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LANCING ANALUG CISPLAYS ROUTINE (R10) REV 03 12/03/69 

{2} TG MONITUK THE "DISPLAY INERTIAL DATA" CISCRETE THE ABSENCE OF WHICH INDIZTATES THE CREW HAS SELEZTED FOR DISPLAY 
ON THE LM METEKS UNE GR MURE OF THE LGC-CALCULATED DISPLAY PARAMETERS. THESE PARAMETERS ARE: 

{A) FCRRARD VELGCITY - SEE SECTION 5 OF R567 FOR CEFINITION. 

(EB) LATERAL VELOCITY — SEE SECTION 5 OF R567 FOR DEFINITION. 

(C} ALTITUDE — THE PRESENT ALTITUDE GF THE L¥ ABCVE THE LUNAR RADIUS AT THE DESTGNATEO LANDING SITE. 

{Db ALTITUCE RATE - TRE PRESENT RATE OF CHANGE OF ALTITUDE {{C) ABOVE). 

{2} TC CALCULATE TFESE DISPLAY PARAMETERS AND TRANSMIT THEW TO THE LM METERS WHEN TEE “DISPLAY INERTIAL DATA" 

DESCRETE IS NCT PRESENT. 

(1) THIS RGUTINE 15 AUTOMATICALLY CALLED EVERY «25 SECUNDS BY THE ABGRT DISCRETES MCNITOR ROUTINE (R11), BUT ONLY 
DLRENG P12903,604,65,06970 CR The HOWEVER, THE ROUTINE WILL BE INHIBI TED FROM USING THE RR COUS (FORWARD ANC 
LATERAL VELUCITY CROSSPGINTERS) DURING P12,P70, OR PTL. THUS CNLY ALTITUDE AND ALTITUDE RATE {TAPE METERS) WELL BE 

CISFLAYEC DURING Pl2, PTO, OR PTL. 

Loc GRCUND CREW 
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eee SELECTION 
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CHECK PAKAME TER 
POINTER. 

oALT ALT. 
oRATE . 

SET PARAMETER - 
POINTER TO ALT . 

  

CALCULATE . 
ALTITUCE RATE. « 

SET PARAMETER 
PGINTER TO ALT 
RATE 

« CALCULATE 
«+ ALTITUDE 

TRANSMIT ALTITUDE 
OR ALTITUDE RATE 
{WHICHEVER PAKA- 
METER JUST 

WHICH WILL BE 
UPDATED 4 TIMES 
PER SECOND. 
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» CALCULATED) TIMES PER SECOND. . 
e DIRECTLY TO LM enna nee : 
« METERS. . 7 

. ExIT 
. R10 

  

IS INEKTIAL CATA. 
CISCRETE FLAC SET?. 

« CISABLE Q@R ° 
« ERROR CCUATER 

REwCvE CISPLAY . 
INERTIAL DATA . 
CISCRETE FROM THE « 
RR COLS« . 

RESET INERT TAL 
DATA DISCRETE FLAG. 
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SET PARAMETER POIN~ 
TER TC ALTRATE 

    

CHANGE CCNTRCL ACTES 

LOGIC REV OL PCR 475% 499, 617 
REV 62 EDITORIAL 
REV O3(LUM 103° PCR 285 
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PURPU SE: 

ASSUMPT 1ONS: 
+t 
+02 
+285 
++ 

PROG 
CONT 

ABORT DISCRETES MONITOR ROLTINE (R11) REV 02 12/03/69 

sit 

(i} TO MONITGR THE ABCRT AND ABCRT STAGE DISCRETES TC THE LGC WHICH INDICATE WHETHER THE CREW DESIRES TO ABORT FROM 

TRE POWERED LANDING MANEUVER AND IF SO THE TYPE UF ABURT (DPS OR APS) DESIRED. 

{2} TO SELECT THE CORRECT LGC PRGGRAM FCR THE TYPE CF ABORT COMMANDED BY THE CREW. 

(3) TO CALL THE LANDING ANALOG DISPLAYS ROUTINE (RLC)- (SEE ASSUMPTEON (11). 

(1) THIS RUUTINE ES CALLED EVERY 0.25 SECCNDS BY THE RLO/RIL/RI2 SERVICE ROUTINE (ROD), BUT GNLY DURING P 12263, 

64165166770, OR TL wREN SERVICER (AVERAGE G) IS IN PROCESS. IN TURN IT CALLS THE LANDING ANALOG DISPLAYS 

ROLTINE (RIC). 

Lec GRCOUAC CREW 

LGéc 
RCLTINE 
SELECTIUN 

START ABCRT Di SCRE- 
TES MONITOR ROUTINE 

(RIL) 

THE CREW DESERES TO; 
(Lb TNITLATE A PGNCS 
CONTRCLLED DPS ABCRE 
FROM THE POWERED 
CESCENT MANEUVER. 

CR 
(2) INITIATE A PGNCS 

#10 

#20 

RTLALUMENARY



aot 

1S THE ABCRT ENASLE 
FLAG SET? 

  

TS APS ABORT PROGRAP 
(PTL) IN PROCESS? 

  

1S TRE ABCRT STAGE 
OISCRETE PRESENT? 

        

CONTROLLED APS ABCRT 
FRUM JHE POW REO 
CESCENT MANEUVER 

CR 
(3) INITIATE A PGNCS 
CONTROLLED APS ABORT 
OURING THE DPS ABCRT 
PROGRAM (PTO). 

  

CO 1 WISH FQ ABORT 

USING THE DESCENT 
STAGE GR THE ASCENT 
STAGE? 

PUSH ABORT 
STAGE BUTTON 
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: . R11 /LUMINARY 

. GRAM CPTLt . 
. tP71) . 

TS DPS ABCRT PRLGRAW . 
(P70) IN PROCESS? . 

oh . #80 

co te . . 
qu : . 

BELOW . . 

pone eee eee #90 
ave secccscecees PUSH ABORT BUTTON 

. CALL VPS ABCRT . 
. PROGRAM (P70). . 

Co ae ee ance ee nner : #100 

. cc TC Go 19 
: oan eae 
. IN DPS IN DPS ABORT 
. AECRT PROGRAM 

. PRO- (P7O} #110 

. GRAM 

. (PTO) 

i aan 
. FROM 
. AEDVE 
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#120 

CALL LANCING ANALOG 
DISPLAYS ROLTINE 
(RIO) 

» 

#130 

EXIT Ril 

CHANGE CONTROL NOTES 

LOGIC REV C1 NC PCRS 
REV O2{LUM IC} PCR 285 
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PURPOSE 

AS SUMPT IUNS: 

PROG 
CONT 

CESCENT STATE VECTOR UPLATE ROUTINE (R12) REV 04 12/03/69 

(1) TC CBTALN VEHICLE RANGE ANC VELCCITY OATA RELATIVE TO THE LUNAR SURFACE FROM THE LR. 

(2) TC LACCRPURATE TRE LR RANGE ANO VELOCITY DATA INTC THE LM STATE VECTOR. 

(3) TO NOTIFY THE CREW CF ABNORMALITIES IN THE PROCESS CF LGC INTERROGATION OF TRE LRe 

(4) TC CGMMANC THE LR TC PCSITIGN #2, AND ISSUE AN ALARM IF THAT COMMAND IS NOT SUCCESSFUL. 

(5) TO CALL THE PUWEREO FLIGHT RR DESIGNATE ROUTINE (R29) IF THE LR BYPASS FLAG IS SET. 

(1) THE NECESSARY PARAMETERS (AS DESCRIBED IN SECTION 5.3.4 CF R567) FOR CONVERS ION OF THE LR DATA TO STATE VECTOR 

UPCATES ARE STOREC IN TFE LGC. 

(2) THE FURMAT OF THE LR DATA AND THE TECHNIQUE OF IETS TRANSFER TO THE LGC ARE AS DESCRIBED IN SECTION 5.3.4 OF R567. 

13) ThE LR PERMIT FLAG HAS BEEN RESET PRIOR TO THE START OF THIS ROUTINE BY ROO. UNTIL THES FLAG IS SET BY A 

MANUAL USKY ENTRY (SEE (4) BELGW), NC LR GATA WILL BE TNCCKPCRATED INTO THE LM STATE VECTDR. 

(4) THERE AKE 2 EXTENDEL VERBS AVAELABLE TO THE CREW TO ALLOW MANUAL CONTRGL GF THE USE OF LR DATA FOR STATE VECTOR 

UPDATING. THEY ARE i 

VOTE SETS (GR RESETS} THE LR PERMIT FLAG, ENABLING USE OF GOOD LR DATA. 

V58E RESETS THE LR PERMIT FLAG» PREVENTING USE CF ALL LR DATA. 

(5) THE be Re Me AND S COLNTERS WERE ZERUED BY P63. THE LR BYPASS FLAG WAS SET BY ROO AND RESET BY P63. THE 

FCLLGRING FLAGS WERE RESET BY ROO? VX INHEBIT, HIGATE, NO LR READ, R12 X-AXIS CVERRIDEs LR PERMIT, 

VELUCITY DATA; READ VELCCITY, RANGE DATA, LPOS2s V FLASts AND H FLASH. 

(6) THIS ROUTINE IS CALLED EVERY 2 SECONDS BY SERVICER {AVERAGE Gly BUT ONLY DURING P12263764165 766479 OR 71. 

HOWEVER THE KOUTINE IS IMMEDIATELY BYPASSEC IF THE ik BYPASS FLAG IS SET. THIS FLAG IS ALWAYS SET BY ROC, P79 AND 

P7L. If IS RESEF BY P63. 

LEc CROUND CREW 
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START CESCENT STATE 
VECTCR LPDATE 
ROUTINE (R12) 
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CALL POWERED 
FLIGHT &R CESIG- 
NATE ROLTINE 
(R29) 

EXIT R12 

1S THE R12 X-AXIS 
GVERRICE FLAG SET? 

  

Is ALTITUCE LESS 
THAN 30,000 FT 
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+ SET THE R12 . 
« X-AXIS OVER-  . 
« RECE FLAG 5 

« SET X-AXIS . 
+ CVERRICE IN-  . 
« HIBIT FLAG. . 

    

IS TRE NO LR READ 
FLAG SET? 

oN 

+ US THE NC 511 
+ FLAG SET? 

   
    

ot Tc GC TC 
ed nau 

Etluw BELOW 
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1S TG GREATER 
THAN PRPCRTI FEN? 
(NOTE? THE VALUE 
“RECRTIME" IS) EN 
ERASABLE STCRAGEs 
HAVING BEEN 
LOALEC PRICR TC 
LALNCH LK BY P27) 

+Y Ae 

TS x5 xF . 
(TRE X CuM- 
FENERT Cr TRE 
Uni T BULY x 

VECTUR IN 

FLATFCR* Cl- 
URDINA TES) 
GREATER THAN 

HQ SH? 
tNOTE: THE 
VALUE "GSW" 15 
INK ERASABLE 

STORAGEs 
HAVING EEER 
LCADEU FKICK 
TO LAUNCH OR 
BY P27). 

  

SET FIGETE 2. 
FLAG soe 
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TURN GN PROGRAM 

ALARM LIGHT BUT 
OG NOT CHANGE 
PRESENT OISPLAY. 
STCRE ALAR CCOE 
ccsil. 

SET? 

  

MONITOR OSKY=: 
DISCREPANCIES IN 

LR/LGC CPERAT ION 
THAT ARE NOT PRI- 
GRETY ALARMS WILL BE 
ALARMED AS FOLLCWS: 

(A) PROGRAM AL ARM 
LIGHT ANC STC~ 
RED ALARM 
cCce: 
{kb CO520-(SEE 

R20) NO 
RACAR SAM— 
PLING RE- 
QUE STED 
FROM RACAR 
AT THIS 
TIME. 

(2) OOSL1-LR 
NOT IN PO- 
SITION #1 
PRIOR TC 
HI-GATE OR 
NOT IN PO- 
SITEGN #2 
SUB SEQUENT 
TG HI-GATE 
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CuMPUTE TRE ALTATUDE 

CIFFERERCE (DELTA A) 
BETWEEN THE ALTETUDE 
AS INCICATEC eY TRE 

LK RANGE DATA ANKE 
THAT DERIVEU FROM 

THE ESTIMATED STATE 

VEC TOR. 
  

TNCREMERT L CCUN- 
TER BY 1 . 

  

TS THE MAGNITUDE 
OF DELTA H UREAT- 
ER TRAN "CELQFIX" 
+ 2125 (THE 
MAGNITLUE OF H 

FRCM ThE EST I~ 
WATED STATE 
VECTOR)? 
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(8B) ALTITUDE FAIL 
LIGHF ON 
STEADY: 

(1) LR RANGE 
CATA GOOD 
DISCRETE 
WAS NUT 
PRESENT 
BEFURE AND 
AFTER LR 

ALTETUDE 
SAMPLINGs 

(C} VELCCIFY FAIL 
LIGHT ON 
STEADY: 

(Ld) aR VEL- 
OCITY DATA 
Good DIS- 
CRETE WAS 
NOT PRE- 

SENT BE- 
FORE AND 
AFTER LR 
VELOCITY 
SAMPLING. 

(SEE R20} 

{0} ALTLTUGE FAIL 
LIGHT 
FLASHING: 
(1) &R ALTI- 

TUDE REA~ 
SGNABIL ITY 
TEST WAS 
FAILED. 

TE) VELOCITY FAIL 
LIGHT 
FLASHING: 

(1) LR VEL~ 
OCITY REA- 
SCNABILITY 
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(NCTE? TRE VALUE 
“DELCFIXx® 1S IN 
ERASAELE STORAGE? 
HAVING &tEN LOAC~ 
ED PRICR TC 
LAUNCH GR BY 
F272) 
  

  

e IS ThRER 
« CCUNTER = 02 

    

o 4¥ Ne 

2 » IS & CCUN- 
« « TER MINLS R 
+ « COUNTER 
«  « LESS THAN 
« « 47 

« 2 oN Y. 

«+ «© « SETH 
» 0 6 FLASH 
«6 « FLAG 
2 « « (NCTE: 
2 « «+ ROD WILL 
2 « « FCNITOR 
« «6 «+ THIS 
« « «© FLAG AND 
2 2  « FLASH 
+  « « ALTITUDE 
ee oe FAIL 

«+ + « LIGHT). 

e
e
 

  

TEST WAS 
FAILEC. 

890 
R1L2/LUMINARY 

#310 

#320 

#330 

#340 

RI2/ LUMINARY



ee 

SET R CCUNTER= 
kL CULNTER.« 

  

RESET Wh OFLASE 
FLAG 
(NGTES ROD WILL 
MCNITGR THIS FLAG 
AND TLAN UFF 

FEASF GF ALT ITULE 
FAIL LIGHT IF CA) 

SEI? 

UPOGATE ThE PRE- 
SENT 4M PCSITIGN « 
VEC TOK LSING LR . 
RANGE CATA. . 
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1S THE VELOCITY DATA 
FLAG SET? 

  

COMPUTE THE VELOCITY 
DIFFERENCE {DELTA V) 
BETWEEN THE LM 
VELCCITY wITk RE- 
SPECT TC THE MCCA AS 
INCICATED BY THE LR 
VELCCITY CATA ANC 
THAT DERIVED FROM 
THE ESTIMATES STATE 
VECTCR. 

  

INCREMENT M CUUNTER 
BY L 

  

1S THE MAGNITUDE OF 
O&LTA V GREATER THAN 
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+943 “VECBTAS" + 2125 
(THE MAGNITUCE CF LM 

VELUCTTY wITH kE- 

FROM THE ESTIMATED 

+ 
+ 
+ SPECT TO Tre MUUN 
+ 
+ STATE VECTOK) FRS? 

    

+ (NCTE: THE VALUE 
+04 “ve LBIAS" ES IN ERA- 
++ SABLE STORAGE) 

oN Ye 

« IS S COLNTER 
« GREATER TRAN 
« ZERC? 

. N Ye 

« « IS & CCUNTER 
* « MENUS § CCUN- 
» « ER LESS TRAN 
« » 4? 

«2 ON Y. 

« « 0 SET V FLAS 
2 «0 « FLAG (NCTE? 
© «© © ROD WEEE 
« «6 « MCNITCR 
. . « THES FLAG 

« «  « ANU FLASE 

2 6 «+ VELCCITY 
« « » FALL LIGHT) 

« SET §S COUNTER = 

« COUNTER 
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» LS VELECITY 
« SELECT = 27 

        

. Ye 

« «© SET VX INHIBIT 

«  « FLAG 

- 66 TO GU TO 
. HEN Et 

« BELCh BELCh 

  

RESET ¥ FLASH FLAG 
(NOTE? ROS WILL 
MCNITCR THIS FLAG 
AND TURN UFF FLASH 
GF VELOCITY FAIL 
LIGHT IF Ch) 

IS TRE VX INFIBIT 
FLAG SET? 

oN Ye 

» RESET VX INHEEIT 
« FLAG. 

IS VELOCITY 
SELECT = X? 

2 oN Y. 
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TS THE ABSGLLTE 
VALUE OF THE 
PRESENT LM VEL~ 
OCI TY LESS THAA 
6000 FPS? 

  

SET READ VELOCITY 
FLAG. 
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INITIALIZE VELO- 
Clty SELECT TC x. 

CALL LRVJOB {SEE 
“F™ BELCW). 

  

RESET RANGE CATA ANC 
VELOCITY DATA FLAGS. 

LPDATE LR ALTITUCE 
AND LR VELOCITY FAIL 
LIGHTS PY REFERENCE 
TO THE LR PCSITICN 
DATA FAIL AND THE 
LR VELCCITY CaTé 
FAIL FLAGS 
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ESTABLE SH WALTLIST 
CALL (170 MS) TO 
READ IMU CCLS 
AND PEPAS AND 
TIME AT ABOUT MID- 
POINT OF LR VELCCITY 
READ SEQUENCE 
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e
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te
 

SET SAMPLE NUMBER = 
4 FOR USE BY R2C. 

SET SAMPLE LIMIT = 5 
FOR LSE BY R2C   

  

    

STCRE PRESENT STATUS 
OF RR DATA GOOD+, LR 

x 
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RANGE CATA GOOD, AND 
LR VELCCITY CATA 
6G0D O1SCRETES. 

SET BITS 1 THROUGH 4 . . 
OF CHANNEL 13 AS adore nccevccccccceee 
INCICATEC BY VELOC- . . 
TTY SELECT TC RE- 
QUEST PRESENTLY 
CESIRED LR VELOCITY 
COMPONENT READOLT 
FROM THE LR. (NUTE® 
“PHIS WILL ALSC AUTC~ 
MATICALLY CALL THE 
LR/RR REAC ROUT INE 
(R26). 

  

WATT FOR R20 
COMPLET ION. 
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CHECK STILL BADV 
REGISTER. 

  

» DECREMENT STILL- 
« BAGV REGISTER BY 
. le 

e
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FLAG 

ACVANCE VELOCITY 
SELECT TG NEXT VELC- 
City COMPONENT 
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FROW RIC/IP/12 
SERVICE ROUTINE 

(RO9} 

ose #610 

IS THE LR BYPASS 
FLAG SET? #820 

aN Ye 

1S THE NO LR READ « 
FLAG SET? . #830 

oN Ye 8 

. ExIT 10 #840 

. “aN 

* Ih RLO/RLL/ R12 
. SERVICE ROUTINE 
. (ROD) 

SET SAMFLE NUMBER = 
C FOR LSE BY R2C 
-------- --+-----+---- #850 
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SET SAMPLE LIMIT = 1 
FCR USE BY R20 

  

STORE PRESENT STATUS 
CF RR CATA GCOD, LR 
RANGE GATA GCOD+? AKC 
LR VELOCITY CATA 
GCOO CISCRETES. 

SET BITS 1-4 OF 
CHANNEL £3 TC GANE TC 
REQUEST LR ALTITUDE 
REACCUT FROM THE LRe 
CNOTE: THIS KILL 
ALSO AUTOMATICALLY 
CALL THE LR/RR REAL 
ROUTINE (R20))- 

  

WAIT FCR R20 
COMPLETION 

«GCOD ERRGR. 
«EXIT EXIT. 

IS RANGE SCALE 
FLAG SET? 
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« « RESET THE 
« « RANGE SCALE 
eo « FLAG, 

ry EXIT 

« SET STILLBADH 
+ REGISTER = 2 

. EXIT 

CRECK STILL BACH 
REGISTER 

<0 206 

« CECREMENT STILL- 
+ GACH REGISTER BY 
« ONE. 

. EX IT 

SET RANGE CATA 
FLAG 
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EX IT 

  

SET LR POSETION FLAG 

IS LR ALREADY ih 
POSITION #2? 

   
COMMAND LR TU 
PCSITICN #2- 
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WALT 7 SECCNODS. 

SET SAMPLE 
LIMIT = 14 

#2? 

WAIT 2 SECONCS 

TG LR . 

DECREMEAT SAP 
PLE LIMIT BY 1 
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+ WAIT 1 
~« SECCNO 

REMCVE COMMANC 
TC LR. 

TS LR IN POS- 
ITICN #27 
  

  

FLASH VERB- 
NOUN TO RE- 
CUEST RESPGNSE 
AND DISPLAY 
ALARM CODE 
00523: 
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MONITOR OSKY: 

OBSERVE VERB-NOUN 
FLASH AND ALARM CODE 
DISPLAY (00523) IN- 
DICATING THAT LR DIC 
NOT ACHIEVE POSITION 
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VOSNO9 
RIL-XXXXX 

R2- XXXXX 

  

WAIT FOR KEY- 
BCARD ENTRY. 

TERPENATE 
FLASH LPON 
RECEIPT OF 
PROCEED, RE- 
CYCLE OR 
TERMINATE 

2E OL 
2E AN 
oD aA 
. oT 
. of 

« EXIT 

  

  

RECYCLE 

KEY IN PROCEED: 
. TERMINATE, OR 
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POSITION #1, IT 
COULD BE EIFTHER I 

ee 
ee
 

ee
 

ee
 

IN POS— 
TTIGN #2 

  

FLAG 

N 
PCSITICN #2, OR IN 
BETREEN PCSITEIOAS 
#1 AND #2) 

SET THE NC 5iL FLAG 

  

IF ThE LR iS NOT IN 
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RESET AC LR READ . 
FLAG . 

see see #1220 

Ex1T EXIT 
R12 R12 

CHANGE CONTROL NOTES 

LOGIC REV OO PCR 13 

REV OL FCR 118 9237 9214 9216422642 34924452464 248s 2534 568, 632,639 
REVS G2,03{LLM 18) PCR &17,820,E35,855 EOITOREAL 
REV OG(LUM 10) PCR 285,943, EDITORIAL 
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LANCING AUTO MODES MONETOR ROUTINE (R13) REV 93 12/03/69 

PURPOSE: (1) TO MONITOR THE AUTO STABILIZATION OLSCRETE DURING THE POWERED LANDING MANEJVER IN ORDER TO DETECT IF AND WHEN THE 
ATTITUDE MOCE CONTROL SwITCH ES MOVED FROM AUTO TO ATTITUDE HOLD. 

ASSUMPT EONS: (1) THIS ROUTINE WiLi OPERATE IDENTICALLY FOR ELTHER PGNCS OR AGS GUIDANCE CONTROL SELECTION. 
+ 

+03 (2) THIS ROUTINE ES AUTCMATICALLY CALLEC EVERY 2 SECONCS BY THE LANDING GUIDANCE CALCULATION CYCLE ONLY DURING THE 
+285 LUNAR LANDING (P63, 64,65, OR 66) AFTER THROTTLE UP IN P63. IT IS TERMINATED BY V37E68E SELECTION DF P68. + 
+ (3) PLACING THE THROTTLE CCNTRCL SWITCH INTO MANUAL IN P63, P64, P65 JR P46 WILL CUT OFF THE LGC ([.E&. AUTO) THROTTLE 
+ SIGNAL 3 THUS ENGINE THRUST LEVEL WILL IMMEDIATELY ORGP TO THAT COMMANDED 8Y WHICHEVER HAND THROTTLE IS "LIVE™. 
+ THEREFCRE A TRANSITICN FRCM AUTC-THROTTLE TO MANUAL THROTTLE CONTROL CANNOT BE SMOOTH: IF THE SWETCH 1S PUT EN MANUAL 
+ BEFORE THE MANUAL THROTTLE IS BROUGHT UPs THRUST WILL CROP; IF THE MANUAL THROTTLE 1S BROUGHT UP BEFORE THE Swi TCH 
+03 1S SSWITCHEC®, SINCE THE MANUAL AND AUTO~THROTTLE SIGNALS ARE ADDEO, THERE WILL BE IRREGULAR THROTEFLING AS THE LGC 
+t CORRECTS FOR THE EXCESSIVE THRUST. 

PROG icc GROUND CREW 
CaNT 

GC 
+ ROUTINE 

+ + SELECTION 
+03 . 
#285) seceeee . 
+EDIT . . eee 
+ . . . 
+ . ee ee ene #10 
+ . IS THE LANDING PHASE 
+ . (ROD) PROGRAM (P66) 
+ ° IN PROCESS? 
+ . ee 

+ . aY oh 
+ . < . 

+ . + . 
+ . eee . 
+ . : . 
+ . GO.TC . 

#20 
+ . wae . 
+ . . 
+ . : 
+ . . 

+t . . 

+ . . 
+ . . 
+ . . 
+ . . 
+ . . 
+ - . 
+ . . 
+ - . R13/LUMINARY 
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+ . :
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BELG 

TS TRE NON-ATTITUDE 
HCLD ECLSCRETE 
PRESENT? 

  

GC Fc . 
re . 

BELOW . 

IS THE ROC 
COUNTER = 0? 

   

e
e
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e
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a
e
 

GO TO 

DURING THE POWERED 
LANDING MANEUVER » 
THE PGNCS WELL CON- 
TINUE A COMPLETELY 
AUTOMATIC LANDING 
ONLY IF THE ATTITUCE 
MOOE CONTROL IS 
AUTO. 

TF MANUAL ATTIT- 
UDE CONTROL IS DE SI- 
REO, PUT ATTITUDE 
CONTROL MGDE SWITCH 
IN ATTITUDE HOLDes 
AND INIT LATE MANUAL 
CUNTRGt INPUTS. THE 
LGC WILL AUTO- 
MATICALLY SELECT 
LANDING PHASE (RCD) 
PROGRAM (P66) AND 
MAINTAIN THE PRESENT 
RATE OF DESCENT maD- 
IFIED BY MANUAL CON- 
TROL ANC PRESENT LM 
ATTITUDE. ATTITUDE 
AND RATE OF CESCENT 
ARE THEN UNDER CREW 
CONTROL. 

IF MANJAL TRROTT— 
LE CCNTROL IS DESIR- 
ED, ADVANCE THRUST/ 
TRANSLATIGN CONTROL 
LER UNTIL LGC CONTR 
TBUTION TO TOTAL 
THRUST IS ZERO (THR- 
UST INDICATOR RIGHT 
SIDE) ANC THEN PUT 
THROTTLE SWITCH TC 
MANUAL» THE LGC WILt 
MAINTAIN THE 
PRESENT LM CLNERTIAL 
ATTETUDE. THROTTLE 
CCONTRGL WILL REVERT 
TO THE LEVEL COM— 
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+ . 7 

+ . . 
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+ . . 
+ . wan . 
+ . BELCW . 
+ . . 
+ . . 
+ 0 tere ene nee eee ee 

+ . CALL LANDING PHASE 
+ : {RCD) PRUGRAM {P66} 
+03 ° TT rr nen 
+t . 

ZERQ ROC COUNTER 

WAIT 2 SECONDS 

CHANGE CONTROL NOTES 

REV O1 EDETOR FAL 
REV OOELUM 1A) PCR 700,737 
REW 62 EDITGRIAL 
REV O3(LLM 10) PCR 2€5+EDI TCREAL 

  

MANDEOD BY THE 
THRUST/ TRANSLATION 
CONT RCLLER. 

ONCE P63, P64 CR 
P65 HAVE BEEN EXITED 
THEY MAY NOT BE RE- 
ENTERED FROM P66 
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PURPOSE: 

ASSUMPT IGNS: 

PROG 
CONT 

915 

LR/RR READ ROUTINE (R20) REV 92 08/07/69 

(1) READ THE LR/RR PARAMETER REQUESTED BY THE CALLING RCUTINE TC PERFORM VARIOUS CHECKS TO ENSURE THAT THE 
SYSTEM ES OPERATING CORRECTLY, AND TO ISSUE AN ALARM IF ERRORS OCCUR [N LR OR RR READING. 

(1) THE NUMBER OF SAMPLES (SAMPLE NUMBER) &AS SET BY THE CALLING ROUTINE AS FOLLOWS: 
SAMPLE NUMBER O FOR LR ALT, RR RANGE RATE, RR RANGE 
SAMPLE KUMBER 4 FCR LR X VELCCITYs ¥Y VELOCITY, AND Z VELOCITY no

 

(2) THE CALLING ROUTINE HAS REQUESTED A PARAMETER SAMPLE FROM ONE OF THE RADARS BY APPROPRIATE SPECIFICATION OF 
BITS 1 THROUGH 4 OF CHANNEL 13. 

(3) THE LEMET GN THE NUMBER OF SAMPLING CYCLES (SAMPLE LIMIT) HAS BEEN SPECIFIED BY THE CALLING ROUTINE TO BE 
EQUAL TO THE SAMPLE NUMBER PLUS 1. 

(4) THIS ROUTINE IS AUTOMATICALLY CALLED BY A RADARUPT {LGC INTERRUPT) CAUSED BY EXPIRATION OF A TIME DELAY 
(65-S5 MS) AFTER BIT 4 OF CHANNEL 13 IS SET. THE ROUTINES THAT SET BIT 4 JF CHANNEL 213 ARE THE LRARR SELF TEST 
ROUTINE {(RO4), THE DESCENT STATE VECTOR UPOATE ROUTINE (812), THE RR DATA READ ROUTINE {R22}, THE POWERED FLEGHT 
CESIGNATE ROUTINE (8293, ANC THE LR SPURIOUS TEST (R77). 

Loe GRELAD CREW 

LGC 
«ROUTINE 
oS ELECT [CN 

START LR/RR READ 
RCUTINE (R20) 

#10 

  

STGRE RAW RADAR 
CATA FOR COWNL INK 

#20 

R20/LUM INARY 

ee
 

e
e
e
 

te
 

ee
 
t
e
t



++ 
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CK SAMPLE LIMIT 

    

TURN ON PRO~ 
GRAM ALARM 
BuT DC NGT 
CHANGE THE 
PRESENT CiS- 
PLAY. STERE 
ALARM COOE 
00520 
  

  

C
r
 

e
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a
 

  

TS LR BYPASS 
FLAG SET? 

  

«1S RO4 FLAG 
SET? 

  

TURN ON PRO- 
GRAM ALAR 
But 00 NUT 
CHANGE THE 
PRESENT DIS- 
PLAY. STORE 
ALARM COLE 
ocs2i 
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EXIT weveee 
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MONETOR OSKY: 

OURING LR/RR SAMP~ 
LING THE FOLLOW ENG 
ALARMS MAY CCCUR: 

(A) PROGRAM ALARM 
00520- NO RADAR 
SAMPLING REQUES- 
TED FROM RADAR AT 
THIS TIME, 

(8) PROGRAM ALARM 
00521 ~ NOT ABLE 
TO OBTAIN A 
™GOGD" RADAR SAM- 
PLE. (P20/22 
ONLY} 

(C) TRACKER FAEL 
LIGHT - PROGRAM 
UNABLE TO OBTAIN 
"GOOD" RR RADAR 
SAMPLES ON EACH 
REQUIRED PASS. 

(0) ALTITUDE FAIL 
CEGHT ON 
STEADY: 
(1) LR RANGE 

DATA GCCO 
DI SCRE TE 
WAS NOT 
PRESENT 
BEFORE 
AND AFTER 
LR ALTI- 
TUDE SAN- 
PL ING. 

(CE) VELOCITY FAIL 
LIGHT ON 
STEADY: 

LR VELOC~ 
ITY DATA 
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» SET SAPPLE 
« LIMIT = -1 

. eee 

. ERRCR EXIT 
. (SEE CALLING 
. ROUTINE} 

DECREWENT SAPPLE 
LIMIT BY 1 

  

WHICH RADAR bAS 
SAMPLEO? 

oLR oRR 

« IS THE REPCSITION 

  

«= FLAG SET? 

ah 

+ SET SAMPLE 
2 LIMIF =-1 

ERRGR EXIT 
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GOCD DIS- 
CRETE hAS 
NOT PRE- 
SENT BE- 
FORE ANO 
AFTER LR 
VELCCITY 
SAMPLING. 
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(SEE CALLING 
ROLTINED 

IS TRE RR COU NOT 
FAILEC FLAG SET? 

  

SET SAPPLE 
LIMIT 1     

ERROR EXIT 
{SEE CALLING 
ROUTINE} 

  

WAS THIS SAMPLE 
RR RANGE RATE? 
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UFCATE STATUS GF 
LR DATA FAIL 
FLAGS 

GooC EXIT 
(SEE CALLIAG 
ROUTINE) 

RAS THIS SAMPLE A 

VELOCITY OR ALTITUDE 
SAMPLE? 

«VEL ALT. 
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age 

FRCM ABOVE 

EOES ThE LGCc- 
ASSUMED RANGE 
SCALE AGREE wITH 
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+EDIT 
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THE PRESEAT LR/RR 
RANGE SCALE? 

  

oY a, 

« UPDATE 
+ LGC~ASSUMET 

«+ RANGE SCALE 

+ GPEATE STATUS 
« OF RR OR LR 
» CATA FAIL 
« FLAGS. 

  

- SET RANGE 
+ SCALE FLAG 

. . 

+ SET SAMPLE 
« LIMIT = -2 

  

ERROR EXIT 
(SEE CALLING 
ROUTINE? 

a a
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WAS VELCCITY CATA 
GOOD {LRI, ALTITLDE 
CATA GOOD {LR} OR 
RR DATA GOCO (RR) 
OLSCRETE PRESENT 
BEFORE ANC AFTER 
THIS SAMPLE? 

    

TRANSFER TRIS SAM— 
PLE TO STORAGE 
AVAILABLE FOR 
CALLING ROUTINE. 

CHECK SAMPLE 
AUMBER. 

«of 20. 

CECREMENT SAM— 
PLE AUMBER BY 1 e
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+C2 
+EDIT 
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et 

e « SET RR CR LR 
= « DATA FAIL FLAGS 

» « UPDATE TRACKER . 
« « FAIL LIChT AND 
+ « LR ALTIFUCE ANE 
eo « WELGCITY FALL 
« « LIGHTS 

SET AGAIN THE 
« SAME PARAMETER 
+ SAMPLE RECLEST 
« TG THE RACAR 
© BITS 1-4 OF 
> CHANNEL 13) 

. EXIT 

DECREMENT SAMPLE 
uiveit ey 1 

RESET RR OR LR LATA 
FAIL FLAGS 
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UPDATE TRACKER FAIL ..ce 
LIGHT (TURN OFF IF 
CN) ANE LR ALTITUCE 
AND VELOCITY 
FAIL LIGHTS. 

+t . 

+02 . 
+817 eae 
++ . 

GCGC EXIT 
(SEE CALLING 
ROUT INE) 

CHANGE CONTRCL NGTES 

LOGIC REV OL PCR 2145457 
REV O2(ULUM 18) PCR &17,-820,EDI TORI AL 

    

  

ALM oALM NC 

«520 «521 ALM. 
. oT ROKER 

- «FAIL 
. eALT 

Ex iT eOR VEL 
oFAEL 
eLIGHT 

B
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r
 

ERROR EXIT 
(SEE CALLING . 
ROUTINE) . 

GOOD EXIT 
(SEE CALL- 
ING ROU- 
TINE} 
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RR DESIGNATE RCLTINE {R21} REV 02 12/03/69 

PURPOSE = (1b TC PGENT THE RENDEZVCUS RACAR (RR) AT THE CSM UNTIL AUTOMATIC ACQUISITIGN OF THE CSM ES ACCOMPLISHED BY THE 
RADAR WHILE THE LM 1S IN ORBIT CR ON THE LUNAR SURFACE. 

ASSUMPTIONS: (1) THE RR SERVCS MAY BE COMMANOED BY ThE LGC AFTER THE LGC ISSUES THE TACK ENABLE DISCRETE UNTIL RANGE RATE 
LOCKON IS ACHIEVED BY THE RR. 

(2) THE SELECTIGN AND TERMINATION OF P20,P22, AND P25 ARE SUBJECT TO SPECIAL JPERATING PROCEDURES DIFFERENT FROM 
THOSE FOR ALL OTHER PROGRAMS: 

(A) SELECTIGA 
(1) ALWAYS BY V3TEXXE. 
(2) TF ANY OTHER PROGRAM IS RUNNING AT THE TEME OF P20/22/25 SELECTION THE NEW PROGRAM WILL 

REPLACE THE OLO. THIS INCLUDES P20/22/25 SELECTION WHENEVE2 EITHER P20+22, OR 25 1S RUNNING. 
(3) TF P2c OR P25 1S RUNNENG, SELECTICA CF ANY PROGRAM OTHER THAN POO OR P22 WILL RESULT 

IN P20 OR P25 CONTINUING AND THE NEW PROGRAM ALSO OPERATING WITH ITS NUMBER DISPLAYED IN THE 
OSKY PROG LIGHTS. 

(4) TF P20 OR P25 1S RUNNING, SELECTIGN GF POO OR P22 WILL RESULT IN THE TERMINATION OF THE OLD 
PRCGRAM ANC QPERATION OF THE NEW. 

(8) TERMINATICN 

(1) BY SELECTION OF POO, V56E OR BY V34E. 
{2} POO SELECTION WILL TERMINATE P20+22, AND 25 AND ANY OTHER PROGRAM IN PROCESS; ANO ESTABLISH 

pce. 
(3) V56E SELECTION WILL SELECT THE TERMINATE TRACKING ROUTINE (R56) WHICH WILL TERMINATE ONLY 

P20 OR P25 IF EITHER OF THESE PROGRAMS IS RUNNINS IN CONJUNCTION WITH ANOTHER PROGRAM. EN ALL 
OTHER CASES R56 WILL SELECT ROO. V56E MAY BE PERFORMED ANY TIME DURING P20, 22, JR 25 OPERATION. 

{4) THE LGC WILL ACT UPON V34E ONLY IN RESPONSE TO A FLASHING VERB-NOUN. IF THIS DISPLAY WAS 
ORIGINATED BY P20,22, OR 25, V34E WILL RESULT IN AN IDENTICAL LGC RESPONSE TO THAT OF VS6E, 
THAT IS» SELECTION OF R56. IF THIS DISPLAY WAS NCGT GRIGINATED BY P20,22, OR 25 {SUCH AS P32 
WHILE RUNNING WITH P20% THE LGC WILL GO TO ROO, HOWEVER THE PROGRAM IN THE BACKGROUND WILL 
CONTIEALE. THE NEW PROGRAM SELECTED FOLLOWS THE SELECTIUN RULES ABOVE, (A). 

(5) ALTECUGH IT IS NOT CLEARLY SHOWN IN THE LOGIC BELOk A V34E RESPCNSE TG A PRIORITY CISPLAY MUST 
BE DELAYED 2 SECONDS FROM DISPLAY INITLATION WHEREAS THE DELAY IS NJT NECESSARY FOR A V56E 
RESPONSE. 

(3) THIS ROUTINE ES AUTCMATICALLY CALLED BY ThE RENCEZVOUS NAVIGATION PROGRAM (P20) AND THE LUNAR SURFACE NAVIGA- 
TION PROGRAM (P22). 
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RR CATA REAL RUUTINE (R22) REV 32 12/03/69 

PURPOSE: (1) TO PRUCESS ALTUMATIC RR MARK DATA TG UPDATE THE STATE VECTOR OF EITHEX LM GR CSM AS DEFINED BY THE 2 ENDEZ VOUS 
NAVIGATICN PROGRAM (P20), OR THE LUNAR SURFACE NAVIGATION PROGRAM (P22). 

(2) TO MAINTAIN THE LM +2 AXES ALIGNED ALONG THE LCS FRCK THE LM TO THE CSM WITHIN THE IMPULSE LEMET CYCLE OF THE OAP 
WHEN P2U 1S IN PROCESS. 

ASSUMPTIONS: 41) THE RGUTINE FS AUTUMATICALLY CALLED BY THE RENDEZVCUS KAVIGATION PROGRAM (9203, OR THE LUNAR SURFACE NAVIGATION 
PROGRAM (P22). 

(2) THE SELECTIGN ANU TERMINATION UF P20,P22, AND P25 ARE SUBJECT TO SPECIAL OPERATING PROCEDURES DIFFERENT FROM 
ALL CFRER PROGRAMS; 

(Ay SELECTICK 

(1) ALwAYS BY V37EXKE. 
(2) 1f ANY UTHER PROGRAM IES RUNNING AT THE TIME OF P20/22/25 SELECTICN THE NEW PROGRAM WILE RE- 

PLACE ThE CLD. THIS INCLUDES P20/22/25 SELECTION WHENEVER FETHER P20,22, OR 25 1S RUNNING. 
(3) TF P20 UR P25 TS RUNNING, SELECTION CF ANY PROGRAM OTHER THAN POO OR P22 WILL RESULT IN 

P20 CK P25 CONTINUING ANC THE NEw PROGRAM ALSO OPERATING wITH ETS NUMBER EN THE CSKY PROG 
LIGHTS. 

(4) IF #20 OR P25 TS RUNNING, SELECTION CF POO OR P22 WILL ESULT IN ThE TERMINATION JF THE GLO 
PRCGRAM ANE OPERATION OF THE NEw. 

(8) TERMINATION 
(1) BY SELECTION OF POO, V56E OR BY V34E~ 
(2) POO SELECTICN WILL TERMINATE P20+22,AND 25 AND ANY OTHER PROGRAM IN PROCESS; AND ESTABLISH POO. 
(3) VS5Ser SELECTION wILL SELECT THE TERMINATE TRACKING ROUTINE (R56) WHICH WILL TERMINATE GNLY P20 

Ok P25 IF ETHER OF THESE PKOGRAMS TS RUNNING IN CONJUNCTION WITh ANCTHER PROGRAM. IN ALL 
CTHER CASES R56 WILL SELECT ROO. V56E MAY BE PERFORMED ANY TIME DURING P20s22+ OR 25 OPERATION. 

(4) THE LOC WiLL ACT UPON V34E GNLY EN RESPONSE TO A FLASHING VERB-NOUN. IF THES DISPLAY WAS 
ORIGINATED BY P20, 22, OR 25; V34E WILL RESULT IN AN IDENTICAL LGC RESPONSE TO THAT OF V56Er 
THAT TS, SELECTICN OF R56, TF THIS CISPLAY WAS NOT JRIGINATED BY P20,22, JR 25 {SUCH AS P32, 
WHILE RUNNING WITH P20) THE LGC WILL GO TG ROO, HOWEVER THE PROGRAM IN THE BACKGROUND WILL 
COAT TAUE. TRE NEw PROGRAM SELECTED FOLLOWS THE SELECTION RULES ABOVE, (A). 

(5) ALTHUUGH IT 1S NOT CLEARLY SHOWN IN THE LOGIC BELOW A V34E RESPONSE TO A PRIORITY DISPLAY MUST 
BE DELAYED 2 SECUNDS FROM DISPLAY INITIATION WHEREAS THF DELAY IS NOT NECESSARY FOR A V5GE 
RE SPCNSE, 
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EXTRAPCLATE LM AKC 
CSM STATE VECTORS 
TO TEME (TP) ANU 
CCMFUTE LCS TC CSM 

  

GS RR ENUICATED LCS 
WITHIN 3 DEGREES OF 
PRESENT STATE VECTOR 

ENDICATED LOS? 

  

FLASH VERB-NCUN 
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MONITOR OSKYs 
DOES ALARM CODE 
DISPLAY IN- 
DICATE THAT DELTA 
THETA IS GREATER 
THAN 3 DEGREES? 

(NOTE = 
THIS ALARM CODE 

MAY BE DISPLAYED IN 
Riy R2_, OR R3, DE- 
PENDING CN THE PRE- 
SENCE OR ABSENCE OF 
OTHER ALARM CODES.} 

DELTA THETA ~ THE 
CLFFERENCE BETWEEN 
THE RR INDICATED LCS 
ANDO THE STATE VECTOR 
INCICATED LOS. 

WAIT 2 SECONDS 
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RI-DELTA THETA THETA + . #400 

R2-BLANK eee em . . 
R3-BLANK . . . 

LeLTA THETA~THE . . . 
DIFFERENCE . . . 
BETWEEN THE RR . . . 
TACICATEC Las . . . 
AND THE STATE . . . 
VECTOR INCICATED . . . 

LCS, IN CEGREES . . . #410 

TO NEAREST «G1 . . . 
CEGREE . . . 

WAIT 2 SECGNCS WAIT 2 SECONDS . 

° . . #420 

. CONS EDERING THE * 
> MAGNITUCE OF DELTA . 
. THETA DO I WISH TO . 
. INCORPORATE MARK . 
. DATA INTO STATE . 
. VECTOR UPDATE . 

. ANYWAY 2? - #430 
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. o « RECYCLE . . 

2. V32E ° . 

ae . . . #470 
« «+ GOTO "DO". . 
«+ IN P20/P 22. . 
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UPON RECEIPT OF . « TNATE (V34E) . 
PRCCEEC. RECYCLE, « GR VS56E . > #480 
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BASED GN THE 
RR LACICATEC LOS 
AT TIME (T¥) CAL- 
CULATE TRE 
RECUILREC CCRRECTION 
TO UPDATE THE STATE 
VECTOR CESIGNATED BY 
THE STATE VECTOR 
FLAG (SEE PZO0/P22). 
ONCTE: (1) FCR 
DESCRIPTICK CF LPH 
DATE PROCESS REFER 
TC SECTICK 5426402 02 
OF R567). 
(2) CUE TO TRE 
LENGTH CF THIS 
COMPLTATION A CALL 
TO R65 (WITH NZ=0} 
WILL BE MADE »HILE 
TRIS IS IN PROGRESS 
TC INSURE THAT PRE 
FERRED TRACKING 
ATTITUCE IS MAIN- 
TAINED). 

  

1S THE MAGRITUDE CF 
EITHER STATE VEC FOR 
CCRRECTICON (CELTA R 
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FINED BELCW) GREATER 
THAN THE ALLOWABLE 
LIMITS (AS CEFINEC 
IN SECTICN 5.2.4.2.2 
OF R567)? 
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FLASH VERB-NGUN TC 
REQUEST RE SPONSE 
ANC CISPLAY EXCES- 
STVE UPDATE 
PARAMETERS: 

VO6N49 
RI-DELTA R 
R2-CELTA V 

CELTA R-MAGNITUDE 
OF THE OLFFERERCE 
BETWEEN THE PUSI- 
TION STATE VECTUR 
BEFORE AND AFTER 
INCGRPGRATION OF 
THIS MARK CATA, 
IN NeM. TO NEAREST 
Oo} NM. 

DELTA WMAGNITLUDE 
OF THE CIFFERENCE 
BETWEEN THE VELC— 
CITY STATE VECTOR 
BEFCRE ANC AFTER 
INCCRPGRATICN CF 
THIS MARK CATA. IN 
FI/SEC TC NEAREST 

elf T/SEC. 

{NOTE 2 BCTH PARA- 
METERS ARE NOT 
NECESSARILY 
EXCESSIVE.) 

SCLRCE CODE ~ 
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A MANUAL RR 
ACQUISITION? 
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INCCKPCRATE THE NEXT 
MEASUREMENT? 

  

WESH TG CEASE 
RR TRACKING? 

  

KEY [IN TERM- 
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TACCRFCRATE STATE 
VECTUR CORRECTION 
INTO STATE VECTOR 

OESIGNATED BY THE 
STATE VECTOR Lp- 

DATE OPTION (SEE 
P20/P22). 

INCREMENT RR TRACK— 
ING MARK CCUATER BY 
ONE. 
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SET NZ=5 FOR USE 
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TRACKING ATT ITUGE 

PCR 39¢ 2262 400, 4515 562 
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PCR 818, EDITOREAL 
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PURPOSE: 

ASSUMPT ECNS? 
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cONT 

963 

RR MANUAL ACQLESLTICN FCUTINE (R23) REV 02 08/07/69 

a1) 

tl) 

(2) 

(3) 

TC ACGUIRE THE CS BY MANUAL OPERATION OF THE RENDEZVOUS RAUARERR) WHILE THE LM IS IN FLIGHT. 

TRE ROUTINE IS AUTOMATICALLY CALLED BY THE RENDEZ VOUS KAVIGATION PROGRAM (P20) IN RESPONSE TO AN ASTRONAUT 
REQUEST FOR A MANUAL ACQUISITION. 

ThE RR MANUAL ACQUISITION ROUTENE (223) MAY ONLY BE SELECTED IF P20/22 IS NOT RUNNING IN CONJUNCTION WITH 
AKCTHER PRCGRAM, 

THE SELECTION AND TERMINATION OF P20,P22, AND P25 ARE SUBJECT TO SPECIAL OPERATING PROCEDURES DIFFERENT FROM 
ALL CTFER PROGRAMS; 

LGC 

LGC 

e
e
 
e
e
e
 

h
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w
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e
 

(A) SELECTICN 

(1) ALWAYS BY V37EXXE. 
(2) TF ANY CTHER PROGRAM IS RUNNING AT THE TIME OF P 20/22/25 SELES TION T4E NEW PROGRAM WELL 

REPLACE THE GLO. THIS ENCLUDES P20/22/25 SELECTION NHENEVER EITHER P 20922) OR 25 1S RUNNING. 
{3} If P20 OR P25 IS RUNNING,» SELECTECN CF ANY PROGRAM UTHER THAN POO OR P22 WILL RESULT 

IN P20 GR P25 CCNTINUING AND THE NEW PROGRAM ALSO OPERATING WITH ITS NUMBER EN THE OSKY 
PROG LIGHTS, 

(4) IF P20 OR P25 IS RUNNING, SELECTION OF PCO OR P22 WILL RESULT IN THE TERMINATION OF THE OLD 
PROGRAM AND GPERATICN OF THE NEW. 

CB) TERMINATION 
(1) BY SELECTION OF POO, V56E DR BY V34E. 

(2) PCO SELECTICN WILL TERMINATE P20422+ AND 25 AND ANY OTHER PROGRAM IN PROCESS: AND ESTABLISH 
Poo. 

(3) V56E SELECTION WILL SELECT THE TERMINATE TRACKING RUUTINE (R56) WHICH WILL TERMENATE ONLY 
P2C GR #25 IF ETHER GF THESE PROGRAMS [S RUNNING IN CONJUNCTION WITH ANOTHER PROGRAM. IN 
ALL OTHER CASES R56 WILL SELECT ROO. V56E MAY BE PERFCRMED ANY TIME DURING P23,22 OR 25 
OPERAT [GN. 

(4) THE iGC WILL ACT UPCN V34E ONLY IA RESPONSE TO A FLASHING VERB=-NOUN. EF THIS DISPLAY WAS 
ORIGINATED BY P20,22, OR 25; V34E WELL RESULT IN AN [OENTICAL UGC RESPONSE TO THAT OF V56€, 

THAT IS, SELECTION OF R56~ IF THIS DISPLAY WAS NOT JRIGINATED BY P2022, OR 25 {SUCH AS P32, 
WHILE RUNNING ®ITH 920) THE LGC WILL GC TO ROO, HOWEVER THE PROGRAM IN THE BACKGROUND WILL 
CUNTINUE. THE NEW PROGRAM SELECTED FOLLO®S THE SELECTIUN RULES ABOVE, (A). 

(5) ALTFCUGH IT IS NOT CLEARLY SHOWN IN THE LOGIC BELOW A V34E RESPONSE TO A PRIORITY OLSPLAY MUST 
BE DELAYED 2 SECONDS FRCM DISPLAY INITIATION WHEREAS THE DELAY IS NOT NECESSARY FIR A V56E 
RESPCNS Ee 
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MONITOR OSKY: 

CBSERVE VERB-NOUN 
FLASH TO REQUEST 
PLEASE PERFORM 
MANUAL ACCUISITIGN 
OF THE CSM. 

PUT RR CONTROL 
SwiTCH FROM LGC TO 
SLEW 

SEARCH FOR CSM 
MARUALLY 

HAS THE CSM BEEN 
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: : : p a------ oe #100 
. : : + VERIFY THAT 
: : . + ACQUISITION HAS 
. . . + NOT BEEN BY SICE 
. : . + LOBE 

. : : nee eet #110 
. . . + PUT RR MODE 

: : : + WALT FOR RR AC 
. . . + TRACK LIGHT CFF. : : were #120 

WAIT FCR KEY BOARS . 

      

» ENTRY. . 

. 8 Batata * #130 
. . DO i WISH TO . 
. . HAVE LM MANE . 
. . UVER AGAIN TO . 
. . THE PREFERRED . 
. . TRACKING ATT— . 
. . TTUDE AND . 
. - CONT INUE . 
. . MANUAL ACQUI~ . 
. . SITION ATTEMPTS? . 
. . - 7 #140 

. seve ecceceecceccoes KEY IN . . 
. . . ENTER . . 

. . . . . #150 
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+ TERMINATE FLASH UPUN . KEY IN . 
+ RECELPT UF ENTER: wee c eee ccceeseeeeens TERMINATE (V34E 0 4 #160 
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. . saw - man . #180 
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« SENT MOLE LIMITS? . . 
» (REFER FIGURE 2.4-3 . . 
- GF R5E%, SECTION 5). . . 

« » SET OEADSAND 16 . . 
- + PREVIGUS VALUE . . #200 
-  « CEFINED BY ROB . . 

-  « RESET AL RR . . 
-  » MONITOR FLAG . . 
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MCNITGR OSKY: 
DOES VERB-NOUN 

FLASH AND DISPLAY 
OF ALARM CODE INDI- 
CATE THAT CSM 1S 
PRESENTLY OUTS [DE 
ALLOWABLE LiMiTS OF 
THE PRESENT KR AN- 
TENNA MCDE? 

DO IT wISH TO 
MANEUVER AGAIN TO 
THE PREFERRED 
TRACKING ATTITUDE? 
{THE CSM ANO/OR LM 
STATE VECTORS PROB- 
ABLY ARE INCORRECT 
IN THE LGC BECAUSE 
THE PREFERRED 
ATTITUDE RIUTINE 
(Rol) 1S NOT PCIAT- 
ING THE LM #Z AXIS 
NEAR THE CSM} 
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WAIT FOR KEYBOARD 
ENTRY 

TERMINATE FLASH UPON 
RECEEPT GF RECYCLE, 
TERMINATE (V34E), OR 
V56E 

sRECICLE 2V 
. 3 
. a4 

esee a£ 

Je nan 

«R FROM 
. ABOVE 
Vv . 
“5 . 
6 . 

oF . 

RESET NC RK PCNITCR 
FLAG 

  

DO TERMINATE 

TRACKING ROUT INE 
(R56), 

  

EXIT #23 aE P20 

  

KEY IN RECYCLE 
V32E 

  

KEY IN TERMINATE 
{V34E} CR VS6E 
  

want 
FROM « 

ABOVE * 

BO TERMINATE 
TRACKING ROUTINE 
(R56) 

    

EXIT R23 AND P2c 
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PURPOSE: 

ASSUMPTION: 

++ 
+02 
+EDIT 

+02 
++ 

PROG 
CONT 

973 

RR SEARCH ROUTINE (R24) REV 02 08/07/69 

(1) TO ACQUIRE THE CSM BY A SEARCH PATTERN WHEN THE RENDEZVOUS RADAR HAS FAILED TO ACQUIRE THE CSM IN THE AUTOMATIC 
TRACK ING MODE. 

(2) TC ALLCW THE ASTRONAUT TC CONFIRM THAT REACQUISITION HAS NOT BEEN BY SIDELOBE. 

(1) THE ROUTINE IS AUTOMATICALLY CALLED BY THE RR DESIGNATE ROUTINE (R21) IN RESPONSE TO AN ASTRONAUT REQUEST FOR A 
SEARCH ACQUISITION. 

(2) THE SELECTION AND TERMINATION OF P20, P22, AND P25, ARE SUBJECT TO SPECIAL OPERATING PROCEDURES DIFFERENT FROM 

ALL CTHER PROGRAMS; 
(A) SELECTION 

(1) ALWAYS BY V37EXKE. 
(2) IF ANY CTHER PROGRAM IS RUNNING AT THE TIME OF P20/22/25 SELECTIIN THE NEW PROGRAM WILL REPLACE THE 

OLD. THIS INCLUDES P20/22/25 SELECTION WHENEVER EITHER P20 22 OR 25 IS RUNNING. 
(3) ITF P20 OR P25 IS RUNNING, SELECTION OF ANY PROGRAM OTHER THAN POO OR P22 WILL RESULT IN P20 OR 

P25 CONTINUING AND THE NEW PROGRAM ALSO OPERATING WITH ITS NUMBE% IN THE DSKY PROG LIGHTS. 
(4) IF P20 OR P25 1S RUNNING, SELECTION OF POO OR P22 WILL RESULT IN THE TERMINATION OF THE OLD PROGRAM 

AND CPERATICN OF THE NEW. 
(B) TERMINATION 

(1) BY SELECTION OF P00, P22, VS56E OR BY V34E. 
(2) POO SELECTICN WILL TERMINATE P20, 22) AND 25 AND ANY OTHER PROGRAM IN PROCESS, AND ESTABLISH POO. 

(3) V56E SELECTION WILL SELECT THE TERMINATE TRACKING ROUTINE (R56) WHICH WILL TERMINATE ONLY P20 OR P25 
IF EITHER OF THESE PROGRAMS ARE RUNNING IN CONJUNCTEON WITH ANOTHER PROGRAM. IN ALL OTHER CASES R56 
WELL SELECT ROO. VS6E MAY BE PERFORMED ANY TIME DURING P20, 22, OR 25 OPERATION. 

(4) THE LGC WILL ACT UPON V34E ONLY IN RESPONSE TO A FLASHING VERB-NOUN. IF THIS DISPLAY WAS ORIGINATED BY 
P20+ 22, OR 25; V34E WILL RESULT IN AN IDENTICAL LGC RESPONSE TO THAT OF V56E, THAT IS SELECTION OF R56. 
IF THIS DISPLAY WAS NCT GRIGINATED BY P20, 22+ OR 25 (SUCH AS P32) WHILE RUNNING WITH P20) THE LGC 
WILL GO TO ROO, HOWEVER THE PROGRAM IN THE BACKGROUND WILL CONTINUE. THE NEW PROGRAM SELECTED FOLLOWS 
THE SELECTICN RULES ABOVEs (Ale 

5 THE INITIALIZATION OF THE h MATRIX (SEE SECTION 5+2+4.2 OF R567) IS ENABLED BY? 
(A) A MANUAL DSKY ENTRY. 
(8) COMPLTER FRESH START. 
(C) STATE VECTOR UPDATE FROM THE GROUND (P27) (EXCEPT FOR UPDATE OF LANDING SITE VECTOR WHEN THE LM IS 
CN THE LUNAR SURFACE). 
(D) THE POWERED ASCENT PROGRAM (P12) [NVALIDATES THE W-MATRIX USED BY P22 AND CAUSES P20 T2 RE-INITIAL- 
IZE THE W-MATRIX WHEN SELECTED. 
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R24/LUMINARY



gi? 

+L GC 
«ROUTINE 
= SELEC TLON 

START RR SEARCH 
ROUTINE (R24) 

          

ZERO DATA INDICATOR 
(RL) AND GMEGA (R2) 
DISPLAY REGISTERS. 
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00000 INITIALLY 
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DISPLAY. (SEE "A™ 
BELCW). 

    

START RR SEARCH 
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THE RRe 
  

1S SEARCH FLAG SET? 
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SECCACS (SEE “BH 
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Is THE REMODE FLAG 
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« GEPEAL ANGLES . 
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+ USTNe THE CTHER « 
« RR MUDE WITHIN « 
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Cg wees ee cee eens EUVER IS RE- 
++ TERMINATE CUIRED. 
» « WALTLIST CALL #220 

+ + FOR CALLDGCH . (2) P22 - THE DE- 
+ + (SEE "BH . SERED LCS IS 
-  « BELCW) . NOT WITHIN THE 
ee teen ann . LIMITS OF MODE 
_ + . . #2 ANO THERE- 
7. . . FORE A SEARCH 
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(OMEGA) FOR UISPLAY 
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REQUEST RESPONSE AND scsceccceuccess 
CISPLAY RR SEARCH 
PARAMETERS: 

V1GN EC 
RI-CATA INDICATOR 
R2-CMEGA 
K3-BLANK 

Ri WEet INETIALLY 
CisPLAY COGOO. Ri 
WILL CISFLAY 1t11L 
If THE RR DATA GUOD 
CISCRETE IS RECEIVED 
INDICATING THAT THE 
SEARCH HAS BEEN 
SUCCESSFUL 

R2 WILL INITIALY 
DISFLAY 00000. WHEN 
Rk DESIGNATION HAS 
COMMENCEG IT WILL 
DISPLAY CMEGA, THE 
ANGLE BEThEEN THE RR 
aCS ANC TRE LM #2 
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NEAREST 0.01 DEGREE. 
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MONITOR DSK Y: 
OBSERVE FLASHING 

VERB-NOUN TO REQUEST 
RESPONSE AND TO IN- 
OLCATE THAT AN LGC- 
CONTRQLLED SEARCH 
PATTERN IS IN 
PROCESS. 
  

DOES 11111 EN R1 
INDICATE THAT THE 
CSM HAS BEEN 
ACQUIRED? 

  

. 

SHALL I CONTINUE 
THE SEARCH? 

  

LS THE PRESENT 

P227 
PROGRAM P20 OR , 
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HAS THE CSM 

BEEN ACQUEREC 
BY SIDELOBE? 

oN Ye 

REACGUIRE CSM 
IN CENTER 
LUBE MARL- 
ALLY. 
  

« SET RR MOCE 
¢ SWETCH TG LGC 

- WAIT FOR NO 
«© TRACK LIGHT 
+ 1060 OFF 

GO.TG 
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IN P2cs22 
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: « CALL FOR 
* -« CALLOGCH 
. « (Ste "EH 
. - BELUA). 

. » FERMINATE 
. o ANY RK 

> e DESIGNA- 
. « TION IN 
. + PRCCESS 

. . go Ta 
. . nye 

. . IN 
. . P 20/22 
. . 

e OC TERMINATE 
« TRACKING ROUTINE 
«© (R56) 

. . 

° . 
. EXIT R24 
. ANC P20/22 

TERMINATE hAITLIST 
CALL FUR CALLDGCH 
(SEE SEM BELOW.) 

TERMINATE ANY RK 
DE SIGMATICN EK 

PROCESS 
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ere eencccccecerensocece LO TERMINATE 
+ TRACKING RCUTINE 
» (R56) 
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€S THE PRESENT PRU- 
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INCREMENT N BY 1 #549 

eee eee 
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CHANGE CCATRCL ACTES 

REV 00 PCR 124 
REV Ch PCR 4095 4515 562 
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PURPOSE: 

ASSUMPTICAS: 

++ 

+0 
+E 
++ 

3 
O1LT 

PREG 
CONT 

ROR MUNITUK KUUTINE (R25) FEV 33 1z/93/69 

C1) TU MUNI TOK THE RR STATUS WITH RESPECT TG MUUE CFRANGES, RR COU FAILURE, ANU RR GIMBAL POSITIUNS.« 

(2) TC CUMMARG THE RR GIMEALS TC ONE OF TWO REFERENCE PUSITIONS {DEPENDENT UPCN RR ANTENNA MODED IF THE RR GIMBAL 
ANGLES EXCEED PREDEFINED LIMITS (AS DESCRESEO IN FIG 2.4-3 CF SECTION 5 UF R-567). 

(3) TC ZERC THE RR COUS WHEN TFE RR IS FIRST PUT IN AUTO MUDE. 

(1) THE PREDEFENEC LIMITS OF PURPOSE (2) ABOVE ALL3w THE ANGLE BETWEEN T4E LM +Z AXIS ANO THE KR LOS TO BE GREATER 
THAN 3C DEGREES DURING RCRMAL RR TRACKING UNOEK CONTROL GF THE RENDEZVJUS NAVIGATION PROGRAM (P20) OR THE LUNAR 
SURFACE NAVIGATION PRUGRAM (P22). 

WHILE IN FLAGHT, ThE 30 O£GREE LIMIT DEFINED IN THE RR DATA REAS ROUTINE (R22) wILL ACT TO KEEP THE RR Los 
WITHIN THIS LIMIT noe Ts THE UM #Z AXES. THIS WILL BE ACCOMPLISHED BY LM ATTITUDE MANEUVERS UNDER THE CONTROL OF THE 
PREFERRED TRACKING ATTITUUE ROUTINE THEKEFURE y [N FLIGHT, WHEN THE TRACK FLAG (SEE P20} 1S SET) THE LEMITS 
DEFINED BY THIS ROUTINE SHCULD NEVER BE EXCEEUEU AND IT SHGULD ONLY BE NECESSA&Y FOR THIS ROUTENE TO CGNTKOL THE 
RR GIMBALS WHEN THe TRACK FLAG IS RESET (AS DURING MANEUVERS FOR THRUSTING, ETC). 

WHILE ON TRE LUNAK SURFACE RR DESIGNATION IS INHIBITED LF THE LOS TO THE CS® IS AQT WITHIN THE ALLOWABLE 
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- ee CHANGE PRE~ ww we nnn e == nee . 
. « «6 SENT DIS- “Y oN 
. + » PLAY. . + . 
. « = STGRE . . . 
. e « ALARM CCDE . . . 
. « « 00515 . . . #270 

. ee . CALL PROGRAM . . 
. ee . ALARM DISPLAY. . . 
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. o. . FCENTIFY ABNGRF- . . 
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1001 

LUNAR SURFACE RR PRE-CESIGNATE ROUTINE {R26} REV O02 12/03/69 

PuRPO SE: (1) TG OETERMINE THE RR LOS TQ THE CSM AT THE TIME WHEN THE CSM ENTERS THE RR FIELD OF VIEW. 

{2} TO CESIGNATE THE RRy BEFORE ARRIVAL OF THE CSM IN THE FLELO OF VIEW, TO AN ORIENTATION THAT WILL PERMET THE 

ACQUISITIGN GF THE CSM IMMEDIATELY UPON ITS ENTRY INTO THE FIELD OF VIEW. 

ASSUMPTIGNS: (1) P22 WILL NOT BE INITIATED BY THE CREW UNTIL LESS THAN 10 MINUTES BEFORE THE CSM IS EXPECTED TO ARR EVE WITHIN 

THE RR FIELD CF VIEW. 

{2) THE SELECTION AND TERMINATION GF P20, P22, AND P25 ARE SUBJECT TO SPECIAL OPERATING PROCEOURES WHICH DIFFER 

FRGM THOSE FOR ALL CTHER FRCGRAMS: 

(A) SELECTION 
(1) ALWAYS BY V3TEXKE. 
(2) LE ANY OTHER PROGRAM IS RUNNING AT THE TIME OF P20/22/25 SELECTION, THE NEW PROGRAM WILL REPLACE 

THE OLD. THES INCLUDES P20/22/25 SELECTION WHEN EITHER P20 OR P22 OR P25 IS RUNNING. 

(3) IF P20 GR P25 ES RUNNING, SELECTION OF ANY PROGRAM OTHER THAN POO OR P22 WILL RESULT IN P20 OR P25 

CONTINULNG AND THE NEw PROGRAM ALSO CPERATING WITH ITS NUMBER DISPLAYED IN THE DSKY PROG LIGHTS. 

(4) TF P20 OR P25 1S RUNNING, SELECTION OF POO OR P22 WELL RESULT IN THE TERMINATION OF THE OLD 

PROGRAM ANC OPERATION GF THE NEW. 

(Bd) TERMINATION 
(1) ®Y SELECTION OF P00, V56Ey OR V34E. 

(2) SELECTION OF POO WIil TERMINATE P20, P22, P25, AND ANY UTHER PROGRAM IN PROCESS, AND ESTABLISH POO. 

(3) SELECTION OF V56E CALLS THE TERMINATE TRACKING ROUTINE (856) TO TERMINATE ONLY P20 JR P25, IF 

EITHER OF THESE PROGRAMS IS RUNNING IN CONJUNCTION WITH ANOTHER PROGRAM. IN ALL OTHER CASES,» R56 

wILL SELECT ROO. VS56E MAY BE PERFORMED AT ANY TIME DURING P20, P22, OR P25 OPERATION. 

(4) THE LGC WILL RECOGNIZE V34E ONLY IN RESPONSE TO A FLASHING VERB-NOUN. IF THE FLASHING VERB-NOUN 

DISPLAY WAS GORIGINATED BY P20, P22, GR P25; V34E WILL PRODUCE AN LGC RESPONSE IDENTICAL TO THAT 

OF V56E, I.€.: SELECTION OF R56. IF THE DISPLAY WAS NOT ORIGINATED BY P20, P22, OR P25 {FOR 

EXAMPLEs BY P32 WHILE RUNNING IN CONJUNCTION WITH P20) THE LGC WILL GO TO ROO, BUT THE PROGRAM IN 

THE BACKGROUND WILL CONTINUE. THE NEW PROGRAM SELECTED FOLLOWS THE SELECTION RULES ABOVE, CA}- 

(3) THIS ROUTINE IS CALLED AUTOMATICALLY BY THE RR DESIGNATE ROUTINE (R21) DURIAG THE LUNAR SURFACE NAV IGAT ION 

PROGRAM (P22) IF THE CSM HAS NOT YET ARRIVED IN THE RR MODE 2 FIELO OF VIEW. 
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ASSUMPT IONS: 

1009 

PCWEREC FLIGHT RR DESEGNATE ROUTINE (R29) REV 93 12/03/69 

(1) TU POINT THE RENDEZ VOLS RADAR {RR) AT THE CSM UNTIL AUTOMATIC ACQUISITION OF THE CSM IS ACCOMPLISHED BY THE RADAR 
WHILE THE LGC £S PERFORMING P12. 

(2! TG READ RR DATA FOR DOWNLINK TRANSMISSICN WHEN THE LGC IS PERFORMING P12. 

{1) TRE RR SERVOS MAY BE COMMANDED BY THE LGC AFTER THE LGC ISSUES THE TRACK ENABLE DISCRETE UNTIL RANGE RATE 
CCCKCN [5 ACHIEVED BY THE RR. 

(2) TRIS ROUTINE WILL DESIGNATE THE RR TO THE CSM GNLY WHEN THE LM/CSM LOS IS WITHIN THE RR ANTENNA COVERAGE OF MODE 

2 (REFER FIG 244-3 OF SECTICN 5 OF &567). 

++ (3) THIS ROUTINE IS AUTOMATICALLY ENABLED BY P12 BY RESET OF THE NO R-29 FLAG. 

+03 
+EDIT (4) THIS ROLTINE 1S AUTCMATICALLY DISABLED AFTER P12 BY SET OF THE NO R-29 FLAG BY ROO. 
+ 
t (5) TF TEG IS SLIPPED BY THE STATE VECTOR INTEGRATION (MIDTOAVE) ROUTINE (R41) DURING PL2, THE CSM STATE 
+ VECTOR IN THE LGC 1S NOT UP TO DATE ANDO THIS ROUTINE MAY BE UNABLE TO ACCOMPLISH RR LOCK ON. 
+ 
+ 46) THE ROUTINE 1S CALLEC EVERY 2 SECONDS BY SERVICER (AVERAGE G) VIA THE DESCENT STATE VECTOR ROUTINE (R12), BUT 

+03 ONLY DLRING PL2 (WHEN THE LR BYPASS FLAG IS SET). AVERAGE G IS TERMINATED 8Y THE FINAL AUTOMATIC REQUEST 
++ TERMINATE RGUTINE (ROO) WHICH FOLLOWS P12, AND BY P68. 
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FLAG SET? 
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ett cere #560 

« SET SAMPLE NUMBER 
« =0 FOR USt BY R2C 

- SET SAMPLE LIMIT 
« =1 FGR USE BY R2C 

et ce #570 

+ STCRE PRESENT 
+ STATUS GF RR CATA 

+» GCCD, LR PUSTTION 
« DATA GOGD, AND LR 
« VELOCITY CATA 
- GCCO CISCRETES. #580 

» SET BITS 2 AND 4 conccesesacavcecsees DG LR/RR READ . 
« CF CrANNEL 13 TG . . ROUTINE (R20) FOR . 

+ 1 TC REQUEST RANGE RR RANGE RATE . #590 

© RATE READUUT FRUM 00 ern ome . 
« KR? «GOOD ERROR. . 
« (NOTE: THIS KILL EXIT Exit . . 
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« READ 32 ISS CDU 
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REAC PRESENT TIME  
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NUMBER 
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SET SAMPLE LIMIT 
=1 FCR USE BY R20 

STURE PRESENT 
STATLS CF RR CATA 
GOOD, LR POSITION 
GATA GOUD AND LR 
VELCCITY DATA 
GUOD DISCRETES. 

SET BITS 1 AND 4 «6 
CF CHANNEL 13 TO 
1 TO REQUEST 
RANGE REACOUT 
FROM RRE 

(NOTE: THES wILL 
ALSO AUTGMAT ICALLY 
CALL THE LA/RR 
READ ROLTINE 
(R20 }}- 

WAIT FCR R20 
COMPLETION. 

«GCC ERROR, 
2 EXIT ExlTt . 
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DO LR/RR READ . 
ROUTINE {R20} FOR . 
RR RANGE. . 

-GOOD ERROR. 
EXIT Exit . 
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SET TRKMCTR * 
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EXIT R29 . wTIO 

1S THE RANGE 
SCALE FLAG SET? 

  

  

oh Ys 
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= RESET RANGE 
« SCALE FLAG 
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REMOVE RR ALTO 
TRACK ENABLE DIS— #740 
CRETE FRCP KR 
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#750 

on ene ene #760 

RESET READ R 

FLAG 

. #TT0 

EXIT R29 

CHANGE CCATROL NUTES 

LOGIC REV CC PCR 13 
REV O1 PCR 397559,568 
REV O2¢LLM 1B) PCR 779,845, ECITORTAL 
REV 03 EDITORIAL 
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PURPOSE: 
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ORBIT PARAMETER DISPLAY ROUTINE (R30) REV 03 12/93/69 

(1) TO PROVIDE THE ASTRCNAUT PERTINENT CRBITAL PARAMETERS COMPUTED BY THE LGC TO SUPPLEMENT ORBITAL INFORMATION 

PROVIDED HiM BY THE GROUND. 

ASSUMPTIONS: (1) THE CUMPUTATIOAS MADE DURING THIS RCUTINE ARE UPCATEC ABOUT EVERY TWO SECONDS ONLY IF THE AVERAGE 3 ROUTINE IS ON 

PROG 
CONT 

3 

WEEN THIS ROUTINE IS CALLED. 

(2) THE VALUE GF TFF CR TF PER WILL BE MADE TO COUNT COWN IF THE AVERAGE G ROUTINE IS NOT ON WHEN THES ROUTINE IS 
CALLEC. 

(3) IF TEF 1S ACT CCMPUTABLE {PER ALT IS GREATER THAN 300,000 FT IN EARTH ORBIT OR GREATER THAN 35,000 FT IN LUNAR 
ORBIT) TEE LGC WILL SET TFF EQUAL TO ~59B59 AND COMPUTE TF PER AND STORE IT IN N32. THE ASTRONAUT MAY CALL IT 8Y 
KEYIAG IN VI6N32E. 

44) TO MONITOR THE PROGRESS OF STATE VECTOR INTEGRATICNy THE TIME ASSOCIATED WITH THE ADVANCING 

(REGRESSING) STATE IS AVAILABLE BY KEYVING IN VO6N38E: 

VO6N 38 
Ri-TET-HRS 
R2-TET-MEINS 
R3-TET- SECS. 

TET-THE TIME {GET} TO WHICH THE STATE VECTOR [INTEGRATION PRICESS HAS PRESENTLY CALCULATED THE STATE 

VEC FOR. EN HRS»MINS, AND SECS TG NEAREST .O1 SEC. 

(5) THIS ROUTINE MAY EE SELECTED WHILE THE LM IS EITHER IN EARTH OR LUNAR ORBIT. 

(6) ThIS ROUTINE IS MANUALLY SELECTED BY THE ASTRONALT BY DSKY ENTRY, 

icc GROUND CREW 

o CREW 
«ROUTINE 
oS ELECT IGN 

START ORBIT PARAMETER scccencccensessceses KEY IN VE2E 

DISPLAY ROUTINE (R30) a a a a a 

#10 

TERLOCK ROLTINE . . TERLOCK ROUTINE 
{R76}. (R76). 

. . R3O/LUMINARY
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HOLD 

SNAP 
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SET LGC ASSUMED 
OPTION TO cOcOol. 

FLASH VERB-NOUN TU 
RECUEST RESPGNSE ANC 
DISPLAY OPTION CODE .ace 
FOR ASSUMED VEHICLE; 

vO4 NL2 
al-Cloo2 
R2-O000X 
R3-BLANK 

Rl IS TRE CPTION 
CODE FOR ASSUMED 
VEHICLE. 

R2 1S THE LGC ASSLUM- 
€U GPT IUNS 
COOGE-THIS VEHICLE 

(LM) 
Q0002-OTHER VERICLE 

«csM) 

a 
e
y
 

MONI TOR DSKYs 

OBSERVE VERB-NOLN 
FLASH TO REQUEST 
RE SPONSE AND DISPLAY 
OF OPTION CODE FOR 
ASSUMEC VEHICLE (LM 
OR CSM) 

TS THE VEHICLE (L¥ 
OR CSM) ASSUMPTION 
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. . CORRECT? : 

. . -Y oN : 

WAIT FOR KEYBOARC oe KEY IN PRO- : : 
ENTRY ee esc nccrceresecose CeeD . . 

. . . . #380 

TERMINATE FLASH UPON . . : : 
RECEIPT CF PROCEEC, a 6 wesenren . 

TERMINATE, OR NER wane renvcccccesccccccccsecccccens KEY IN . 
CATA ae . V22E . 
on etna . . AND LGAD . 

oP oT «NEW . . THE . 
oR OE *CODE . . DESIRED . 

oO oR » DATA ° - VEHICLE « #90 
«CoM . . . (im OR > 
oE I . . . CSM) . 
oF ot . . . CODE IN- . 
0D BA men . . TS R2. . 
« «T STCRE COCE . ee . 
«  «& DATA . . . . 

oe et emccconces . weesee #200 

- 8 . 

«GO.70 . 
. "a" . 
oBELCh . 

EXTRAPOLATE SELECTED . 

VEHICLE STATE VECTUR . #110 
TG PRESENT TEME . 
USING PRECI SICN . 
ENTEGRAT ION . 
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COMPLTE APO ALT AND 
PER ALT. 

  

IS PER ALT LESS 
ThAN 300,000 FT 
IN EARTH GR@IT CR 
35/000 FT IN LUNAR 
CRBIT? 

aY oN 

SET TF Sev TFF 
PER EGUAL ECLAL TO 

TG ZERG -~S9BSG, 
AND CCk- COMPUTE 
PUTE TFF. TF PER 
ae AND STORE 

. IN N32 
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FLASH VERB-NCUN TO 

REQUEST RESPUNSE AND eeeseee 
CISPLAY ORBIT PARA- 
METERS: 

V1l6 N44 
R1-APC ALT 
R2-PER ALT 
R3-TFE 

APO ALT-ALTITUDE 
OF APOGEE ABOVE 
THE LAUNCH PAC 
RADIUS (EARTH OR- 
8IF) OR ALTITUCE 
OF THE APOLUNE 
ABOVE THE LUNAR 
RACIUS AT TRE MOST 
RECENTLY DEFINED 
LANOING SITE {LUN- 
AR GREIT). IN NAU- 
TICAL PILES TC 
NEAREST «1 NM. 
(NOTE: 9999.9 WILL 
BE DISPLAYED FOR 
VALUES GREATER THAN 
9599.9 NMe) 

PER ALT-ALT ITUDE 

  

MONITOR DSK Y= 

QBSERVE VERB-NOUN 
FLASH TO REQUEST 
RESPONSE AND DIS- 
PLAYS OF APO 
ALT, PER ALT, 
ANC TFF 

ON? 
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e
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THE LAUNCH PAT 
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817) OR ALTITUCE 
CF THE PERELUNE 
ABOVE THE LUNAR 
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RECENTLY DEFINED 
LANOING SITE (LU- 
NAR GREIT). IN 
NALTICAL MILES TC 
NEAREST «1 NMe 
(NCTE: 9999.9 WILL 
BE OI SPLAYED FOR 
VALUES GREATER THAN 
9999.9 MMe} 

TFF-TIME OF FREE 
FALL TO 300,000 FT 
FOR EARTH ORBIT 
CR 35,000 FT FCK 
LUNAR ORBIT. 
ALTITUCE DEFINED 
ABCVE THE LAUNCE 
PAOD RADILS (EARTH 
GRBIT) ANO ABOVE 
THE LUNAR RADIUS 
AT THE MOST RECEN— 
TLY DEFINED LANC- 
ING SITE (LUNAR 
ORBIT}. 
IN FEN, SEC, 1C 
NEAREST SEC. MAX 
REACING IS -59859. 
(if PER ALT IS 
GREATER THAN 
300 ,000/35,000 FT 
THE TFF DISPLAY 
WILL REAC -59855.} 

WAIT FOR KEY BOARE 
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TERMINATE FLASH UPUN . 
RECEIPT OF PROCEED: eancccucesascscesess 
RECYCLE, OR TERMINATE . 

= RECYCLE «PROCEED 
« GR AVE G . GR 
+ seALTOMATIC . TERMINATE 

2 «RECYCLE . 

“pe 

FRCW ABCVE 

  

RESET EXTENDED 
VERB ACTIVE FLAG 
AND NC PARKS 
ALLOWED FLAG 

  

EXiT R30 

CHANGE CCNTRCL NCTES 

LOGIC REV OL PCR 40544905518 ,6041614 
REV G2 EDITORIAL 
REV 03) ECITORITAL 

er
 

NOTE: REFER TQ 
ASSUMPTLGNS FGR 
DEFINITIONS UF 
ADCITIONAL DISPLAYS 
AVALLABLE IN THIS 
ROUTINE. 
WHEN FINISHED WITH 
DISPLAY 
KEY IN PROCEED 

EXIT R30 
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PURPOSE: 

ASSUMPTIONS: 

PROG 
CONT 

1035 

READEZVOUS PARAMETER CISPLAY ROUTINE (R31) REV 03 12/03/69 

(LP) TC DISPLAY AT ASTRONAUT REQUEST LGC CALCULATED RENDEZVOUS PARAMETERS (RANGE, RANGE RATE, THETA). 

{1} RANGE AND RANGE RATE ARE CALCULATED BY THE LGC GN THE BASIS OF THE STORED LM AND CSM STATE VECTORS AND DO NOT 
REQUIRE THAT TRE ISS BE ON. THE ISS MUST BE ON AND ALIGNED TO A “KNOWN ORIENTATION IF A CORRECT DISPLAY OF THETA 
1S DESIRED. THE RANGE/RANGE RATE/THETA DISPLAY IS NOT INHIBITED IF THE ISS IS NOT ON AND ALIGNED. THE 
RENCEZVUUS RADAR IS NOT REQUIRED TO BE OPERATING. 

(2) TC MCNI TCR THE PROGRESS OF STATE VECTGR INTEGRATION; THE TIME ASSICIATED WITH THE ADVANCING (REGRESSING) 
STATE IS AVAILABLE BY KEYING IN VO6N38E 3 

VC6N38 
RA-TET-tRS 
R2~-T ET-M INS 
R3-TET-SECS 

TET-THE TIME (GET) TO WHICH THE STATE VECTOR INTEGRATION PROCESS HAS PRESENTLY CALCULATED THE STATE 
VECTOR. IN HRSsMINSs AND SECS TO NEAREST «01 SEC. 

(3) LF NAVIGATION MARKS ARE MADE AFTER THIS ROUTINE 1S SELECTED AND RUNNING, THE EFFECT OF THE MARKS ON THE STATE 
VECTOR wILL NOT BE EXHIBITED IN THE DISPLAY GF RANGE AND RANGE RATE. TO SEE THE EFFECT OF THE NAVIGATION MARKS ON THE 
RANGE AND RANGE RATE IN N54, THE ASTRONAUT MUST TERMINATE THES ROUTINE (PROCEED? ANDO RE-SELECT IT (V83E). 

. 

(4) IF R31 1S RUN FOR A LONG TIME IN COASTING FLIGHT THE RANGE AND RANGE RATE INFORMATION IN N54 WILL BEGIN TO 
DEGENERATE BECAUSE OF THE CONIC EXTRAPOLATIONS OF THE STATE VECTORS. 

£5) THE ROUTINE LS SELECTED BY THE ASTRONAUT BY OSKY ENTRY. 

Lec GROUND CREW 

*CREW 
eRIUTINE 
SELECTION 

  

START RENDEZYOUS ewe wsnaccceccvcecce KEY IN VERE #10 

PARAMETER DISPLAY i a a a 

ROUTINE (R31) 
  

R3L/LUM INARY
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OG EXTENDED VERS * . OG EXTENDED VERB 
EINTERLOCK ROLTINE eeeececcssccenccsens INTERLOCK ROUTINE 
(R76) * . {R 76) 

++ Sree ar ren . 
+03 IS AVERAGE G . #30 

+EDIT FLAG SET? . 
+ worsen . 
+ he ve . 
+ . + . 
+ . . . 
+ ee Totttet ccc . 
+ « ARE EITHER AS- . 
+ » CENT OR DES- . 
+ « CENT PROGRAPS . 

+ « IN PROCESS? . #40 

+ ete toot ec cene . 
+ . oN Ye . 
+ ‘ + . . 
+ . . . . 
$n eee ne . . . 
+ EXTRAPOL ATE . . . 
+ CSM STATE . . . 
+ VECTOR To . . . 
+ PRESENT TIME « . . 

+ LSING PRECI- . . . #50 

+ SION INTEGRA~ .« . . 

+ TICA TC ESTA- 2 . . 

+ BLUSH BASE . . . 

+ STATE VECTOR . . . 

+ FCR SUBS EC- . . . 

+ GENT EXTRA~ . . . 
+ PGL AT IONS . - . 
$e nnn scene . . . 
+ - . . . 
+ * . . . #60 
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+ eo woctcsctat on me + 
+ « EXTRAPUL ATE . . 
+ « CSM STATE . . 
+ ‘ . . 
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TG PRE- . . . 
SENT ae . . 
TIME eo . . 
USING ee . . 
PLANET- « « . . 
ARY IN- 2 fe . . 
ERTIAL «2 « . . 
ORIEN- «6 « . . 
TATICK «© . . 
SUBRGL- 2 . . 
TINE oe . . 

CALCULATE RANGE» 
RANGE RATE, AKC 
THETAs 

IS EXTENDED VERB 
ACTIVE FLAG SET? 

“v Ne 

«+ RESET THE AQ 
» MARKS ALLORED 

+ FLAG. 

. Exit 

. Ral 

FLASF VERB-NUUN TU 
REQUEST RESPONSE AND 
DISPLAY RENDEZ VULS 
PARAMETERS: 

  

  

oe
 

e
n
e
 

oe
 

MONI TOR DSKY: 
+ QUSERVE VERB-NOUN 

FLASH TG REQUEST 
RESPONSE AND DISPLAY 
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R3-THETA 

OF RENDEZVOUS #260 
PARAMETERS. 

RANGE-CALCUL ATED 
RANGE TO CSH. IN 
NAUTICAL MILES TO 
NEAREST 201 NMe 

RANGE RATE- 
CALCULATED RANGE 
RATE BETWEEN LM AND 
CSM. NEGATIVE SIGN 
ENDECATES CLECSING. 
IN FPS TC NEAREST 
ol FPS. 

#270 

THE TA-ANGLE BETWEEN 
UM 4#Z AXIS ANC ThE 
LOCAL HCFIZCNTAL 
PLANE AT THE PRESENT 
TIME REFERENCED TO 
THE OIRECTICN OF 
FLIGHT. (SEE SECTION 
5.6.7.1 GF R567 FOR 
DETAILED DESCRI PT~ 
410N). IN DEGREES TO 
NEAREST 201 CEGREE 
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WAIT FCR KEYBOARC 
ENIRY 

#300 

. TO TERMINATE THIS 
seme ccccccscesaneene DISPLAY, KEY IN 

. PROCEED 

TERMINATE FLASH UPCA 
RECEIPT UF PROCEEU, 
RECYCLE, CR TERM- 
NATE C
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RESET EXTENDED VERB 
ACTIVE FLAG 

CHANGE CONTROL NOTES 

REV G1 PCR 190,614,622 
REV O2{,UM 1A) PCR 6£4,EDITORIAL 
REV 03 ECLFCRIAL 
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PURPOSE: 

1051 

LGC/CPC CLOCK SYNCHRONIZATICN RCUTINE (R33) REV O22 01/09/69 

a1) 

ASSUMPTIONS: (i) 

PROG 
CONT 

TO SYNCHRONIZE THE LGC CLOCK WITH THE CMC CLOCK. 

SYNCHRONIZATION REQUIRES A DETERMINATION OF THE VALLE CF THE DIFFERENCE BETWEEN THE TWO CLOCKS. THIS VALUE MAY 
BE OBTAINED DIRECTLY FROM COORDINATED READING OF THE TWO CLOCKS OR MAY BE PROVIDED BY THE GROUND FROM DOWNLINK 
MONITORING OF THE CLOCKS. 

   

(2) THE LGC 1S Ch, THE CMC NEED ONLY BE ON UNTIL SATISFACTORY COMPARATIVE READINGS HAVE BEEN MADE BY THE CREW OR 
GROUND. 

13) THIS ROUTINE LS SELECTED BY THE ASTRONAUT BY DSKY ENTRY. 

icc GROUND CR EW 

CREW 
«ROUT INE 
« SELECTION 

. ery 

DG I HAVE A PRECISE . #10 
VALUE FOR THE DIF- . 
FERENCE BETWEEN TRE 
CMC AND LGC CLOCKS . 
SUPPLIED FROM THE . 
GROUND? . 

Y . 

. #20 

WAIT FOR KEYBUARD sewcccrccccceveccese KEY IN VOGN65S . 

ENTRY. enema ene ne 
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CONT INUE UPON . 
RECELPT OF ERTER 
  

RELGRE CONTENTS OF 
LGC CLECK AT TIME 
OF ENTER 

ee
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CONFIRM SEL E- 
CTION GF THIS 
ROUTINE (R33) 
IN THE OTHER 
VEHICLE. 
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PERFCRM COUNT — 
DGwN WITH CREW 
MEMBER IN 
CTHER VEHICLE 
TO TNSURE 
SIMUL TAN EQUS 
DEPRESSION OF 
BOTH ENTER 
KEYS. 
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HOLD 

SNAP 

  

i
 

2 
. MONITOR OSKY: 

GBSERVE DIS- 
. PLAY OF LGC 

CLOCK TIME OF 
ENTER. 

e+ DESPLAY LGC CLOCK 
. TIME ON OSKYs ee tecee 

VO6 N65 
RL-HRS 
R2MINS 
R3-SECS 

  

R3 TO NEAREST -01 
SEC. 

. TIME 

CBTAIN FROM 
THE CMC THE 
CMC CLOCK T IME 
OF SEMULTANE-— 
Gus ENTER INTO 
THE CMC {VIA 
VOICE LINK). 

  

COMPUTE TIME 
CIFFERENCE BE- 
TWEEN COMPU- 
TER CLOCK 
TIMES. 

oo I wWISk To 
TAKE MGRE DATA 
POINTS? 

  

UBTAIN AVER- 
AGE GF ALL 
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CHANGE CCNTRCL ACTES 

LOGIC REV Cl PCR 513 

VERB 55 

ENCES 
TIME OFFFER- . 

DO F WISH TO MAKE 
THES CORRECTION TO 
THE LGC CLOCK? 

oY oN 

me EXIT R33 

DO EXTENDED VERB 55 
AND LOAD THE AVERAGE 
TIME OIFFERENCE. 

BO I wiSH TO RECHECK 
THE CLOCK DIFFER- 
ENCES? 

EXIT R33 
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PURPOSE: 

ASSUMPTICAS? 

+t 

+02 
+E 
+0 
++ 

DIT 
2 

PROG 
CONT 

START RENDEZVOUS eeeceswancaceccccone KEY IN VIGE 

QUT-GF-PLANE DISPLAY . es 

ROUTINE {R36) 

1057 

RENDEZ VOUS OUT—GF-PLANE DISPLAY ROUTINE (R36) REV 02 12/03/69 

(1) TO OLSPLAY AT ASTRENAUT REQUEST LGC CALCULATED RENCEZVOUS QUT-OF-PLANE PARAMETERS (Y¥y Y OOTs PSE) 

{1} THESE PARAMETERS ARE CALCULATED BY THE LGC ON THE BASIS OF THE STORED L¥ AND CSP STATE VECTORS AND 00 NOT 
REQUIRE THAT THE ISS BE GN. 

{2) TC MCNITOR THE PRUGRESS OF STATE VECTOR INTEGRATION, THE TIME ASSOCEATED WITH THE ADVANCING (REGRESS ING} 
STATE 1S AVAELABLE BY KEYING TN VOON3Z8E: 

VO6N38 
RE-TE T-HRS 
R2-TET~MINS 
R3-TET-SECS 

TET-THE TIME (GET) TO WHICH THE STATE VECTOR INTEGRATION PROCESS HAS PRESENTLY CALCULATED THE STATE VECTIR« 
IN HRSsMINS, ANE SECS TC NEAREST .01 SEC. 

(3) TRIS ROUTINE SHOULD NOT BE CALLED WHILE AVERAGE G 1S RUNNING. 

(4) THE ROUTINE LS SELECTED BY THE ASTRONAUT BY OSKY EATRY. 

Lec GROUND CREW 

«CREW 
«ROUTINE 
eS ELECT ION 

  

  

Oo EXTENDED VERB ec ceweenceescceceese OU EXTENDED VERB 
IATERLCCK ROUTINE . . INTERLOCK ROUTINE 
(R17é) (R76) 
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+t . . 

+02 . . 
+536 . . 
+ . * 

+ . * 

+ . . 

+ . * 

+ eeseescne . . ew naee #30 
+ . . . ° . . 

+ . . . . . . 

+ 80 pater eceecscersnsa-- . . . 
+ . SET THEVENT) TO TIG . . . 
+ . + ee . . . 
+ . . * . . 

+ . . . . . 

+ . . - . . 

+ . woes . . * . 

+ reer . . . . #40 
+ se . . . . 
+ ee cratame crc enna enn ene . 
HOLD .« . FLASH VERB NOLN TO + MONITOR CSKyY: . 
seewewcee REQUEST RESPONSE AND concaccvesvesereseee OBSERVE VERB NOUN . 
SNAP 2 « DISPLAY TCEVENT)3 . FLASH TO REQUEST . 
+ ry vVO6 N16 RESPONSE AND DISPLAY . 
+ eos R1-T EVENT )—bRS OF TIME AT WHICH . 
+ oo. R2=TLEVENT) -WINS CUT-OF-PLANE PARA- . 
t ae R3-T EVENT I- SECS METERS ARE DESIRED. . 
t ea a . #50 
+ . . . . 

+ « « TCEVENT)2 TIME . . 
+ « o« (GeE.T.) FOR WHICH . . 
+ ©) « QUT-OF-PLANE PARA~= tenn en enn anne nnn . 
+ = « METERS ARE CESIRED. DO 1 WISH TO HAVE . 
+ » « TN HRS, FINS, AND THE LGC COMPUTE . 
+ = « SECS TO NEAREST .O1 PARAMETERS FOR THE . 
+ = « SECCACS. PRESENT TIME? . 
+ oe A SPECIAL CASE IS . 
+ + + ALL ZERUES, LOADED . #60 
#02. « BY ASTRONAUT, INCI- . 
++ 6 6 CATING PRESENT TIME . 

oe . ARE ALL THREE . 
. . . REGISTERS ZERO? «ls 
oe . “ee #79 
os . -Y . oe 

“6 . . . - R36/LUMINARY
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WAIT 
ENTRY 

TERMI 
RECEL 
TERMI 
CATA. 

STCRE 
DATA 

ES TUEVENT} ZERC? 

  

  

FOR KEY BUARD 

NATE FLASH UPON 
PT CF PROCEEC, 
NATE? OR NE 

Eh of oP 
ATA of aR 

+R AC 
a Mo 
KEW al oF 

  

EXTRAPOLATE LM 
ANG CSM STATE 

Doce w ese enenoscenccce 

    

. » AM T SAT- 
. » ISFIEC 
. « ETH THE 
. « DISPLAYED 
. « TIME? 

- . oN 

» KEY IN V25E 
e AND LGAD . 
« NEW DATA . 
+ ZEROES, IF. 
» PRES ENT . 
« TIME) . 

KEY IN PROCEED 
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VECTCRS TG TRE 
« PRESENT TI¥E 
+ USING PRECISION 
+ INTEGRATICN. 
+ QNGTE: SINCE 
+ R36 USES PRECI- 
» SIGN INTEGRA 
» TIGN, IT SHOLLD 
2 ACT BE CALLED 
« WHELE AVERAGE G 
+ IS RUNNING.) 

EXTRAPOLATE iM . 
AND CSM STATE 
VECTORS TG THE . 
TIME CEFINEG BY . 
TEEVENTI LSENG . 
PRECISION INTE- « 
GRATICH. - 
(NOTE? SINCE R364 
USES PRECISION . 
INTEGRATICN: IT 2 
SHOULD NOT BE . 
CALLEC wrILe . 
AVERAGE G IS . 
RUNNING.) . 
  

CALCULATE OuT-OF- 
PLANE PARAMETERS 

¥ 

Y cuT 
PST 

  

FLASH VERB NCUN TL 
REQLEST RESPONSE AND 

CISFLAY RENCEZVCUS 
GLTI-GF-PLANE PARA- 

  

e
e
t
 

a
t
e
.
 

e
e
 

r
r
 

MONITOR OSK Ys 

OBSERVE VERB NCUN 
FLASH TO REQUEST 
RESPGNSE AND CISPLAY 
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METER Ss CF RENDEZVOUS QUT-OF 
VOENIO -PLANE PARAMETERS 
REV ne ere em em . 
R2Y¥ DUT . . 

R3-PS1 . . 

(NOTE: FOR GDEFS RR Rees n essa . 
INITIGNS REFER TO DO I wISH TO RECEIVE . 
SECTIGN 5066743 ANOTFER DATA POINT . 
OF R567}. FOR A DIFFERENT . 

TIME? . 

Y-IN NALTECAL 
MILES TO NEAREST 
2Oi NBS 

  

. 

  

TO NEAREST «1 FPS 

PSI-IN DEGREES 
TC NEAREST .O1 
DEGREE. 

yY COT-IN FPS TO . 

e
e
e
 

t
w
 
t
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e
 

WAIT FOR KE YBUAKD . re ene 

ae KEY EN RECYCLE 
. V32E 

ENTRY: eer e werner cerecccses 

   

TERMINATE FLASH UPUN * 
RECELPT CF PROCEED, ceeaee 
TERMINATE, OR RECYCLE 

  

oP . 
aR . 
0 . 
of . 
o£ see 
oF . 

Co EXIT R36 

re] 
oR 

. 

. 

r
r
 

r
r
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oT 
aE 
oR 
M wae 

ol FRC¥ 
oN ABOVE 
oA . 

aT - 
o£ . 

RESET EXTENDED 
VERB ACTIVE 
FLAG AND NC 
MARKS ALLOWED 
FLAG 

CRANGE CONTROL NOTES 

LOGIC REV Cl PCR 4C7,€14 
REV O2(LUM 1C) PCR 936.2,EDTTORIAL 
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PURPOSE: 

DPS/APS THRUST FAIL ROUTINE (R40) 

1065 

REV 03 12/03/69 

tL) TG MONE TOR THE EMG PIPA OUTPUTS FGR EVIDENCE CF CPS OR APS THRUST. 

(2) TG INETEATE ENGINE FAIL PROCEDURES {F THE THRUST MONITOR INOICATES A LACK OF ENGINE THRUST. 

ASSUMPTICNS: (1% THIS ROUTINE IS CALLED EVERY 2 SECONDS BY SERVICER. 

PROG 
cont 

THE THRUSTING PRCGRAW WILL DEFINE THE TRRESHOLC VALUE FOR THE DELTA V COMPARISON TO BE ONE OF THREE VALUES; 
(A) DPS WITH DOCKED CSM = 12 CM/SEC 
(BR) CPS WIT LM ALONE = 36 CM/SEC . 
(Cd) APS wITH LM ALONE = 308 CM/SEC 

THE DPS VALUES ((A) AND (8)) ARE SUCH THAT NORMAL 10% THROTTLING WILL NOT INDICATE A THRUST FAILURE. 

(3) THE THRUSTING PROGRAM WILL ENITIALLY SET THE DELTA V COUNTER TO 4. 

LGC 

= LGC 
«ROUTINE 
oS ELECT ION 

START DPS/APS THRUST 
FAIL &CUTINE (R40) 

  

RESET STEER FLAG TU 
CISABLE THRUST 
vEC TGR CCNTRCL. 
(NOTE: EF THRUST 1S 
SATISFACTCRY THIS 
FLAG BILL BE IMME- 
DIATELY SET AGAIN. 

GROUND CREW 

#10 

#20 

AR 40/L UM INARY 
R40/ COLOSSUS



SEE BELCW). 

    

SET LSE-CR-JETS 
FLAG IN DAPBOOLS. 

  

SET LSE-GR-JETS 
FLAG IN DAPBUULS. 
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ooh 

++ 

+03 
+£€01T 
++ 

EXIT R40 

IS ThE ABSULUTE 
VALLE GF TRE TUTAL 

DELTA V MEASLRED BY 
ThE PIPAS OVER THE 
LAST SERVICER CYCLE 
LESS THAN THE THRE S- 
FCLO VALUE? 

SET STEER FLAG TO 
ENABLE THRUST 
VECTCR CCNTRCL. 

SET CELTA Vv 
COUNTER = 1 

  

  

  

IS GIMBAL CFF 
DISCRETE PRE- 
SENT FROM THE 
OFS? 

so
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SET LSE-Gk- 
JETS FLAG IN 
CAPBOULS 

  

RE SET LSE-CR-JETS 
FLAG IN DAPBOOLS 

1S THE CELTA V 
COUNTER = C? 

B
e
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h
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t
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we 
B
e
e
s
 

CECREMENT THE 
DELTA V COUNTER 
evil 

    

CUMMAND ZERO 
ATTITUCE RATES 

SET USE-QR-JETS 
FLAG EA CAFBCELS 

1068 
R4&O/LUMINARY 
R 40/COLGSSUS 

#120 

#130 

#140 

#150 

#160 

6:70 

R&O/L MMEMARY 

R&O/ COLOSSUS 

(



EXIT R40 

    

SET ICLE FLAG TO 
DISABLE R4C CN NEXT 
SERVICER PASS 
    

SET THE DELTA V 
CCUNTER = 4 

CALL V97 DISPLAY 
(SEE "A" BELCWe) 

EXIT R40 

ean 

FRCM ABGVE 

  

CHANGE VERB SUT 
RETAIN PRESENT NOUN eee nscassenvece 
AND CISFLAYS IN Rly 
R2 AND R3. FLASH 
VERB-NOUN TU REQUEST 
PLEASE PERFORM Eh- 
GINE FAIL PROCEDLRE : 

VOTNXX 

oe MCNITOR OSKY? 
seeee DOES VERB-NCUN 
o. FLASH REQUEST PLEASE 

PERFORM ENGINE FAIL 
PROCEDURE S? 

    

c
e
e
 

te
 

+ 

  

DO I WISH TO VERIFY 
TRE LGC INTEKPKETA- 
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WAIT FOR KEYBOARD 
EATRY 

TLCN OF THRUST 
FAILURE? 

KEY IN PROCEED . 

OO 1 WISH TO ATTEMPT 
COMPLETICN CF THIS 
THRUSTING MANEUVER? 
NOTE: CONSIDER THE 
FOLLOWING: 

{A} P1l2sP40sP42, 
P70,P71 - IT IS 
POSSIBLE TC ATTEM— 
PT CUMPLETION OF 
THE MANEUVER USING 
THE RCS. 

IF IN P12sP70¢ 
GR PTL, VION85 (VG 
€LM)) MAY BE SEL~- 
eECTED AT ANY TIME 
AFTER TIG TG ASS- 
ESS THE NECESSARY 
VG COMPONENTS. THE 
TRIM MANEUVER 
SHOULO NOT BE AT— 
TEMPTED WITH THIS 
DISPLAY HOWEVER. 
TO PERFURM THE RCS 
TRIM MANEUVER PRO- 
CEED AS FOR P40 
AND P42 AS 
FOLLOWS. 

IF IN P40 CR 
P42, THE VLO6N8S 
DISPLAY CAN ONLY 
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eh 

BE OBTAINED BY 
OPT ING FOR THE RCS 
TRIM KANEUVER, 
I.E.? KEY IN 
*ENTER® IN RESPON- 
SE TO V97 (NOW)? 
THEN “ENTER IN 
RESPONSE TO V99¢ 
THEN "PROCEED" IN 
RESPONSE TO V16N40 
CVLONG3 FOR P1l2+ 
P70 AND P71). 
(8) P40,P42 - THE 
NORMAL DISPLAY 
(VOON40-TFC. VG, 
DELTA VM) IS AV- 
AILABLE TO ASSESS 
ANTICIPATED DURA- 
TION OF BURN. 
(Cd) Pl2s7OsTL - 
FOR AN ATTEMPTED 
RESTART OF THE 
MAIN ENGINE THE 
LGC WILL MAKE NO 
CALCULATION TO 
ANTICIPATE A POSS— 
IBLE MINIMUM IM- 
PULSE BURN. VIONT7 
(TG AND VCD) MAY 

BE SELECTED AT 
THES TIME TG AS- 
SESS 1G. THE NORM-— 
AL DISPLAY (V16N63 
-VI,H DOT, AND H} 
ES ALSO AVAILABLE 
TO ASSESS VI. 
(0) P70 - FOR AN 
ATTEMPTED RESTART 
GF THE OPS THE LGC 
WELL EXERCESE NC 
THROTTLE CONTROL 
(THROTTLE Witt BE 
SET TG MINI MUM}. 
THE ASCENT GUID- 
ANCE WiLit NOT AT~ 
TEMPT TO CONTROL 
THE THRUST VECTOR 
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+t 
+03 
#285 
+ 

TERMINATE FLASH UPON 
RECELPT GF ENTER, 
PRUCEED, GR TERMI— 
NATE. 

o£ -? 7 
oN aR af 
oT -G oR 
oF of oH 
oR of el 
. af ah 

e
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e
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w
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we 
e
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eeeersensccceesseaes KE 
. v3 

UNTIL THE THRUST 
LEVEL EXCEEOS A 
A MINIMUM VALUE 
CABCVE MINIMUM 
THRUST). THEREFORE 
UNLESS THE CREW 
ADVANCES THE THRO-~ 
TELE SQON AFTER A 
RESTART AN OVER- 
BURN COULD RESULT. 
(E) P63 THRU P66- 
THE DESIRABILITY 
OF A MAIN ENGINE 
RESTART ES QUEST- 
TONABLE ANY WHERE 
IN THE DESCENT BE- 
CAUSE OF THE LACK 

OF IMMEDIATE ANO 
AUTOMATIC THROTTLE 
CCNTRCL AND BE- 
CALSE THE GUIDANCE 
EQUATEONS WILL AL- 
WAYS RESUME AT P63 
POINT (PRE- 
HIGATE). 

Y IN TERMINATE 
4E. 
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. . . . eo. R40/LUM INARY 
. . . . 7 &40/CGLOSSUS 

. -D oA . oo. 
- . T . - 
. . o£ . . 

. + DO FINAL . + OO FINAL M#TO- 4, 
- « AUTOMATIC RE- sccceccnccnccccescee MATIC REQUST . . 
- + QUEST TERMI~- . + TERMINATE ROU . 
. + NATE ROUTINE TINE (ROO) 1 #380 
. C EROOR nae ae ne . 

. . . EXIT R40 2. a 
. . EXLT R40 . 

. . - 8 #390 

» RESET ILE FLAG - oo. 
« TO ENABLE R4O GN . 
« NEXT SERVICER - 
«PASS « oo 

: - #400 

« RESTORE NORMAL . 
- THRUSTING DISPLAY oo 

. . . #410 
. EXIT R40 oo 

. DPS AUTO THROTTLE IS . 
ween nnn nn nnn nn ene NOW SET TO MINIMUM. 
TERMINATE ANY ANY FURTHER OPS . 
THROTTLE LP COMMAND THROTTLE CONT ROL . 

. R4O/ LUMENARY 

. R40/C OLOSSUS



ste 

IN WAITLIST 
  

ZERO CPS AUTO 
THRCTFTFLE 

  

SELECT CTHER RCS 
SYSTEM. 

  

1S THE PRESENT PRO- 
GRAM P70 CR FTL? 

  

pen 

IN FRCGRA¥ 

. Gu TO 

. IN PROCESS 

  

MUST BE DONE BY THE 
CREW. 

US THE PRESENT PRG- 
GRAM P7C OR P71? 

GC.TG . 
npn i 

IN PROGRAM . 
IN PROCESS . 
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CALL VERB 99 DISPLAY 
(SEE "E" BELCH). 

  

SET IGNITIGN FLAG 

IS ASTRUNAUT FLAG 
SEI? 

  

Go .10 EXIT 
wpa ONCT ES 

BELG THIS 1S 
NOT A 
PROGRAM 
CR R&C 
EXIT. RE- 
Fer CIS- 
PLAY RES- 
PUNSE AT 
"ew BELOW. 

regu 

FROM ABOVE 

  

CHANGE VERB BUT . 
RETAIN PRESENT NOUN) seeee 
AND CISFLAYS IN Kle . 
R2 AND R3. FLASH 

  

Pr
 
e
r
 
r
e
 
S
S
 

MCNITOR OSKY: 

CBSERWVE VERB-NCUN 
FLASH TO REQUEST 
PLEASE PERFORM 
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git 

VERB-NOLUN TO KEQLEST 
PLEASE PERFORM 
ENGINE CA ENABLE. 

VOSNXX 

WAIT FUR KEYBOARD 
ERTRY 

TERMINATE FLASH UPON 
RECEIPT OF ENTER, 
PRUCEED, UR TERMI- 
NATE 

  

=P o£ 
oR N 

  

  

ec cee scene ncescessee KEY IN TERMINATE 
V34E. 

  

ENGINE CN ENABLE. 

SHALL I PERMIT 
IGNITION? 

SHALL I ATTEMPT 
TO COMPLETE THIS 
THRUST ING MAN EU— 
VER USEING THE 
RCS? 

  

Ga Ta 
epn 

IN PROGRAM 
IN PROCESS 
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20 oR eT 
oo oM oF 
2€& al aR 
o£ oN . 
oD oA . 
. oT fee 
. o£ . 
. . GO.10 
. . nor 

. » IN PRG- 
- 2 GRAM IN 
. = PROCESS 

« RESET LLLAGE FLAG 

» DG FINAL AUTOMATEC 
« REQUEST TERMINATE 
« RCUTINE {ROO} 

. see 

. EXIT R40 
. ANC PROGRAM 
° IN PROCESS 

  

US TGNMETUCN FLAG 
SET? 

  

-¥ Ae 

« RESUME STATIC 
© DISPLAY CF VO6NXX 

e
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C
e
 

o
Y
 

OO FINAL AUTOMATIC 
REQUEST TERMINATE 
ROUTINE {ROQ) 

EXIT R40 
AND PROGRAM 
IN PROCESS 
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++ 

+C3 
+EDIT 
++ 

. EX iT 
. (NGIES THIS IS 
. NOT A PRUGRAM 
. CR R40 EXIT. 
. REFER LOGIC 
. ABOVE.) 

: 5M 
. FRCM ABOVE 

  

RESTGRE PREVEQUS 
OISPLAYS 

1S IMPULSE FLAG SET? 
{FOR P7C AND PTE THE 
ANSWER IS ALWAYS 
NO.) 

  

  

STANDBY FOR THRUST 
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RESET ICLE FLAG TO 
ENABLE R4O CN NEXT 
SERVICER PASS. 

CALL FCR RESET GF 
ULLAGE FLAG IN .5 
SEC. 

EXIT R40 

CHANGE CCNTRCL NGTES 

LOGIC REV O1 POR 84121 5144s4721612 
REV O2¢LUM 1B) PCR 838, EDI TCRIAL 
REV O3(LUM 10) PCR 285, EDITORIAL 
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STATE VECTUR INTEGRATION (MID TO AVE) ROUTINE (R41) REV 03 12/03/69 

PURPOSE: (1) TO INTEGRATE THE STATE VECTOR CF THIS VEHICLE TO TRE TIME AT WHICH THE AVERAGE G ROUTINE WILL BE TURNED ON BY 
ThE CALLING PROGRAM. 

(2) TO DEFINE A NEW TIG IN THE EVENT THE STATE VECTOR CANNOT BE INTEGRATED TO THE TIME ORIGINALLY DEFINED AND TO 
ESTABLISH A PROGRAM ALARM TO INFORM THE CREW THAT TIG HAS BEEN SLIPPED. 

ASSUMPTIONS: (1) “THERE 1S A SIGNIFICANT AMOUNT CF TIME REWIRED EY TRE LGC TO UPDATE THE LM STATE VECTOR. THE FOLLOWING 
APPROX IMATE TIMES APPLY: 

++ L-7 SECCNOS PER TIME STEP IN EARTF ORBIT 
+03 3.6 SECUNDS PER TIME STEP EN LUNAR GRBIT 
+ EDIT +70 SECCNDS ON LUNAR SURFACE (NO TIME STEPS INVOLVED IN THIS CASED 
++ WHERE TIME STEP IS EGUAL TC: 

250 SECONDS IN EARTH ORBIT 
350 SECGNOS IN LUNAR ORBIT 

(2) TG MONITOR THE PRUGRESS OF STATE VECTOR INTEGRATICK, ThE TIME ASSOCIATED WITH THE ADVANCING (REGRESSING) STATE IS 
AVAILAELE BY KEYING IN VO6N38E? 

VOON 38 
K1-TET-HRS 
R2-TET-MINS 
RB-TET- SECS 

TET-THE TIME (GET) TO WHICH THE STATE VECTOR INTEGRATION HAS PRESENTLY CALCULATED THE STATE VECTGR. IN HRS.» 
MINS.» AND SECS. TO NEAREST .O1 SEC. 

(3) LF TIG ES SLIPPEO BY THIS ROUTINE DURING P12 THE CSM STATE VECTOR IV THE LGC 1S NOT UP-TO-DATE, AND THE POWERED 
FLIGHT RR DESIGNATE ROUTINE (R29) MAY BE UNABLE TO ACCC¥PLISH RR LOCK-ON. 

(4) THE ROLTINE [S AUTCHATICALLY SELECTED BY P12, P40. P41, P4Z, P47, AND P63 

PROG 6c GRCUND CREW 
CONT 

LGC RCUT INE 
SELECTICN 

tan 

SET MIDL FLAG #10 

R4&1/LUMINARY



gee 

S
S
 

ts TRE PRESENT 
TIME PLLS 20 
SECONDS MINUS 
TDECL GREATER 
THAN ZERC? 

  

ot
 

e
e
e
 

r
e
 

e
e
 

  

TURN CN PRE- 

  

GRAM ALARM 
LIGHT ANG 
STORE ALAKM 

CODE 17¢C3 

. Lec 
. RCUT INE 
« SELECTION 
. u git 

RESET MIC1 
FLAG 

    

o
w
n
e
r
s
 

Cr
 

MONITOR DSKY PROGRAM 
ALARM LIGHT DURING 
THE PERIOD FRUM TIG 
-50 SECONDS TO 
BLANKING AT TEG-35. 
IF LIGHT COMES ON 
OURING THIS TIME 
(AND ALARM CODE IS 
1703) iT INDICATES 
ThAT TIG WILL BE 
SLEPPEO AS REQUIRED 
TO GET THE STATE 
VECTOR INTEGRATED TO 
A NEW TIG -30 
SECONDS. 

IF THIS ALARM 
CONDITION OCCURS THE 
TFL OISPLAY WiLL 
CONTINUE TO COUAT 
BASED ON THE ORIGIN- 
AL TIME UNTIL INTE- 
GRATION ES COMPLETE 
AND ANEW TIG 1S 
ESTABLISHED. THE 
DISPLAY WILk NGT 

BLANK HOWEVER UNTIL 
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+ GEFINE TCECL TO 
«= BE EQUAL TO PRE- 
+ SENT TIME PLUS 20 
« SECCADS 

Is INTEGRATICN 
FINISHEO? 

oN 

INTEGRATE THIS . 
VEHICLE'S STATE . 
VECTOR GNE FI¥E . 
STEP OR FO FOECL . 
1F LESS THAN GNE . 
TEME STEP USENG . 
PRECISION INTE- . 
GARATICA. . 

IS TRE MIC 1 FLAG . 
SE? . 

oY Ne oo 

1S INTEGRAT ION . 
FINI SHED? . 

aN Ye . 

  

THE NEW TI& HAS BEEN 
ESTABLISHED AND TFI 
iS REVISED. 

QBSERVE THAT THE 
COMPUTER ACTIVITY 
LIGHT GCES OFF WKICH 
INOICATES THAT THIS 
ROUTINE 1S COMPLETE 

ExXiT Ral 

( 
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SET? 

+t ¥ Ne 
+03 . . 
+EDET . . 
+ e000 Smee asa ----- 

+ + WAS TRIS ROU- 
+ . TENE CALLED BY 
+ . Pat? 
+ eo woe eee eee eee 
+ . oh «¥ 
+ . . . 
+ . . . 

+ . . 
+ . . 
+ . . 
+ . 29.9 SEC- . 
+ . ONDS . 
+ meme . 

+ . . . 
+ . . . 

+ . . . 

+ eae eee nee 

+ . . . 
403 EXIT EXIT EXIT 
+t R41 R41 R41 

CHANGE CONTROL NUTES 

REW C1 PCR 437,555,614 
REV OO(LUM 14) PCR 758, 761.1 
REV 03 ECITCRIAL 
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PURPOSE: 

ASSUMPTICAS: 

+ 

+03 
+eECIT 
++ 

PROG 
CONT 

  

1087 

AGS INETLAL IZATION ROUTINE (247) REV 03 12/03/69 

(1) TC PROVIDE THE AGS ABORT ELECTRUNICS ASSEMBLY (AEA) WITH THE LM AND CSM STATE VECTORS (POSITION, VELOCITY, TIME} TN LM IML CGCRDENATES BY MEANS CF THE LGC DIGITAL DOWNL INK. 

(2) TC ZERO THE ICCU, LGC, AND AEA GIMBAL ANGLE COUNTERS SIMULTANEOUSLY IN ORDER TO ESTABLISH A COMMON ZERO REFERENCE 
FOR THE MEASLREMENT CE GIMEAL (EULER) ANGLES WHICH DEFINE LM ATTITUDE WITH RESPECT TO THE 1MU STABLE MEMBER, 

(3) TC ESTABLISH ThE GROUND ELAPSED TIME OF AEA CLOCK ZERO IF THE AEA CLOCK IS ZEROED DURING THIS ROUTINE. 

(1) TRE &GE CONNLINK CATA FORMAT AND SCALING ARE DEFINED IN SECTION 2 OF R567. 

(2) THE CAPABILITY TO SELECT AN LGC PROGRAM (V37E-~E CTHER THAN POO) IS INHIBITED BY THE LGC DURING THIS ROUTINE 
WHEN THE NO-OU-VERB-37 FLAG ES SET. V37 USE AT THIS TIME WILL RESULT IN A PRUGRAM ALARM (01520). RESTORATION OF 
PROGRAM SELECTICN CAPABILITY REQUIRES CCMPLETION OF THIS ROUTINE OR SELECTICN OF POO. 

{3) THIS RUUTINE IS SELECTED 8Y THE ASTRONAUT BY DSKY ENTRY AND I$ COORDINATED WITH THE PARALLEL AEA PROGRAM BY 
ASTRONAUT PRUCEDURE. THIS ROUTINE MAY BE CALLED AT ANY TIME THAT ANOTHER EXTENJED VERB IS NOT IN PROCESS. 

(4) ZERCING GF THE ICLU, LGC, AND AEA GIMBAL ANGLE CUUNTERS OCCURS WHEN THE IMUSE FLAG [S NOT SET AND THE IMU 
IS NOT BEING LSED. 

(5) Tre CAP IS TURNEC GFF CURING COU ZERO. 

Lec ERCUNG CREW 

CREW 
«PROGRAM 
eSELECFT ION 

START AGS INI TIALI~  secececceccacsncsase KEY IN VOTE LO ZATIGN ROUTINE (R47) ee a a 

R47/LUMENARY 
247/ SUNDANCE 

P
r



got 

EXTEACED VERB eae eccccscceeesoeeee DO EXTENDED VERB 

  

PREPARE AGS FOR 
INITIALIZATION 

  

  

Co 

INTERLOCK ROUTINE - . IATERLCCK ROUTINE 
(R76) (R76) 

ES THE REFSMMAT FLAG 
SET? 

    

TURN CA PROGRAM 
ALARM BLT OG NOT eveaseseee 
CHANGE CURRENT 
DISPLAY (PROGRAM 
ALARM IF CALLED 
WILL BE 0€220); 

vCS AOD 
RL XXX 
R2-XXXXX 

RA KXXXK 

NCTE: WHEN CALLEC 
THIS DISPLAY WILL 
SUSPEND THE 
CURRENT CISPLAY 
AND TURN UN THE 
KEY RELEASE LIGHT 

    

DOES PROGRAM ALARM 
LIGHT INDICATE THAT 
THE TMU LS NOT 
ALIGNED? 

THIS ROUTINE MAY 
NOT BE PERFORMED. 
wiTHOUT AN AL— 
IGNEC IMU. 

EXIT R47 

r
r
 

~
~
 

1088 
R47/LUMINARY 
R47/ SUN DANCE 

#20 

#30 

#40 

#50 

#60 

R47/LUMINARY 

R47/SUN DANCE 

(



HOLD 

san 

BELOn 

RECORD GeE.T. 
OF ENTER KEY 
DEPRESSION AND 
STORE AS Ke 

seccceces FLASH VERS-NOUN TO 
SNAP REQLEST RESPONSE AAC 

OISPLAY STORED 
GeE.T. CF AEA CLOCK 
ZERO (kK): 

V06 N16 
Ri-K-HRS 
R2-«-MIN 
R3~-K-SEC 

K-~ GeE.T. GF AEA 
CLOCK ZERO IN HRS os 
MINe, SEC. TC NEAR~ 
EST .O% SEC. 

WAIT FOR KE YBUARD 
ENTRY 

et
 

e
e
e
 

n
e
e
 

. 
P
e
 

  

Cr
 

a
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ry
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MUNITOR DSKY: 
GBSERVE VERB-NOUN 

FLASH TO REQUEST 
RE SPONSE AND DISPLAY 
OF G.E.T. OF AEA 
CLOCK ZERG (Kd 

  

DO I wISH TO PERFORM 
AEA CLUCK ZERO? 

  

r
e
 
e
e
 

ry
 

KEY IN RECYCLE 
V32E 
(NOTE: KEY IN 
THE "ENTER" 
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DE 

  

co 

MULT ANEQUSLY 
DSKY AND 

DA) 

T HAVE A MORE 
PRECISE VALUE CF K 
TR 

GROUNC AFTER COMP AR- 
ANSMITTED FROM 

ISCN OF AEA AND LGC 
DOWNLINK DATA FOL- 
LOWING THE LAST AEA 
cu 

is 
VA 
cc 
OF 
cL 

  

OCK ZERO? 

aN 

THE DISPLAYED . 
LUE OF K THE . 
RRECT GeE.T. . 
LAST AEA . 

OCK ZERO? . 

REFER TO K RE- . 
CGROEC DURING . 
LAST EXEC UTIGN. 
CF R47 . 
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qo" 

TERMINATE FLASH UPOK 

RECEIPT OF PROCEED, «+ 
RECYCLE, TERMINATE 

m
e
e
e
 

e
e
e
 
e
e
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t
o
e
 

  

  

OR NEw DATA 

af 
oR 
0 
oo 
«E 
«FE 
“Dd 

  

oT 
oE 
oR 
oF 

ol 
oN 

aT 

ak =NEW - 
af «DATA 
of . . 
oY ° . 

ol. STORE . 
of KEw DATA. 

SET NC-DC-VERB-37 
FLAG 

ee
 

e
e
e
 

m
e
n
 

n
e
e
 

t
o
n
 

« » REFER TO K 
. « OBTAINED FROM 
. « GROUND 

« KEY IN ¥25E AND 
+ LOAD NEW VALUE 
. OF «K 

RECORD K 
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ok 

MAINTALN STATIC GIS- 
PLAY OF K IN Ris Ray 
AND R34 

(NOTE? VSCN1E WILL 
FLASF UPON COMPL cE 
TiGN CF TRANSMISSION 

OF DOWN LINK LIST 
10 TEMES.) 

EXTRAPCLATE CSM ANT 
LM STATE vVECTURS 10 
PRESENT TIME US ING 
PRECISICN INTEGRA- 
TION 
(NOTE? EARTH/LUNAR 
SCALING IS OCNE 
AUTOMATICALLY IN 
THE INTEGRAT IGN 
SLBRGLTE NE.) 

TRANSFGRMY CSM ANC LM 
STATE VECTORS ENTC 
IMU COORCINATES. 

SUBTRACT K FRUM EACR 

STATE VECTGR TIME 
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++ 

+03 
+EOIT 

T
e
t
e
 

e
r
e
 

r
t
 

+
+
 

+
0
 w 

PLACE EACH CUMPUNENT 
(GR COMPCNENT/4} 
OF CSM AND LM POSI- 
TION ANC VELOCITY 
AND CSM AND LW STATE 
VECTOR TIMES (EACH 
RECUCEC BY K) ON THE 
AGS INITIALIZATION 
DOWNLINK LIST. 
TRANSMIT THES LIST 
TEN TIMES. FORMAT 
FOR STATE VECTORS IS 
TwCS COMPLEMENT, 
ROUNDED OFF. (SEE 
SECTION 2 OF R567 

    

WAIT APPRUX IMATELY 
20 SECONDS FOR OCwA- 
LINK TRANSMISSION.   

  

  

USED? oe 

    

wAET 1 SECOND... 
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HOLD. 

ZERO ICCuU . 
CCURTERS CIN - 
LGC) AND TRAN- . 
Smif CCU ZERU - 
DISCRETES Ta . 
THE AEA AND . 
TRE ICCUS. . 
HGLO DE SCRETES . 
FOR 222 SECes : 
WAIT 10-24 SE- . 
CONDS FCR COL- . 
NTERS TO INCR- . 
EMENT . 
(NCTE? CLRING . 
COU ZERO THE . 
Cap IS TURNED . 
CFF.) . 

FLAG 

e
e
e
 

e
w
 
e
e
e
 
m
e
e
 

FLASH V5SONL6 (BUT OC cevesceseseeceeeneee MONITUR OSKY= 
OBSERVE VERB-NCUN 

FLASH TO REQUEST 
RESPGNSE AND INCECA~ 
TION OF COMPLETICN 
OF DOWN LINK TRANS- 

MISS [CNS 

NOT CHANGE Ry R2 . 
R3) TO REQUEST KE- 
SPONSE AND TC LNDI- 
CATE COMPLETION OF 
OCWA LINK TRANS— 

MISSION 

RAITT FGR KEY8CARD 
ENTRY 

    

KEY iN PRUCEED, TER~ 
MINATE, OR RECYCLE 
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RESET EXTENDED VERB 
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PURPOSE: 

ASSUMPTIONS: 

PROG 
CONT 
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CCARSE ALIGN ROUTINE (R50) REV OF 08/09/69 

{i) TC COARSE ALIGN THE IMU TO A DESIRED INERTIAL GRIENTATION, 

41) THE DESIRED IMU INERTIAL OREENTATION HAS BEEN SPECIFIED BY THE CALLING PROGRAM. 

42) THE ROUTINE IS AUTCRATICALLY SELECTED BY TRE IMU REALIGN PROGRAM (P52). 

Gc 

iG 
e RCUTIAE 
«SELECTION 

START COARSE ALIGN 
ROUTINE (R50) 

  

COMPUTE GIMBAL 
ANGLES AT DESIRED 
IMU ORIENTATION AND 
PRESENT VEHICLE 
ATILILDE. 

REAL PRESENT VEFICLE 
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GRCUND CREW 
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. DEFINE REF SMMAT 

. Ye €€ ThE CeE- 
. STEREO IMU 
. OR LENTATION 

. EXIT 

° R50 

COMPANC ISS TO 
COARSE ALIGN MODE 

LIGHT 
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RESET DRIFT FLAG 
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OF COARSE ALIGNMENT» 
THE GIMBALS ARE ACT 
WITHIN 2 DEGREES OF 
THE CESIREC VALUES. 
THE LGC wELL TURK CA 
THE PROGRAM ALARM 
LIGHT ANC STCRE 
ALARM CODE 00211 
AND 00217.) 

TERMINATE COARSE 
ALIGH MCDE IN ISS. 
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(NOTE: IF AT THE ENC 
OF COARSE ALIGNMENT, 
ThE GIMBALS ARE NOT 
WITHIN 2 DEGREES CF 
THE DESIRED VALUES, 
THE LGC WILL TURN ON 
THE PROGRAM ALARM 
LIGHT AND STORE 
ALARM CCDE 00211 
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. R50/LUMI NARY 

VERICLE . 

OBSERVE TERMINATLUN 
LIGHT + OF “NO ATT* LEGHT 
Sorts esc canes TO INDICATE THAT #150 

. IMU IS NOW INERT EAL 

SET DRIFT FLAG . 

. EXIT R50 

. #160 

DEFINE REFSMMAT TO 
BE TEE CESTREC IMU 
ORIENTATICN 

#170 
EXIT R50 
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TNFLIGHT FINE ALIGN RCUTENE (R51) REV 03 12/03/69 

PURPOSE: (1) TG CBTAIN THE NECESSARY STARy PLANET OR SUN SIGHTINGS AND THEN TO FINE ALIGN THE IMU TO A DESERED INERTIAL 

GRIENTATEON WHILE THE LM ES EN FLIGHT. 

ASSUMPTEONS: (1) THE DESEREQ IMU ENERTEAL ORIENTATION HAS BEEN SPECIFIED BY THE CALLING PROGRAM. 

(2) ThE ROUTINE IS AUTOMATICALLY SELECTED BY THE IML REALIGN PROGRAM (P52)+ AND THE BRAKING PHASE PROGRAM 

  

    

  

  

06 1 WISH LGC ASSIS- 
TANCE IN SELECTING 

(P63). 

PROG Lec GRCUNC CREW 
CONT 

+LGC 
+ RCLTERE 
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ALIGN ROUTINE (R52) 
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HOLD. 0 ---~----2=------=--- ee ence certene 
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2 STARS SUITABLE FCR 
ALIGNMENT? 
NCTE: IF ANY LOS 
CTHER THAN THE AGT 
CENTER DETENT IS TO 
BE USED THE STAR 
SELECTION ROUTINE 
MAY POSSIBLY BE USED 
BY THE CREW TO 
ASSIST IN SPATIAL 
ORIENTATION OF THE 
WEHICLE ATTITUDE. 
HOWEVER IF MUST BE 
REMEMBERED THAT THE 
ROUTENE ONLY CCNSID- 
ERS STARS WITHIN THE 
ACT CENTER DETENT 
FIELD OF VIEW. 
ALLOWANCE MUST BE 
MACE BY THE CREW FCR 
ANY DIFFERENT DE TENT 
QF TRE AGT OR THE 
BACKUP GPTICAL 
SYSTEM. IF USE OF 
THIS ROUTINE IS CON- 
SIDERED IMPRACTICAL 
IT MAY BE EASILY BY- 
PASSED (SEE BELCW). 
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«+ ENTER 
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LUCK. (NOTE: 
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RECE1LPT GF ENTER CR 
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GQUERE THEM? 

  

VEHICLE 
UNTIL A 
SUL TABLE 

« CELESTIAL 
- BOCY is 

+ ACQUIRED 

+ MANEUVER 

KEY IN 
eeee RECYCLE 

V3 2 

. 

P
e
e
r
 

t
e
a
 

t
o
r
r
 

on
e 

n
a
t
e
 

KEY IN 
PROCEED 

  

  

O
m
e
 

t
a
e
 

ee
 

hw
o 

n
e
e
 

ae
 

C
e
 

e
e
 
e
e
 

e
e
 

H
e
e
 
e
e
e
 

e
e
e
 

e
e
 

w
e
r
 

e
e
e
 

t
e
e
 

e
w
e
 

t
e
e
 

t
a
n
s
 

P
e
 
e
e
 

oe
 

w
e
e
r
 

1106 
R5U/LUMINARY 

#130 

#140 

#150 

#160 

#170 

#180 

ROL/LUMINARY



1107 
RS1/LUMINARY qe! 

#190 

2E 
of 
“v 
of 
at 

o£ 

oR 

0 
of 
o£ 
of 
-0 

ot 
ee 

oe 

#200 
SELECT STAR #t 

++ 

+03 
FOR USE BY ALTC +EDIT 

(LM) POSI- . 
TECNENG ROLTINE 
cerics 

(REZ) 

+03 
++ 

#210 

SET. STAR INCICATOR 

#220 

 
 

' 1 1 1 1 1 1 } 1 i 1 \ 4 1 ' 1 1 ' ' 

  

o
w
s
 

E
2
4
 

a
e
 

s
e
e
 

w
a
n
 

“
g
w
 

W
w
 

a 
it 

R
O
U
 

a
z
 

O
m
w
 

Z
S
 

o
p
e
 

e
o
 

Q
e
 

T
a
 

a
w
 

C
a
z
 

Q
a
 

o
s
e
 

e
a
e
 

. : . . . : : . 

e
e
e
 

w
w
 

z
z
 

5
2
 

~
~
 2 

“es 
w
e
 

F
O
 

a
z
 

a
a
 z 

a
s
 

e
a
 

2
e
-
 

a
w
 

win 
a
o
n
 

a
a
c
 

BOCY #1 

 
 

#230 

DC ACT MARK ROUT INE 0G AGT MARK RUUTINE 
(R53) FOR CELESTIAL (R53) 

saoy #1 

 
 
 
 

#240 

R51 /LUMINARY



1108 
RSL/LUMENARY 

 
 

' I I I I 1 1 I i I I ' t ' t It 1 I Il t 

CO CELESTIAL BODY Bo CELESTIAL BCCY 

4 
w
i
 

Z
e
 

a
r
y
 

B
Y
 

D
u
a
 

o
u
 

O
W
 

o
r
 

Zz 
oO 

O
x
a
 

—
3
 

e
i
l
e
 

oT 
® 

z
o
 

S
a
,
 

w
a
n
d
 

w
e
d
 

a
l
e
 

 
 

a
s
 

w
i
a
 

a
m
y
 

a
4
 

m
A
 

a
w
 

o
4
>
 

a
a
 

o
o
 

z
a
 

S
z
.
 

a
0
F
 

F
a
o
 

m
t
 

z
-
 

S
a
 

L
i
n
a
 

u
e
d
 

a
~
n
 

a ws “a 2 
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Is STAR INCICATUK 
GREATER THAN ZERG? 
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SET STAR ENCTCATOR 
#260 

DC R52 FOR CELEST- 
TAL BODY #2 

+ 

+03 
+EDIT 
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++ 
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«+ CG R53 FOR CELEST-   

TAL BODY #2 

SELECT STAR #2 
FCR USE BY R52 
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USED. 
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. . . . . #290 

OG SIGHTING DATA « OG SIGHTING DATA 
CISPLAY ROUTINE oe e.« OL SPLAY ROUTENE 
(R54) . . (R54) 

of of . . «E E 
ox oX . . oX Xe 

of el . . el I. 
oT oT . . oT T. #300 

or vege i Daye npe, 

« CC GYRO TORQUING sauaccccecaceseseces DU GYRO TORQUING « 
« ROUTINE (R55} oe ee RUUT INE {R55} . 
i eeierietnieneieinieieinitetel . eta an . #310 

. . . . . . #320 

HOLD « FLASH VERB-NOLN TO . oe MONITOR OSKY: 
secceeoe REQUEST PLEASE eee cesosnecece OBSERVE VERB-NOUN 
SNAP. PERFGR® FINE ALIGA3 . oe FLASF TO REQUEST 

vsC N25 . . PLEASE PERFORM FINE 
R1-00014 . : ALIGN 
R2-BLANK . 8 TTT TT een nme 
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wALT FOR KEYBOARD sees 
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RECEIPT OF ENTER 
GR PROCEED 
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CHANGE CONTROL NOTES 

REY C1 
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PURPOSE: 

1113 

AUTCKATIC OPTICS(LM) POSITIONING ROUTINEIR 52} REV 03 12/03/69 

(1) TO POINT THE LUS OF ANY AOT DETENT OR THE LUS OF A BACKUP OPTICAL SYSTEM AT A SPECIFEED CELESTIAL BODY BY 
WANEUVERING THE LB. 

ASSUMPT LON: (1) TRE ROUTINE IS AUTOMATICALLY SELECTED BY THE INFLIGHT FINE ALIGN ROUTINE (R51). 

PROG 
CONT 

HOLD. 

SNAP 

  

Lec GROUND CREW 

2 LGCc 
«ROUTINE 
oS ELECT ION 

START AUTO 

OPTICS(tiM) 
POS [TIONING 
ROUTINE CR52) #10 
  

    

  

  

FLASh VERB-NUUN . MONI TOR OSKY: 
TO REGLEST RESPCASE . OBSERVE FLASHING #20 
AND DISPLAY AOT . . VERB-NGUN TO RECUEST 
EETEAT ANC STAR mea reerececccecccees RESPONSE AND DISPLAY 
cCQvE: . GF AOT CETENT AND 
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RI1-AECCE 
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R3-@L ANK 
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CCDE ANC STAR COCE: 
A B-C 
C-AOT CETENT 
CeE-STAR CGOCE 

WhERE: 

AGT DETENT (C} - THE 
ACT CETENT CODE USED 
FCR SIGHTING: 
0 = CGOAS CALIBRA- 

TION 

L = FRONT LEFT DET- 
ENT 

2 = FRONT CENTER 
DETENT 

3 = FRONT RIGHT 
CETENT 

4 = REAR RIGHT 
CET ENT 

5 = REAR CENTER 
DE TENT 

6 = REAR LEFT CET ENT 
7 = BACK-UP CPTICAL 

SYSTEM 

STAR CODE — THE 
DESIGNATION OF THE 
CELESTEAL BOCY TO BE 
USED. ALL DE SIGNA~ 
TIONS IN OCTAL. 

COPLANET 

O1L/45-STAR {FROM 
STAR CODE LIST) 

46-SUN 

47-EAR TH 
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ARE THE AOT DETENT 
AND STAR CODE 
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TA ACT CETENT COL 
= COOXX GR XXTXXx? 

E 

DEFINE LOS AZi- 
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Re-ceT EL 
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AZIMUTH OF TRE 
PRESENT CETENT 
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MONITOR DSKY: . 
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NATES FOR PREVIUUSLY 
DEFINE’ LCS AZIMUTH 
ANU ELEVATION. 

0G CELESTIAL BODY 
CEFINITICN ROUTINE 
(R58) FOR CELESTIAL 
BODY INTENDED TO BE 
USED 

DEFINE THE SPECIFIEC 
LOS ITH RESPECT TC 
TEE iM TO BE ALONG 
THE LCS TC THE CELE- 
STEAL BODY SELECTED 
FOR USE 8Y ThE ATT I- 
TILDE MANEUVER RCU- 
TINE (R60). THE 
TOTAL VERICLE ATT I- 

TUDE WILL BE Coe 
PUTED DURING 
ROO (VECPCINT). 
IN GRDER TC CCNSERVE 
RCS FUEL TRE NON- 
CRITICAL ATTETUCE 
ABOLT THE SPECEFIED 
LOS WILL NOT BE 
CONSTRAINED. 

OU ATTITUDE MANEUVER 
RCUTIAE (R6O} 
(NOTE: THE 3-AxiS 
FLAG WAS RESET 
ABCVE.) 

TS ACT ECETENT CCUE 
= CCCxXx       
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OO CELESTIAL BCOY 
DEFINITION ROUTINE 
(R58) FOR CELESTIAL 
BO0¥ INTENDED TC BE 
USED 
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DO ATTITUDE MANEUVER 
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IS TRES A COAS CAL- 

TRRATICN SIGHTING? 
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PURPOSE: 

1121 

ACT WARK ROUTINE {R53} REV 02 12/03/69 

(2h) TC REQUEST AND PRCCESS SIGHTING MARKS (USING THE AOT OR THE COAS) ON CELESTIAL BODIES FOR USE BY THE ALIGNMENT 
PROGRAMS (LUNAR SURFACE AAD INFLIGHT). 

ASSUMPTIONS: (1) #ULTIPLE SIGHTINGS {SINGLE FOR LUNAR SURFACE; X,¥ PAIRS ENFLIGHT) UP TO A MAXIMUM OF FIVE MAY BE USED TO 
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DETERMINE THE AVERAGE LCS VECTCR TO THE CELESTIAL SODY. 

42) A BACKUP OPTICAL SYSTEM (COAS) MAY BE USED FOR SIGHTINGS. HOWEVER IN THIS CASE THE CREW MUST LGAD CALIBRATED 
LOS AZIMUTH AND ELEVATICA DATA ASSOCIATED wITh THIS LCS. 

(3) THIS ROUTINE IS AUTOMATICALLY CALLEC BY P51sR51, AND 859. 

(4) TRIS ROUTINE ENABLES THE MARKRUPT ROUTINE (R57) WHICH IS AUTOMATICALLY CALLED BY CREW ACTIVITY WITH ANY OF THE 
FCLLGWING BUTTONS/SWETCHES: MARK X BUTTON, MARK Y BUTTON, MARK REJECT BUTTON» DES RATE SWITCH (+ GR - RGD). 

ice GRCUNC CREW 

=«kGC 
oROLTIAE 
»SEL ECT ION 

START AQT MARK 
RGUTIKE (R53) 

CGES MARK STATUS 
REGISTER INOICATE 
THAT THES ROLTINE 
1S ALREACY IN 
PROCE SS? 
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TURA CA PROGRAM * 
ALARM LIGHT ANC See ee ry 

STORE ALARM COGE . 
(20105). 

OC FINAL AUTC~ . 
MATIC RENLEST we eee twee reece teenes 
TERMINATE ROUTINE . 
(ROO) 

EXIT R53 
AND PXx 

EITFER TRE MARK 
PREGRESS FLAG CR 

THE NG MARKS ALLORED 
FLAG SET? 

  

TURN ON PROGRAM . 
ALARW LIGHT AKC oueseee 
STORE ALARM CODE . 
(3l21i). 

  

CO RESTART. 
(MARKS TN PRO- 
GRESS AND NU 

MUNITOR OSK Y¥: 

CUES PROGRAM AL AKM 
LIGHT INDICATE RQU- 
TINE ABNORMAL ITY? 
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MARKS ALLCWEC 

FLAGS ARE RESET)    

  

SET THE MARK IN 
PRCGRESS FLAG 

1S AN LGC VAC AREA 
AVAILAGLE FGR CCM- 
PLTATICNS? 
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TLRN CN PROGRAM 
ALARM LIGHT AND 
STCRE ALARM COCE 
(312¢7) 

OC RESTART. 
(ALL WAC AREAS 
ARE RELEASED. 
MARKS IN PROGRESS 
AND NO MARKS 
ALLOWED FLAGS 
ARE RESET). 
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+02 . EX iT . . 
++ eens . 
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. TO IDENTIFY . 

. mB ALARM CODE . 
. FROM ROP nn ee ee . 

. eee . . . . #130 

SET MARK INPUT TMHI- . . . 
BIT FLAG . . . 

tt . . Tots cs at cccsne q 

+02 . . SELECT NEW . 
+EDiT . . PROGRAM . 
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. > AND PXXK ae . 
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HOLD « FLASF VERB-NOUN TO . . MONI TOR OSKYs ce 
seceeeene REQUEST RESPENSE AND aeeaccccccescacaacce OBSERVE FLASHING . . 
SNAP. DISPLAY AGT DETENT . . VERB-NOUN TU REQUEST « - 

AND STAR CODE: . RESPGNSE AND DISPLAY. « 
VCIN7L - CF ACT DETENT ANC oo. 
R1-ABLDE . STAR CCDE. o« 
R2-@LANK em a eo . 

R3-BLANK . . we 

. . oe #160 
@1 1S ACT CETENT . * we 
CUDE AND STAR CODE? . ee 
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C,E ~- STAR CCCE 

WHERE: 

AQT CETENT — ThE 
AQT DETENT CODE 
USEC FOR S$ EGHT ING: 
2= FRONT LEFT DETENT 
2= FRONT CENTER DE- 
TEAT 
2= FRONT RIGHT DE- 
TENT 
4= REAR RIGHT CETENT 
S= REAR CENTER DE- 
TENT 
6= REAR LEFT DETENT 
T= BACK-UP OPTICAL 
SYSTE® 

STAR COCE - ThE 
DESIGNATICN OF THE 
CELESTIAL BODY TO BE 
USED. ALL CESIGNA- 
TECAS IN GCTAL; 

Oc — PLANET 
01/45 - STAR (FROM 
STAR CCOE LIST). 
46 - SUN 
47 - EARTH 
50 - MCCN 

    

ALT FGR KEYBGARD 
ENTRY 

TERMINATE FLASH UPON 
RECEIPT CF PROCEED, 
ENTER (NEW DATA), OR 
TERPINATE 

oP oT «NEW 
oR aE «CATA 
O oR . 
oo aM ~------- == 
«€ oT STGRE CATA 
oF ah --- aoe 
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PLAYS CORRECT FOR 
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SIGHTING S? 
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DEFINI TICK: 

VOéNaT 
Ri-GPT AZ 
R2-OPT EL 
R3-GL ANK 

OPT AZ - THE AZI- 
AUTH OF TRE 
OPTICAL SYSTEM IN 
LSE. THE ANGLE IN 
THE LM Y/Z PLANE 
MEASURED FRO THE 
tM +2 AXIS TO THE 
PRCJECTICN OF ThE 
LOS ON THE Y/Z 
PLANE. POLARITY 
IS + FCR NEGATIVE 
ROTATION ABOUT 
TRE LM + X AXIS. 
IN DEGREES TC 
NEAREST «Ot CE- 
GREE. 

OPT EL - TRE ELEC- 
VATICN GF THE LOS 
GF THE OPTICAL 
SYSTEM IN USE. 
THE ANGLE FRE® 
THE LOS TO THE LM 
Y/Z PLANE. POLA- 
RiTy¥ 1S ¢ FOR A 
LOS IN THE SAME 
HEMISPHERE AS THE 
LM +X AXIS. IN 
CEGREES TO NEAR- 
EST .O1 DEGREE> 

BATT FCR KEYBCARC 
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SENTLY DI SPLAY~ 
ED CORRECT? 
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« CALIBRATIGNS 
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« CALTBRATIUNS FROM 
« LCISFLAY 

PICK UF AZIMUTH . 
AND ELE VATIUN . 

» TERMINATE FLASH - . 
» UPUN RECELPT CF . . 
=» PRCCEED, ENTER . . 
+ ENEW CATA), OR * . 
« TERMINATE. + . 

2 oP oT wNEW . 
2 oR oF «CATA. . 
+ 0A eK . . . 
2 6 eM wee . . 
» oF «I STCRE . + 
2 ek «oN DATA * ° 
2 of eA saan . . 
e. oT . - . 
ee o£ - . . 

« « OO FINAL AUTO- . 
« « MATIC REQUEST . 
eo = TERMINATE ° 
«= « RUUTINE (RUC) . 

oe EXIT R53 . 
a AND PXX . 

« PICK UP AZIMUTE aé 
2 AND ELEVATION . 
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FROM 
R57 

  

IN MARK STATUS 

ZERG MARK IDENT- 
IFIER 
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COMPUTE X AND ¥ MARK 
PLANE WECTCRS ANC 

 
 

SATICK FCR SPECI- 
FIED DETENT FRCP 

OPTICAL AXIS VECTOR. 

ZERG MARK COUNTER. 

RESET THE FOLLGWIAG 

STORAGE. 

 
 

PICK LP APPARENT 

CAL IBRATIONS FUR 
SPECIFLEG CETENT 
FROM STORAGE. 

ROTATION COMP EN- 

FLAGS 
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CLD 

SNAP 

REGISTER? 

Y MARK, 
INHIBIT, 
JECT, AND MARK PAIR. 

FLASH VERB-NCUN TC 
REQUEST MARK X OR 

MARK Y RETICLE 
LUINE/STAR TATER~ 
SECTION: 

wALT FCR KEYBCARD 

V54N71 
R 1- ABCDE 

R2- 8 ANK 
R3-BLANK 

ENTRY 

TERMINATE FLASH UPEN 
RECEIPT GF PROCEED, 

OR TERMINATE ENTER, 

-P «T 
ak of 

x MAKKe 

MARK 

PARK RE- 
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MONITOR OSK Y: 
GESERVE VERB-NCUN 

FLASH TO REQUEST 
MARK X GR MARK Y 

RETICLE LINE/STAR 
INTERSECTION 

COMPLETE SIGHTING 
MARK PROCEUURE 

{REFER MARKRUPT ROU 
TINE(R57) ALSO} AC- 
HERING TQ THE FCLL-~ 
OQwENG PRINCIPLES; 

(A) INFLIGHT 

CL} ADJUST ACT 
RETICLE TO ZERG 
BEFORE PERFORMING 
MARKS. 
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SET MARK ENPLT IAHI- 
BiT FLAG. 

ARE X MARK ANC Y 
MARK FLAGS SET? 

    

    

C
S
 

(2) A MARK IS 
MADE WHEN THE 
TARGET BODY CRCS- 
SES THE X OR Y 
RETICLE LINE BY 
PRESSENG THE 
APPROPRIATE MARK 
AUTT ON. 

(3) MARKS MUST BE 
MACE IN X ANC Y 
PAIRS. 

(4) SEQUENCE OF 
MARKS IN EACH 
PAIR (X-V¥ OR Vex? 
1S IRRELEVAAT. 

(5) MARK REJECTS 
MAY BE MADE TC 
THE DEPTH OF CNE 
PAIR OR PARTIAL 
PAER. 

(6) THE LGC WELL 
PROCESS UP TC AND 
INCLUDING 5 MARK 
PAIRS FOR EACH 
CELESTIAL BODY. 
THE LGC WILL 
AVERAGE ALL CF 
THE LGS TO DEFINE 
A FINAL LOS. 

(71 AFTER EACH 
PAIR THE CREW 
MAY; TERMINATE 
THE MARKING (KEY 
IN *PROCEED" }: 
CONTINUE MARKING 
ON THE SAME CEL- 
Estiat BcoY 
CTF LESS THAN 5 
PAIRS ARE ALREALY 

STCRED IN THE 
LGC} (USE APPRO- 
PRIATE MARK 
BUTTCNS}; OR 
THRGW AWAY ALL 
OATA ON PRESENT 
CELESTIAL BODY, 
SELECT A NEW BODY 
ANC CONTINUE 
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ChECK MARK CULN- 

TER 

220 Ce. 

+ TURN GN PRG~ 
« GRAM ALARM oe 

+ LIGHT AND 
. STORE ALARM 

» CODE (OOLII> 

THROW AWAY ANY 
UNPATRED WARK 
DATA. 

MARKING (KEY IN 
"ENTER, DEFINE 
NEw BODY ANG 

CONTINUE MARKING) 

(8) IN ADDITECN 
TO THOSE PROGRAM 
ALARMS wWhICH MAY 
CCCUR EN RST A 
PROGRAM ALARM MAY 

OCCUR IN THE 
FOLLOWING CASE 
{KEY IN VO5NO9 TO 
ICENTIFY): A 
"PROCEED" WHEN NC 
COMPLETE PAIR OF 
MARKS 1S STCREO 
IN THE LGC (CODE 

OOll1L}. 

(8) SURFACE 

(1) MARKS ARE 
MADE SINGLY BY 
PUSHING EITHER 
THE MARK X OR 
MARK Y PUSHBUTTON 
AND LOADING THE 
APPROPRIATE CUR- 
SCR AND SPIRAL 
ANGLES FGR THAT 
MARK ACTION (THE 
TARGET BODY 
SHOULD BE BRAC K- 
ETEO BY THE 
CURS CR/SPIRAL 
THE LGC WILt NOT 

CONSIDER A MARK 
TO HAVE BEEN MAGE 
UNTILL BOTH CF THE 
ABOVE STEPS HAVE 
BEEN PERFORME 
THEREFCRE [7 
NOT NECESSARY TO 
REJECT A MARK FOR 

Ce. 
[s 

WHICH CURSGR & 
SPIRAL ANGLE IN- 
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 FORMATION HAVE 

NOT BEEN LOADED. 
ANOTHER MARK AC- 
TEGN WILL *WRITE 
OVER" THE PRE- 
VIOUS ONE. 

(2) A MARK REJECT 
WILL REJECT A 
MARK AND ITS ASS-— 
OCIATED CURSOR 
AND SPIRAL ANGLES 
TO ANY DEPTH AS 
LONG AS ANY MARKS 
REMAIN. (MARK 
COUNTER >0}. 

(3) GPT IMALLY A 
MARK SHOULO BE 
MACE BETWEEN ITS 
CURSCR AND SPIRAL 
ANGLE RECORDING 
WHICH REQUIRES 
THAT THE FIRST 
ANGLE BE WRITTEN 
DOWN OR REMEMBER— 
ED. (COSKY WILL 
NOT REQUEST CUR- 
SOR AND SPIRAL 
INFORMATION UNTEL 
A MARK PUSHBUTTON 
ACTION IS MAQDE). 
IN THAT THE 
SPIRAL READING IS 
CONSIDERED TO BE 
MORE DIFFICULT, 
IT SHOULD BE MADE 
FIRST+ THEN TRE 
MARK, THEN CURSOR 
READING. 

(4) THE LGC wWILt 
PROCESS UP TO AND 
INCLUDING 5 MARKS 
For EACH CELE ST- 
TAL BODY. THE LGC 
WILL AVERAGE ALL 
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DECREMENT MARK 
CCUNTER BY UNE 
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OF TRE LOS TO 
DEFINE A FINAL 
Los. 

(5) AFTER EACH 
MARK (AS DEFINED 
IN (8)01) ABOVE} 
THE CREW MAY; 
TERMINATE THE 
MARKING (KEY IN 
“PROCEED™); 
CONTINUE MARKING 
ON THE SAME CEL- 
ESTIAL BaDY (IF 
LESS THAN 5 MARKS 
ARE ALREADY STOR- 
£D IN THE LGC); 
OR THROW AWAY ALL 
OATA ON PRESENT 
CELESTIAL BCOY, 
SELECT A NEW BODY 
ANC CONT INUE 
MARKING (KEY IN 
"ENTER®, DEFINE 
NEW BODY ANC” 
CONTINUE MARKING) 

(C) INFLIGHT OR 
SURF ACE 

(1) THIS ROUT INE 
ANG THE PRESENT 
ALIGNMENT PROGRAM 
MAY BE TERMINATED 
AT ANY TIME BY 
KEYING IN TER- 
MENATE €V34E). 

»TERMINATE 4E 
. oh 
. Tt 

aaa ne nnn oe 
DO FINAL AUTC- .R 
MATIC REQUEST . 
TERMINAT E 
ROUTINE (ROO) 
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+t 

+02 
+EDIT 
te 

CALCULATE LOS VECTUR 
TC CELEST LAL BOLY 
STARTERG WITH MCST 
RECENT PAIR OF X AND 
Y PARK CAF A ANC AV- 
ERAGE WITH PRE- 
VEGUSLY COMPUTED LUS 
VECTCR TC THE BCCY. 

SET MARK STATUS 
REGISTER = 0. 

RESET MARK IN PRO- 
GRESS FLAG 

EX ET 
R53 

. EXIT R53 
. AND PXX 

HAS PROGRAM AL ARM 
Q01L1 OCCURRED? 

oN oY 

EXIT 
R53 

c
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. 
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CHANGE CONTROL NUTES 

LOGIC REY Cl PCR S27 
LOGIC REV OO{LUM 1A) PCR 699 
LOGIC REV OL(LUM 1B) PCR 801 22 

REV C2 EDITURIAL 
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PURPOSE: 

ASSUMPTIONS: 

PROG 
CONT 

1139 

SIGHTING GATA CISPLAY ROUTINE (R54) REV 02 12/03/69 

1) TC DISPLAY THE ACCURACY OF A PAIR OF CELESTIAL BUDY SIGHTINGS, GR ALIGNMENT VECTORS. 

(1) THE ROUTINE [S$ NCRWALLY AUTCMATICALLY SELECTED BY THE E¥U GRIENTATIGN DETERMINATION PROGRAM (P51), THE INFLIGHT 
FINE ALIGN ROUTINE (R51), OR THE LUNAR SURFACE ALIGN PROGRAM (P57). 

icc 

eL GC 
+ ROUTINE 
» SELEC TION 

START SIGHTING DATA 
CISPLAY RCUTINE 
(R54) 

  

CALCULATE ANGLE BE- 
TREEN TO CELESTIAL 
BGDIES USING STOR- 
ED EPHEMERIS 
DATA CACTLAL) 

CALCULATE ANGLE BE 
TREENK TeC CELESTIAL 
BOOLES USENG VECTORS 
DEREIVEG FROM MARK 
ANGLES (INDICATED) 

GROUND CREW 
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R547 SUNDANCE
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FLASH VERE-NOGUN TU 

REQUEST RESPCNSE ANC 
DISPLAY SIGHTING 
ANGLE CUFF: 

¥06 NCS 
R1-SIGHTING ANGLE 

CIFF 
R2-BLANK 
R 3- BLANK 

  

SIGHTING ANGLE OLFF- 
IN P51,P52 AND THE 
ALIGKPENT TECHNIQUE 
CPTLCN #2 CF PSts If 
IS ThE DIFFERENCE 
BETWEEN ACTUAL 
AND INDICATED ANGLES 
BETWEEN CELESTIAL 
BCCY VECTCR #1 ANC 
CELESTIAL BODY 
VECTOR #2. 
(NCTEs FOR ALIGAPENT 
TECKHNIQLE OPTIONS 
#O,W1, ANC #3 OF PST 
THE MEANING CF THIS 
SIGHTING ANGLE DIFF- 
ERENCE IS CESCRIBEC 
IN SECTICN 5.6.2 CF 
R567. TEE POLARITY 
CF THE SIGHTING 
ANGLE DIFFERENCE IS 
ALSO CEFINED THERE- 
IN}. 
IN DEGREES TO 
NEAREST .01 CEGREE. 

  

MONITOR DSKY3 
OBSERVE FLASHING 
VERB-NCUN TO RE- 
QUEST RESPONSE AND 
OISPLAY OF SIGHTING 
ANGLE CLIFF 
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e
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DOES THE SIGHTING 
ANGLE CIFFER ENCE 
EXCEEU THE ACCEPT- 
ABLE TOLERANCE? 
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WAIT FOR KEYaG 
ENTRY 

TERMINATE FLA SI 

ARD 

4H LPON 
CEED 

nga 

RECEIPT OF PRO 
GR RECYCLE 

Pe oR 
Re “£ 
Oe oC 
Ce a¥ 
E. oc 
€. ol 
c. o£ 

EXIT “a” Exit 
FRC# FROM 
R54. R54. 
CCNT INUE CONT INUE 
AS DEFINED AS CE 
IN CALLING EN CA 
PROGRAM/ PROGR 
ROUTINE RCUTE 

CHANGE CONTRCL ACTES 

REV OL NC PCRS 
REV C2ULLM 1C) 

FINED 
LLING 
AM / 
NE 

PCR 972 

SHALL [ PROCEED 
wETH CUT-CF- 
TOLERANCE DATA? 

    

eee eweseawcesesese CEED 

e
e
 
e
e
 

ExItT sas 
FROM 
R546 
CONTI NUE 
AS DE- 

FINEC EIN 
CALLING 
PROGRAM/ 
ROGTINE 

KEY IN RECYCLE 
V32E 

Exit "3B" 
FROM 
R54. 
CONTINUE 
AS DEFINED 
IN CALLING 
PROGRAM/ 
ROUT INE 
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GYRC TCRQUING ROUTINE (R55) 

1143 

PURPOSE: {1} TC CALCULATE GYRO TORQUING ANGLES FUR FINAL (FINE) ALIGNMENT OF THE INERTIAL PLATFORM DURENG AN INFLIGHT 
ALIGNMENT; TC DESPLAY TFESE ANGLES AND TG TORQUE TERE GYROS. 

ASSUMPTICNS: (1) THE ROUTINE IS AUTOMATICALLY SELECTED BY THE INFLIGHT FINE ALIGN ROUTINE (R51). 

PROG LGC GRCUAD 
CONT 

o LGC 
«ROUTINE 
eS ELECT IGN 

START GYRC TCRQUING 
ROUTINE (R55) 

  

CALCULATE RECUIREC 
TORQUING ANGLES FOR 
EACh GYRO 

HOLO . FLASH VERB~NOUN 
saeeceees FC REGUEST RES= . 
SNAP PONSE AND DISPLAY tee ee eee ememecnesees 

GYRG TORQUING . 
ANGLES: 

VC6 NGS 
R1-x GYRC 
R2-¥ GYRE 
R3-Z GYRO 

CREW 

MONITOR OSKY? 

OBSERVE FLASHING 
VERB-NOUN TG REQUEST 
RESPONSE AND OISPLAY 
OF GYRO FORQUING 
ANGLES 
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GYRG TORQUING 
ANGLES-THE ANGLE 
THROUGh wHICH 

EACt GYRO MUST BE 
TORQLED TC CCM 
PLETE THE FINE 
ALIGKPENT. ALL 
ANGLES IN DEGREES 
TG NEAREST .001 
DEGREE. 

  

WALT FCR KEY BOARC 
ENTRY 

TERMINATE FLASH 
UPCN RECEIPT OF 
PROCEED OR RECYCLE 

  

oR Ee 
a c. 
aC Ye 
of Cc. 
of io 
oD Es 

PULSE IRIGS . 
THROUGR CESIRED « 
ANGLES . 
  

EXIT EXIT 

  

SHALL I PERMIT 
TORQU ING? 
CONSICER MAG- 
NITUDE OF 
TORQUING ANGLES. 

  

KEY IN PROCEED 
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EXIT EXIT 
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CHANGE CONTROL NOTES 

NO PCRS 

R55 R55 
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PURPOSE: 

ASSUMPT IONS? 

PROG 
_ CONT 

1147 

TERMINATE TRACKING ROUTINE (R56) REV 03 12/03/69 

(1) TC TERMINATE PROGRAMS P20,P22, UR P25 

{1) THE SELECTION AND TERMINATION OF P20, P22, AND P25 ARE SUBJECT TO SPECIAL OPERATING PROCEDURES DIFFERENT 
FROM THCSE FCR ALL CTHER FRCGRAMS: 

loc 

(Ad SELECTION 

CL) ALWAYS BY V37EXXE 

{2} IF ANY OTHER PROGRAM IS RUNNING AT THE TIME OF P20/22/25 SELECTION, THE NEW PROGRAM WILL REPLACE 
THE OLD. THES INCLUDES P20/22/25 SELECTION WHEN ANY JF P20,22, 32 25 IS RUNNING. 

(3) IF P20 GR P25 IS RUNNING: SELECTICON OF ANY PROGRAM OTHER THAN POO OR P22 WILL RESULT IN P20 OR 
P25 CCNTINUING, ANO THE NEW PROGRAM ALSO OPERATING WITH ITS NUM3ER DISPLAYED IN T4E DSKY PROG LIGHTS. 

(4) IF P20 OR P25 1S RUNNING, SELECTIGN OF PCO OR P22 WILL RESULT IN THE TERMINATION GF THE OLO 
PROGRAM, ANC CPERATICN OF THE NEW. 

(2) TERMINATION 

(1) By SELECTICON OF POO, V56E, OR BY V34E~ 

(2) POO SELECTION WILL TERMINATE P20,22, AND 25 AND ANY OTHER PROGRAM IN PROCESS, AND ESTABLISH 
Poc. 

(3) V56E SELECTION WILL SELECT THE TERMINATE TRACKING ROUTINE (256) WHICH WELL TERMINATE ONLY P20 
GR P25 1F ELTHER OF THESE PROGRAMS IS RUNKING IN CONJUNCTION WITH ANOTHER PROGRAM. IN ALL OTHER 
CASES R56 WILL SELECT ROO. V56E MAY BE PERFORMED ANY TIME DURING P20,22, OR 25 OPERATION. 

(4) THE LGC WILL ACT UPCN V34E GNtY IN RESPONSE TO A FLASHING VERB-NOUN. IF THIS DISPLAY WAS 
ORIGINATED BY P20,22, GR 25+ V34E WILL RESULT IN AN IDENTICAL LGC RESPONSE TO THAT OF V56E, THAT IS, 
SELECTICN CF R56. IF THIS DISPLAY WAS NOT ORIGINATED BY P20,22, OR 25 {SUCH AS P32, WHILE RUNNING 
WITH P2C) THE LGC WILL GG TO ROO, HOWEVER THE PROGRAM IN THE SACK GROUND WILL CONTINUE. THE NEW 
PROGRAM SELECTED FOLLOWS THE SELECTION RULES ABOVE, {A}. 

GRCUNC CREW 

R56/LUMINARY
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- CREW 
*RUUTENE 
«SELECT ION 

  

  

      

  

  

wanna -+--- +--+ #10 
START TERMINATE . KEY IN ¥56E OR V34E 
TRACKING ROLTINE oe ewaceeenccvcecenes (SEE ASSUMPTION (It 
(R56) . ABOVE). 

1S RENDEZVOUS OR P25 IS P20, P22, OR P25 
FLAG SET? IN PROCESS? #20 

. exit 
. R56 

. #30 

. . #40 

RESET TRE P25 FLAG . 

1S THE TRACK FLAG . 
SET? . 
noer nese neo ---- =~ . #50 wv . 

. EXIT . 

. . R5S6/LUMTNARY



+t 

+03 
+EDIT 

R50 

RESET THE TRACK 
FLAGe UPLATE FLAG: 
AND LWLSE FLAG 

WAIT FOR ANY 
INTEGRATICN IN 
PROCESS 10 FINISH. 

CCMMAAC ZERO 
VEHICLE RATES 

SET DEADBAND TO 
PREVICUS VALUE 
DEFINED BY RC3 

  

RESET CONT INUOUS 
DESIGNATE FLAG 
  

Ca
 
a
 

. 
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REMOVE RR TRACK 

ENABLE CISCRETE 
FRCM THE RR 

TS P22 [N PROCESS? 

  

IS P20 (GR P25} 
THE ONLY PROGRAM 
EN PACCESS? e

e
t
 
e
e
 

. 

« 0¥ Ne 

oe EXIT 
- RS6 

DG FINAL AUTOMATIC 
REQUEST TERMINATE 
RCUTINE (ROO? 

IS 922 [IN PROCESS? 

IS P20 (OR P25) . 
THE GNLY PROGRAM . 
IN PROCESS? 

  

OO FINAL AUTOMATIC 
REQUEST TERMINATE 
ROUTINE (ROO) 
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#140 

CHANGE CCNTRCL NCTES 

LOGIC REV O1 PCR 451 
LOGIC REV Cé EDE TURE AL 

REV 03 ECITOR TAL 
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