCDES IN P63 (AND P64 AND P6S): AGS MANUAL; PGNCS MANUAL; OR PGNCS AUTO.

A CAUTIONARY NOTE: LF THE ASTRCNAUT HITS THE ROC (RATE-OF-DESCENT} SWITCH WHILE HE IS IN PGNCS ATT HOLDy THE 1GC
Will IRREVOCABLY TRANSFER HIM OUT OF THE AUTO GUIDANCE PROGRAM MODES INTO THE ROD PROGRAM MODE, P66.

(3C) THE ASTRONAUT MAY MCNITGR THE FCLLCWING PARAMETERS BY KEY ING IN V16 N9ZE:

{A) V16 K92
R1- THRCMD
RZ- HLCOT
R3— H

THRCMD~ THE PERCENT THROTTLE DESIRED BY THE LGC s BASED ON THE OPS RATED THRUST OF 10,500 PGUNDS. IN PERCENT

P6I/LUMI NARY
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+ TO NEAREST PERCENT. (NOTE: [N P63 MORE THRUST IS CESIRED THAN CAN BE DELIVERED BY THE DPS;: THEREFURE, R1 MAY
+ SHCW MORE THAN 100 PERCENT (WHILE THROTTLE IS AT 100 PERCENT DELIVERED). AT THROTTLE RECOVERY {THROTTLE

+ DOWN) RL wILL DISPLAY +00055; AT HALF-THROTTLEr R1 WILL DISPLAY +00050).

+

+ HEGT - THE PRESENT RATE OF CHANGE OF ALTITUDE (H}. N FPS TO NEAREST .1 FPS.

+

+03 b~ THE PRESENT ALTITUDE OF THE LM ABOVE THE LUNAR RADIUS AT THE INITIALLY CESIGNATED LANDING SITE. IN FEET
+ TO NEAREST FGCT.

PROG LGC GROUND CREwW
CONT .
«CREW
« PROGRAN

«SELECTION

START BRAKING PHASE awesscsnseassscssane KEY IN BRAK ING PHASE
PROGRAM (P63) . PRGGRAM (P53}
CESPLAY P63 V37E &3¢

—_ Mo

. MONI TOR DSKY: .
4svvesvecansenasnnas OBSERVE DISPLAY OF

. P63
. . %20
DO IMU STATUS . . DG IMU ST ATYS
CHECK ROUTINE {RO2) seeovcensecsnsssesss CHECK ROUTINE (ROZ)
. #30

SET CPS CELTA V
THRESHOLD FOR USE BY
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SET CELTA v COUNTER
= 4 FCR LSE BY R40O

REMOVE RR TRACK
ENABLE DISCRETE FRGM
THE RR.

.

RESET NC THRCTTLE
FLAG

RESET REDESIGNATION
FLAG

-

RESET LR BYPASS FLAG

SET MUNFLAG

RESET REMGEZVCUS
FLAG

[T T
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CALL IGNITION AL GO-
RITHM TC CEFINE
NOMINAL TIME OF
IGNITION (TIG}) FOR
THE PUWERELC LANCIMNG
MANEUVER s TIME TO GO
(TG} FROM OPS FULL
THRLST {ANGMINAL TIG
+*ZO00MT [ME™ SEC) TC
THE AP CCNDIT IGNS
(HI GATE}s AND THE
THRUST VECTOR AL IGN-
MENT AT T]G.

(REFER SECTION

5.3 .4 OF R56T)
(NOTE: IF THE IGAI-
TION ALGORITHM DOE S
NCT CCNVERGE, A PRO-
GRAM ALARM {01412}
WILL RESULT.)

«GOOD ALARM.
<EXIT EXIT.

L I O T Y

[ D T L B R ¥

TURN ON PROGRAM
AL ARM L IGHT AND
STGRE ALARM
CODE Cl412

L T T S e T )
]

L R L T e T R N A L

csa

LR N RN

L L R T N T

*ssnasssrnnntase

sesasansssbanans

LI L

N69 PROVIDES THREE-
COMPONENT CORR EC-
TIONS TG THE LANDING
SITE VECTGR IN
STABLE MEMBER COOR~-
DINATES. IF THE NCUN
1S LOADED BEFORE THE
TGNEIT ION AL GOR ITHM,
THE CHANGE WILL BE
INCORPORATED IN THE
IGARIT ION AL GORIT HM,
THLS INFLUENCING
LIGHT-UP TIME; IF
THE NCUN IS LODADEL
BETWEEN THE [GNITION
ALGORITHY AND THE
START OF GUIDANCE,
THE CORRECTION wILtL
8E INCGRPORATED arv
THE START OF GUI-
DANCE; IF THE NOUN
IS LCADEC AFTER ThE
START OF GUIDANCE
JAT THROTTLE-UP ),
THE CORRECTION wILL
BE INCORPORATED
IMMECIATH Y.

{NCTE: SINCE RLS IS
NBT CHANGED» RESEL-
ECTIGN OF P63 wWiLL
BESTRCY ANY CHAMNGES
MADE USING THIS
TECHNIQE.)

DOES PRCGRAM AL ARM
LIGHT INDICATE pRO-
GRAM ABNORMAL ETY?

¥ Ne

LI L

(
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HOLD

essussess REQUEST RESPONSE AND scuvcnvevnsencsccnan

MGN

LR R R T T J S

cassessansy

STORE THE CESIRED
ATTITUDE SPECIFI-
CATION FOR USE

BY TrE ATTITUDRE
MANELVER ROUTINE
{R6Ch.

THE FINAL ATTITUL
WiLL BE COMPUTED
POINT THE LM +X A
IN THE INITIAL
THRLST DIRECTION.
HOWEV ERy IN ORDER
CCNSERVE RCS FUEL
AND NOT CONSTRAIN
THE NON-CRITICAL

£
T0
XIS

T0

ATTITLDE ABOLT THE
THRUST VECTOR+ WINGS

MAY NCT BE LEVEL
IN THE COMPUTED
FINAL ATTITUDE.

FLASH VERB-NOUN TO

CISPLAY MANEUVER

PARAMETERS COMPUTED

FOR IGNITION TIME
VOO NG 1
R1-TG
RZ2-TF1

R3-CROSSRANGE

TG-THE ESTIMATED

LA A L |

KEY [N VW0O5NO9
AND IDENTIFY
ALARM CODE. CODE
01412 INDICATES
THAT THE IGNI-
TICN ALGORITHM
WILL NOT CON-
VERGE. CREW MUST
RE SPOND WITH
V94E OR NEW PRD~-
GRAM SELECT 10N
(V3TEXXE). CON-
SULT BALKUP PRO-
CEBURES.

..'l-.ll'l"0.'.0..‘0|‘l.'..‘.'ln'l.'0|‘

MONITOR DSKY:
CESERVE VERB-
NOUN FLASH TO
REQUEST RESPON SE
AND CISPLAY OF

T6+ TFI, AND CROSS-

RANGE .

T T T T

P
—
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TIME OF FLIGHT TO
THE ACCCMPLISHMENT
OF THE AIM CONDI-
TIONS (kI GATE). iN
MINS AND SECS TC
NEAREST SEC. MAX
READING IS 59B59.
SIGN -,

THIS VALLE wWILL IN[-
TIALLY BE THE T IME
FROM FLLL THRUST TO
HI GATE, AND WILL
REMAIN UNCHANGEL
UNTIL FULL THRLST
IS COMMANCEL,

TFI-TIME FROM
NOMINAL OPS IGNITION
(TIG}. IN MINS ANC
SECS 10

NEAREST SEC. MAX
READING IS 59B59.
SIGN 15 — BEFORE
NOMINAL TIGy, +

THERE AFTER.

CROSSRANGE-

THE CUT-OF-PLANE
DISTANCE BETWEEN THE
INITIAL LM ORBITAL
PLAAE ANC THE PRE-
SENTLY DESEGNATED
LANGING SITE. POLAR-
ITY INDICATES THE
DESIGNATED SITE

IS NCRTH {+}

GR 50LTH {-) OF THE
DRBITAL PLANE. IN
NAUTICAL MILES TO
THE NEAREST .1 MW,

WALT FOR KEY BOARL
ENTRY

LI L A

RESET EVENT TIMER
WETH TFI.

L T T T O T T T T

LI R N T T L T T T T

sescesevemsnsnneness KEY IN PROCEED

L I R 2 L T R R )

(
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S NAP

TERMINATE FLASh UPON
RECEIPT CF PRAGCEEL.

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

¥50 W25

R1-000L4

R 2-8LANK

R3I-BLANK

WAIT FOR KEY BOARD
ENTRY

TERMINATE FLASH UPON
RECEIPT CF PROCEEC
OR ENTER

-ENTER +PROCEEC

- -

L]
.

SELECT PRESENT
REFSMMAT (LAND-
ING SITE OR-
IENTAT ION DE-
FINEG FOR THE

L I I T T R S

trddwmsasssssnsanns s

arrasmsd gassdduanreesnasn

LI T T T B L

MCNITOR DSKY:

OBSERVE VERB-~NOUN
fLASH TO REQUEST
PLEASE PERFORM Imy
FINE ALIGNMENT.

DO I WISH TO BYPASS
THE ALIGNMENT?

sesccnscnsssessswnnaes KEY IN PROCEED .

L L T T S T D RO B ]
L L Y

.
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LESIGNATEL LAND-
IhG SITE ANC ThE
NOMINAL TIME OF
LANCINGI{TI(L AND) 1)
AS FINAL CESIREC
IML DRIENTATION,

CO INFLIGHT FINE cevenececenconsscnas
ALIGN ROLTENE . . .
(R51)

L ]

LI T B

L B L A R T O Y

DO INFLIGHT FINE
AL IGN ROUTINE
{R51)

{NOTE: THERE ARE
A LIMITED NUMBER
OF STARS wHICH
MAY BE USED AY
Th1S TIME wHEN
THE FCLLOWING
CONSTRAINTS ARE
CONS IDERED:

{A}l THE SUN
ANGLE OF INCI-
DENCE (FROM
SUN/MOON L INE
TG LUNAR SUR-
FACE) BELOW
THIS POINT IN
THE TRAJECTORY
I's NEARLY 9C
DEGREES,

(B) THE EDGE
OF THE AGT
FIELL OF VIEW
MUST BE AT

L EAST 15 DEG-
REES FRGM TFE
SUNLIT SURFACE
OF THE MUON TO
ELIMINATE
LiGHT REFLEC~
TIONS FOR SAT-
ISFACTORY STAR

nl'n-'n-'.on-o-ni-'-'l-‘n-'oo'nc

L A e R N T I P S

(
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#290

#300

#310

#320

#3130

PEI/LUMINARY



e

..-.......o...-.n..o.-c.lo.t-.-..o..-‘ll.o..l..o.loolt|'Iolloo'l

L L Y

L I L I R N e e I L N L

L |

¢ % a2 2t g 40k

L L L R R I T L T T

*

S IGHT ING.

tC) THE MOON
SUBT ENCS AN
ANGLE GREATER
THAN 140 DEG
AT THE PRESENT
ALTITWE OF
THE LM.

{D) THE EARTH
SUBTENDS AN
ANGLE OF aBcurv
2 DEG AT THE
PRES ENT RANGE
CF THE LM,

(E) THE SuUN
ANGLE OF INCI-
CENCE {(FROM
SUN AOT LINE
TQ EXTERNAL
AOT PRISM
FACE} UPON

THE AQT MUST
BE LESS THAN

O DEGREES

UNLE SS THE AGT
IS SHAGED 8y
THE LM STRUCT-
URE .

THE ABOVE CONS-
TRAINTS, COUPLED
WITH THE DES IRA-
BILITY OF ALIGN-
ING THE IMU AS
SHCRTLY BEFORE
DPS IGNITION AS
FEAS IBLE, RESULT
IN A LINMITED NUM-
BER GF ACCEPTABLE
STARS . IT IS
ASSUMED THAT THE
CREW HAVE THE
LGENT IFICAT 10N OF
ThO OR MORE OF

n-‘-.--.-‘-.-n..-.lo.'.-o..-..-!-.'ul'.-l.'-'-ol-otocn.-.o'.c'

552
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#340

#350

#360

#3170

P63/LUMINARY



P I TSP S
L )

L I I T T T T

COMMANG ZERG
VUOE ERRORS

ATT -

SET 1 DEGREE
BAND .

L N L

CC ATTITUDE MANEUVER tesvecasnnsstuana

RULTINE (REQ)

(NOTE: THE 3-AXIS

FLAG WAS ASSUMEL TC
BE RESET BY RCC AND

THESE STARS . TrE
IDENTITY OF TwC
OF THESE STARS
MAY HAVE BEEN
LOADED INTO THE
LGC PRIOR 1O
LAUNCH BY P27,

OR MAY BE

LOADED DUR ING THE
AUTO OPTICS POSI-
TIDNING ROUT] Ng
{R52) {CALLED BY
THE FINE ALIGN
ROUTINE (R51)),
Of DURING THE LGC
UPDATE PROGRAM
(P27},

-..-..-.....o..oa.l..'.|-|o°

L L T e

ese DG ATTITUDE MANEUVER

. RCUT INE {(R&0 )

LI I L L I R T Y

!

553
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#2380

2390

#400

#410

#420
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. P63/LUMINARY
WILL NOT BE RESET .
AGAIN AT THIS TIME . #430
FOR THIS MANELUVER}. .
- . #440
15 THE LANDING RagaR . ’
POSITION #1 DISCRETE . .
PRESENT? . .
.Y N .
POSS . . . =——= -—
HaLo . . FLASH VERB-NCUN « MONITOR DSKY: 2450
stesvenes TO REQUEST . .s COES VERB-NGUN
SNAP . . PLEASE PERFORM .ucsscevsuveassnsane FLASH TD REQUEST
. LR DESCENT PCS- . «s« PLEASE PERFDRM LR
- ITION SELEC- . « DESCENT POSITICN
. T10ON: . + SELECTION?
. VSONZS . . m——— -
. R1-00500 B . .Y N
. R2-BLANK - . . .
- R23-BLANK . . . .
. . . . . #4560
. - . » HAS LR BEEN .
. . . « MANUALLY COMMAN- .
. . . « DED TO CESCENT .
. - . = POSIYION? .
. - . . aN ¥ .
. . . . . . . #470
. . . » MOMENTARILY P
. . . « PUT LDG ANT . .
‘+b'+ - - - . - -
- . B - . . P63/LUMI NARY



'1

e« 2 ¥ 3 4 & 3 ® 3 8w

WAIT FOR

ENTER

-k
o
T

l..l..l.ll.l..II...|..|.|.'.UIQ...I....I..l.l‘

SET STILLBADH
AND STILLBADYV
REGISTERS = 2
FCR USE BY
R1Z

|
|

« * 3 4 % 4 4 * 2 o "

BLARL ENTRY

TERMINATE FLASH
UPON RECEIPTY OF
PRCCEED CR

KEY-— .

-

.P
«R
«0
.C
«E
«E
«D

.
-
-
-
.
.
.
.
-
.
.
.
.
.
.
.
.
-
-
-
-
-
.
.
-
-
.
-
-
-
.
.
.
.
-
-
.
-
.
- .
.

LR R NN

.

devesessenarEas e

- SHiITCH TQ N
« "DES™ THEM .
« PUT IN "AUTO™
« PLSITION .
«s KEY IN .
« PROCEED .

rassscemrrasvensass KEY IN ENTER

LI I e I T T T T T

l-"o‘-'-.'c.-l.'-.'-.‘o-‘c-l-'-o'-nl-.c-.'.-.lc.-.-..a.-..-

L

555
P63/LUMINARY

#480

#490

#500

#510

4520
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ol

POSS
HOL D

mssessmasn

SNAP

L T T

SET LiMsR,
AND S CCUNT-
ERS = C FCR
USE EY R12

-

I Y T ]

EAVE PGNS CCNTROL
AND ALTC ATTTUDE

CONTRGOL MODES BEEN

SELECTEC?

Y

IS

ThE APS FALAG

SET?

oY N.

L L T I I T L L I I ]

HAS THE AUTO
THROTTLE MCDE
BEEN SELECTED?

LI T R B T L R I T I R T S TR T ]

« FLASH VERB-
- KCUN TO RE-
« QLEST PLEASE
« PERFORM PGNS

L I R L I e O e R R R A L A I T I O D U SRR SR Y

3 0% & & Y ® a4 * 4 o4 8o

-

sssssssgnassanea

.
-
-
-
.
-
-
.
.
-
.
-
-
.
-
.
.
.
.

.

L I T L T R I T R O O I I L B I I R R S I T R R R )

L L R L A I R B A I I A R T T L T T I I T I SR B

556
P6E3/LUMINARY

#530

#540

#550

4560

#570

MUNITOR DSKY:

« DOES VERB-NOUN
FLASH TO REQUEST
PLEASE PERFORM

P&3/ LUMINARY
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LR

ol
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#590

.

[ I I L T T

>
| .
w

[2

Wy

-

4=

S w

O w

W

(- 4 ]
v o

wwe oz

R =N1] N

< Q-

LxXoQ

L A ]

#600

PO I

R B
| a

| )

[ =] -

[ Bad =

i Wy W

I L g™
| VW e
j = XN -y
| = G >
| A Zxwv D
| o= 2y
1 ol = I - -4
1 OO DT o
| oI Xxars-r
« % s s * s s

N .
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#5610

#1620
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. . - . . . . . P&3/LUMI NARY
« o RALT FOR KEY= sessucenvecnnnennsns KEY IN PROCEED . .

« « BOARD ENTRY .. § T mmmemm———

. . . - . . . #630
« « TERMINATE .o :

« « FLASH UPON tesssrssnunsrsnssesa KEY IN ENTER -

« » RECEIPT OF . - .

+» « PROCEEC OR » .

« o« EMER - .

« « sE aF - . #640
« « «N R . -

« =« T .0 )

« o «F .C .

» « R LE .

. . . +E .

- e . .C .

. s e #4650

COMMANG CPS OFF

-
-

#660

LERO CPS AUTO
THRCTTLE

#5670

LI B S
L I I T T T T T S T Y

SET TOECL = TIG

o-‘-00-0|a--oo-.-a.o-..cgiun'.no.'-

-30 SEC .
. . . #5680
. . . P63/ LUMENARY



-+
+03
+EDIT

TEMP
HOLD

INTEGRATE CSM STATE
VECTGR 7O TQEC)

-

00 STATE VECTOR IN-
TEGRATIUN (MIDTCAVE)
ROUTINE [R41)

INCTE: ENTER R41 AT
IAH,

« NC TiG.
« TIG SLIP.
«SLIP .

.
LI S Y

{NOTEz R41 WILL
DEFINE TIG YC BE
THE TIME TO WHICH
R4l CID INTEGRATE
THE LM STATE
VECTOR PLUS 3¢
SECCALS L)

* 5 8 % s 8 8 4

CALL BLANKING OF
DSKY AT TiG-35
SEC. (SEE ®Am
BELLW)

esesscnes DISPLAY ON DSKY:

MON

Vo6 N62
R1 — ¥I
R2 - TFI

*AasdedncrsranENIEn .

4dd v ennsnersanesben

U0 STATE VECTOR IN-
TEGRATION (MIDTOAVE)
ROUTINE {Ral).

QB SERVE THAT THE
COMPUTER ACTIVITY
LIGHT IS ON UNTIL
COMPLETION OF R4l

ML A e e R e R R e I L

MCNITOR DSKY:
OBSERVE DISPLAY GF
VI, TFIl, AND DELTA
VM.

559
P63 FLUMI NARY

1690

700

#710

720

#7730

PS3/LUMINARY



R3 - CELTA VM

vI - MAGNIVUCE OF LM
INERTIAL VELCCITY
WITH RESPECT TO THE
REFERENCE COURDINATE
SYSTEM, IN FPS TC
NEAREST .1 FPS.
(NOTE: ThIS CISPLAY
(RL) REMALINS CON-
STANT AT THE VALUE
APPRCFRIATE TO AVER-
AGE—G INITIATICN,
UNT IL TIG6-30 THE
VALUE 15 AN EXTRA-
POLATED VALUE GOGD
AT TIG-30.)

TFI-SEE DEFINITION
ABGY E

DEL TA VM-MEA SLRED
CELTA V MAGNITUDE.
IN FPS TC NEAREST

«l FPS. THIS DIS-
PLAY WILL BE Q0000
LNTIL TEG-30 SEC ANC
THEN SHOULD CHANGE
CNLY DUE TG PIPA
BEAS LNTIL ULLAGE 15§
STARTED.

EXIT
{NCTE: THIS IS
NCT A P&3 EXIT.
SEE ma" BEL(OwW.)

{NOTE:z IF TIG HAS
BEEN SLIPPED BY R4l,
THE TFI OISPLAY (R2)
AT THIS TIME WILL BE
REFERREL TO THE NEW
TIG.)

UPDATE EVENT TIMER
IF DESIREL.

L A L N e e L L

VERIFY/SET THRUST/
TRANSLATION CONTROL-
LER TO MINEIMUM
THRUST POSITICON,

L L T T I S I

560
P&3/LUM INARY

#7140

#750

#7560

*T70

P63/LUMINARY



410

nan
FRGM
ABOVE

BLANK THE DSKY DIS—
PLAY (V. N, Rly R2
AND R3),

Srssesssdsaannnanans

ARM DPS. (AVLTO

THROTTLE SIGNAL IS
ENABLED TO OPS AND
THRUST INDICATOR).

CHECK THRUST INDICA-
TOR (RIGHT SIDE) TO
ENSURE AUTO THROTTLE
COMMAND 15 ZERGED

(0 PERCENT INDICA-
TIGN) .

Y N

- GO TC

« DACKUP
» PROCEC-
-« URES.

CHECK STATUS DF C/w
LAMPS

L R e L

MONI TCR DSKY:

AT TFI = ~QQB3S
CBSERVE CSKY [DISPLAY
T2 GO BLANK FOR %
SECONDS .,

{

561
P63/ LUMINATY

#780

#7190

#800

#810

#820

#8130

P6A/LUM IN AR
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L

wALT UNTIL TIG -30
SEC.

#840

I R

RETURN VLeNG6Z *esssseccrsssssnsass MONITOR DSKY:

CISPLAYS . AT TFl = ~Q0B29

- - UBSERVE RETURN OF

VO6N62Z CISPLAYS TLC

INDICATE THAT

AVERAGE G INTEGRA-

TION HAS STARTEC. #850

START AVERAGE 6
INTEGRATION (NOTE:
THE R10/R11/R12
SERVICE ROUT INE
{RCS) AND THE DE-
SCENT STATE VECTOR
UPBATE ROUTINE {R12)
®ILL BE CALLED OGNCE
EVERY 2 SECONDS BY
AYERAGE 6 DURING

4+ PO3,P644P6S AND

+03 P66 . RFOWEVER THE

+28S OPERATION GF RIC

+e AND R11 5 NOT
ENABLEL UNT [L
IGKI TION.

#8560

#870

DL A Y e O I R T T R )

¥380

L L T O I O S Y

. P63/LUMI NARY

L A e N N L



12

LI T R

DOES
PLAY
THAN
TING
BIAS

MONITOR DSKY:

IN THE PERICD FRLM
TFI=—00B30 UNTIL
TFI=-00E15

DELTA WM DI S-
BECOME GREATER
+5 FPS INDICA-
EXCESSIVE PIPA
ERROR 7

.
4

[ T T T A I T T 2 I T T T A B 2 T TR R B T I

LI I I A L '

GO TO BACKUP
PROCEDURES

AT TIG ~7T.5 SEC . AT TFiI =-00B07
SET LLLAGE FLAG “sesssssnsssssnnasss MONITOR START CF #X

. TRANSLATION.

. . s e

WALIT UNTIL TIG
-5 SEC.

“FI'

FROM R40

4 8 % s s % a b s g
.

RESET IGNETICN FLAG

RESET ASTRCNALT FLAG

P T L T S S O T T I T T R TR T

—

563
P63/LUMINARY

#890

#90C

#3910

#920

#930

P6H3/LUM INARY



CALL VERB 99 DLSPLAY
{SEE "8% BELCW}

SET IGNITION FLAG

LI O I N L

IS ASTRONAUT FLAG
SET?

.Y Na
GO TG EXIT
HC {NOTE: THIS
BELCW IS NCT &
P&3 EXIT.
REFER
CISPLAY
RESPONSE
A]‘ " Bll
BELOW) .
IIBH
FROG¥
ABOVE

® a8 9 8 * ® g 4 & a2 g 8 o, o=

P T T

L B B R N ]

[ I N R TR R S R L I T B S I ]

564
P53/ LUMINARY

¥ 940

#5950

#9860

#970

#980

"nEn
FRGF¥ R40

P&3/LUMINARY

( - {



HCGLD

Cpdaveuana

MON

L T T R
.

CHANGE VERB BUT MaA-
INTAIN PRESEAT MhCUM
AND DISPLAY IN Rl
RZ, ANC R3, FLASH
VERB-NCLN TO REQUEST
PLEASE PERFORM ENG-
IME CN ENBELE:
VGSN&Z

1

WAIT FCR KEYBCARD
ENTRY

I IR T R

L L e A I R O

P A R TS DTS T TP T SO T ST T TR T T RPN

IR T TR R R Y

L e

MCNETCR DSKY:

AT TFI = -00BOS
OBSERVE VERB-NGUN
FLASH TO REQUEST
PLEASE PERFORM
ENGINE GN ENABLE

P T P T O]

MONITOR DSKY:

WAIT FOR INCREASE IN
DELTA VWM INDICATING
SUFFICIENT WLAGE.
REQUIREC ULLAGE
DELTA V IS A
FUNCTION OF VEHICLE
WEIGHT o

SHALL [ PERMIT
IGNITIGN?

casssassasnssnsasscsrns KEY IN PROCEED

-

s Y € 3 4 * s 4

L T T L I
L

565
P6HE3/LUMINARY

#9390

#1000

#1010

#1020

#1030

PEI/LUMINARY



566

. . . P63/ LUMINARY
TERMINATE FLASH UPLMN wiscanesrnnsnenssass KEY IN .
RECEIPT OF PRUCEED, . « TERMINATE . #1040
ENTER, CR TERMINATE . V34E .
P .T .E . . .
R o E N - .
.0 R R . .
.C oM «E . . .
- E -1 R . - .
.E «N . . . .
.C A . . . . )
. .T cssne . . #1050
. «.E . .
. RESET LLLAGE . .
« FLAG R .
- . . . #1060
. DO FINAL ALTO- cesesecernncssssssss DO FINAL AUTOD- .
« MATIC REQUEST . . MATIC REQUEST .
. TERMINATE RCu- TERMINATE ROU- .
. TINE {ROO} TINE (ROQ} .
. . . . #1070
. EXIT PE3 EXIT P63 .
SET ASTRONAUT FLAG .
. N #1080
. . P63/ LUMINARY

. ( - . (



. . 567
. . P63 /LUMI NARY
ES IGNITIUN FLAG MONITCR LCSKY:
SET? IS R2 DISPLAY OF
—-— TFI NEGAT IVE AND
N 4 N NON-ZERC?
. - e ——_—_— #1090
. . .Y N.
- RESUME STATIC wsearsevevasnsasssas MONITOR DSKY: .
« CISPLAY CF . OBSERVE RE- -
+ VCENEZ TURN CF STATIC .
. - - VERB-NOUN .
. . (VO6NG2 ). .
. - e . #1100
. EXIT . .
. INCTE: THIS IS . .
. NOT A PE3 EXIT,. . .
. REFER TIG - 0 . .
. LOGEC ABQVE.} - .
. . - #1110
. STANDBY FOR .
- THRUST ON -
N WhEN TFI = .
. -00BO0D -
. . #1120
. « STANCBY FQR
. o THRLST ON IMMED-
- « TATELY.,
. nco . -
. FROM . .
. ABOVE . .
. - . . #1130
COMMAND UPS CAN . -
. . . PH&3SLUMINARY
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L T T

RESET PULSES FLAG

#1140

L L I T I L B T
e 4 " ® g 4 % g 5 % & 4 &

TEMP
HOLD . - - —— -—-
cecasesss CHANGE VERB~AGUN AND . MONITOR DSKY:
MON .  CHANGE DISPLAY OF steesavsesenrarseves  OBSERVE VERB-ACUN £1150
TFI IN R2 TO M COT . CHANGE AND CHANGE QF -
AND DELTA WM IN R3 . TFL IN R2 TO K COT
TO H; AND DELTA VM LN R3
VO6N63 TO H.
R1-VI - -
R2-h LOT
R3-H

VI - SEE CEFINITIUN
ABCVE, #1160
f COT-THE PRESENT
RATE CF CHANGE CF
ALTITUWDE (Hi. POL-
ARITY INCICATES DES-
CENT (=} CR ASCEAT
{+}. IN FPS TO NEAK-—
EST .1 FPS.

LI S )

H = THE PRESENT AL-
TITULE CF THE LM
ABOVE THE LUMNAR
RADILS AT THE DESIG-
MATELC LANCING SITE.
POLARITY IS + FCR
ALTITUDES GREATER
THAN THE ABGVE
RADILS. IN FEET TL
NEAREST FOGT.

#1L70

LN N D I I T D D I R A )

180

[ L I T S S R |
L L T L D I L B '

P&3/LUMNI NARY

¢ : ( : {

.
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++
+03
+EDIT

SET ABORT ENABLE
FLAG

P

SET LAMCING ANALOG
DISPLAYS FLAG

[ I L B ]

RESET JDLE FLAG

. s * g

IS IFPLLSE FLAG SETY
(NOTE: ANSWER WILL
ALWAYS BE NG FOR
PE3)

4 » * a

RESET IGNTICN FLAG

RESEF ASTRONAUT FLAG

CALL FOR RESET OF
LLLAGE FLAG

PR T O T T e T T T T R R R T T T T T T T S o O T T

\

569
P63/LUMINARY

#1190

#1200

#1210

#1220

#1230

#1240

P63 /LUMIKARY
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IN C.5% SEC.

" s 8 9 & * & a 02 ¥ s 5 0

R N L I Y T B T

AT TiG (AS DEFINED
BY R&41) + "IOOMTIME™
SEC COMMAND THRCTTLE
TO MAXIMLM.

(NCTE:z THE VALUE
“ZOGMTIME® IS5 IN
ERASABLE STORAGE,
HAVING BEEN LOALCED
PRIOR TO LAUNCH OR
BY P27.)

CALL LANCING AUTG
MODES MCNITOR

sFrssssssmREREVRIRELTES

LI N N T I R T I

START MCNITOR OF
BRAKING PHASE CF
POWERED LANDING
MANEUVER AS INE1-
CATED BY LM AND
DSKY DISPLAYS

START MONITOR DF THE
LGC/LR CPERATICN AS
DESCRIBED IN THE
CESCENT STATE VECTOR
UPDATE ROUTINE (R12)

“ZICGMT IME™ S ECDNDS
AFTER TIG (AS DEFIN-
ED BY R41) 0OB-

SERVE THRUST IN-
DICATOR TG INDICATE
XX PERCENF AUTO
THROTTLE COMMAND
(RIGHT SIDE)} AND 1lo0C
PERCENY CHAMBER
PRESSURE {LEFT SIDE)
(NOTE: THE VALUE
WICOMTIFE™ IS 1A
ERASABLE STORAGE
HAVING BEEN

LOADED PRIGR TC
LAUNCH OR BY P27].
(NOTE: IF IGNIT ION

570
P63 JLUMI NARY

#1250

#1260

#1270

#1280

P63/ LUMINARY

{
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ROUTINE (R13}

COMMENCE POWERED
LAMDING GUICANCE
TO ATTAIN BRAKIAMNG

PHASE AlM
DITICAS.

COnN-

'--..‘--'o.c'.ol.‘a.'ln'-oo.-..n‘.t-.'-o

HAS NOT BEEN AUTHOR-
1ZED BY THE CREh
UNTIL AFTER TIG (AS
DEFINED BY Ral)

+ "IDOMTIME™, THE
ENGINE WILL THROTTLE
LP AT IGNITIGN),

SCKET IME BEFORE

AL TI TUDE REACHES
30,000 FEET, YAW THE
LM TC A ROUGHLY
WINDOW-UP ORIENTA-
TION TAKING THE
ROUTE ABOUT THE
X-AXIS THAT DOES NOY
RESULT IN LDSS OF
S—-BAND LGCK-ON

WHEN H IS EQUAL

T0D + 30000 THE
*~AXIS OVERRIDE
OPTION IS REMOVED
BY Rl12. THE LGC WiLt
AUTOMATICALLY COM-
MANC THE LM TO AN
ATTI TUDE AROUND THE
LM X AXIS AS SPECIF-
T€EQ 8Y THE GUICANCE
EQUATICAS. THE CREw
NO LONGER HAS ANY
MANUAL ATTITUDE
CONTROL OF THE LM
WHILE IN THE AUTO
ATTITUDE CONTRGL

{

571
P63 /LUMINARY

#1290

#1300

#1310

#1320

#1330

P&ISLUMINARY



4 2 % 9 9 ' s 4 e * 4 0
¥
I
I
|
I

MGDE .
WAIT UNTIL TG WAIT UNTIL TG IS
IS LESS THaAN LESS THAN ®TENDBRAK®
#TENDBRAK™, {NOTE: THE VALUE
(NOTEz THE VALUE "YENDBRAK®™ IS IN ER-
"TENCERAK® IS In ASABLE STORAGE HAY-
ERASABLE STURAGE i{NG BEEN LGACEC
HAVING BEEN LCACEL PRIOR TO LAUNCH OR
PRICR TC LAUNCH CR BY P271.
gy P21y, e o
GG TC APPRGCACH PHASE GO TO APPRUACH PHASE
PROGRAM (PE4) PROGRAM (P64}
EXIT P63 EXLT P63
CHANGE CCNTRCL NCTES
LLGIL REY 00 FCRh 13+30,31
LLUGIC REY 01 PCR ES5,B64+118414441644185,234,246,253,401,419,437,

497y 535y 542, 56 E, €27
LOGIC REV COILLY | A) PCR 610, 737, 751
REVS 0l+C2{LLM 1BJ PCR 814,838 ,841,854, EQITGRIAL
REV G3{LuUm™ 1C) PLK 245, tDITORIAL

5712
P63/LUMINARY

#1340

#1350

#1360

#1370

P&3/L UMINARY



Py e

PLKPOSE :

ASSUMPTICANS:

++
+02

L S

515

APPROACH PHASE PRDGRAM {P64) REV 02 12703/69

{1} TG CCNTRCL THE PGNLS DURING THE THRUST ING OF THE POWERED L ANODING MANEUVER BETWEEN HI GATE AND LD GATE.
t2) TC CONTROL THE LCPS THRUST AND ATTITLDE BETWEEN HI GATE AND LC GATE.
(3} TO PROVIOE THE CREm WITH THE CAPABILITY CF REDESIGNATING THE LANDING SITE TO WHICH THE PGNCS IS GUIDING THE LM.

t4) TG SELECT P65 AUTCKMATICALLY WHEN TG IS5 LESS THAN TENDAPPR { TIME~-TO-END-APPROACH-PHASE).

{1} THE LM IS CN THE POWEREL LANDING DESCENT BETWEN HI GATE AND LO ZATE (SEE BRAKING PHASE PROGRAM {P53), AND
SECTION 5.3.4 OF R567).

(2) THE CSM IS5 IN A NEAR CIRCULAR ORBIT AROUND THE MOON AT A NDMINAL ALTITUDE OF 60 NAUTICAL MILES. THE CSM IS
MALATAINING A PREFERREC TRACKING ATTITUDE FCR GPTICAL TRACKING OF THE LM.

(3) THE IMU IS ON ANC ACCURATELY ALIGNED TU A LANDING SITE ORIENTATION DEFINED FOR THE DESIGNATED LANDING SITE
AND THE NCMINAL TIME QF LANDING (T (LAND)). THE MOST RECENT IMU AL IGNMENT TODK PLACE DURING THE BRAKING PHASE
PROGRAM {P&2) PRIDR TO DPS IGNITION.

t4) THE LANDING RADAR {LR)} IS CON, CHECKEL QUT, AND SHOULD HAVE BEEN PROGVIDING TO THE LGC VELOCITY AND RANGE
INFORMAT ION WITH RESPECT TG THE MOON. THIS INFORMATION SHOULD HAVE BEEN INCORPURATED INTO THE LM STATE VECTOR. THE
LGC/LR OPERATION IS UNCER THE COUNTROL OF THE DESCENT STATE VECTOR UPDATE ROUUTINE {(R12) WHICH IS ALREADY IN PROCESS .

{5) THE LGC WILL NEITHER DESIGNATE NOR READ THE REMNDEZVCUS RADAR (RR} CURING THIS PROGRAM.
(&) THE ENTIRE PUWMEREL LANCING MANEUVER (BRAKING, APPROACH AND LANDING) WILL BE ACCOMPLISHED USING THE DPS ENGINE.
{7) TYrE pIM CONCITICNS (LO GATE) FOR THE APPROACH PHASE ARE S$TCORED IN THE LGC.

(8} THE FOLLOWING PARAFETERS RECULRED BY THIS PROGRAM HAVE 8EEN STORED IN THE LEC SINCE LGC INITIALIZATION BY
ERASABLE REGISTER LOAD.

EA} THE LM STATE VECTCR. THE LGC HAS UPCATEL THIS AS REQUIRED DURING THRUSTING. NO FURTHER STATE VEL TOR
UPDATES FRCM ANY SOURCE OTHER THAN THE LR wWILL BE ACCEPTED BY THIS PROGRAM.

(9} THE OPS IS NOT THRCTTLABLE CVER THE WHCLE RANGE FRCM 0 TC MAXIMUM. IT MUST BE OPERATED EITHER AT MAXIMUM
TRROTTLE OR OvER A SPECIFIC THROTTLE RANGE UF LOWER SETTINGS. THESE THROTTLE SETTINGS ARE SPECIFIED IN SECTION 5.3.4
CF R567 AND 'ARE TCTAL THRCTTLE SETTINGSs [.E.: THE SUM OF THE MANUAL SETTING {WHDSE MINIMUM IS ABOUT 10 PERCENT) AND
THE PGNC S CUMMANDED SE TTING.

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

NOM INALLY, [F THE APPROACH PHASE PRCGRAFM [S CCMPLETEC WITHOUT ANY REDES IGNATION OF THE LANDING SITE (SEE ASSUMP-
TICN (12)), THE THRCTTLE wWiLb REMAIN WITHIN ThE ALLOWABLE THROTTLE RANGE THROUGHOUT THE PHASE. EXCESSIVE TARGEYT REDES-
IGNATIGNS DULRING THIS PRGGRAM fCWEVER MaAY RESULT IN REQUIRED THROTTLE EXCURSICNS OUTSIDE THE ALLOWABLE RANGE. IN SUCH
CASES ThE LOGC with CCMMAND MAXIMUM THRUTTLE FOR AT LEAST 2 SEC, AND UNTIL THE REQUIRED THROTYLE SETTING RETURNS TO THE
PERM] TTED THRGTTLE REGICA,

(10) DURING THE POWERED LANDING MANEUVER, THE LGC WELL MONI TCR THE PRESENCE OR ABSENCE OF THE "NON-ATT ITJDE HOLD"

DISCRETE- FHIS CISCRETE IS ISSUED TO THE LCC WHEN THE ATTITUODE MODE CONTRUL SWITCH IS IN THE AUTO POSITION.
SHOULD THIS DISCRETE APFEAR QURING THE PCWERED LANDIMNG MANEJVER, THE LGC ASSUMES THAT IT NO LONGER

FAS CCMPLETE AUTUMAT IL CUNTROL OF THE MANEULVER.
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TRE MULNITUR AND THE ASSOCIATED LGC LOGIC §S INCLLOED IN THE LANDEING AUTU MODES MONITOR ROUTINE (R13} WHICH I§
ALREADY [Mh FRGCESS,

{11) VRE X~AX1S UVERRIDE OPTION IS NOT PROVIDED THE CREW WHENEVER THE LGC—ESTIMATED ALTITUDE IS LESS THAN 30,000 FT.
({REFER RI1I2 AND ASSUMPTICN 13 OF P&3).

{12) DURING MOST OF THE APPROACH PHASEs THE LGC PROVIDES THE CREW THE CPTION TO REDESIGNATE THE LANDING SITE
TO WHICH THE PGACS [S GUIDING THE LM. THIS OPTION [S CALLED THE LANDING POINT DESIGNATOR (LPD) MODE. IT IS WORTH
NOTING THAT THE PGNCS MODE CONTROL SkITCH MUST BE IN AUTC FOR THE ACA TD FUNCTION AS A LANDING SITE RE-DESIGNATOR.
IF THIS SWITCH IS N ATT HOLD THE ACA FUNCTIONS AS A RATE COMMAND/ATTLTUDE HOLD STICK.

THE LANDING POINT REDESIGNATICMy, IF EXERCISED, {S BASED UPGN VISUAL ASSESSMENT OF THE LUNAR TERRAIN WITH RESPECT
TG ThE PRESENTLY DESIGNATED LANDING SITE. DURING THE LPD MUDE THE PRESENT LANDING SITE IS DISPLAYED ON THE DSKY IN
TERMS CF COORCINATES CN THE LPD SIGHTING GRID ON THE LEFT HAND LM WINDOW (LPD ANGLEI. LANDING SITE REDESIGNAT IONS -ARE
MANGALLY PUT INYO THE CCMPUTER VIA THE ATTITUDE CONTROLLER UN AN INUREMENTAL BASIES, I1.E.: A LIMIT SWITCH ACTUATION IN
THE ATY ITUDE CONTHOLLER CAUSES THE LGC TO REDESIGNATE THE LANDING SIYE A FIXED ANGUL AR ENCREMENY {1/2 DEGREE IN

ELEVATION, 2 DEGREES [N AZIMUTH) FROM THE PRESENT LM/LANDING SITE L0S. THE APPLICASBLE ATTITUDE CONTROLLER POLARITIES
ARE:

(A) =~ PITCH RCTATION GIVES — LPD ELEVAT ION (NEW SITE BEYOND PRESENT SITE)
(8) + PITCH ROTATION GIVES + LPD ELEVATION (NEW SETE SHORT OF PRESENT SITE)
(Cy + ROLL ROTATION GIVES + LPD AZIMUTH (NEwW SITE TC RIGHT DF PRESENT SITF)
(0) - RCLL RCTATICN GIVES - LPD AZIMUTH (NEw SITE TO LEFT GOF PRESENT SITE)

THE LPL MUCE IS MURE COMPLETELY DESCRIBED IN SECTION S.3.4 OF R5&7.

(13) THE INITIAL MANEUVER CF THE APPRDACH PHASE [S THE L¥ ATTITUDE TRANSIT ION FROM THE LM ATTITUDE AT THE START OF
Po4 TG A SATISFACTORY ATTITUDE FDR LANDING SITE VISIBILITY. AFTER THE COMPLETION COF THIS MANEUVER THE LM ATTITUDE IS
CCONSTRAINED BY THRUST PUINTING 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
REQUIREMENTS OF THE APPROACK PHASE wWILL YIELD SATLSFACTORY VISIBILITY AND RADAR ORIENTATIONS.

THE LANDING SITE BECCMES VISIBLE TC THE COMMANC PILOT IF THE LOOK ANGLE (THE ANGLE BETWEEN THE LM -X AXIS AND
THE £GS TO THE LANDING SITE) IS LESS THAN 65 DEGREES AND THE LOS IS IN OR NEAR THE LM X/Z PLANE.

AT ANYTIME DURING P63, P64 OR P65, THE MAGNITUDE OF THE LOOK ANGLE AND THE ORIENTATION OF THE LOOK ANGLE
PLANE (THAT PLANE CONTAINING THE LUS AND THE LM X AX1S) ARF DEFINED BY THE INERTIAL ORIENTAYION OF THE EM X AXIS
ANC THE PCSITION OF THE LM WITH RESPECT TO THE LANDING SITE.

THE INERT1AL CRIENTATICN OF THE LM X AXIS IS CONTRGLLED BY REQUIREMENTS OF THRUST VECTOR CONTROL. THE ORIENTATION
OF THE LM WINDUWS wiTH RESPECT TO THE LO0K ANGLE PLANE IS CCNTROLLED BY ROTATION OF THE VEHICLE ABDUT THE
L¥ X AXIES. ThiS CONTROL §5 EXERCISED AS SHOWN IN SECTION 5.3, 4 OF R56T.

(k4) THE CREW HAS THE CAPABILITY TO DI SPLAY LGL CALCULATEL VALUES OF FORWART VELOCITY, LATERAL VELOCITY, ALTITUDE AND
ALTITUUE RATE ON CERTAIN LM METERS DURING THIS PRUGRAM. THE CALCULATION GF THESE PARAMETERS IS UNDER THE CONTROL
OF THE LANDING ANALCG DISPLAYS RCUTINE (RLO) WHICH IS BLREADY IN PROCESS.

(15) THE RATE OF CESCENT {ROD) MODE IS NOT ENABLED DURING THLS PROGRAM {SEE LANDING PHASE (RCD} PROGRAM (P56 ),
ASSLMPTIUN (Lkz) FOR GEFINITICN CF RCE MOOQE}.

(L6) AN ABORT FRCM THE LUNAR CESCENT MAY BE REQUIRED AT ANY TIME DURIN3 THE DESCENT CRBIT INJECTION, THE DESCENT
COASTy UR THE POWERED OESCENT (P63) (P64} {P65), OR (Pbb ).

FUR ABURTS FROM THE DESCENT DRBIT INJECTION OR THE DESCENT COAST IT IS ASSUMED THAT SUFFICTENT T IME EXISTS TO
PERFORM A TPI MANEUVER {(SEE TERMINAL PHASE INITIATION {TPI) PROGRAM (P34)}t T3 INTERCEPT THE CSM DIRECTLY.

FOR ABURTS AFTER DPS EGNITION FCR THE PCWERED LANCIAG MANFUVER, TIME IS CRITICAL. DURING THIS PERIDCD AN ABORT IS
NCMINALLY COMMANDED BY PUSHING ONE UF TWD BUTTONS TN THE LM. THE ABORT MAY BE COMMANDED TO USE THE DESCENT STAGE
{ABCKT BLTTCN CR Tkt ASCENT STAGE (ABCRY STAGE BUTTON). IF THE DESCENT STAGE IS SELECTED s, AND THE DPS PROPELLANT
APPROACHES EXRFALSTIUN, CUNTROL MUST BE SWITCHED TO THE ASCENT STAGE BY THE (kEw BY ASCENT STAGE SELECTION (ABORT
STAGE BLTTUN),

ULRING THe POWEKED LANEING MANEUVER THE LGC WiILL CONTINUCQUSLY MCNEVUE THE ABORT AND THE ABORT STAGE DISCRETES,
AND UPUN RettIPT OF EITHER WILL TERMINATE THE PROGRAM IN PROCESS AND CALL THE APPROPRIATE ABORY PRIGRAM (DPS ARORT
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PRUGRAM (P70) OR APS ABORT PROGRAM [PT71)). BCTH ABGRT PRCGRAMS wiILL GUICE THE LM TO AN ORBIT AS SPECIFIED IN SECTION
5.4.3 LF R507.

THE MUNITOR UF THE ABORT AND ABORT STAGE PUSHBUTTCAS IS CONTROLLED B8Y THE ABOURT DISCRETES MONITOR RIUTINE (R11)
WHECH IS ALREADY IN PROCESS.

(17) iF A THRUSTING MANEUVER 1S PERFOGRMEDU wlTH THE GUICANCE CCNTROL SWITCH IN PGNS AND THE MODE CONTROL SWITCH IN
AUTCy THE PGNCS WILL CONTROL THE TOTAL VEHICLE AYTITUDE AND GENERATE EITHER MODE I OR MODE [} ATTITUDE ERRORS AND
VEHICLE ATTITUE RATES {SEE ASSUMPTICAM (19}) FOR DISPLAY ON THE FDAI. THE CREW MAY EXERCISE CONTROL AROUND THE YAW
AXIS ONLY WITH THE ACA {X-AXIS OVERRIDE) IF THE X—AXIS GVERRIDE CAPABILITY IS PERMITTEQ BY Y HE PROGRAM IN PROCESS.
THES MANLAL CCATRCL wlbbé IN THE RATE COMMAND/ATTITVUDE HOLD MODE.

IF A THRULSTING MANEUVER IS PERFORMED WITH VHE GUIDANCE CONTROL SWITCH IN PGNS AND THE MODE CONTRDL SWITCH IN
ATTITUCE HOLD THE PGNCS WiIlLL HOLD THE VEHICLE ATTITUDE AND wILL GENERATE FITHER MODE [ OR MODE T1 ATTITUDE ERRORS -
FGR DISPLAY CN THE FDAL. THE CREW MAY EXERCISE MANUAL ATTITUDE CONTROL ABOUT ALL VEHICLE AXES WITH THE ACA IN EITHER
THE RATE COMMAND OR MINIMUM IMPULSE MODE DEPENDING UPDN THE STATUS OF THE PULSES FLAG. IT IS STRONGLY RELOMMENDED
THAT PUWERELC FLIGHT NOT BE ATTEMPTED IN THE MINIMUM IMPULSE MODE. THE PULSES FLAG IS SET COR RESET BY EXTENDED VERBS
Te (MINEMUM EMPLLSE} AND 77 (RATE COMMAND) RESPECTIVELY., THE PULSES FLAG TS ALSD RESET BY P12,P 40,P41,P42,P63,P70,PT1L
ANLC R40 AT MAIN ENGINE IGNITION. WITH THE EXCEPTION OF THESE CASES , MODE SELECT ION IS ALWAYS BASED UPON THE LAST
ENTRY MACE IN THE DSKY, CURING A& THRUSTING MANEUVER IN THE PGNS/ATYIITUDE HOLD MODE THE PGNCS wiLL NOT BE RESPONSIBLE
IF REGISTER OVERFLORS CCCULR WITHIN THE LGC.

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

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

THE AGS MAY BE INITEALIZED By THE LGC AT ANY TIME DURING THIS PROGRAM BY MANUAL SELECTION OF THE AGS INIT IALIZA-
TION ROUTINE (R47).

IN THE EYENT THAT THE GUIDANCE CONTROL SWITCH IS CHANGED FROM PGNS TO AGS DURING A THRUSTING MANEJVERs THE LG
RILL CUNTINUE CCMPUTATIChN GF POSIT 1ON AND VELGCITY, THE DESIRED THRUST VEC TOR AND FHE DESIRED ATTITUDE ERRORS, HOWEVER
THE PGNC S wILL NOT BE RESFOMSIBLE IF REGISTER OVERFLCWS CCCUR WITHIN THE LGC.

(16) THE PGNCS CAN GENERATE TWC TYPES CF ATT ITUDE ERRORS FOR DISPLAY ON THE FDAL;

MODE 1 - SELECTED BY EXTENDED VERB 61. AUTOPILOT FOLLOWING ERRORS USED AS A MONITOR OF THE DAP'S
ABILITY T8 TRACK AUTOMAT IC STEERING COMMANDS. i
MODE II — SELECTED BY EXTENDED VERB 62. TOTAL ATTITUDE ERRORS USED TO ASSIST CREW IN MANUALLY
MANEUYERING THE VEHICLE.

PGNC S=DERI ¥Eib VEHICLE ATTITUDE RATES MAY ALSG BE DISPLAYED VIA SELECTION B8Y EXTENDED VERB 60.
MUDE [I ATTITUDE ERROR DISPLAYS ARE AUTOMATICALLY SELECTED AT THE BEGINNING OF R60. WITH THE EXCEPTIONS
INDICATED IN ASSUMFTICN (17) ABOVE, DISPLAY SELECTION IS ALWAYS BASED UPON THE LAST ENTRY MADE IN THE DSKY. FOR A
MURE DETAILED OESCREIPTION OF THESE DISPLAYS REFER TO SECTICN 3 OF R56T, PARA. 3.2.6.

(20) THE LUAC CAP DATA ROUTINE (RO3) HAS BEEN PERFORMED PRICR TO THE START UF THE POWERED LANDING MANEUVER ANC SHOULD
NCT Bt REQUIRED DLRING THIS PRCGRAM.

[21) LGC AND CHEW PROCECURES IN CASES OF LGC-ASSUMED THRUST FAILURE ARE DEFINED BY THE DPS/APS THRUST FAIL ROUTINE
{R4C). THIS RCLTENE IS IM EFFECT CURING THIS PROGRAM, KAV ING BEEN ENABLED BY P63.

{22) ThlS PRUGRAM [S AUTOMATICALLY SELECTED BY THE BRAKING PHASE PRUGRAM (Pe3) WHEN TG DURING THE PHASE BECOMES
LESS ThnAN TENDBRAK (TIME-TC-ENC-BRAKING-PHASE]),

P64/ LUMINARY



Py

++
+02
+EDIT
++

4
+02
+EDIT

+02
++

++
+02
+285

Y

+02

PRGG

578
P&4 /LUMINARY

(23) TWU ALARM CONDETICAS MaY BE CRIGIMATED 8Y THE PGNCS PUWERED LANDING EQUATIONS:

{A) IF SUBROUTINE ROOTPSRS IN THE TIME-TO-GO CALCULATION FAILS TU CUNVERGE IN B PASSES THE LGC WILL TURN ON
ThHE PROGRAM ALARM LIGHT, STORE PROGRAM ALARM 1406, STGP ALL VEHICLE ATTITUCE RATES, AND CONTINUE. THIS
ALARM COULC OCCUR GNLY EN P63 AND Po4.

(89 IF AN OVERFLOW CCCULRS ANYWHERE IN THE LANDING ECUATIONS THE LGC wILE TURN ON THE PROGRAM ALARM L IGHT,
STORE ALARM CODE 1410+ STOP ALL VEHICLE ATTITUDE RATES AND CONTINUE. THIS ALARM COULD ONLY OCCUR IN P63,P64,
OR Pe3,

(24) THIS PRUGKAM ALLOWS MANUAL CONTRGL OF THE LM ATTITUDE. {F MANUAL CONTROL IS DES IREDs PUT THE MODE CONTROL
SWITCH IN ATT HOLC AND USE THE ACA TO CONTROL THE £M ATYI TUDE.

LF F66 IS CESIREC, 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 SWITCH IS IN ATT HOLD. TO USE THE ACA TO RE-DESIGNATE THE
LANGCING SITE, PUT THE MCUE CONTROL SWITCH IN AUTO AND ROTATE THE ACA IN THE DESIRED DIRECTION. ONCE CONTROL IS
TRANSFERRED FROM P&4 TG P66y F64 CANMNOT BE RE-ENTEREC.

€25) THE ASTRCNAUT maAY MCGNITOR THE FOLLOWING ADDITIONAL PARAMETERS DURING THI S PROGRAM (AFTER COMPLETION GOF THE
IGNITIGN ALGORJTHM) BY KEYING IN VSTE; (SEE LCGIC OESCRIPTION OF V&7)

(&) VD& N&B
RL-RANGE
R2-TG
R3I-CELTA F
RANGE — SLANT RANGE FROM THE LM TC THE CES IGNATEE LANDING SITE. IN NAUTICAL MILES TO NEAREST .1 NM.

TG — THE ESTIMATEL TIME OF FLIGRT FRUM THE PRESENT TIME TQ THE ACCOMPLISHMENT OF THE CURRENT AIM CONDITIONS .
IN MINS AND SECS TG NEAREST SEC. MAX READING 15 59859, SIGN IS -.

DELTA H - THE PRESENT LR INDICATED ALTITUDE MINUS THE LGC CALCULATED ALTITUDE OF THE LM ABOVE THE LUNAR
RADIUS AT THE DESIGMNATED LANDING SITE. IN FEET TO THE NEAREST FQOT.

INCTE: CELTA k IS INITIALLY SET TO 99999 WHERE IT WILL REMAIN UNTIL R12 CALCULATES A VALUE BASED ON

LR DATA}.
{26y THE ASTRONAUT MaAY MONITOR THE FOLLOWENG PARAMETERS BY KEYING IN VI6 N92E:
[A) vio NS2
R1 - THRCMD
R2 - tLCCT
R3 -~ H

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

HGOT — ThE PRESENT RATE OF CHANGE OF ALTITUDE (H). IN FPS YO NEAREST .1 FPS.

b - THE PRESENT ALTITUOE OF THE LM ABOVE THE LUNAR RADIUS AT THE INITIALLY CESIGNATEC LANDING SITE. IN FEET
TC MEAREST FCOT.

LGC CRCUMNC CREW
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DISPLAY PRESENT
VALUE GF TR/LPC, H
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VO6N64

R1-TR/LPD

R2-H DOT

R3-¢

TR/LPD — A SPLIT
DISPLAY WITH TR IN
THE LEFT TwD DIGITS,
THE MIDDLE DIGIT
ALWAYS BLANK, ANC
LPD IN THE RIGHT TWC
DIGITS.

WHERE:

TR-ThE ESTIMATED
TIME REMAINING
UNTIL END OF
RECES IGNAT ION
CAPABILITY. IN
SECONDS TO NEAR-
EST SECUNC. PO
LARLITY IS ALWAYS
+a MAXIMUM
REACING IS 99,
FUR EXAMPLE:
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MONITOR DSKY:
COSERVE VERB-NOUN
FLASH TG REQUEST
RESPONSE AND DISPLAY
CGF TR/LPEC, H COT

AND H.

MCNITOR FDAI ANC OUT
THE WINDOW:

OBSERVE ATTI TUDE
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130 SECONLCS {5
DISPLAYEL AS 99.
{NOTE: TR IS A
POSITIVE NUMBER
ECUAL TC:

~T6- [ TCGFAPPR*+4)
WFERE TCGFAPPR IS
THE TIME-TC-GC AT
WHICH ERECTION OF
THE GUICANCE CO-
CROINATE FRAME (5
SUSPENDED . )

LPD~THE ANGLE BE-
LOW THE LM +Z

AX IS TO THE LOS
TG THE FPRESEMNTLY
DESIGNATED LAND-
ING SITE. IN CE-
GREES TC MEAREST
DEGREE.

(NOTE: THE DISPLAY
IN R1 APPEARS AS

XXBYY WHERE: XX IS
TR OAND YY IS LPD).

H COFT - TRE PRESENT
RATE OF CRANGE CF
ALTITLDE (Hl. PUOLAR~
ITY ENCICATES DES-
CENT (-] CR ASCEMNT
{+i). IN FT/SEC TO
MEAREST .1 FT/SEC.

H — THE PRESENT
ALTITUDE CF THE LM
ABOVE THE LUAAR
RACIUS AT THE INIT-
TALLY ODESIGNATEC
LANDING SITE.
PCLARITY IS + FOR
ALTITUDES GREATER
THAN THE ABOVE
RACIUS. IN FEET TO
NEARESY FOCT.
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L ANDI NG .
SITE. .
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TUDE CONTROLLER
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LANCING SITE.
THIS wILL INCRE—
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TION COUNTER IN
THE LGC.
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FOLLOWING GROUND
RULES:
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THE LM (+ PITCH
ROT AY JON) W ILL
REDUCE THIS SITE
VISIBIL ITY CLEAR-
ANCE wHICH IS
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ORIGINALLY ONLY
10 CEGREES.

{B) LARGE REDES-
IGNATICKS SHOULD
BE MADE AS EARLY
IN THE APPROACH
PHASE AS POSS-
IBLE TO CONSERVE
FUEL ANG MINIMIZE
ATTI TUDE TRANS-
LENTS.

(C) WHEN TR IS
EQUAL TC O
SEC THE LGC
WILL KO LONGER
RESPONC TG LPO
REDESIGNATIONS.

(NOTE: DISPLAYED
LPD ANGLES AND
VEFICLE YAW MAY BE
BIASED TO HAKE UP
FOR ERRORS IN THE
ALIGNMENT OF

THE LPD RETICLE
AND FOR WINDOW
BENDING WHEN THE
LM IS PRESSURIZED,
THAT PART OF
KINDEW ERROR
WHICH CANNOT BE
RESOLVEC INTO
ROTATIONS ABOUT
THE BODY Y AND X
AXES wlLL REMAIN
UNCOMPENSATED «
EXCEPT AT A CHCSEN
SPOT ALCNG THE
RETICLE- THE MEAN
LPL ANGLE OF TtHE
APPROACH PHASED.
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. IUN OF NEW AIM . . .
« FUINT, (KEFER . - .
. 10 SECTICN . . .
« 5.3.4 OF R56T . . .
« FCR DETAILEG . - .
« DESCRIPTION} . . . #340
- TRANSFER AiQM . . .
« CCNDITICANS TG . . .
« NEw AIM POINT. . . .
- . . . . #350
. ZERO THE - .
« REDESIGMATICN . .
« COUNTER . .
. . . . #360
« WAIT 2 SEC . .
. . #370
RESET RELESICNATION .
FLAG .
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e e . #380
WALT FCR TG 7L BE .
LESS THAN TENDAPPR .
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GG TO LANCING PHASE G0
[ALTC) PRCGRAM (P65).

EXIT Po4

CHANGE CCNTRGL MCTES

REV 00 FCR 31

REY () PCR ESyL64 4246542

REV Q0{LUM 14} PCR €TC, 731,751

REW CL(LLM 1B} PCR 838,840,841, EDITORIAL
REV Q2{LUM 1C) PCR 285,968, EDITCRIAL

TO LANDING PHASE

(AUTO} PROGRAM (P é&5]

EXIT P64

\
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LANDING PHASE {AUTG) PRCGRAM (PE5) REV 02 12/03/69

PURPQSE:

++

+02

A SSUMPTLONS:
+EGIT

++

++
+02
+289

+02
++

(1) TC CONTROL THE PGNCS DURING THE THRLSTING OF THE POWERED LANDING MANEUVER FROM THE PERIOD IMMEDIATELY AFTER
COMPLETICN OF THE APPRCACh PHASE AIM CGNCITIONS &LO GATE)} UNTIEL TOUCHDOWN ON THE LUNAR SURFACE.

(1) THE LM IS Ch THE FCWEREL LANCING CESCENT FAVING JUST ARRIVED AT THE LO GATE CONDITIONS (SEE APPROACH PHASE
PROGRAM (Pé&4) AND SECTION 5.3.4 OF R5067).

[2) THE C5M IS IN A NEAR CIRCULAR ORBIT AROUND THE MOON AT A NOMINAL ALTITUDE OF 60 NAUTICAL MILES. THE CSM'S
POSITION WITH RESPECT TO THE LM IS APPROXIMATELY O DEGREES CENTRAL ANGLE ABOVE THE LM, THE CSM I$ MAINTAINING A
FREFERREL TRACKING ATTITUDE FOR OPTICAL TRACKING OF THE LM,

(3) THE §MU IS OM AND ACCURATELY ALIGNEC TO A LANDING SITE CRIENT AT ION OEFINED FOR THE DESIGNATED LANDING SITE
ANC THE NOMINAL TIME GF LANDING (TILAND)). THE MOST RECENT IMU ALIGNMENT (FINE) TOOK PLACE DURING Y HE BRAKING
PRCGRA¥ (P63} PRICR TQ CPS IGNITICN.

(4) TFE LANDING RACAR (LR) IS ON, CHECKED OUT, AND SHCULD HAVE BEEN PROVIDING TOQ THE LGC VELDCITY AND RANGE
INFORMATICN WITH RESPECY TO THE MOON. THIS INFORMAT ION SHOULD HAVE BEEN INCORPORATED INTO THE LM STATE YECTOR. 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 NEITHER CESIGNATE NCR REAL ThE RENCEZVOUS RADAR (RR)} DURING THIS PROGRAM.
fe}) ThE ENTERE POWEREL LANDING MANEUVER (BRAKING, APPROACH AND LANDING) WILL BE ACCGMPL ISHED USING THE DPS ENGINE.

(7) THE FOLLOWING PARAMETERS RECUIRED BY THIS PRCGRAM HAVE BEEN STORED IN THE LGC SINCE LGC [NiTlALIZAT!bN BY
ERASABLE REGISTER LUAD. .

{A) THE LM STATE VECTCR, THE LGC HAS UPDATEC THIS AS REQUIRED DURING THRUSTING. NO FURTHER STATE VECTOR
UPDATES FROM ANY SOURCE OTHER TRHAN THE LR WILL BE ACCEPTED BY THIS PROGRAM,

(8) THE DPS IS NOT THRCTTLABLE CVER THE WHOLE RANGE FRCKF 0 PERCENT TO MAXIMUM. 1T MUST BE DPERATED EITHER AT MAXI MUM
TEROTTLE OR OVER A SPECIFIC THROTTLE RANGE OF LOWER SETTINGS. THESE THROTTLE SETTINGS ARE SPECIFIED IN SECTION 5.3.4
CF R567 AND ARE TCTAL VHROTTLE SETTINGS. I.E.: THE SUM OF THE MANUAL SETTING {WHGSE MINIMUM 1S ABOUT 10 PERCENT)
AND THE PGNCS COMMANDED SETTING.

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

NOM INALLY THE THROTTLE wWELL REMAIN WITHIN THE ALLUWABLE THROTTLE RANGE THROUGHOUT THIS PRGGRAM.

{S) DURING THE POWERED LANDING MANEUVER, THE LGC WIltL MONITOR THE PRESENCE OR ABSENCE OF THE “AUTU STABILIZATION®
CISCHRETE. THIS DISCREYE 15 [SSUED TO THE LGC wHEN THE ATTITUDE MODE CONTROL SWITCH IS IN THE AUTD PDSITIZN.

SHLULL ThiS CISCRETE APPEAR DURING THE PGWERED LANDING MANEUVER, THE £GC ASSUMES THAT IT NG LONGER
HAS COMPLETE ALTOMATIC CCATROL CF THE MANEUVER.

ThHE MINITOR AND THE ASSOCIATED LGC LDGIC S INCLUWED IN THE LANDING AUTO MODES MONITOR ROUT INE (R13)} WHICH IS
ALREADY IM FRUCESS.

(10) THE X-AXIS OVERKIUE GCPTEON PROVIDES THE CREW WITH THE ABILITY TG EXERCISE MANJUAL CONTROL ABOUT THE LM X AXIS
WITH THE ATTITUDE CCNRCLLER EVEN THOUGH THE PGNCS ATTITUDE CONTROL MODE 1S AGTD. WHEN THE CONTROLLER IS RETURNED
TU DETENT YHE PGNCS UANMFS THE YAw RATE, STOGRES THE YAW ATTITUDE WHEN THE YAW RATE IS CAMPED, AND THEN MAINTAINS THAT
ATTITUCE.

THE X-AXIS CVERRILE CPTIGN IS ALWAYS AVAILABLE TO THE CREW EXCEPY WHEN THE LGC IS SPECIFYING A DESIRED YAW
ATTITULCE. TrUS THE OPTION {5 NOT INHIBITED BY THES PRCGRAM,

P&5/LUMI NARY
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{11} THE LPD UPTION IS NOT PROVIDED THE CREW DURING THIS FRCGRAM.

(12} THE IMTIAL MANEYUVER OF THE AUTC LANDING PHASE [S THE LM ATTITUDE FTRANSIENT FROM THE LM ATTITUDE AT LO GATE
TO TRE ROVER ATTITUOE (LM X AXIS ALONG THE LOCAL VERTICALI. THE FINAL DESIGNATED LANCING SITE REMAINS IN THE LM X/
PLANE LURING ThIS TRANS JENT .

THE LM ALTITUBE RATE IS PAIATAINEC AT A CONSTANT RATE UNTIL TOUCHDOWN {NORMALLY 3 FT/SEC DOWNWARDIL.

(13) ThE CREw FAS THE CAPABILITY TO CISPLAY LGC CALCULATED VALUES OF FORWARD VELUCITYs LATERAL VELOCITY, ALTITUDE AND
ALTITUDE RATE ON CERTALN LM METERS GURING THIS PROGRAM. THE CALCULATION OF THESE PARAMETERS IS UNDER THE CONTROL
OF ThHE LANDING ANALOG BISPLAYS ROUTINE (RICH WHICH IS ALREADY (M PRCCESS.

(14) THE RATE OF DESCEMT {RCD) MCDE IS NCYT ENABLEC DURING TEIS PROGRAM (SEE LANDING PHASE {(ROD) PROUGRAM (P66},
FOR CEFINITION UF ROD MODE).

{15) AN AGORT FROM THE LUNAR DESCEMNT MAY BE REQUIRED AT ANY T IME DURING THE DESCENT ORBIT INJECTIDN, THE
CESCENT COAST, OR THE POWERED DESCENT [(P6&3), (PE4)y (P65), GR (P6b).

FOR ABGRTS FROM THE CESCENT ORBIT INJECTION OR THE DESCENT COAST IT IS ASSUMED THAT SUFFICIENT TIME EXISTS TO
PERFORM A TPI MANEUVER (SEE TERMINAL PHASE INITIATIGN (TPI) PROGRAM (P34)) TO INTERCEPT THE CSM DIRECTLY.

FGR ABORTS AFTER LCPS IGNITION FOR THE POWERED LANDING MANEUVER, TIME IS CRITICAL. DURING THIS PERIOCD AN ABORT IS
CCMMANDED BY PLSHING CNE CF TwG BUTTCNS IN THE LM. ThE ABORT MAY BE COMMANDED TD 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-
TICh, CONTROL MUST BE SWITCHED TO THE ASCENT STAGE BY THE CREW BY ASCENT STAGE SELECTION (ABGRT STAGE BUTTON).

DURING THE POWERED LANDIM: MANEUVER, THE LGC WILL CONTINUOUSLY MEONITOR THE ABORT AND ABORT STAGE ODISCRETES,

ANC UPGN RECEIPT OF EITHER WILL TERMINATE THE PROGRAM IN PROCESS AND CALL THE APPROPRIATE ABORT PROGRAM (DPS ABORT
PRCGRAM (PTO) CR APS ABCRT FROGRAM (PT1}). BOTH ABORT PROGRAMS wWILl GUIDE THE LM TD AN ORBIT AS SPECIFIED IN
SECTION 5.4.3 OF R5¢17.

THE MCNITUR UF THE ABORT AND ABORT STAGE PUSHBUTTONS IS CCNTROLLED BY THE ABORT DISCRETES MONITOR ROUT INE {R11)

WHICH S ALREADY IN FRECESS.

(161 If A THRUSTING MANEUVER IS PERFORMED wIT THE GLIDANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL SWITCH
IN ALTE, THE PGACS mlLL CCNTRGL THE TCTAL VEHICLE ATYITUCE AND GENERATE EITHER MODE I OR MOOE II ATTITUDE ERRORS
AND VEHICLE ATTITUDE RATES ( SEE ASSUMPTICN (18)) FOR DISPLAY ON THE FDAI. THE CREW MAY EXERCISE CONTRODL AROUND THE
YAW AXIS ONLY WITH ThHE ACA (X—-AX1S OVERRIDE) IF THE xX-AXI S OVERRIDE CAPABILITY IS PERMITTED BY THE PROGRAM IN PROCESS.
TH1 S MANUAL CUNTROL wlilL BE IN THE RATE COMMAND/ ATT {TUDE HOLT MODE.

IF A THRUSTING MANEUVER IS PERFURMED WITH THE GUIDANCE CONTROL SWITCH IN PGNS AND THE MODE CONTROL SWITCH IN
ATTITUDE +0LD THE PGACS WILL HOLL THE VEFICLE ATTITUDE AND WILL GENERATE EITHER MDDE | 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
EITPER THE RATE COMMANC OR MENIMUM JMPUL SE MODE DEPENDING UPON THE STATUS OF THE PULSES FLAG. IT IS STRONGLY
RECOMMENDED THAT PUWERED FLIGHT NOT BE ATTEMPTED IN THE MINIMUM IMPUL SE MDDE. THE PULSES FLAG IS SET OR RESET BY
EXTENDED VERBS T6{MINIMLM IMPLLSE} AND 77 (RATE CCMMAMND) RESPECTIVELY. THE PULSES FLAG [S ALSOC RESET BY P12+P40+P 41,
P42, 63, PTO, PTL ANC R40 AT MAIN ENGINE IGNITION. WITH THE EXCEPTION OF THESE CASES MCDE SELECTION L[5 ALWAYS
BASED UPON THE LAST ENTRY MADE IN THE DSKY. DURING A THRUSTING MANEUVER IN THE PGNS/ATTLTUDE HOLD MODE THE PGNCS WILL
NOY BE RESPONSIBLE If REGISTER OVERFLOWS CCCUR WITHIN THE LGG.

(17) CONTROL OF THE LM UPS, RCS AND APS [S TRANSFERREC FROM THE PGNCS TO THE ABORT GUIDANCE SYSTEM [AGSH BY PLACING
THE GUID CONT SWITCH FROM PGNS TO AGS.

THE AGS WILL EE CAPABLE OF TAKING OVER CONTROL OF THE LM DURING ANY PORTION OF THE LUNAR DESCENT OR ASCENT
OR DURING EITHER OF THE ABORT PROGRAMS (P70 OR PT1). THE AGS WILL GUIDE THE LM TO A SAFE ORBIT.

THE AGS MAY BE INITLIALLZED BY THE LGC AT ANY TIME BY MANUAL SELECTIUN GF THE AGS INIT IAL IZAT ION ROUT INE (R47).

IN THE EVEAT THAT THE GUICANCE CONTROL SWITCH IS CHANGED FROM PGNS TO AGS DURING A THRUSTING MANEUVERs THE LGC
WILL CONTINUE CUMPUTATION OF POSITION AND VELOCITY, VHE DESIRED THRUST YECTOR AND THE DESIRED ATTITUDE ERRIRS, HOWEVER
THE PGNCS wILL NOT BE RESPONSIBLE IF REGISTER OVERFLGWS CCCUR Wl THIN THE tGC.

(18) THE PGNCS CAN GENERATE TwO TYPES OF ATTITUDE ERRCRS FCR CISPLAY ON THE #DAI;

MCOE [ - SELECTED BY EXTENDED VERB €1. AUTOPILOT FOLLOWING ERRORS USED AS A MONITOR OF THE DAP'S ABILITY
TC TRACK AUTCMATIC STEERING COMMANCS «

P65/ LUMINARY
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MUDE I - SELECTED BY EXTEADED VERE 62. TOTAL ATTITUDE ERRGRS JUSED TO ASSIST CREW IN MANUALLY MANEUVERING
THE VEHICLE. .

PGNC S-LERIVED VERICLE ATTITUDE RATES MAY ALSO BE DISPLAVED YIA SELECTIUN BY EXTENDED VERB 60,

MODE II ATTITUDE ERRUR DISPLAYS ARE AUTOMATICALLY SELECTED AT THE BEGINNING GF R60. WITH THE EXCEPT LONS

INDICATED IN ASSUMPY [CN (16) ABOVE, DISPLAY SELECTION IS ALWAYS BASED UPON THE LAST ENTRY MADE IN YHE DSKY.
FOR A MORE DETAILED DESCRIPTION OF THESE DISPLAYS REFER TO SECTIUN 3 OF R567, PARA., 3.2.6.

[15) THE LOAD DAP DATA RCUT INE (RO3) HAS BEEN PERFORMED PRIOR TQO THE START OF THE PORERED LANDI NG MANEUVER AND 5HOULD
NOT BE REQUERED DURING THES PROGRAM.

{20) LGC AND CREW PRUCECURES IN CASES OF LGC~ASSUMED THRUST FAILURE ARE DEFINED By THE DPS/APS THRUST FAIL ROUTINE
(R40}. THIS ROUTINE LS IN EFFECT DURING THIS PRUGRAM UNTEL P68 SELECT ION (VIA ROD), HAVING BEEN ENABLED BY P63,

(21) THIS PROGRAM IS AUTCMAT ICALLY SELECTED BY THE APPRUACH PHASE PROGRAM {P64) AT THE COMPLETICN OF THE LO GATE
AlM CONDITIONS-TG LESS THAN TENDAPPR { TIME-TD-END—-APPRUACH-PHASE).

{22) TwG ALARM CONDITICHNS MAY BE URIGINATED BY THE PGNCS POWERED LANDING EQUATIONS:
(A} IF SUBRCUTINe ROOTPSRS IN THE RG/VG CALCULATICN FAILS TO CONVERGE IN B PASSES THE LGC WIEL TURN ON
ThE PROGRAM ALARM LIGHT, STORE PROGRAM ALARM 21406 AND GO [MMEDIATELY TC THE FENAL AUTOMAT IC REQUEST
TERMINATE RCUTINE (ROO). THIS ALARM COULC ONLY OCCUR IN P63 DURING IGNITION COMPUTATI ONS.
(B) 1F AN DVERFLGW OCCURS ANYWHERE IN THE LAADING EQUATIONS THE LGC wILL TURN ON THE PROGRAM ALARM L IGHT,
STORE ALARM CODE 1410, STOP ALL VEHICLE ATTITUDE RATES AND CONTINUE. THIS ALARM COULD OCCUR IN P63, PbAy
UR Pé5.

{23) THIS PROGRAM ALLUWS MANUAL CONTROL OF {M ATTITUDE AND THE SELECTION OF P66,

DURING P65 {AND P63 AND P64) THE ASTRONAUT CAN CISPLAY THE PGNCS TOTAL GUIDANCE ERRDR ON THE FDA} ERROR
NEECLES (ATTITUDE MON SWITCH N PGNCS) BY HAVING KEYED IN ¥62 THRU THE DSKY. HE CAN THEN STEER QUT THE PGNCS P63
ATTITUCE ERRCRS WITH THE AGS MANUALLY (GUID CONT IN AGS AND AGS MODE CONTROL IN ATYT HOLD); DR WITH THE PGNCS
MANUALLY (GLED CONT [N PGNCS AND PGKRCS MCDE CONTROL 1In ATT HOLD} OR AUTOMATICALLY (PGNCS MODE CONTROL IN AUTO}. THUS
THERE ARE THREE ATTITUDE CONTROL SUBMDDES IN P65 (AND P&3 AND P64): AGS MANUAL; PGNCS MANUAL; DR PGNCS AUTO.

A CAUTICAARY NOTE: [F THE ASTRONAUT HITS THE ROD (RATE-OF-DESCENT) SWITCH WHILE HE £S IN PGNCS ATT HOLD,
THE LGC WILL IRREVOCABLY TRANSFER HIM OUT GF THE aUTG GUIDANCE PROGRAM MODES INTO THE ROD PROGRAM MODE (P&6).

(24) THE ASTRONAUT MAY MCAITOR THE FCLLCWING PARAMETERS BY KEYING IN V16 NOZE:
(A} V16 N92
R1-THRCML
Ré~HDOT
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,

HUOT-THE PRESEMT RATE OF CHANGE OF ALTITUDE {H}. IN FPS TO NEAREST .1 FPS.

H-THE PRESENT ALTITUDE OF THE LM ABCVE THE LUNAR RACIUS AT THE INITIALLY DESEGNATED LANOING SITE. IN FEET
T NEAKEST FGaT.

LGC GRLUNL CREW

P&S/LUMINARY
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«PRUGRAM
«S ELECT IUN

START LANGING PHASE
(ALTC) PROGRAM
(PESY. DISPLAY PéS

-

RESETYT X—AXI S GVER-
RIDE INHIRIT FLAG

FLASH VERB-NOUN TG
REQUEST RESPUNSE AND
CISPLAY ON DSKY:

vie N6O

R 1-FOR VEL

R2-¢+ ECOT

R3-H

FLRVEL-THE FCRWARC
COMPCNENT CF THE
HORIZONT AL VELOCITY
CF THE VEHICLE WITH
RESPECT TU THE MOON,
WhHICH 15 ESSENTIALLY
PARALLEL TC ThE X-1
PLANE OF THE VEHICLE
(FCR SMALL PITCH

DI SPLACEMENTS) .

IN FPS TO NEAREST

«1 FPS,

.
e Sas st neenasmseS

.
A3 senssssBsssdsnnas

MONI TOR OSKY:
OBSERVE DISPLAY
OF P&S

MONITOR DSKY:

GBS ERVE ¥V ERB-NOUN
FLASH TO REQUEST RE=-
SPONSE AND DISPLAY
OF FORVEL,s H DOT
AND H.

[NGTEz THIS DiSePLAY
KILL COMTINUE FLASH~
ING TO ALLOW THE
ASTRONMT TO ZERO
ATTITLDE ERRGRS GN
THE LUNAR SURFACE

A5 OFTEN AS

DE SIRED).
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H DUT-THE PRESENT
RATE OF CHAAGE CF
ALT ITUCE (H). POLA-
RITY INCICAVES CES-
CENT (-} OR ASCENT
{+). POLARITY iS5
NOMINALLY - DURING
THIS PROGRAM. IN FPS
TC MNEAREST .1 FPS

H-THE PRESENT ALTI-
FUDE OF THE LM ABOVE
THE LLMAR RADIULS AT
THE INITIALLY DESIG-
NATEL LANCING SITE,
POLARITY IS + FOR
ALTITUDES GREAYER
THAN THE ABGVE
RADILS. IN FEET 1O
NEAREST FOOT .

® & b 3 oy & 9 9

START AUTCMAT [C CES-
CENT. NULL THE HORI-
ZUNT AL VELOCITY RE-
LATIVE TG THE
SURFACE AND MAENTAIN
RATE CF CESCENT ar 3
FEET PER SECCND,

L L T T T I R R Y

.

mescacoeassrersevaarn

L T T T T T S

O )

MONITOR FDAI AND QUT
THE WINDOW:

CBSERVE ATTITUDE
TRANSIENT TO BRING
LM TC LOCAL VERTICAL
ATTITUDE WITH LM +2
AXIS DOWNRANGE.

MONITOR AUTOMATIC
DESCENT USING ALL
PGNCS AND LM DIS-
PLAYS AND DUT THE
wWINCOW REFERENCES
AS DESIRED.

CBSERYE H DOT
TO BE -00030.

THIS PRUGRAM DOES
NOT ALLOW MANU AL

{
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CONTROL OF LM ATT[-
TUCE Uk THROTTLE.

EF MANUAL ATTI-
TUBE CUNTRUL IS Dk~
SIKEE PUT ATT {YUDE
CUNTRCL MUDE SWITCH
IN ATTITUDE HCAD.
THE LGC A lLL AUTCMA-
TICALLY SELECT LAMC-
ING PHASE {RCD) PRO-
CRAM (P&&!? ANC MAIN-
TALN THE PRESEMNT
RATE OF CESCENT AND
PRESENT LM ATTITULE,
ATYLTUDE AND RATE CF
CESCENT MAY THEN BE
MOCIFIED BY MAMNUAL
CONFRGL, THE MLOE I1I
ATT ITUDE ERRO#
NEEOLES mwilLL
CONVINLUE TO DI SPLAY
THE LAST ERRCOR WHEN
EXIT wAS MADE FRCWM
P65,

If MANUAL THROT-
TLE CCATROL IS DES-
IRED, ALDVANCE THRLST
FTRANS LAT JON CUNT-
ROLLER LNTIL LGC
CONTRIBUTION TO
TCTAL THRUST IS ZERO
{ THRLST INDICATOR-
RIGHT SIOE)s AND PUT
THROTTLE CGNTRCL [N
MANLAL. THE LGC WILL
MAINT AIN THE
PRESENT LM INERTIAL
ATTITUDE. THROTTLE
CONTRCL wlLL REVERT
TG THE LEVEL CCMMAN—
DED BY THE THRLST/-
THAKS LAT JON CONTROGL -
LE R,

RATE UF OESCENT
MaY THEN BE MOLIFIEC
B8Y MANUAL THRCTTLE
CONTROL~ LM ATTITUDE
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WILL REMAIN INERTIA~-
LLY FIXED UNLESS
MANUAL ATTITUDE
CONTROL 1S EXERCISED
FOWEVER MANUAL ATT-
I TUDE CONTROL CAN-
NOT BE EXERCISED
UNLESS THE ATTITUODE
CONTROL MODE Sl TCH
IS IN ATTITUDE
CONTROL.

ONCE THI S PRO-
GRAM IS5 EXITED 1IT
MAY NOT BE RETURNED
T3 FROM Pé&é6.

MONITOR (OSKY:

RHEN H IS
APPROXIMATELY XX FT
CBSERVE TRACKER FAIL
LIGHT TU CCME ON
INDICATING THAT LR
1S NO LCNGER RETURN-—-
ING GOOD DATA.

MONI TOR DSKY:

WHEN ACTUAL ALTI-
TUOE IS APPROXI-
MATELY 4.4 FT,
OBSERVE LUNAR
CONT ACT LIGHT TO
COME ON INDICATING
THAT THE PROBE{S) ON
THE LM LANDING GEAR
HAVE MADE CONTACT
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Wl TH THE LUNAR SUR-
FACE .

PULSH ENGINE STOP
SWITCH TO TERMINATE
DPS THRLST

Wl TH ¥CDE CGNTRCL
SWITCH IN "ATT
HOLD"y KEY IN PRO-
CEED GR v32E (TC
COMMAND ZERO ATTI-
TUDE ERRORS ANC
RATES, THIS wWILL
PREVENT ARCS JET FIR-
INGS ON THE LUNAR
SURFACE UNTIL Pé8
PLACES THE DAP I[N
THE MINIMUM [MPULSE
MODE ¥

CHECK THRUST INDICA-
TOR (LEFT SIDE) TO
INDICATE O PERCENT
CHAMBER PRESSURE.

STANCEY ABORT STACE
PLSHBLTTCN IN CASE
LM STARTS TO TIP
OVER WHILE LANDING.
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THE CISPLAY?

«N oY
- »
KEY IN TERMINATE .

*

WHEN LANDING HAS

BEEN SUCCESSFULLY
COMPLETED» KEY IN
V3TEGBE TO SELECT
THE LANDING CON-

FIRMATION PROGRAM
(P68},
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GG TC PROGRAM SELEC- wsesuvsscsesnnsnnsess GO TG PROGRAM
TED V1A ROC - . SELECTED
. - #300
EXIT P&5S EXIT P&5S

CHANGE CONTROL NOTES

REV CC PCR 31

REV 01 PCR 85, 164,470, 542

REV 00 {LUM 14) PCR 737

REV Cl{LLM 1B) PCR 838,841, ECITCRIAL
REV Q2(LUM 1C) PCR 2E5,8EZ,EDITORIAL
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LANCING PHASE (ROD} PROGRAM LP&E) REV 02 12/03/69

(1) TO MODIFY THE RATE OF DESCENY OF THE LM (WiTH RESPECT TO THE LUNAR SURFACE) IN RESPONSE TJ ASTRONAUT DRIGINATED
IMPUTS TO THE LGC VIA THE LM RATE OF OESCENT SWITCH. . ’

(2) TO MODIFY THE INERTIAL ATTITUDE OF THE LM IN RESPCMSE TO ASTRONAUT URIGINATED INPUTS VIA THE ATTITUDE CONTROLLER
CNLY IF THE ATTITULCE CONTROL SWITCH IS IN ATFITUWE HOLD.

(3) TO MAINTAIN A CONSTANT RATE OF DESCENT AND LM INERTIAL ATTITUDE IN THE ABSENCE OF MANUAL CONTROL INPUTS,

t4) TC LPDATE THE LM STATE VECTCOR WITH VEHICLE ACCELERATION AND LANDING RADAR (LR} DATA,

f1} THE M 15 IN THE LATE STAGES OF LANDING, WITH A RELATIVELY LOW INERTIAL VELOCITY.

(2} TkE IMU IS ON AND ACCURATELY ALIGNED TC A LANDING SITE CRIENTATION DEFINED FOR THE DES IGNATED LANDING SITE
AND THE NGMINAL TIME CF LANCING (T {LAND)).

(3) THE LANDING RADAR (LR) iS5 ON, CHECKED QUT, AND SHOULD HAVE BEEN PROVIDING TO THE LGC VELOCITY AND RANGE
INFCRMATICN wITH RESPECT TC THE MOON. THIS INFORMATION SHOULD HAVE BEEN INCCORPORATED INTO THE LM STATE VECTOR. THE
LGC/LR OPERATION IS UNDER THE CCNTROL OF THE CESCENTY STATE VECTOR UPDATE ROUTINE (R12) WHICH IS ALREADY IN PROCESS.

{4} THE LGC wILL NEITFER OESIGNATE NOR READ THE RENDELVOUS RADAR (RR} DURING THIS PROGRAM,
{5) THE ENTIRE POWERED LANDING MANEUVER (BRAKING, APPRGACH AND LANDING) WILL BE ACCOMPLISHED USING THE DPS ENGINE.

(&) THE FOLLUWING PARAMETERS RECQUIRED #Y THIS PROGRAM HAVE BEEN STORED IN THE LGC SINCE LGC INITIALIZATION BY
ERASABLE REGISTER LODAD.

{A) THE LP¥ STATE VECTCOR, THE LGC HAS UPDATED THIS AS REQUIRED DWR ING THRUSTING. NO FURTHER STATE VECTOR
UPLATES FROM ANY SOURCE OTHER THAN THE LR WILL BE ACCEPTED BY THIS PROGRAM,

{7y THE DPS 1§ NOT THRCTTLABLE UVER THE WHCLE RANGE FROM O PERCENT TO MAXIMUM. [T MUST BE OPERATED EITHER AT MAXIMUM
THROTTLE OR OVER A SPECIFIC THROTTLE RANGE OF LOWER SETTINGS. THESE THROTTLE SETTINGS ARE SPECIFIED IN SECYTION 5.3.4
CF FSb7 MNL ARE TUTAL THROTTLE SETTINGS, J.E.: THE SUM OF THE MANUAL SETTING (WHOSE MINIMUM IS 10 PERCENT}, AND THE
PGNCS COMMANDED SETTING.

THES PROGRAM ASSUMES THE THROTTLE COCNTROL TO BE IN AUTO {THE DPS RECEIVES THE SUM OF THE MANUAL AND PGNCS
CCGMMANDEL SETFINGS) ANC THE MANUAL THROTTLE TO BE SET AT A LEVEL LESS THAN THAY REQUIRED BY THE LGC.

NOMINALLY THE TYHRCTTLE hILL REMAIMN WITHIN THE ALLCWABLE YHFROTTLE RANGE THROUGHOUT THIS PROGRAM.

(8) CURIM; THE PCWEREL LANCING MANEUVER, THE LGC WILL MONITOR THE PRESENCE OR ABSENCE GF THE ®NON-ATTITUDE FOLD™
DISCRETE. THIS DISCRETE IS ISSUED YO THE LGC wWHEN THE ATTITUDE MODE CONTROL SWITCH IS IN THE AUTD POSITION.

SkEGULD THIS DISCRETE APPEAR DURING THE POWERED LANDIMG MANEUVER, THE LGL ASSUMES THAT IT NO
LCNGER HAS COMPLETE AUTCMAT [C CONTROL OF THE MANEUVER .,

THE MONITOR AND THE ASSOCIATED LGC LOGIC IS INCLUDED IN THE LANDING AUTQO MODES MONITOR ROUTINE {R13} WHICH [§
ALREALY [N PRCCESS.

{9) THE LPD OPTION IS NOT PROVIDED ¥HE CREw DURING THIS FRCGRAM,
{10} THE LGC ASSUMES aLL ATYITUCE CHANGES TO BE MANUAL THROUGHOUT THIS PROGRAM. THE LGL WILL HOLD T NERTIAL

ATTITUDE IN EITHER MODE, HOWEVER UNLY IN THE ATTITUDE HELC MCUE MAY THE ATTITUDE BE CHANGED BY MANUAL 2ONTROL
VI2 ThHE A¥YTITULE CONTRLLLER.

P&6/LUMENARY
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(11} ThE CREW hAS THE CAPABILITY TO DISPLAY LGC CALCULATED VALUES OF FORWARD VELOCLITY, LATERAL VELOCITY, ALTITUDE AND
ALTITLDE RATE Ch CERTAIN LK METERS DURING THIS PROGRAM, THE CALCULATION 3F THESE PARAMETERS IS UNDER THE CONTROL
UGF THE LANDING ANALOG DISPLAYS ROLTINE (RLC) WHICH IS ALREACY IN PROCESS.

{12) DULRING THL1S FRECRAM THE LGC MONITCRS THE OQUTPUT OF THE RATE OF DESCENT (ROD}Y SwWITCH IN THE LM. THES SWITCH IS
CPERATED BY THE ASTRUNALT I[N RESPONSE TO HI[S ASSESSMENT CF THE PRESENT LM RATE OF ODESCENT BASED ON OUT-THE-WINDOW
REFERENCES ANLC LM/LSKY CISPLAYS.

SKITCH OPERATICN IS CN AN INCREMENT AL BASIS, EITHER ~ (INCREASE RDD} QR + (DECREASE RODI. EACH COMMAND RESULTS
IN AN LGC—COMMANDED CHANGE OF "RODSCALE® FT/SEC IN THE LM RATE OF DESCENT. ("RODSCALE™ IS A VALUE LOADED INTO
ERASABLE STGRAGE FRICR TC FLIGHT}

{13} AN ABORT FROM THE LUNAR DESCENT MAY BE REQUIRED AT ANY TIME DURING THE POWERED CESCENT (P63), (P64)y (P65),
GR (P6E) .

FOR ABORTS AFTER UpS IGNITION FOR THE PCWERED LANDIAG MANEUVER, TIME IS CRITICAL. DURING THIS PERIJID AN ABORT 15
CCMMANCED BY PUSHING UNE OF TWO BUTTONS IN THE LM, THE ABORT MAY BE COMMANOED TO USE THE ODESCENT ST AGE {ABORT BUTTON)
GR THE ASCENT STAGE (ABCRT STAGE BUTTON). IF THE DESCENT STAGE 1S SELECTED, AND THE DPS PROPELLANT APPROACHES EXHAUS-
TIONy CUNTROGL MUST BE SwITCHED TO THE ASCENT STAGE BY THE CREW BY ASCENT STAGE SELECT SON (ABORT STAGE BUTTON).

CURING THE PCWEREL LANCING MANEUVER, THE LGC WILL CONTINUDUSLY MONITOR THE ABORT AND ABORT STAGE DISCRETES,

AN UPON RECEIPT CF EITHER wILiL TERMINATE THE PROGRAM [N FRCCESS AND CALL YHE APPROPRIATE ABORT PROGRAM (DPS ABORT
PROGRAM (P70} OR APS ABORT PROGRAM (PT7l)). BOTH ABORT PROGRAMS WILL GUIDE THE LM FTO AN ORBIT AS SPECIFIED N
SECTICh 5.4.3 CF RS6T,

THE MONITOR OF THE ABORT AND ABORT STAGE PUSHBUTTOMNS IS CONTROLLED BY THE ABORT DISCRETES MONITOR ROUTINE (R11)
WhECH IS ALREADY IN PROCESS.

{14) IF A THRUSTING PANEUVER IS PERFORMED WITH THE GUIDANCE CCNTROL SWITCH AT PGNS AND THE MODE CONTROL SWITCH

AT ATTITUDE HOLC ThE PGNCS WILL HOLD THE VEMICLE AVTITUDE AND WILL GENERATE EITHER MCDE 1 OR MODE I1 ATT ITUDE

ERRGRS ANO VEHICLE ATTITUDE RATES FOR CISPLAY ON THE FDAL. THE CREW MAY EXERCISE MANUAL ATTITUDE CONTROL ABOUT ALL
VEHICLE AXES WITH THE ACA IN EITHER THE RATE CCMMAND CR MINLMUM [MPULSE MODE CEPENDING UPON THE STATUS OF THE

PULSES FLAG. IT IS STRONGLY RECCMMENDED THAT POWERED FLIGHT NOT 8E ATTEMPTED IN THE MINIMUM [MPULSE MODE. THE PULSES
FLAG 1S SET OR RESET BY EXTENDED VERBS 76 (MINIMUM IMPULSE) AND 77 (RATE COMMAND) RESPECTIVELY. THE PULSES FLAG IS
ALSO RESET BY PLl2/P40,P41,P42,PE3,PT0,P 71 AND R40 AT MAIN ENGINE IGNITION. WITH THE EXCEPT IDN OF THESE CASES, MODE
SELECTICN IS ALWAYS BASED UPON THE LAST ENTRY MADE IN THE DSKY. DURING A THRUSTING MANEUVER IN THE PGNS/ATTITUDE WOLD
MODE, THE PGNCS WILL NCT BE RESPUNSIBLE IF REGEISTER COVERFLCWS OCCUR WITHIN THE LGC.

(15} CCNTRUL OF THE LM CPSs RCSs ANC APS 15 TRANSFERRED FROM THE PGNCS TO THE ABDRT GUIDANCE SYSTEM (AGS) BY
PLACING THE GUID CONT SwITCH FRCM PGNS TOU AGS.

THE AGS WILL BE CAPABLE OF TAKING OVER CONTROL CF THE LM DURIMG ANY PERTION OF THE LUNAR DESCENT OR ASCENT OR
DURING EITHER OF THE ABCRT PROGRAMS (P70 OR P71). THE AGS WILL GUIDE THE LM TO A SAFE ORBIT.

THE AGS MAY BE INITIALIZED BY THE LGC AT ANY TIME AY MANUAL SELECTION UF THE AGS INITIALIZATION ROUTINE (R&7).

IN THE EVENY THAT T+E GUIDANCE CONTROL SWITCH IS CHANGED FROM PGNS TGO AGS DURING A THRUSTING MANEJYER, THE LGC
WILL CONTINWE COMPLTATICN CF PUGSITIGMN ANC VELOCITY, FHE CESIRED THRUST VECTOR, AND THE DESIRED ATTLITUIE ERRORS;
FOWEV ER THE PGNCS wILL NOT BE RESPONSIBLE IF REGISTER QVERFLCWS COCCUR WITHIN THE LGC BECAUSE THE AGS IS NIT
MAINTAINING REASCMABLE ATTITUCE CONTROL.

{16) THE LGAD LCAP DATA RUUTINE [RC3) HAS BEEN PERFORMED PRIGR TO THE START CF THE PUWERED LANCING MANEUVER AND
SHCLLL NCT BE REWUIREL LUKRING THIS PROGRAM,

{17) LGC AND CKEW PROCEDURES IN CASES OF LGC-ASSUMED THRULST FAILURE ARE DEFINED BY THFE OPS/APS THRUST FAIL ROUTINE
(R4Q). THIS HOULTINE 1S IN EFFECT DURING THIS PROGRAM UNTIL SELECTION {VIA ROM) OF THE LANDING CONFIRMATION PROGRAM
[PEEL, HAVING BEEMN ENABLED BY P63,

{i5) ThIS PRCGRAM §5 AUTCWAT ICALLY SELECTED BY THE LANDING AUTG MODES MONITCR ROUTINE {R13) DURING THE POWEREL LANDING
MANEUVER wHENZ

(A) ATTETULE COLRTROL IS FIRST YRANSFERRED TO MANUAL (ATTITUDE CONTRGL SWETCH TO ATTITUDE HOLD) IF THE
THRYTTLE CCNTHCL REMALNS AUTO (THROFTLE SWITCH IN AUTO) AND THE ASTRINAUT COMMANDS A NETYT CHANGE 1IN THE
KATE DF LESCENT BY MEANS UF THE ROD SwiTCH.
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{19) THE ASTROUNAUT MAY MONITOR THE FOLLOWING PARAMETERS BY KEYING IN Vlé N92E:

{A) V16 NS¢
R1-THRCML
R2-HDOT
R3H

THRCMO-THE PERCENT THROTTLE GES IREC 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 TD NEAREST .1 FPS.

H-THE PRESENT ALTITUDE OF THE LM ABOVE THE LUNAR RADIUS AT THE INITIALLY DESIGNATED LANCING SI¥E. IN FEET
TO NEAREST FCCT.

LGC CROUND . CREW
«LGC
«PROGR AM
«SELECTION
L]
START LANCING PHASE . MONITOR D3SK Y2 ’ ) #10
(ROD) PROGRAM (P66)e evvessecosnccnnsvane UBSERVE DISPLAY
CISPL AY P66 . OF P66

SET DESIRED H DOT
EQUAL TC ACTUAL
H DOT

#20

L N T Y S I I I I I O Y R B )

Pe&/LUMINARY
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.
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PO

DO STCPRATE TC TER-
MINATE MANEUVER (IF
ANY) IM FRCCESS

#40

RESET X-AXIS OV ER-
RIDE INHIBIT FLAG.
[NOTE: DEPENDING UP-
Ch THE TEIME CF SELE-
CTION GF THIS PRCG-
RAM THE X-AXIS OVER-
RIDE CETICN #AY NOT
BE INHIBITED AND
TrIS FUNCTIUN IS RE-
DUNCANT,}

#50
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+ 285
+882

#60

« 8 Y 5 s * & g

COMPLTE FORVEL,
r CGY, ANC R

#70
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avesss

« FLASH VERB-NCUN TO
REQLEST RESPCNSE AND eacsesvencrssnrrasen

DESPLAY ON DSKY:2
v0ée N&O
R 1-FOR VEL
R2-H EOT
R3=H

FORYEL-THE FORWARD
COMPCNENT CF THE

HOR IZONTAL VELOCITY
OF THE VEHICLE WITH
RE SPECT TQ THE MCCA
WHICH [S ESSENTIALLY
PARALLEL TG THE X-1
PLANE OF THE VEHICLE
(FOR SMALL PITCH
DISPLACEMENTS).

IN FPS TO NEAREST .1
FPS

H DOT-THE PRESENT
RATE CF CHANGE OF
ALTITUDE {(H). PCLA-
RITY INLICATES DES~
CENT (-1, GR ASCENT
t+). POLARITY IS
NCOMINALLY — DURING
THIS PROGRAM. IN FPS
TO NEAREST .1 FPS

H=THE PRESENT RACAR
UPDATED ALTITUDE OF
THE LR ABLVE THE
LUNAR SLURFACE.
POLARITY IS5 +

FGR ALTITLLCES
GREATER THAN THE
ABOVE RACIUS. IN
FEET TG NEAREST

[ T T S

MONITOR DSKY:
OBSERVE VERB-NOUN
FLASH TC REQUEST RE-
SPONSE AND DISPLAY
OF FORYEL, H COT
AND H.
(NOTE2 THIS DISPLAY
WILL CONF INUE FLASH-
ING TO ALLOW THE
ASTRONAUT TO 2EROD
ATTITUDE ERRORS ON
THE LUNAR SURFACE AS
OFTEN AS DESIRED).

P I T I R SR R B T L L T T T T DU B RS S R NE R T S R S 1
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MCNITOR RATE OF
DESCENT INPUTS TG
THE LGC

CCMFUTE REQUIREL
CHANGE IN THRGTTLE
SETTING FOR PRESENT~
LY CESIREL ROC.

COMMAND REGQUIRED
THROTTLE SETTING

WAIT ONE .
SECOAND .

I T L A T R S S A T S T }

S s AEREASSANEEARERE S

L P R S R

MCNI TOR PROGRESS CF
POWERED L ANCING
MANEUVER US ING LM
DI SPLAYS, DSKY DIs-
PLAYS AND WINDOMW.

US ING RATE OF
DESCENT ShiTCH,
COMMAND DES JRED RATE
OF DESCENT.

IF MANUAL ATTIT-
UDE CONTROL 1S CE-
SLRED USE ATTITUDE
CONTROLLER.

MONITOR THRUST
iNDICATOR (RIGHT
SIDE} TO ENSURE THAT
LGC THRCTTLE CGMMAMC
DOES NOT EXCEED XX
PERCENT . {NOTE: TFE
LGC WILL NOT IANTEN-
TIONALLY COMMAND A
THRUST LEVEL LARGER
THAN THAT SPECIFIED
BY A PAL-LOADED
LIMIT (NOMINALLY 60
PERCENT) NO MATTIER
WHAT THE CIRCUM-
STANCES ARE.

IF MANUAL THROTT-
LE CCNTROL IS CES IR-
ED s ADVANCE THRUST/
TRANSLATION CONTROL-
LER UNTIL LGC CON-
TRIBLTION TO YOTAL
THRUST {S ZERD
(THRLST INCICATOR-
RIGHT SIDE) s AND PUT
THROTTLE SWITCH TO
MANUALe THE LGC WILL

606
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MAINTAIN THE PRESENT
LM INERTIAL AFTIT-
UDE. THROTTLE CON-
TROL wItL REVERT TYC
THE LEVEL COMMANDED
8Y THE THRUST/TRANS -
LATION CONTAOLLER.

. RATE OF DESCENT
MAY THEN BE MCDIFIED
B8Y MANUAL THROTTLE
CONTROL. LM ATTITUGE
WILL REMAIN ]NER-
TIALLY FIXED UNLESS
MANUAL ATTITUDE CON~-
TROL IS EXERCISED,
HOWE VER MANUAL
ATTITUDE CONTROL
CANNOT BE EXERCISED
UNLESS THE ATTITUOE
CONTROL MODE SWiTCH
IS IN AYTETWE HOLD.

ONCE THIS PROGRAM
IS EXITED IT MAY BE
RETURNED TO 8Y PLAC-
ING THE THROTTLE
Skl TCH IN AUTO.

MONI TOR DSKY:

WHEN H 18
APPROX ITMAT ELY XX FTY
OBSERVE TRACKER FAIL
LIGHT TO COME ON
INCICAT ING THAT LR
I'S NO LCNGER RETURN-
ING GOOD DATA.

MONITOR DSKY:
WHEN ACTUAL ALTI-

607
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TUBE 1S APPROXI-
MATELY 4.4 FT,

0B SER VE L UNAR
CONTALT LIGHT TD
COME ON INDICATING
THAT THE PROBEL(S) ON
THE LM LANDING GEAR
HAYE MADE CONTACT
WITH THE LUNAR SUR-~
FACE.

PUSH ENGINE S5TOP
SWITCH TC TERMINATE
CPS THRUST

KEY IN PROCEED DR
V32E ITC COMMANC
ZERO ATTITUDE ERRORS
AND RATES. THIS WILL
PREVENT RLCS JET FIR-
INGS ON THE LUNAR
SURFACE UNT IL P68
PLACES THE DAP IN
THE MINIMUM IMPUL SE
MCCEY

.
-

CHECK THRUST IANDICA-
TOR (LEFT SIDE) TO
INCICATE O PERCENT
CHAMBER PRESSURE.

STANDBY ABORT STAGE
PUSHBUTTON IN CASE

608
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LM
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STARTS TO T1P
R WHILE LANDING.

AM

I FINISHED wITH

THE DISPLAY?

N
.

.
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|

KEY IN TERMINATE

LN I A

WHEN LANDING HAS

BEEN SUCCESSFULLY
COMPL ETED, KEY IN
V3TE6BE TO SELECT
THE LANDING CON-

FIRMAT 1ON PROGRAM
(P68).
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COMMANC
ZERC
ATTITUDE
RATES
+02
++
GO TG PROGRAM SELEC— eeses sannsasnsncnnss GO TO PROGRAM
TED vIiA ROO . . SELECTED
EXIT P66 EXIT P &6

CHANGE CCNTRCL NOTES

REV CC PCR 31

REV 01 PCR B85+210,470,542

REV GOLLLM 1A) PLR 706,737

REV QOL{LUM 1B} PCR 834,841y EDITORIAL
REY Q2(LJM 1C) PCR 285,842, ECITAORFAL
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511
LANDING COCNFIRPATICMN PECGRAM (P6B) REV 03 12/03/66%
PURPDSE: (n TO TERMINATE LANDING PRCGRAM ANC ECAP FUNCT IONS .
(2} TG INITIALIZE THE LEC FOR LUNAR SURFACE DPERATIDN.
{3) TO PERMIT THE ASTRONALT TQ PREVENT RCS JET FIRINGS CN THE LUNAR SURFACFE.
ASSUMPTIONS: (1) THE FULLEWING CISPLAY {S AVAILABLE CURING THE PROGRAM BY KEYING IN VOSE (SEE EXTENDED VERBS).
V9IENSE
Rl - RR LGS AZIMUTH
R2 — RR LCS ELEVATION
R3 = BLANK
WHERE : RR LOS AZIMLTH — THE ANGLE BETWEEN ThE LM X/Z PLANE AND THE AR LOS VECTOR, POSITIVE ROTATION
IS FROM THE tM +Z AXIS TO THE LM +Y AXIS, IN DEGREES TO THE NEAREST .01 DEGREE.
++ RR LOS ELEVATICN — THE ANGLE BETWEEN THE LM #7 AXIS AND THE PROJECTION OF THE RR LDS VECTOR ON
+03 THE LM X/ PLANE. POSETIVE ROTATION 1S PCSITIVE ROTATION ABOUT THE LM +Y AXIS.
+ 288
++ {2} THLS PROGRAM IS SELECTED BY THE ASTRCNAUT BY [OSKY ENTRY. IT IS TO BE SELECTED ONLY AFTER THE LM HAS LANDED ON
THE LUNAR SURFACE (PES OR P6E).
13 VITESGBE SELECTICN CF P68 WILL TERMINATE AVERAGE G ANL COMMAND THE ENGINE OFF (REFER TGO ROO) .
(4} THE SELECTICN OF T+IS PROGRAM PLACES THE DAP IN THE MINIMUM IMPULSE CUMMAND MODE. AS LONG AS THE ASTRONAUT KEEPS
THE MODE CONT SwiTCH IN ATT HCLDy RCS JEV FIRINGS WILL NOT OCCURLEVEN WHILE THE PLATFORM IS BEING GYRO TORQUED
++ {IN P57).
+C3
+EDIY
++
PROG LGC GROUKRD CREW
CGNT
+CREW
« PROGRAM

«SELECTION

START LANDING
CCNF IRMAT [ON
PRCGRAM (P6B)
DISPLAY P&8

KEY IN LANDING
CONFIRMATION PROGRAN
(P68}

v3T7E6BE

£10

P& 8/LUMI NARY



++
+03
+EDIT
++

COMMAND ZERC

ATTITLDE ERRORS

SET PULSES

FLAG

SET SWLRFACE FLAG

a0 2 8 4 s e P e e

RESET AELRT ENAELE

FLAG

@ s Y s 4 % T e g & T s g

*

RN R I N R

MGNI TOR DSKY
CISPLAY OF P6E

LI N N I

(AT THIS TIME THE
DAP IS PLACED IN THE
MINIMUM [MPULSE
COMMAND MODE ) .

PLACE TFE MODE CONT
SWITCH IN ATY HCLC
AND THE DAP WILL NOTY
FIRE RCS JETS. P12
WLLL AUTCMATICALLY
PLACE THE DAP BACK
INTD RATE COMMANLC/
ATTI TUDE HOLD MLDE
AT MAIN ENGINE
IGNLTION,

L L T L B T T I R R R SO |

624
PEB/LUMINARY

20

#30

#40

#50

#560

PEBALUMINARY



try

HULD

EEEEE RS NI

SNAP

SET APS FLAG

RESET LANCING ANALCC
DISPLAYS FLAG

LI T

SET LR BYPASS FLAG

STCRE PRESENT POSI-
TION YECTOR AS LAND-
ING SITE IN LUNAR
FIXED CGORDENATES
{REFER TO SECTION
5434 CF R5671}).

FLASH VERB-NOUN TO
REQUEST RESPCNSE ANC
DISPLAY LGC CALCLULL-
ATELC LANCING SITE
COORCEINATES:

VCoN43

RL-LAT

RE-LONG

R3-ALTY

LAT-SELENCGRAPHIC
LATITLDE OF THE LGC-
ASSUNEC PRES ENT
LANDING SITE. PCLA-
RITY INCICATES NURTEH
{+) CR S5CUTH (~-}.

[ R N RN RN

L I N T T L R R T D R B I R L L I B T SR Y R T L T O

GBSERVE VERB-NCUN
FLASH TO REQUEST
RESPCNS E AND CISPLAY
0OF LGC CALCULATED
LANGING SITE COORODI-
NATES.

. %" .

RECORD THE SE VWALUES.

L T I T Y

625
P68/ LUMINARY

R70

¥80

#3930

#1073

¥110

P58/ LUMINARY



IN DEGREES TO NEAR-
EST .01 CEGREES.

LUNG— SELENUGGRAPHIC
LONGITUCE OF THE
LGC~ASSLMED FRESENT
LANDING SITE. POLA-
RITY INCICATES EAST
(+) CR ®EST (=). LA
CEGREES T3 NEAREST
0L LEGREES.

AL T- THE PRESENT

ALT {TUDE OF THE LM
ABOVE THE LUNAR
RAGIUS AT THE
INITIAM LY CESIGNATED
LANDING SITE (IF RE-
START OCCURS-ABOVE
ThE LUNAR RACIUS AT
THE LGC—-ASSULMED
PRESENT LANGING
SITEy 1leaEe = 0}
THIS VALULE SHOLULD
NCMINALLY BE 00CO0D
EACEPT FOR ACCRUED
ERROR S FROM THE LR
IN THE LAST PHASES
GF THE LANDEMNG. 1A
NAUTICAL MILES TQ
MEAREST .1 N¥.

o & 8 a8 ' 4 o® & & s

WAL T FUR KEYBOARD
ENTRY

TERMINATE FLASH LPON

220 e rersrans ey

L R R

ENSURE THAT THE LM
IS STABILIZED UPON
THE SURFACE OF THE
MOON AS WELL AS
POSSIBLE.

KEY N PROCEED

PR L I SR N . L )

626
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#120

#130

#140

#150

#160

PoB/LUMINARY



fca

++
+03
+EDIT
++

RECEIPT UF PROCEED
.P
«R
0
«C
«E
.E
«0

L A I R L }

FRCM LGC CALCULATEE
LANDING SITE COGRODI-
NATES ANL THE PRE-
SENT ICCU/GIMEBAL
ANGLES COMPLTE AND
STCRE THE PRESENT

LM ATTITULWDE w»ITH RE-
SPECT TO THE LUNAR
SURFACE.

DEFINE LUNAR GRAVITY
VECTOR TO BE
PARALLEL TC THE

LM X AXIS FOR USE

8y P57,

LR B

[ I R SR I I I Y N T B R B I B L R I D T T S TR DL DR L

4 % 4 4 v 9 4 3

NOTE: THE ASTRONAUT

MUST SwWETCH ATTITUDE
CONTROL FROM ALTO

TO ATT HOLD TOU TURN

GFF THE DAP IN CRDER
TGO PREVENT SPURICUS

627

PHB/LUMI NARY

#170
#180
#190

#200

P58/L UM IN ARY



C R L RS T Y

SET ATTITLDE FLAG

-

JET FIRINGS

s 8 % g 4 & B 4 g B 3 4 08 = 4 3 a

CE FEMNAL AUTGMAT IC msesssesssenananesss DO FINAL AUTUMATIC

REGLEST TERMINATE .
RGUT INE {RGO)

EXIT P68

CHANGE CONTRUL NOTES

LOGIC REV OC PCR &47C
REV 01 PCR 59,416,546+ 547,623
REV 02(LUM 1 8) PCR 838, ECITORIAL
REV 03(LuM 1C) PCR 285, EDITCRIAL

REQUEST FERMINATE
RCLTINE (ROO}

EXLT P68

628
P68/ LUMINARY

#210

#220

#230

#240
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