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SPS PROGRAM (P40) Locic REV 16 11/27/68 

{1) TO COMPUTE A PREFERRED IMU ORIENTATION AND A PREFERRED VEHICLE ATTITUDE FOR A SPS THRUSTING MANEUVER. 

{2% TO CALCULATE ANE CISPLAY THE GIMBAL ANGLES WHICH WOULD RESULT WITH THE PRESENT £MU OREENTATION FF THE VEHICLE WERE 
MANEUVERED TO THE PREFERRED VEHECLE ATTITUDE FOR A SPS THRUSTING MANEUVER. THE CREW IS THEREBY GIVEN AN OPPORTUNITY TO 
PERFORM THE MANEUVER WITH: 

(A) THE PRESENT [MU CRIENTATION, IF THE MIDDLE GIMBAL ANGLE IS NOT GREATER THAN 45 DEGREES, AND THE IMU 
HAS BEEN ALIGNED WITHEN THE LAST 3 HRS. 

(B) A KEW ORTENTATICN ACHIEVED BY SELECTICN OF P52. 

{3} TO DO THE VEFICLE MANEUVER TC THE THRUSTING ATTITUDE. 

{4} TO CONTROL TRE GNCS DURING COUNTDOWN, IGNITION, THRUSTING, AND THRUST TERMINATION OF A GNCS CONTROLLED SPS 
MANEUVER. 

{1) THE TARGET PARAMETERS HAVE BEEN CALCULATED AND STORED IN THE CMC BY PRIOR EXECUTION OF A PRE-THRUSTING PROGRAM. 

(2) THE REQUIREC STEERING EQUATIONS ARE IDENTIFIED 8Y THE PRIOR PRE-THRUST PROGRAM, WHICH EITHER SET OR RESET THE 
EXTERNAL DELTA V STEERING FLAG. FOR EXTERNAL DELTA V STEERING» VG IS CALCULATED ONCE FOR THE SPECIFIED TIME OF 
IGNITION. THEREAFTER BOTH DURING THRUSTING AND UNTIL THE CREW NOTIFIES THE CMC TRIM THRUSTING HAS BEEN COMPLETED 
THE CMC UPDATES VG OALY AS A RESULT OF ACCELEROMETER INPUTS. 

FOR LAMBERT STEERING VG IS CALCULATED AND UPDATED SEMILARLY, HOWEVER IT IS ALSO UPDATED PERIODICALLY BY 
LAMBERT SOLUTICNS TC CORRECT FOR CHANGES IN THE CSM STATE VECTOR. 

(3) [TT IS NORMALLY REQUIRED THAT THE ISS BE ON FOR 15 MINUTES PRIOR TO A THRUSTING MANEUVER, 

(4) THE TTE CLOCK TS SET TO CCUNT TO ZERO AT TIG. 

(5) ENGINE IGNITION MAY PE SLIPPEC BEYOND THE ESTABLISHED TIG IF DESIRED BY THE CREW OR IF INTEGRATION CAN NOT BE 
COMPLETED ON TIME. 

16) THE SPS THRUSTING PROGRAM CCES NOT MONITOR THE SC CONTROL DISCRETE {CHANNEL 31 S1T 15) DURING THRUSTING. THIS 
MEANS THAT THE CMC WILL CONTINUE TO GENERATE ENGINE ACTUATOR COMMANDS, SPS ENGINE ON DISCRETE, AND FDAI ATTITUDE ERROR 
NEEDLE CCMMANOS UNTIL THE CMC SCLUTION INDICATES ENGINE OFF AT WHICH TIME THESE COMMANDS AND THE ENGINE ON DISCRETE 
ARE TERMINATED. HOWEVER, THIS PROGRAM IS NOY WRITTEN TQ TAKE INTG ACCOUNT THE SITUATION WHERE CONTROL MAY BE TAKEN 
AWAY FROM THE GNCS AND THEN GIVEN SACK, AND IT [S NCT RECOMMENDED. IN EVENT CONTROL IS TAKEN AWAY FROM THE GNCS~ THE 
CMC WILL ONLY BE RESPONSIBLE FCR COMPUTATION OF POSITION AND VELOCITY. 

(7) ROUTINE RO3 HAS BEEN PERFCRWED PRIOR TO SELECTICN OF THIS PROGRAM. IN ORDER FOR THE GNCS TG PERFORM THE ATTITUDE 
MANEUVER AND CONTROL THE THRUSTING MANEUVER THE ASTRONAUT MUST KEY IN V46E AT SOME TIME PRIOR TQ THE ATTITUDE 
MANEUVER. 

(8) TRE VALUE OF DELTA V REQUIRED WILL BE STORED IN THE LOCAL VERTICAL COORDINATE SYSTEM AND IS AVAILABLE DURING THIS 
PROGRAM UNTIL AVERAGE G TURN ON PY KEYENG IN VO6NB1. 

(9) THE ORBIT PARAMETFR DISPLAY ROUTINE (R30) MAY BE CALLED OURING THIS PROGRAM BY KEYING IN V82E. 

{10) THIS PROGRAM IS SELECTED BY THE ASTRCNAUT &Y DSKY ENTRY. 
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TS EXTFRNAL DELTA V 
FLAG SET? 

oN oY 

. . 

. . 
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COMPUTE ENT TEAL 
THRUST DIRECTION AND 
INITIAL VALUE CF VG 
VECTOR ANC STORE IN 
NBL (VG LOCAL VERT- 
ICAL} 

FROM INITIAL THRUST 
DIRECTION ANDO ENGINE 
BELL TRIM AKGLES 
COMPUTE PREFERRED 
IMU ORTENTATION: 

x = UNIT tx 7 
—SM -cS¥ 

v = UNIT {X Xx 
—SM -CS¥ 

Z SUNIT (XX 
—SM -Sé¥ 

WHERE? 
X = THE CSM X AXIS 
-CSM AT IGNITION 

(AT THE PRE- 
FERRED VE- 
HICLE ATTI- 
TUDE) 

R = THE CSM PNS- 
- ITION RADIUS 

VECTOR AT TIC. 
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SET PREFERRED 
OREFENTATION FLAG 

  

TUDE SPECIFICATION 
(TRIMMED ENGINE BELL 
CENTER LINE IN OF- 
RECTION OF INITEAL 
THRUST) FOR USE BY 
ATTITUDE MANEUVER 
ROUTINE (R60). THE 
FINAL ATTITUDE WILL 
BE COMPUTED {VEC- 
POINT) DURING R60, 
AND WELL POINT THE 
TRIMMED ENGINE BELL 
IN THE INETIAL 
THRUST CIRECTION. 
IN CRDER TO CONSERVE 
RCS FUEL AND NOT 
CONSTRAIN THE NON- 
CRITICAL ROLL ATT- 
TUDE, WINGS MAY NOT 
BE LEVEL IN THE CCM- 
PUTED FINAL ATTITUDE 

SET .5 DEGREE 
DEADBAND IN RCS DAP. 

  

DO ATTETUDE MANEUVER 

ROUTINE (R6G) 

oeecececees O00 ATTITUDE MANEUVER 
ROUTINE (R60) 
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HOLD 

SNAP 

  

RFQUEST PLEASE PER- 
FORM ENGINE GIMBAL 
DREVE TEST ENABLE 

V50 N25 
R1-00204 
R2-BL ANK 
R3-BLANK 

WAIT FOR KEYBOARC 
ENTRY 

TERMENATE FLASH UPCN 
RECEIPT OF PROCEED 
OR ENTER 

o ENTER e PROCEED 

  

INITIALIZE ENGINE 
GIMBALS TO 0 
CEGREES IN PITCH 
AND YAW AND PER~- 
FORM GIMBAL DRIVE 
TEST SEQUENCE AT 
2 SEC/STEP: 

PITCH YAW / 
/ 
/ 

0 / 
/ 
/ 
/ 
s N DEGREE 
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eee ecceneee 

MONITOR DSKY 
OBSERVE VERB-NOUN 
FLASH TO REQUEST 
PLEASE PERFORM 
ENGINE GIMBAL DRIVE 
TEST ENABLE 

  

SHALL I ENABLE 
GIMBAL DRIVE TEST? 

oN oY 

KEY IN ENTER . 

  

MONITOR GIMBAL ORIVE 
SEQUENCE BY REFER- 
ENCE TO ANALOG OFALS 
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DRIVE SPS ENGINE 
BELL TC TRIM PQO- . 
SITION evecee 

    

DISPLAY ON OSKY: . 
vG6 N40 eeeese 
R1- TFI . 
R2 - VG 
R3 - DELTA VM 

TFL - TIME FROM 
SPS EGNITION. IN 
MIN, SEC TO NEAR~ 
EST SEC. MAX 
READING IS 59859. 
(SIGN IS — BEFORE 
NOMINAL TIG, + 
THEREAFTER). 

VG - MAGNITUDE OF THE 
VELOCETY TO BE 
GAINED BY THRUSTING 
MANEUVER. IN FPS 
TO NEAREST «1 FPS 

DELTA VM-MFASURED 
DELTA V MAGNITUDE 
IN FPS TO NEAREST 
o1 FPS. THIS DIS~ 
PLAY SHOULD BE 
0000 UNTIL ULLAGE 
1S STARTEC. 

-20 SEC 

  

OBSERVE DIAL INDICA- 
TION GF ENGINE BELL 
ORIVING TO TRIM 
POSITION 

MONITOR OSKY: 
OBSERVE DISPLAY OF 
TFI, VG, AND CELTA 
vM 
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Oc STATE VECTOR 
INTEGRATICN (MID TC 
AVE) ROUTINE (R41). 

~35 SEC 

BLANK DISPLAY OF 
VERB-NOUN AND Rie 
R2, RZ AT TFT > -35 
SEC 

WAIT UNTIL TEE = 
-30 SEC 

REDISPLAY VO6N40 NON- 
FLASHING AND CALL 
AVERAGE G RCUTINE. 

  

eae ccccenos 

Na STATE VECTOR 
INTEGRATION (PID TO 
AVE) ROUTINE (R41). 
OBSERVE THAT THE 
COMPUTER ACTIVITY 
LIGHT 1S ON UNTIL 
COMPLETION OF 
ROUTINE 41 

MONITOR OSKY? 
OBSERVE THAT CISPLAY 
GOES BLANK 
AT TFI = -35 SEC 

MONITOR DSKY: 
OBSERVE RECISPLAY OF 
TFL, VG»s DELTA VM, 
AT TFE = ~30 SEC. 
TO ENDICATE THAT THE 
AVERAGE G ROUTINE IS 
TURNED CN. OBSERVE 
THAT THE COMPUTER 
ACTIVITY LIGHT 
REENKS ON EVERY 2 
SFCONDS DURING 
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WATT UNTIL 
TFL =-5 SEC 

TS THIS BURN TO BE 
IMPULSIVE? 

  

AVERAGE Ge 

MONITOR OSKY: 
IN THE PERIOD FROM 
TFT =-3G SEC UNTIL 
TFT =-25 SEC 
DOES DELTA VM BECOME 
GREATER THAN 2.0 FPS 
INDICATING EXCESSIVE 
PIPA BIAS ERRCR? 

  

GQ TO RACKUP 
PROCEDURES 

  

COMMAND +X ULLAGE 
TRANSLATION USING 
THC WHEN [NOICATED 
RY CHECKLIST 

OBSERVE ULLAGE BUILD 
UP IN R3. 
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CHANGE VERB BUT RE- . 
HOLD . TAIN PRESENT NOUN eee cecvacse 
sees AND DISPLAYS IN R1,y . 
MON . R2_, R3_ FLASH VERB- 

NOUN TO REQUEST 
PLEASE PERFORM ENG- 
TNE ON ENABLEs 

  

  

vV99 N40 
RL - TFE 
R2- VG 
R3 - DELTA vM 

  

WAIT FOR KEYBOARD 
ENTRY 
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PLEASE PERFORM 
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SHALL { PERMIT 
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RE-IGNETION? 
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THRUSTING MANEU- 
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RESUME NO FLASH 
V06 N40 DESPLAY UPON . 
RECEIPT OF PROCEEC. 
TERMINATE FLASH UPCN 
RECEIPT OF ENTER OR 

        

TERMINATE. 
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WATT UNTIL . 
TFI=0 . 

. . 

  

WAIT ABOUT .4 
SECONDS 

WATT ABOUT 1.6 
SECONDS 

TURN OFF ALE RCS 
TRANSLATICN 

  

TS THIS AN IMPULSIVE 
BURN? 
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CALL CROSS PRO- 
DUCT STEERING 
ROUTINE AS DESCRIBED 
TN SECTION 5634344 
OF THIS DOCUMENT. 

NOTE: TF AT ANY 
TIME DURING THE 
THRUSTING PERTON 
THE ROUTINE DETECTS 
A "THRUST FATLURE® 
IT WILL CEASE 
STEERING (RATE COM- 
MAND SET TO ZERO), 
WILL STGP CALCULAT— 
ING TIME FROM CUTCFF 
AND WILL DISABLE 
CeGe TRACKING. IT 
WILL TURN ON THE 
SPS THRUST FAIL 
ROUTINE (R40) AND 
WILL SET THE TFC 
REGISTER EQUAL TO 
59BSS. 

IN THE EVENT THIS 
ROUTINE DFTFCTS VE 
TANCREASING IT WILE 
TURN CK PROGRAM 
ALARM LIGHT AND 
STORE ALARM CODE 
1407. 
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THRUST FAIL 

ROUTINE (R40) 
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3- SPS CHAMBER 
PRESSURE (PC) 
SHOULD BE NORMAL 
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. . . . #600 

Teme rrr rr tt canara Ten te ne nee 
HOLD . CHANGE TFI DISPLAY . MONITOR DSKY: 
ewesseses TO TEC IN RI reer rrr GBSERVE CHANGE OF 
MON . VO6 N40 . TFI OLSPLAY TO TFC 

Ri - TFC TN RI 
R2 — VG en eee 
R3 — DELTA VM . 

. #610 
TFC - TIME FROM . 
ENGINE CUTOFF. . 
IN MIN ANO SEC TO . 
NEAREST SEC. . 
MINUS BEFORE CUTOFF . 

. sant terre #620 
. MONETOR SPS 
. THRUSTING? 
. 1. DSKY: 
. RIi-TFC 
. SHOULD BE 
. DECREASING 

. R2-VG SHOULD BE 

. DECREASING 
. #630 
. R3-OELTA VM 
. SHOULO INCREASE 

. 2. FDAI-ATT. ERROR 
° SHOULD BE LESS THAN 
. OR EQUAL TO --DEGREE 
. ATT RATES SHOULD BE 
. LESS THAN OR EQUAL 
. TO -- DEGREE/SEC. #640
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CMC COMMANDS ENGINE 
OFF WHEN INCICATEC 
BY CROSS PROCUCT 
STEERING ROUTINE CR 
IMPULSIVE THRUST 
TIMER (SET LP AT 
IGNITION AS DEFINED 
IN SECTION 5.2323.3 
OF R577) 

    

WAIT ASOUT 2.5 
SECONDS 

DAP 

MONITOR DSKY3 . 
AS TFC AND VG GO. 
Toa ZERG TRRUST . 
SHOULD CUTOFF. . 
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WATT ABOUT 
1.2 SEC 

. 

SET WIDE CEADBAND 
IN RCS CAP AND TURN 
RCS DAP ON. 

  

MAINTAIN VG 
COMPUTATIONS AFTER 
CUTOFF FOR POSSIBLE 
NULLING BY RCS 
TRIMMENG MANEUVER 

  

  

FLASH VERS-NOCUN TO 
REQUEST PROCEFO. 
HOLD DISPLAY OF TFC 
AT TTS VALUE WHEN 
CMC COMMANDS FNGINE 
CUTOFF 

V1L6 N40 
Rl - TFC 
R2 - VG 
R3- NELTA VM 
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MOVE MAIN 
SWITCH TO OFF. 

MONITOR OSKY: 
OBSERVE VERB-NOUN 
FLASH TO REQUEST 
PROCEED AND DISPLAY 
QF TFC, VG AND DELTA 
va. 
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WAIT FOR KEY 
ENTRY 

TERMINATE FLASH UPON 
RECEIPT OF PROCEEC. 

SET MINIMUM 
IN RCS DAP 
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HOLO . 

MON 

++ 

+16 
++ 

EDIT 
PCR 
206 

wee . 

FLASH VERB-NOUN TO wercescsvces 
REQUEST RESPONSE AND . 
OTSPLAY: 

V16 NA&5 
RI~VGKICSM) 
R2-VGY (CSM) 
R3-VGZECSM} 

{COMPONENTS OF THE 
VG VECTOR RESOLVED 
ALONG THE PRESENT 
CSM Xe¥s AND Z CON- 
TROL AXES. THE VG 
VECTOR WILL BE uP- 
DATED AY THE STEER- 
ING LOOPS DURING 
EACH COMPUTATION 
CYCLE. 

IN FPS TO THE 
NEAREST 21 FPS). 

WAIT FOR KEYBOARD ee veecnses 
ENTRY . 

TERMINATE FLASH UPON 
RECEIPT OF PROCEEL 

  

  

DATA TO CREW 

2
 

. 

MONETOR OSKY: 
OBSERVE VERB-AOQUN 
FLASH TO REQUEST RE- 
SPONSE AND DISPLAY 
OF VG COMPONENTS. 

TG NULL GUT VE COM~ 
PONENTS COMMAND MAN— 
UAL TRANSLATICNS AND 
ROTATIONS. (NOTE: 
THES MANEUVER IS AT 
THE OPTION OF THE 
CREW). 

  

TRANSMIT ORBITAL oee RECEIVE ORBITAL PATA 
FROM GROUND 
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CHANGE CCNTRCL NOTES 

PCR 
DcR 
PCR 

PCR 

OCR 
PCR 
PCR 

ocr 

PCR 

MIT 32 

MIT 32 
MIT 66 
MIT 80 - 9B 

NASA 151 
41.) 

463 
216 
206 FNTTORTAL 

  

PeUrUUluls sls 

#870
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PURPOSE: 

ASSUMPTIONS: 

RCS PROGRAM (P41} LcGic REV 16 11/27/68 

(1) TO COMPUTE 4 PREFERREO IMU OREENTATION ANC A PREFERRED VEHICLE ATTITUDE FOR AN RCS THRUSTING MANEUVER, 

{2) TO CALCULATE TRE GIMBAL ANGLES WHICH WOULD RESULT WITH THE PRESENT IMU ORIENTATION IF THE VEHICLE #X-AXIS WERE 
ALIGNED TO THE THRUST VECTOR, THE CREW IS THEREBY GIVEN AN OPPORTUNITY TO PERFORM THE MANEUVER WITH: 

(A) THE PRESENT IMU GRIENTATION (NGT RECOMMENDED IF MIDOLE GIMBAL ANGLE IS GREATER THAN 45 DEGREES}, IF THE 
TMU HAS NOT BEEN ALIGNED WITHIN THE LAST 3 HRS, REALIGNMENT IS DESIRABLE. 

(8) A NEW ORIENTATION ACHIEVED BY SELECTION OF P52 

(3) TO CO THE VEFICLE MANEUVER TC THE THRUSTING ATTITUDE. 

{4) TO PROVIDE SUITABLE OLSPLAYS FOR MANUAL EXECUTION OF TEE THRUSTING MANEUVER. 

(1) THE TARGET PARAMETERS FAVE BEEN CALCULATED AND STORED IN THE CMC BY PRIOR EXECUTION OF A PRE-THRUSTING PROGRAM. 

{2) THE REQUIREC STEERING EQUATIONS ARE IDENTIFIED BY THE PREGR PRETHRUST PROGRAM, WHICH EITHER SET OR RESET THE 
EXTERNAL DELTA V STEERING FLAG. FOR EXTFRNAL CELTA V STEERING, VG IS CALCULATED ONCE FOR THE SPECIFIED TEME OF IGNI- 
TION. THEREAFTER BOTH DURING THRUSTING AND UNTIL THE CREW NCTIFIES THE CMC TRIM THRUSTING MAS BEEN COMPLETED, THE CMC 
UPDATES VG ONLY AS A RESULT OF ACCELEROMETER INPUTS. 

FOR LAMBERT STEERING VG IS CALCULATED AND UPDATED SIMILARLY, HOWEVER IT {S$ ALSO UPDATED PERIDDICALLY BY LAMBERT 
SOLUTIONS TO CORRECT FOR CHANGES IN THE CSM STATE VECTOR. 

(3) IT IS NCRWALLY REQUIRED TKAT THE TSS BE ON FOR 15 MINUTES PRIOR TO A THRUSTING MANEUVER. 

(41 THE TTE CLOCK IS SET TO COUNT TO ZERO AT TIG. 

(5) ENGINE IGNITION MAY BE SLIPPEQ BEYOND THE ESTABLISHED TIG IF DESIRED BY THE CREW OR IF INTEGRATION CAN NOT BE 
COMPLETED ON TIME. 

(6) ROUTINE RO3 HAS BEEN PERFORMED PRIOR TO SELECTION OF THIS PROGRAM. IN ORDER FOR THE GNCS TO PERFORM THE ATTITUDE 
MANEUVER AND MAINTAIN ATTITUDE CONTROL THE ASTRONAUT MUST KEY EN V46E AT SOME TIME PRIOR TO THE ATTITUDE MANEUVER. 

(7) THE VALUE OF DELTA V REQUIRED AT TIG IN LOCAL VERTICAL COOROINATES IS STORED IN NOUN 81 AND MAY BE CALLED UNTIL 
AVERAGE G IS TURNED ON BY KEYENG IN VU6NBLE} 

(8) THE ORBIT PARAMETER DISPLAY ROUTINE (R30) MAY BE CALLED DURING THIS PROGRAM BY KEYING IN V82E. 

{9) THIS PROGRAM FS SELECTED BY THE ASTRONAUT AY DSKY ENTRY.
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CONT 
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CMC GROUND CREW 

«CREW PROG. 
«SELECTION 

      

  

START RCS PROGRAM . KEY [N RCS PROGRAM 
(P41) 

DISPLAY PROGRAM 41 . V37TE 41€ 

. MONITOR OSKY? 
we CBSERVE DISPLAY OF 
. PROGRAM 41 

Dl IMU STATLS CHECK see rcceace DO IMU STATUS CHECK 
RCUTINE (R02) . ROUTINE (RO2) 

  

COMPUTE INITIAL 
THRUST CIRECTIOQN AKT 

TINITIAL VALUE OF VE 
VECTOR ANC STORE [EN 

NCUN AL CVG LOCAL 

VERTICAL) 

COMPUTE PREFFPRED 
TMU ARTENTATION: 

CHECKLIST TIME TOTAL 
TIME 
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xX = UNIT €X y 
—SM -CSM 

UNIT (T) 

Y = UNIT tY¥ } 
—SM -CSM 

UNIT (xX xR? 
-CsM - 

Zo o= UNIT {X XY) 
-SM -SM -SM 

WHERE® 
T = INI TEAL THRUST 
- VECTOR 

a = THE CSM POSITICN 
RADIUS VECTOR AT 
T1G 

Xo, = THE CSM 
-CSM =CSM CONTROL 

AXIS. 

SET PREFERRED 
ORIENTATION FLAG 

    

STORE DESIRED ATTIT- 
UDE SPECIFICATION 
FOR USE BY ATTITUDE 
MANEUVER ROUTINE 
(R60. THE FINAL 
ATTITUDE WILL BE 
COMPUTED DURING R6C 
AND WILL POINT THE 
+X TRANSLATION AXTS 
IN THE INITITAL 
THRUST PIRECTION. 
HOWEVER, IN CRDOFR TC 
CONSERVE RCS FUEL 
ANB NCT CCNSTRAIN 
THE NONCRITICAL ROLL 

) 
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ATTITUDE, WINGS MAY 
NCT BE LEVEL IN TKF 
COMPUTED FINAL 
ATTITUCE. 

SET MINTMUM 
DEADBAND IN RCS DAP 
  

   
DO ATTITUDE MANEUVER 
ROUTINE (R60) 

DISPLAY €NO FLASH) 
voenas 
Ri VGX(CSMI 
R2 VGY(CSM) 
R32 VGZ(CSM) 

CVGXECS4), VGVICSM) 
VGZ{CSM) ~ COMPCN- 
ENTS OF THE VG 
VECTOR AT TIG RE- 
SOLVED ALONG PRESENT 
CSM Xy Ys AND Z CON- 
TROL AXES RESPECT- 
IVELYs UPDATED WeC.Te 
VEHICLE ATTITUDE 
EVERY 2 SECENDS IN 
FPS TO NEAREST .1 
FPS 

      

. 

. 

  

DA ATTITUDE MANEUVER 
ROUTINE (R60) 

MONITOR OSKY: 
OBSERVE NOK- 

FLASHING VERB-NOUN 
OTSPLAY OF VG COM— 
PCNENTS. 

SELECT ASP ANC MODE 
CONTROL AS DESIRED. 
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RESET TIG FLAG 

OO STATE VECTOR IN- 
TEGRATICN (MID TO 
AVE?) ROUTINE (R41). 

- 35 SEC 

BLANK DISPLAY AT TFI 
= - 35 SEC 

WATT UNTIL TF = 
-30 SEC 

    

CALL AVERAGE G 
INTEGRATION ANC 
VG UPDATE (IN- 
STANTANEQUS VG 
VECTOR). 

wre erecccen 

DO STATE VECTCR IN- 
TEGRATION (MIO TO 
AVE) ROUTINE (R41}. 
OBSERVE THAT THE 
COMPUTER ACTIVETY 
LIGHT 1S GN UNTIL 
COMPLETION OF 
ROUTINE 41. 

MONITOR OSKY? 
OBSERVE THAY DISPLAY 
GCES BLANK AY TFI = 
- 35 SEC. 
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oO . 
see eccees 

AI 

DISPLAY V16K85 NON . 
FLASHING AND DISPLAY se ccencces 
THE VALUES OF VG IN . 
CONTROL AXIS COMPUT— 
EQ FOR THE PRESENT 
TIME {NOT TIG) UP- 
DATED EVERY TWO 

  

SECONDS. 

WATT UNTIL 
TFI= ZERC 

FLASH VERB-NOUN TC . 
REQUEST RESPONSE AND wor ecesece 
DISPLAY: . 

VIENBS 
R1I-VGXICSM) 
R2-VGYICSM) 
R3-VGZ{CSM) 

VGXICSM¥, VGYIOS™) 
VGZtCSM™) — COMPON- 
ENTS OF THE VG 
VECTOR RESOLVED 
ALONG PRESENT CSM 
Me Vy ANO Z CONTREL 
AXES RESPECTIVELY. 
THE VG VECTOR WELL 
BE UPDATED BY THE 
STEERING LOCPS DUR- 
TAG FACH COMPUTATION 
CYCLE. IN FPS TC 
NEAREST «1 FPS. 

MONTTOR 
OBSERVE DISPLAY OF 
VG IN CONTROL AXIS 
AT TFL =- 30 SEC. 
THE AVERAGE G 
ROUTINE 1S TURNED 
CN. GRSERVE COM- 
PUTER ACTIVITY LIGHT 
BLINKS GN EVERY 2 
SECONDS DURING 
AVERAGE Ge 

  

MONITOR OSKY: 
OBSERVE VERB-NOUN 
FLASH CINDICATENG 
CMC COMPUTEC TIG) TO 
REQUEST RESPONSE AND 
DISPLAY OF VG COMP- 
ONENTS AT TFT = 0 
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WAIT FOR KEYBOARD 
ENTRY 

CCMMAND MANUAL TRAN- 

SLATICNS AND ROTA~ 

TIONS TO NULL VG 
COMPONENTS 

TERMINATE FLASH IIPEN 

RECEIPT OF PROCEFL 

DO RNUTINE ROC 

EXIT P41 

CHANGE CCATRCL NOTES 

DEY 
REV 
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14 
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PCP 
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OCR 
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TRANSMIT ORBITAL see eRECEIVE GRBITAL DATA 
DATA TO CREW » FROM GROUND 

  

woe enenene NC ROUTINE ROO 
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MIT 32 
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PURPOSE: 

ASSUMPTIONS: 
++ 

+11 
++ 

PROG 
CONT 

THRUST MONITOR PROGRAM (P47) LCGIC REV 11 06/20/68 

(2) TC MONTTOR VEHITCLE ACCELERATION DURING A NON GNCS CONTROLLED THRUSTING MANEUVER. 

(2) TO CISPLAY THE CELTA V APPLIED TO THE VEHECLE 8Y THIS THRUSTING MANEUVER. 

(L) FT TS NORMALLY REQUIRED THAT THE ISS BE ON FOR 15 MENUTES PRIOR TO A THRUSTING MANEUVER. 

(2) THE RESPONSIBILITY CF AVGTDING GIMBAG LOCK DURING EXECUTION OF THIS PROGRAM IS UPON THE ASTRONAUT. 

(3) THIS PROGRAY TS NORMALLY USED OURING RENDEZVOUS FINAL PHASE. IF THE CREW DESIRED TO DO ANY FINAL PHASE THRUSTING MANEUVERS AUTOMATICALLY UNDER GNCS CONTROL THEY MUST BE ACCOMPLISHED VIA SELECTION OF TRANSFER PHASE INITIATION €TPI) PROGRAM (P34) AND THEN THE SPS THRUSTING PROGRAM (P40) OR THE RCS THRUSTING PROGRAM (P41). 

(4) RANGE, RANGE RATE, ANC THETA MAY BE DESPLAYED DURING THES PROGRAM PY CALLING THE RENDEZVOUS PARAMETER DISPLAY 
ROUTINE NO 2 (R31} WITH V83E. 

(5) RANGE, RANGE RATE, AND PHI MAY BE DISPLAYED DURING THIS PROGRAM RY CALLING THE RENDEZVOUS PARAMETER DESPLAY 
ROUTINE NO 2 (R34) WITH V85F. 

(6) Vie H AND H-ONT MAY RE CALLED BY KEYING IN V16N62E. THE DISPLAY OF H IN LUNAR ORBIT WILL BE INVALID. 

(7) THE ORBIT PARAMETER DISPLAY RGUTINE MAY BE CALLED DURING THIS PROGRAM BY KEYING IN V82E. 

(8) THIS PROGRAM SHOULD BE TURNED ON JUST PREGR TO THE PLANNEO THRUSTING MANEUVER AND TERMINATED AS SOON AS POSSIBLE FOLLOWING THE MANEUVER IN ORDER TO KEEP ERRORS OF BIAS AND AVERAGE G AT A MINIMUM, 

(9) THIS PROGRAM IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY. 

CMC GROUND CREW CHECKLIST TIME TOTAL 
TIME 

CREW 
. 

« PROGRAM 
«+ SELECTION 

START THRUST . KEY IN THRUST #10 MONITOR PROGRAM eee cecnccccns MONITOR PROGRAM 
(P47). . (P47) 
DISPLAY P47, VIATESTE 
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ON 

ab 

  

BDO IMU STATUS 
CHECK ROUTINE 
(Roz) 

  

  

DO STATE VECTOR 
INTEGRATION (MED TC 
AVE) ROUTINE (R41). 

    

CALL AVERAGE 
G ROUTINE. 

FLASH VERB-NCUN TC 
REQUEST RESPONSE AND 
DISPLAY DELTA V 
(CSM)? 

V1I6N83 
R1-DELTA VXECSMY 
R2-NELTA VY{CS¥) 
RI-CELTS VZICSM) 
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wae eveccccoae 

eee oecosseces 

MONITOR NSKY? 

QBSERVE DISPLAY 

OF PROGRAM 47. 

pO IMU STATUS 
CHECK ROUTINE 
cro2s 

DO STATE VECTOR 
INTEGRATION ¢(¥ID TO 
AVE) ROUTINE (R41). 
OASERVE THAT THE 
COMPUTER ACTIVITY 
LIGHT [TS ON UNTIL 
THE COMPLETION OF 
ROUTINE 41. 

wee ecerenccene 

. 

MONITOR DSKY? 
OBSERVE FLASHING 

VERB-NOUN TO REQUEST 
RESPONSE AND CISPLAY 
OF EACH COMPONENT 0F 
DELTA VICSM). 
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DELTA VX{CSM) -— COM— 
PCNENT OF INTEGRATED 
ACCELERATION ALONG 
CSM CONTROL #X AXES. 
IN FPS TO NEAREST 
ol FPS, 

DELTA vY(CS™) — CCM 
PONENT OF INTEGRATED 
ACCELERATION ALONG 
CSM CONTREL +¥ AXIS. 
IN FPS TO NEAREST 
ol FPS. 

DELTA VZ(CSM) - COM- 
PCNENT CF INTEGRATED 
ACCELERATION ALONG 
CSM CONTROL +Z AXIS. 
IN FPS TO NEAREST ol 
FPS. 

NOTEL?2 REeR2- AND RB 
WILL READ 00060 IN- 
ETIALLY AND WILL RE- 
MAIN SQ CEXCEPT FOR 
ACCELEROMETER BIASES) 
UNTIL A THRUSTING 
MANEUVER IS STARTED. 
THEY WILL BE UPCATED 
EVERY 2 SEC. 

NOTE2: EN THE EVENT 
THIS PROGRAM IS USED 
TO MONETOR MANEUVERS 
WITH A DELTA V 
GREATER THAN 9999.9 
FPS THIS DISPLAY 
WILL CNLY LCSE THE 
HIGH ORDER OLGIT. ITF 
WILL OTHERWISE READ 
CCRRECTLY. 

e
e
 

  

PERFORM THRUSTING 
MANEUVER AS DESTRED 
MONITOR FDAE BALL 
TO AVOID GIMBAL 
LOCK 
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WAIT FOR KEYBOARD 
ENTRY 

TERMINATE FLASH UPON 
RECEIPT CF PROCEED 
OR RECYCLE 

  

#RECYCLE PROCEED 

REENTTIAL- 
I7ZE ACCEL- 
ERGMETE® 
INTEGRA- 
TION 

eee ersevecces 
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SHALL 1! TERMINATE 
THIS PROGRAM? . 

oY oN . 

» SHALL I ZERG . 
« THE OTSPLAY IN . 
» CROER TO MONI- 2 
« TOR ANCTHER . 
+ BURN? . 

. oY . 

« . . 

. KEY . 

. IN . 

. RE~ . 
. CYCLE . 
. V3B2E. « 

KEY IN PROCEEC 
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PCR 
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MIT 32 
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PURPOSE? 

ASSUMPTIONS: 

++ 
+06 

+06 
++ 

PROG 
CONT 

IMU ORIENTATION CETERMINATICN PROGRAM (P51) LOGIC REV 06 04/02/68 

(LY) TO DETERMINE THE INERTIAL ORIENTATION OF THE IMU USING SIGHTINGS GN TWO CELESTIAL BODIES USING THE SCANNING 
TELESCOPE OR THE SEXTANT. 

{1} THE IMU MAY BE? 

CA) OFF (STANCBYD 

{B) ON, AND ALTEGNED CR NOT ALIGNED SINCE TURN ON. 

TF (A) TS TRUE, THE IMU MUST BE TURNED ON BEFORE THIS PROGRAM CAN BE PERFORMED. 
TF (8) £S TRUE THIS PROGRAM CAN BE COMPLETED. 

(2) THERE ARE NO RESTRAINTS UPON THE CSM ATTITUDE CONTROL MCDES IN THIS PROGRAM, 

(3) TIME ANDO RCS FUEL MAY BE SAVED, AND SUBSEQUENT IMU ALIGNMENT DECISEONS GREATLY SIMPLIFIED IF THIS PROGRAM IS 
PERFORMED IN SUCH A WAY AS TO LEAVE THE IMU INERTIALLY STABILIZED AT AN ORTENTATION AS CLOSE AS POSSIBLE TO THE 
OPTIMUM ORIENTATION RECUIREC BY FUTURE CMC PROGRAMS. 

(4) THE PROGRAM IS SELECTED BY THE ASTRONAUT BY DSKY ENTRY. 

cue GRCUND CREW CHECKLIST TIME TaTAL 
TIME 

«CREW PROG 
« SELECTION 

START IMU ORIENTA 
TION DETERMINATION 
PROGRAM {P51) 
DESPLAY PROGRAM 51 

Deemer esssccceeceses 

  

KEY IN IMU 
ORFENTATION DETERMI- 
NATION PROGRAM (P51) 

VaTE 51E 

MONITOR DSKY: 
OBSERVE DISPLAY OF 
PROGRAM 51 
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TURN GN PROGRAM 
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HOLD . FLASH VERB-NOUN TO 
eveseocee REQUEST PLEASE PER- 
SNAP FORM CELESTIAL 80CY 

ACQUISITION: 
V50 N25 
R-OO0915 
R2 - BLANK 
R3 - BLANK 

2%0 . 

    

eee erecnneses 

. 

MONITOR DSKY: 
DOES PROGRA¥ ALARM 

LIGHT COME ON AND 
DOES V37 FLASH INOI- 
CATING THAT THE IMU 
TS NQT ON? 

oY aN 

TURN ON THE EMU 
AND RESELECT P51 
VIA ROO. 

MONITOR OSK 
OBSERVE VERB-NOUN 
FLASH TO REQUEST 
PLEASF PERFCRM 
CELESTIAL BODY 
ACQUISITION 
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WITH THE ROTA- 
TION CONTROL 

#110 

ARE VISIBLE IN 
THE SCT 

UNTIL 2 CELES-— 
OREENT THE CSM 
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HOLD 

SNAP 
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WAIT FOR KEYBOARD 
ENTRY 

TERMINATE FLASH UPON 
RECEIPT OF PROCEED 
GR ENTER 

NISPLAY CN OSKY: 
V4 N22 
R1-OC0CO 
R2-00000 
R3-00G6CC 

  

WHERE Rly R2e 
AND R32 REPRESENT 
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. 
. 
. 
. 

. 

. COU/ISS ANGLES 
. Ta PE CCARSE 
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SHALL T . 
COARSE . 
ALIGN TMU . 
TO O+090 . 
GIMBAL . 
ANGLES? . 

oN . 

  

   

  

MONTTOR DSKY: 

GQRSERVE DISPLAY 

OF COARSE ALIGN 

VERR ANC ICDU 

ANGLES (ALL 

00001 FOR COARSE 
ALIGNMENT 
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COMMA 
COARS 
MODE 

TURN 
LIGHT 

TERMI 
ALIGN 
ISS. 
ITuCE 
VEHIC 

TURN 
ATTML 

SET TARGE 
STAR FOR 
SIGHTING 
(R53) 

  

NO ISS TO 
E ALIGN 

  

ON ®NO ATT" 

NATE COARSE 
MCOE IN 

RESUME ATT~ 
HELD OF 

Le 

   

OFF "NO 
IGHT 

weecencsnce 

T FLAG TC 
USE BY 
MARK ROUTINE 

. 
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. QASERVE “NC ATT" 
seeeees LIGHT ON 

. 

. 

WAIT FOR “NO-ATT® 
LIGHT OFF 

. 

emcee econ cceceeees 
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SET MARK INCEX TO 1 
FOR USE BY THE 
SIGHTING MARK 
RCUTINE (R53) 

  

BO SIGHTING MARK 
ROUTINE (R53) FAR 
CELESTEAL BCDY =1 

CALCULATE CELESTIAL 
BooY #1 VFCTOR 
WeReTe IMU 

DC SIGHTING MARK 
ROUTINE (R53) FOR 
CELESTEAL BODY =2 

CALCULATE CELESTIAL 
RCDY #2 VECTOR 
WeReTe IMU 

DO SIGHTING DATA 

DISPLAY ROUTINE 

(R54) 
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OO SIGHTING MARK 
ROUTINE (R53) FOR 
CELESTIAL BCDY =1. 
IF POSSIBLE USE SXT, 
OTHERWISE SCT. 

DO SIGHTING MARK 
ROUTINE (R53) FOR 
CELESTIAL BODY =2. 
IF POSSIBLE USE SXTy 
QTHERWISE SCT. 

DO SEEHTINCG DATA 

DISPLAY ROUTINE 
(R54) 

+E oF 
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.T .T 
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REV 96 

CALCULATE IMU TNFRTIAL 
ORIENTATION WeReTe 
CELESTIAL CCORDIN~ 
ATES AS DEFINED BY 
CELESTIAL BODIFS #1 
AND 42, STORE AS 
PRESENT PLATFORM 
ORTENTATION (REFS- 
MMAT) 

  

. 

  

DO ROUTINE ROC Cee eeaceeasecceccces 

EXIT Ex{T 

CRANGE CANTROL NOTES 

PCR MIT 59 
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TM) GEALIGN PRNGRAM 4P524 UoGic pey Ye 12/26/48 

PuR pose: (1) TO ALIGN THE TMU FROM 4 MKNOWNT (SEF ASSUMPTION 4) QRTENTATION TA ONE Oe FOUR MR TENTATTONS SELECTED BY THE ASTRONAUT USING SICHTINGS ON TWO CELESTIAL BODIES WITH THE SCANNING TFELESCMDF ne Tyr SEXTAMT? 

t AY PREFERRED NRTENTATION 

AN COTIMUW CRTENTATICN =N® A PREVIOUSLY CALCULATED MANEUVER, THTS OR TENTATION MUST BE CALCULATEN AND STMPEN BY A ORFYIOUSLY SELECTED PROGRAM, 

ay LARDING SITS ORTENTATION 

¥ = UNTT ER ’ 

-sé -15 

Yoo = UNIT(7? XX y 
-SM ~SM SW 

70 = UNTITIH xXx ) 
-sM -f 5M =-Su 

WHERE: THE ARIGIN TS THE CENTFR ME THE MNNN, 

R = THE OPSETION OF THE MOST RECENTLY DEFINED LANDING STTE AT TEME, T CALTGND SELECTED ®Y THE 
“LE 

- 
ASTRONAUT, 

4 = THE ANGULAR MOMENTUM VECTOR CF THE osm (R ¥v VAT TIME TEALIGNY SELECTED AY THE ASTRONAUT, -o 5M ~CSM -CSM 

A SPFCTAL CASE OF THE LANNING SITE OR TENTATION ACCUSS WHEN TOALTGM) 15 DFFINFD AS THE TYME ME LUNAe LANMING T(LANNS, THIS CASF MAY OCCUR MANLY TF TELAND) HAS REFN DFEEINEN AY THE MSEN, TRANSMITTED TO THE ASTPONAUT AND THE ASTRONAUT HAS THEN DEFINER T{ALIGN) TO BE TELANAY IM THES PRACOAM, 
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IF {A) IS TRUF, THE IMU MUST BE TURNED ON BEFORE THIS PROGRAM CAN FE PFREORMED, 
TF €B8) TS TRUF THES PROGRAM CAN BE COMPLETED. 

(2) THIS PROGRAM TS TOENTICAL TC 951 EXCEPT THAT R56 IS CALLED IN PLACE MF P53 

€3) THE CSM ATTITUDE CONTROL MODE SELFCTFO [S AT THE OPTION OF THE CREW, 

{4) TIME AND RCS FUEL MAY RE SAVED, AND SUBSEQUENT IMU ALIGNMENT DECISIONS GREATLY SIMPLIFIED FF THIS PROGRAM TS 
PERFORMED IN SUCH A WAY AS TO LEAVE THE [MU ENERTIALLY STABILIZED AT AN ARTENTATION AS CLOSE AS PNSSIALE TA THE 
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BACKUP TMU 
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QFATTCN PROGRAM (PS4t Loerie FV 1é V2I26IAB 

THE TMU FOCM A KNOWN (SEE ASSUMPTION 4) OPTENTATION TO ONF OF FOUR ARTENTATIONS SELECTFO RY THE 

ASTEINAUT USING SIGHTINGS ON THO CELESTIAL BODTES WITH A RACK-UP MPTIC"E ME vires 

tay PREFERREN NOTENTAT ION 

AN OPTIMUM QOTFNTATION FO® A PREVICUSLY CALCULATED MANFUVER, THES NP TENTATION MUST AE CALCULATED AND 

STOPFEN RY A PREVIMUSLY SELFCTEN PROGRAMs 

cay LANDING STTF ARTENTATION 

Yo o= UNTT (2 y 

-s¥ ~1§ 

v = UNTT(7 ¥ ¥ J 

se “SM o=SN 

7 = UNTTE(H x xX Y 

-SM —CSM -SN 

WHE°Es THE PRIGIN TS THF CENTER OF THF MONN, 

P= THE ONSYTTON OF THE MOST RECENTLY REFINED Lanning SITE AT TIME, TCALTGN) SELECTED RY THE ASTRONAUT 
HL§ 

Ho = THE ANGULAR MOMENTUM VECTOR ME THE SY (PR X Vo) AT TIME 7 (ALIGND SELECTED SY THE ASTRONAUT. 
-£SM -CSM 0 =CSM 

A SPECTAL CASE NE THE LANRING SITE MPTENTATION OCCURS WHEN T (ALIGN) TS DEFINED AS THE TIME NF LUNAR 

LANRING T fLAND). THIS CASE MAY TCCUP ONLY TF T (LAND) HAS REFN SFFINEN RY THE MSEN, TRANSMITTED TO THE 

ASTRONAUT, ANT THE ASTRONAUT HAS THEN REFINED T CALICM) TO BF T {LANDY IN THIS PROGRAM. 

COV NOMINAL COTENTATTON 

eny 
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-6M 
UNTTCV ¥ 7 4 

~SM -<M 

v 
8M 

UNTTEy ¥ PF 

7 
-SM 

UNTT{=2) 

WHEDTs 

R TEE GEPCENTOTC (FASTH ORATT) Oe 
SELErTEN av THE ASTONMAYT 

SELENOFENTRIC (LUMAR MPAIT) RPANTHS VECTOR AT TIME T ALIGN) 

Wes THE TMreTraAt VELAr TTY VErTaR AT TIME T CALTGN) SFLECTFM RY THE ASTRONAUT, 

DrESMMAT 
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{3} THIS PONGPAM MAKES AT PROVESTON FOR AN ATTITUDE MANEUVER TO RETURN THE VEHICLE TO A SPECTFIC ATTITUNE. SUCH A 
MANEUVER, TF DESTE EN, MUST RE NONE MANUALLY, AM OPTION TS PROVIDED HOWEVER TO PAINT THE SXT AT ASTRONAUT OR CMC 
SELFCTED STARS EITHFR MANUALLY ®Y CREW INPUT OR AUTOMATICALLY UNDER CMC CONTROL, 

(4) THE ISS TS CN AND KAS RFEN ALIGNED TO & KNOWN CRTENTATION WHICH TS STORED IN THE CMC TREESMMAT}, THE PRESENT 
TMU ORIENTATION PLEFERS FPOM THAT TO WHICH TT WAS LAST ALIGNED ONLY DUF TN GYen NRIFT C1. NEETHER GIMBAL LOCK NOR 
Imy POWER INTERRUPTION HAS PCCURAFD SINCE THE LAST ALIGNMENT). 

(5) THE LANDING SITE ARTENTATION TS USED FOR: 

(A) ALTONING THE CSM STASLE MEMBFR TO THF SAME NP TENTATION AS THE LM STASLE “EMRE? PP INR TH LM/CSM 
SEPARATION 

(8) ALIGNING THE CSM STASLE MEMBER Th THE SAME OPTENTATION AS THE LM STARLE MEMRER PRINR TH LM ASCENT 
FerM TEE LUNAR SISRFACE, 

(6) THIS OROGOAM TS TNENTICAL TC P52 EXCEPT THAT 856 TS CALLED IN PLACE ME R62 ANN 863. 
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WATT Fne KE ¥AMARN . 
ENTRY 

    

MONTTOR DSK 
OrseRve veRa-NauN 
FLASH TO. REQUEST 
PLEAS PEOFDPW EINE 
ALIGN CHECK 

   

      

OQ ft WANT To REON 
THE CELESTIAL RODY 
SIGHTINGS, SIGHTING 
MATA TEST, AND GYAr 
TARQUING TE VERIFY 
THE ACCURACY OF 
AL TGNMENT? 
NOTE: TF THE STGHT- 
ING DATA WAS Ran AP 
THE TORQUING ANGLES 
WEDE LARGE THF 
ASTRONAUT SHOULD 
PPATEFA ANN PENN THE 
ALIGNMENT. 

nt v 

ee
 

547 COLOSSUS 

PSSICOLESSUS 

Y 

#920 

#930 

#940 

#950 

#960



ay 

pey 

RFV 

pry 
Rey 
PEY 

12 
13 

14 

16 

TERMINATE FLASH UPCN 
RECELPT OF PRNCEFO 
92 ENTER 

oP oF 

of oN 
9 “T 
.¢ oF 
of ok 
a . 
a) . 

. . 
eee . 

° . 

60 To . 
agn : 

ABNVE . 
. 

CHANGE COATROL MATES 

PEFR MTT 3a 
PCR MIT 66 
PrR “TT Qa 

PCR 4306] 
PCR Aw ENT TMPTAL 
FSTTORTAL 

  

. . 

. Key oN 

. PRACFEN 

. . 

. . 
. . 

. es 

. 
. 60 TA 
. eae 
. ARNVE 
. 
. 

. 
. 

AO RNUTINE 20 

d 
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#990



THIS PAGE INTENTIONALLY LEFT BLANK



al 

PURPOSE: 

ENTRY-PREPARATION PRCGRAM (P61) LoGic REV 13 11/27/68 

ASSUMPTIONS: (13 

PROG 
CONT 

12) 

(3) 

START ENTRY-PREPAR— 

TO START NAVIGATICN, CHECK IMU ALIGNMENT, AND PROVIDE ENTRY MONITOR SYSTEM ENITEALIZATION DATA. 

THE PROGRAM IS ENTERED WITH ADEQUATE FREE FALL TIME TO COMPLETE THE 
ATTITUDE. 

THE [SS [TS CN AND PRECISELY ALIGNED TO A SATISFACTORY ORIENTATION. 

THE PROGRAM ITS SELECTEC BY THE ASTRONAUT BY OSKY ENTRY. 

CMC GROUND CREW 

eCREW PROG 
SELECTION 

KEY IN ENTRY PREPAR- 

  

ATICN PROGRAM (961) . ATION PROGRAM 
DISPLAY PROGRAM 61 (P61) 

VATE 61E 

. MONTTOR OSKY: 
OBSERVE DISPLAY OF 

    

. PROGRAM 61 
  

DO TMU STATUS CHECK Peres encevece DO IMU STATUS CHECK 
RCUTINE (RO2} . . ROUTINE (R02) 

  

MANEUVERS FROM A WORST CASE STARTING 

CHECKLIST TIME TOTAL 
TIME 

#10 

#20 

#30 

P61/COLOSSUS



206 

34a 

  

OO STATE VECTOR 
INTEGRATION (MID TO 
AVE} ROUTINE {R41) 

    

ROUTINE 

IS UNIT (V xX R} 

WITHIN 30 DEG OF 

1S UNIT (VX R} 

WITHIN 20 DEG CF 

  

  

COMMAND PROGRAM . 
ALARM AND . 
OESPLAY . 

vo5 NO? . 
R1- . 
R2- . 
R3- . 

EXPECTED ALARM . 
CODE AT THIS . 
TIME [S 01427 . 

er
s 

a
e
 

e
e
e
 

e
w
w
 

e
e
 

we eccceesecns 

. . 

wee tecenscoes 

OG STATE VECTOR 
INTEGRATION (MED TS 
AVE) ROUTINE (R41) 
QBSERVE THAT THE 
COMPUTER ACTIVITY 
LIGHT £S ON UNTIL 
COMPLETION OF ROU- 
TINE 41. 

  

OBSERVE PROGRAM 
ALARM LIGHT ON OSKY 
AND DISPLAY OF ERROR 
CODE (£MU RE- 
VERSED. ZERC ROLL 
ON FDAI BALL WILE 
MEAN LIFT DOWN) 

  

PEL/COLOSSUS 

#40 

#50 

#60 

#79 

#80 

P6l/COLOSSUS 
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Bag 

HOLD 

N
e
 

C
e
 

2 

SNAP 

++ 
+13 
++ 
EDIT 
PCR 
206 

CCMMAND PROGRAM 
ALARM AND 
DISPLAY 

vos Noo 
R1-01426 
R2~ 
R3- 

a 
r
y
 

WATT 10 SEC 

FLASH VERB-NGUN TO 
REQUEST RESPONSE ANC 
DISPLAY STORED DATA 

VO6 N6E 
R1-IMPACT LAT 
R2-iIMPACT LONG 
R3-HEACDS UP/DOWN 

IMPACT LAT ~ LATI- 
TUDE OF DESIRED 
IMPACT POINT. IN 
DEGREES TO NEAREST 
eOl DFG. + IS NORTH 

IMPACT LONG - LONG- 
ITUDE OF CESIRED 
IMPACT POINT. IN 
DEGREES TO NEAREST 
«91 DEG. + IS EAST 

HEADS UP/DOWN ~ 
DEFINES ENTRY ROLL 
ATTITUDE 
+00001 FOR HEADS UP/ 
LIFT DOWN 
—00001 FOR FEADS COWN 
/LIFT ue 
  

. 

. 

° 

. eee secees 

. 

. 

c
o
 

e
e
 

e
e
 

e
e
 

e
e
e
 

e
e
e
 

e
e
 
e
o
 

e
r
e
 

es
e 
o
w
m
e
r
e
s
e
e
a
n
t
r
e
n
e
o
e
e
e
e
 

ee eeaccons 

OBSERVE PROGRAM 
ALARM LIGHT CN DSKY 
AND DISPLAY OF ERROR 
CODE (IMU UNSATIS- 
Facrory}) 

MONITOR DSKY: 
OBSERVE VERB-NOUN 
FLASH TO REQUEST 
RESPONSE AND OISPLAY 
QF S/C ENTRY DATA. 
NOTE: LAT AND 
LONG SHOULD HAVE 
BEEN LOADED BEFORE 
ENTERING THIS 
PROGRAM. 

AM T SATISFIEC WITH 
THESE VALUES? 

    a
e
 

e
a
e
 

Pel/sCoLossus 
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#100 
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e
e
 

e
e
 

WAIT FOR KEYBOARD 

ENTRY . KEY IN PROCEEC 

TERMINATE FLASH . terse 
UPON RECEIPT OF e eeseeccone KEY IN 
PROCEED OR NEW DATA . . V25E #150 

  ANO LOAD 
DESIRED 
PARAMETERS 

Pe, «NEW 
Re DATA 
Ce « 

. * 

P
e
 

FE. STORE DATA 
De. ---------- 

  

. #160 . 
. 
. wee eescccssce 
. 
. 

FLASH VERB-NOUN TO « MONITOR DSKYS 
HOLD . REQUEST RESPONSE AND se ecenevcoses OBSERVE VERB-NOUN 
aeccccsee DISPLAY: . FLASH TO REQUEST 
SNAP VO6 N60 RESPONSE AND EISPLAY #170 

R1 - G MAX OF G MAX, VPRED AND 
R2 - VPRED GAMMA EI 
RB - GAMMA ED nnn en re nen a ee 

G MAX - MAX PRECICTEC . 
G FOR FREE FALL ANE . 
ENTRY AT ROMENAL . 
BANK ANGLE (L/D = . 
18) IN GS TO ° 
NEAREST 2.01 Ge . #180 

VPRED= PRECICTED . 
INERTIAL VELOCITY . 
AT 400,00C FT . 
ALTITUDE ABOVE . 
THE FISCHER . 
ELLIPSOID. . 
IN FPS TO NEAREST . 
FPS. . 

#190 

P6L/COLOSSUS 
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345 

GAMMA Ef - FLIGHT 
PATH ANGLE. ANGLE 
BETWEEN INERTIAL 
VELOCETY AND THE 
LOCAL HORIZONTAL 
AT THE ENTRY INTER- 
FACE ALTITUDE AT 
400,000 FT ALTET- 
UDE ABOVE THE 
FISCHER ELLIPSOID. 
IN DEGREES TO 
NEAREST .01 DEG. 

MINUS INDICATES 
FLIGHT PATH 1S BELCW 
THE HORIZONTAL PLANE. 

  

WALT FOR KEYBOARD 
ENTRY 

TERMINATE FLASH UPON 
RECEIPT OF PROCEEC 
  

. 
wow erecnesone 

. 

RECORD DATA IF 
NECESSARY 

  

) 

Pel/COLOssus 

Pel/COLCssus 

#200 

#210 

#220 

€230



HOLO 

eececocses 
SNAP 

RMD 

. 
FLASH VERB-NOUN 
TO REQUEST RFSPONSE 
AND DESPLAY: 

VO6 N63 
R1 - RTOGO 
R2 - VIO 
R3 ~ TEE 

RTOGO - RANGE TO GO 
FROM A PRELOADED 
ALTITUDE (SEE NOTE) 
ABOVE THE FISCHER 
ELLIPSOID TO THE 
SPLASH POINT. IN 
NAUTICAL MILES TO 
NEAREST «ol NM. 

VIO - PREDICTED 
INERTIAL VELOCITY 
AT A PRELOSDED AL- 
TETUDE (SEE NOTE) 
ABOVE THE FISCHER 
ELLIPSOID IN FPS TO 
NEAREST FPS, 

TFE ~ TIME FROM NOW 
TO A PRELOADED ALT- 
ITUDE (SEE NOTE) 
ABOVE THE FISCHER 
ELLIPSOID IN MIN 
AND SEC TO NEAREST 
SEC. MAX READING IS 
59B59. -ABQVE + 
BELOW ALTITUDE. 

NOTE: THE ALTITUDE 
I$ PRELCADED IN 
ERASABLE. 
FOR EARTH 
ORBIT = 2845643 
FOR LUNAR 
MISSION    

  

WAIT FOR KEYBOARD 

ENTRY 

TERMINATE FLASH UPCN 
RECELPT OF PROCEED 

e
e
n
 

e
e
 

ee aercesecace 

MCNITOR OSKY: 
ORSERVE VERB-NOUN 
FLASH TO REQUEST 
RESPONSE AND CISPLAY 
GF EMS INETALIZATION 
PARAMETERS 

RECORD DATA FOR 
EMS INITIALIZATION 

    

KEY IN PROCEED 

P61/COLOSSUS 
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#280 

#290 
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REV 

REV 
REV 
REV 
REV 

. 

. 

. 

. 

. 

. 

. 

TERMINATE PROGRAM 
61 AND 60 ON TO 
ENTRY — CM/SM SFP- 
ARATICN AND PRE- 
ENTRY MANEUVER 
PROGRAM (P62) 

  

EXIT PAL 

CHANGE CONTROL NOTES 

PCR MIT 32 

DELETF ASSUMPTION 5 

OCR MIT 42 
PCR 5U 

PCR MIT 149 

ore? 206 ENITCRIAL 

    

MONITOR OSKY: 
OBSERVE TERMINATION 
QF P6Lt AND DISPLAY 
NF P62 

EXIT Pet 

PEL/COLOSSUS 

#300 

#310
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PURPOSE: 

ENTRY - CM/SM SEPARATICN AND PRE~ENTRY MANEUVER 
PROGRAM {P62} Logic REV IL 11/27/68 

(1) TC NOTIFY CREW WKEN THE GNCS IS PREPARED FOR CM/SM SEPARATION. 

(2) TO GRIENT THE C¥ TO THE CORRECT ATFITUDE FOR ATMOSPHERIC ENTRY. 

ASSUMPTIONS: (1) THE PROGRAM IS ENTERED WITH ADEQUATE FREE FALL TIME TO ACCOMPLISH CM/SM SEPARATION AND TO COMPLETE THE MANEUVER 
FROM A WORST CASE STARTING ATTITUDE. 

PROG 
CONT 

€2) THE IMU ES SATISFACTORILY ALIGNED FOR ENTRY. 

(3) THE PROGRAM IS AUTOMATICALLY SELECTED BY THE ENTRY-PREPARATION PROGRAM (P61} OR IT MAY BE SELECTED MANUALLY. 

  

cmc GROUND CREW CHECKLIST TIME TOTAL 
TIME 

o CMC PREG CREW PROG 
«SELECTION «SELECTION 

. . 
eee eee 

. . 

START ENTRY- . KEY EN ENTRY: 
CM/SM SEPARATION AND eee cnnseseces CM/SM SEPARATION AND 
PRE-ENTRY MANEUVER . PRE-ENTRY MANEUVER #10 
PROGRAM (P62). PROGRAM (P62) 
DISPLAY PROGRAM 62 V37E 62E 

MONTTOR OSKY: 
. OBSERVE DISPLAY OF 

PROGRAM 62 #20 

90 IMU STATUS CHECK oe serencenene 00 IMU STATUS CHECK 
RCUTINE R902. . . ROUTINE ROZ. 

#30 

P62/COLOSSUS



50 

HAS THIS PRCGRAM 
BEEN ENTERED AUTO~ 
MATICALLY FROM P61? 

oY Ne 

« DO STATE VECTOR rere rrr rrr 
« INTEGRATION . . 
e« €MID TO AVE} 
« ROUTINE {R41}. 
. 

  

e CALL THE AVERAGE 

  

« G ROUTINE 

  

TS UNIT (Vv xX R) 

WITHIN 30 DEG OF 
+*Y 7? 

  

TS UNIT (Vv x RD 

WITHIN 30 DEG CF 
-¥ 2? 
-SM 

e
e
e
 

e
e
e
 

e
e
e
 

e
e
e
 

e
e
r
 

e
e
n
s
 

e
r
e
n
e
 

Nw 

DO STATE VECTOR 
INTEGRATION 
(#10 TO AVE) ROUTINE 
(R41). 
OBSERVE THAT THE 
COMPUTER ACTIVITY 
LIGHT IS ON UATIL 
THE COMPLETION OF 
ROUTINE 41. 

P62/COLOSSUS 
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CCMMAND PRO- . . 
GRAM ALARM AND . 
DISPLAY . 

voO5 NO9 . 
R1- 014627 . 
R2- . 

-R3- . 

. 

« COMMAND PROGRAM . 
2 ALARM AND OIS- wesvcees 
« PLAY . 
° vos Noo 

. 

. 

  

R1- 
R2- 
R3- 

EXPECTED ALARM 
CODE AT THIS 
TIME IS 01426 

WAIT 10 SEC 

INITIALIZE ENTRY DAP 
ANC BODY ATTITUDE 
CALCULATIONS AND 
LEAVE IN STANDBY 
STATE. 

CALCULATE THE RE- 
QUIRED GIMBAL ANGLES 
TO GIVE CORRECT 
ANGLE CF ATTACK OF 
THE CM INTO THE AT- 
MOSPHERE AT THIS 
TIME ANC CONTINUE 
CALCULATION EVERY 
TWO SECCNDS UNTIL 
COMPLETION OF THIS 
PROGRAM. THESE GIFh- 

OBSERVE PROGRAM 
ALARM LIGHT ON DSKY 
AND OISPLAY OF ERROR 
CODE (EMU REVERSED. 
ZERO ROLL CN FDAI 
BALL WILL MEAN LIFT 
DOWN. } 

OBSERVE PROGRAM 
ALARM LIGHT ON DSKY 
AND DISPLAY OF ERROR 
CODE CEMU UNSATIS- 
FACTORY) 

) 
P62/COLOSSUS 

P62/COLOSSUS 

#90 

#100 

#110 
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#130



HOLD 

BAL ANGLES APE 
STORED IN NOUN 22. 

FLASH VERB-NOUN 
eeccccesentTO REQUEST PLEASE 
SNAP 

252 

PERFORM CM/SM SEPAR~ 
ATION: 

V50 N25 
Rl - 00041 
R2 - BLANK 
R3 — BLANK 

C
S
 

O
S
 

2 

  

MONTTOR DSKY: 
OBSEPVE VERA-NOUN 
FLASH TC REQUEST 
PLEASE PERFORM CM/SM 
SEPARATION 

cM/SM. 2CM/SM 
NOT. « SEPAR- 

SEPA~. «ATED 
RATED. . 

PRIOR TO 
COMMAND ING . 
CM/SM SEPAR- « 
ATION THE . 
GNC AUTO- . 
PILOT SHOULC . 
BE SWITCHED . 
TQ FREE MODE . 
TO PREVENT . 
RCS ACTIVITY . 
IMMEDIATELY « 
AFTER SEPA-  « 
RATION . 

  

MOVE CM/SM . 
SEP SWITCH TO. 
UP ON CREW ° 
SAFETY PANEL 

p
e
e
w
e
e
 

e
e
e
 

e
e
 

a
e
 

e
e
e
 

P62/COLOSSUS 

#140 

#150 

#160 

#170 

#180 
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HOLD ° 
eeeeceeeseFLASH VERB-NOUN TO 
SNAP . 

++ 

+11 

FOLT 
PCR 
206 

WAIT FOR KEYBOARD 
ENTRY 
TERMINATE FLASH UPON 
RECEIPT OF PROCEED. 

TURN ON ENTRY DAP 
AND MAINTAIN ATTI- 
TUDE HOLD. 

  

REQUEST RESPONSE AND 
DISPLAY STORED DATA 

VO6 N6l 
RI-TMPACT LAT 
R2-TMPACT LONG 
R3-HEADS UP/DOWN 

IMPACT LAT - LATI- 
TUDE OF DESIRED [¥- 
PACT POINT. IN 
DEGREES TO NEAREST 
091 DEG. + 1S NORTH 

    

. 

° 

. 

. 

. 

. 

. 

. 

. 

. 
. 

. 

° 
° 

WHEN SATISFIED THAT 
CM/SM SEPARATION 
HAS SATISFACTORILY 
OCCURRED WAIT -- SEC 
FOR ADEQUATE SEPARA- 
TION DISTANCE AND 
KEY IN PROCEEC. 

MONITOR DSKY: 
OBSERVE VERB-NOUN 
FLASH TO REQUEST 
RESPONSE AND CISPLAY 
OF S/C ENTRY CATA 
NOTE: LAT AND 
LONG SHOULD HAVE 
BEEN LOADED BEFORE 
ENTERING THES PRO- 
GRAM 

  

  e
e
e
 

e
e
e
 

er
n 

e
e
e
 

e
e
e
 

n
e
s
e
 

e
e
 
s
a
e
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EMPACT LONG - LONG- 
ITUDE MF DESTRED [M- 
PACT PCINT. IN 
DEGREES TC NEAREST 
«Cl DEG. + IS EAST 

HEADS UP/DOWN - DE- 
FINES ENTRY ROLL 
ATTITUDE 
#00001 FOR HEADS UP/ 
LIFT DOWN 
-00001 FOR HEADS 
DOWN/LEFT UP 

WATT FOR KEYBOARD 
ENTRY 

TERMINATE FLASH UPON 
RECEIPT OF PROCEED 
OR NEW DATA 

  

Pe. NEW 
R. .DATA 
Qa. 
Ce 
E. ----------- 
E. STORE MATA 
D. ------—---- 

ESTABLISH ATTITUDE 
COMMANDS FOR ENTRY 
DAP NECESSARY TN 
GIVE CORRECT ANGLE 
OF ATTACK INTO ATMC- 
SPHERE: 

ROLL COMMAND ~ 
BASED ON PREVIOUS 
DEFINITION BF HEADS 
UP/DOWN 

ALPHA COMMAND — 
TRIM ANGLE OF ATTACK 
CTRIM ALPHA) 
RETA COMMANC - ZERC 

  

e
e
 

AM IT SATISFIED WITH 
THESE VALUES? 

  

seesccecesecsccsces KEY IN V25E AND 
LOAD DESIRED 
PARAMETERS 

  

C
r
 

a 
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TEMP 
HOLD 

MON 

  

FaR LIFT CCWN 
THIS ATTITUDE WILL 
BE OBTAINED AFTER A 
STMPLE PITCH DOWN 
MANEUVER FRCM THE 
SEPARATION ATTITUDE. 
FOR LIFT UP AN ADDI- 
TIONAL 180 DEGREES 
OF ROLL IS REQUIRED 

  

  

DISPLAY ON OSKY DE- 
SIRED FINAL GIMBAL 
ANGLES: 

vOG N22 . 
R1- OG ROLL eee vcccescons 
R2- IG PITCH . 
R3- MG YAW 

TN DEGREES TO 
NEAREST .O1 DEG. 

FS THE ANGLE ALPHA 
ALREADY WITHIN 45 
DEGREES? 

    

WATT UNTIL CP 
ANGLE OF ATTACK 
(CALPFA)D IS WITH- 
IN 45 DEGREES 
AND THEN WAIT 
AN ACDITIONAL 
21 SECCNDS. 

e
v
e
 

n
e
 

e
e
 
e
o
e
 

MONITOR DSKY: 
OBSERVE DISPLAY 
OF FENAL GIMBAL 
ANGLES. 

e
e
e
 

e
e
 
e
e
e
 

m
e
n
t
e
e
 

sr
o 

e
e
e
 

er 
te
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e
e
e
n
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r
e
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e
n
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REV 
REV 
REV 
REV 
REV 

56 

o7 
a8 
a9 
10 
i 

TERMINATE PROGRAM 
62 ANC GO TO ENTRY- 
INITIALIZATION 
PROGRAM (P 63) 
  

EXIT 062 

CHANGE CCNTROL NOTES 

PCR 
PCR 
PCR 
PCR 
pce 

MIT 
MIT 
MIT 
“iT 
206 

32 
41 
66 
152 
EDITORTAL 

MONITOR DSKY: 
OBSERVE TERMINATION 
OF P 62 AND DISPLAY 
OF P 63 

. 
EXIT P62 

Pe2/COLCSSUS 

#350
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PURPOSE: 

ENTRY-INITIALTZATION PROGRAM (P64) LOGIC REV 06 04/09/68 

(2) TC INITIALIZE THE ENTRY EQUATIONS. 

{2} TO CONTINUE TO HOLC THE CM TC THE CORRECT ATTITUDE WITH RESPECT TQ THE ATMOSPHERE FOR THE ONSET OF ENTRY 
DECELERATICN. 

13) TO ESTABLISH ENTRY DSKY DISPLAYS. 

14) TO SENSE .05G ANC CISPLAY THIS EVENT TO THE CREW BY SELECTING THE ENTRY-POST 0.05G PROGRAM (P64). 

ASSUMPTIONS: (1) THE PROGRAM [S AUTOMATICALLY SELECTFD BY THE ENTRY-CM/SP SEPARATION AND PRE-ENTRY MANEUVER PROGRAM (P62). 

PROG 
CONT 

(2) THE ASTRONAUT MAY MONITCR N64(G,VI9R TO TAREE DURING THIS PROGRAM BY KEYING IN VI& N64E. HE ALSO MAY MONITOR N68 
{BETA, VI, HECT) BY KEYEING IN VI6N68E. 

CMC GROUND CREW CHECKLIST TIME TOTAL 
TIME 

«CMC PROG 
«SELECTION 

START ENTRY — 
UNITIAL IZATION 
PROGRAM (63) etree cent e nna #10 
DISPLAY PROGRAM 63 eaccoseccccccccsecess MONITOR DSKY:? 

wrenenn---- = —— - OBSERVE DISPLAY OF 
PROGRAM 63 

PERFORM ENTRY 
INITIALIZATION . 
ROUTINE WHICH #20 
INCLUDES: 

  

P63/COLOSSUS



TEMP 
HOLD 
wee erence 
MON 

<—e 

A-CONTINUE CALCU- 
LATION OF INITIAL 
ROLL ANGLE SASED ON 
THE LATERAL RANGE CF 
THE LANDING TARGET 
AND HEADS UP/HEADS 
DOWN AS SPECIFIED. 

B-CONTINUE CALCULATION 
GF DESIREE CM 
PITCH AND YAW 
ATTITUDE AS DETERMI- 
NED BY THE VEHICLES 
POSITION AND VEL~ 
MNCITY WeaR.T. THE 
ATMOSPHERE. PRIOR 
TO .05G THIS 
ATTITUDE TS ZERO 
SIDESLIP ANC ANCLE 
OF ATTACK NEAR 
TREM VALUE. 

   
MAINTAIN CM ATTITUCE 
FOR LIFT VECTOR UP/ 
DOWN, AS SELECTED, 
ZERO SIDESLIP, 
AND TRIM ANGLE GF 
ATTACK 

DISPLAY ON OSKY: 
VO6 N64 
R1-G 
R2-VI 
R3-R TC GO 

oe mmo reccccrcesosess 

MONTTOR OSKY: 
OBSERVE DISPLAY OF 
Gy» VI AND R TO GO 

C
e
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G-ACCELERATION IN G 
TC NEAREST .01G 

VI-INERTIAL VELOCITY 
IN FPS TO NEAREST 
FPS 

R ¥O GO - RANGE TC 
GO TO THE DESIRED 
SPLASH POINT 
ASSUMING SPLASH 
POENT LOCATED AT 
CALCULATED IMPACT 
TIME. IN NAUTICAL 
MILES TQ NEAREST 
el NM. NEGATIVE AND 
CCUNTING OCWN WHEN 
APPROACHING TARGET, 
POSITIVE ANC COUNT- 
ING UP WHEN LEAVING 
TARGET. 

WAIT FOR .056 
INDICATION 

ENTRY LOGIC 
+056 

  

CHANGE ENTRY DAP 
FROM ATTITUDE HOLD 
TN ALPHA ANC BETA TN 
RATE DAMPING IN 
PITCH AND YAW, ROLL 
UNCHANGED. 

MONITOR GNCS CONTROL 
OF PRE - .05G CM 
ATTITUDE: 

{1} DSKY: 

RI~G-INCREAS ING 

R2-VI-NOMINAL 

R3-R TO CO 
NEGATIVE ANO 
COUNTING DOWN 
WHEN APPROACHING 
TARGET, POSITIVE 
AND COUNTING UP 
WHEN LEAVING 
TARGET. 

(2) FDALs 

ATTITUDE RATES 
LESS THAN—OEG./ 
SEC. 

ATTITUDE ERRORS 
LESS THAN --DEG. 

) 
P63/COLOSSUS 
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TERMINATE P63 AND CO cavcnccessccscsccess MONITOR SKY? 
TO ENTRY-POST 0.056 . OBSERVE TERMINATION 
PROGRAM (P64) QF P63 AND DISPLAY 

_ GF P64 

oY oN 

#130 

  

eee 

EXIT P63 
#140 

HAS 0.05 G OCCURRED . 
YET ACCORDING TO FMS 

GO TO BACK UP . 
PROCEDURES . 

#150 

HAS .05G CCCURRED 
YET ACCORDING TO 

SEAT GF PANTS 

#160 

GO TO BACKUP 
PROCEDURES 

. #170 

EXIT P63 

160



Sol 

CRANGE CCNTRCL NOTES 

REV 06 PCR MIT 66 oC2406C0
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PURPOSE: 

ENTRY ~ POST C.05 G PROGRAM (P64} LOGIC REV OF 11/27/68 

(2) 

(3) 

(4) 

(5) 

(6) 

ASSUMPTIONS: (i) 

PROG 
CONT 

{2) 

START ENTRY-POST 
0.05 G PRCGRAM 
(P 64) 

TO START ENTRY GUICANCE AT .05G SELECTING RCLL ATTITUDE, CONSTANT DRAG LEVEL, AND DRAG THRESHOLD, KAy WHICH ARE 
KEYED TO THE .05G POINT. 

SELECT FINAL PHASE (P67) ITF V <27000 FPS WHEN .2G OCCURS. 

ITERATE FOR UPCCNTROL SOLUTION (P651 IF V >27000 FPS AND IF ALTITUDE RATE AND DRAG LEVEL CONDITIONS ARE SATISFIED 

SELECT FINAL PHASE (P67) IF NO UPCCNTRCL SOLUTION EXISTS WITH VE >18000 FPS. 

TO ESTAPLISH THE 0.05 G MCDE IN SCS. 

TO CONTINUE ENTRY CSKY DESPLAYS. 

THE PROGRAM IS AUTCMATICALLY SELECTED SY THE ENTRY INITIALIZATION PROGRAM (P 63). 

THE ASTRONALT MAY MONITOR N64(GeVI,R TC TARG) CURING THIS PROGRAM BY KEYING IN VEL6N64E. HE ALSO 
MAY MONITOR N68 (BETA, Vig HOOT) BY KEVING IN V16 N68E. 

CMC GROUND CREW CHECKLIST 

«CMC PROG. 
» SELECTICN 

  

DISPLAY PROGRAM 64 eee ccccenccsescceces MCNITAR DSKY? 

. OBSERVE DISPLAY OF 
PROGRAM 64 

TIME TOTAL 
TIME 

#10 

#20 

P64/COLOSSUS



TEMP 
HDOLO . 

MON 

++ 

+07 
407 
++ 

EDIT 
PCR 
206 

304 

DISPLAY ON OSK 
VO6 N6E 
R1-BETA 
R2-VI 
R3-# OOT 

  

BETA-COMMANCED BANK 
ANGLE. IN DEGREES 
TO NEAREST 201 
DEGREE 

VI - INERTIAL 
VELOCITY. IN FPS TC 
NEAREST FPS 

H DOT - RATE 
OF CHANGE OF 
ALTITUDE ABCVE PAC 
RADIUS. IN FPS TO 
NEAREST FPS. 
PLUS FOR INCREASING 
ALTITUDE, MINUS FOR 
DECREASING ALTITUCE. 

  

COMMAND CM ATTITUCE 
IN ACCORDANCE WETE 
CMC ENTRY LCGIC 

Cae mcr ence esaccesces 

SFT 0.05 G ENTRY 
SWITCH ON SCS 
CONTROL PANEL TQ ON 

MONITOR G4#N CONTROL 
OF ENTRY: 
(A) FDAT: 

ATT ERRORS LESS 
THAN —-DEG 

ATT RATES LESS 
THAN —-DEG/SEC 

BALL INDICATES 
LIFT VECTOR 
OIRECTION COR- 
RELATION WITH 
BETA 

€B) OSKYs 
RI-BETA VARIES 
TO LIMIT G AND 
CCNTROL LIFT 
vec Tor 

R2 - VI 
DECREASING 
R3-H DAT 

  

P64/COLOSSUS 
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REV 76 
RFV “7 

TERMINATE P64 AND GO 
TO ENTRY-UP CONTROL 
PHASE PROGRAM (P65) 
IF V EQUAL TO GR 
GREATER THAN 27000 
FPS ANE CONSTANT 
DRAG CONTROL HAS 
BROUGHT RANGE PRE- 
DICTICN TO WITHIN 
25 NM OF DESIRED 
RANGE. TF V < 27060 
FPS, DSKY WILL DIS- 
PLAY P67 

EXIT P64 

CRANGF COATROL NOTES 

PCR MIT 46 

PcR 236 ENITCR IAL 

. 
C
r
 

2
 

S
Y
 

EXIT P64 

e
e
 

P64/COLOSSUS 

#70 

#80 

#90



THIS PAGE INTENTIONALLY LEFT BLANK



367 

PUR POSE: 

a
 

ENTRY - UP CONTRCL PRCGRAM (P65) LOGIC REV O08 11/27/68 

a 

(2) 

3) 

14) 

ASSUMPTIONS: (21) 

PROG 
CONT 

{2) 

(3) 

TO EXECUTE ENTRY - UP CONTRCL GUIDANCE WKICH STEERS THE CM TO A CONTROLLED EXIT (SKIP OUT} CONDITION. 

TO ESTABLISE ENTRY ~ UP CONTROL DISPLAYS WHICH ARE USED IN CONJUNCTION WITH THE EMS TO DETERMINE FOR THE ASTRO- 
NAUT IF THE BACKUP PRCCEDURES SHNULD RE IMPLEMENTED. 

2 
TO SENSE EXIT {CRAG ACCELERATION LESS THAN Q7 FPS 3} AND THEREUPON TO SELECT THE ENTRY —- BALLISTIC PHASE 
PROGRAM (P66). 

WHERE RDOT IS NEGATIVE AND THE V IS SUFFICIENTLY LOW (V-VL-C18 NEG), PROGRAM WILL EXIT DIRECTLY TO P47? 
(FINAL PHASE). 

THIS PROGRAM ITS AUTOMATICALLY SELECTED BY THE ENTRY — POST 0.05G PROGRAM (P64) WHEN CONSTANT ORAG CONTROL HAS 
BROUGHT RANGE PREDICTICN TO WITHIN 25 NeM. OF THE DESIRED RANGE. IT [S SKIPPED IN EARTH ORBIT MISSIONS. 

THE ASTRONAUT MAY MONITOR NE4(GyVI-eR TO TARG) CURING THES PROGRAM BY KEYING IN VI6N64E. HE ALSO MAY MONITOR 
N6B (BETA, VI, HOOT! BY KEYING IN V16 N6BE. 

MANUAL RESPCNSE TO N69 IS NOT NECESSARY TO TERMINATE PE5. SELECTION OF EITHER P66 OR P67 BY ENTRY GUIDANCE PRO- 
VIDOES AUTOMATIC TERMINATION, 

CMC GROUND CREW CHECKLIST TIME TOTAL 
TIME 

«CMC PRCG 
» SELECTICN 

  

START ENTRY - UP 
CCNTROL PHRASE 
PROGRAM (65) 

  wae nnn nn nn #10 

: + MONITOR OSKY: 
------------ onccecencecsnscenses OBSERVE DISPLAY OF 

DISPLAY PROGRAM 65 + PROGRAM 65 

#20 

P65/COLGSSUS



HOLD 

MON 

at 
+08 

+ 

36F 

FLASH VERB-NCUN TO 
REQUEST RESPONSE AND 
DISPLAY PRE-COMPUTED 
EXIT CONDITIONS 

Vi6 N69 
Rl - BETA 
R2 - OL 
R3- VLE 

BETA — COMMANDED 
BANK ANGLE. IN DEG- 
REES TO NEAREST 0.01 
DEGREE 

DL — DRAG ACCELERA- 
TION AT SKIP GUT IN 
GS TO NEAREST 
0.01 G (Q7) 

VL - SKIP OUT 
VELOCITY. IN FPS TO 
NEAREST FPS. 

  

DO EITHER: 
WAIT FOR KEYBOARD 
ENTRY 
TERMINATE FLASH UPON 
RECEIPT OF PROCEEC 
OR FLASH IS AUTA~ 
MATICALLY TERMINATEC 
UPON RECEIPT BY 
ENTRY GUIDANCE OF 
P66 OR P6T. 

Ca emer acer scccvences 

wee ceeaw ee eseseseoes 

MONTTAR OSKY? 
OBSERVE VERB~AOQUN 
FLASH TO RECUFST RE- 
SPONSE AND CISPLAY 
BF BETA, Cle AND Vt 

RECORC CONTENTS OF 
Rl, R2, ANC R3 FOR 
LATER USE WITH EMS 

  

KEY IN PROCEED 

Pes/COLOSSUS 
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DISPLAY ON DSKY: 
VO6 N6B . 
Rl - BETA Cee w ewer cr sccncace 
R2- VE . 
R3- H DOT 

BETA - COMMANDED 
BANK ANGLE. IN 
DEGREES TO NEAREST 
0.01 DEGREE 

Vi - ENERTIAL VELO- 
City. IN FPS TO 
NEAREST FPS 

H DOT ~ RATE OF 
CHANGE OF ALTITUDE 
ABOVE PAD RADIUS 
TN FPS TO NEAREST 
FPS. PLUS FOR 
INCREASING ALTITUDE 
MINUS FOR DECREASING 
ALTITUDE. 

COMMAND CM ATTITUDE 
IN ACCORDANCE WITF 
CMC ENTRY LCGIC 

C
y
 

e
e
 

MONITOR GEN CONTROL 
OF ENTRY: 
CA) FDAT: 

ATT ERRORS LESS 
THAN ~- DEG 
ATT RATE LESS 
THAN -~ DEG/SEC. 

(Bd DSKys 
Ri — BETA VARIES 
TO LIMET G AND 
CONTROL LIFT 
VEC TOR 

R2-VI DECREASING 

R3-H DOT —-~- 

NOTE: BACKUP PROCE- 
DURES SHOULD BE 
TMPLEMENTED FF THIS 
OSKY DISPLAY AND/OR 
EMS INDICATE CIVERG- 
ENCE FROM ACCEPTABLE 
APERATIONAL 
ENVELOPE 

  

a 
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REV 
REV 
REV 

390 

06 
a7 
Q7 
08 

  

WHEN RDOCT IS NEGATIVE 
AND THE VELCCITY IS 
SUFFICTENTLY LOW 
{V-VL-C18 NEG) GO 
DIRECTLY TO P67 

. TERMINATE P65 AND 
GO TO ENTRY — 
BALLISTIC PHASE 
PROGRAM (P66) 

  

EXIT P65 

CHANGE CCNTRCL NOTES 

PCR MIT 66 

PCR MET 481 

PCR MIT 296 

EDITORIAL 

) 

Bee reeerecccccs 

  

e
e
e
 

FOR A NOMINAL LUNAR 
MISSION ENTRY CMC 
WILL GO DIRECTLY TG 
P66 WHEN CRAG ACCEL- 
ERATION FALLS BELOW 
EXIT (SKIP OUT) 
THRESHOLO OF Q7 FPS 
SQUARED 

  

  

MCNITOR DSKY: 
OBSERVE TERMINATION 
QF P65 AND OFSPLAY 
OF P66 

EXIT P65 

P6s/cCaLtossus 

#130 

#140 

#150



39) 

PURPOSE: 

ENTRY 

ASSUMPTIONS: (1) 

PROG 
CONT 

(2) 

START ENT 
LISTIC PR 

ESTABLISH 
COMMANDS 
DAP NECES 
GIVE CORR 
OF ATTACK 
ATMOSPHER 

ROLL C 
MAINTA 
comput 

~ BALLISTIC PRCGR4&M (P66) Lecic REV O7 05/07/68 

TO MAINTAIN CM ATTITUDE DURING BALLISTIC (SKIP OUT) PHASE FOR ATMOSPHERIC RE-ENTRY. 
2 

TO SENSE RE-ENTRY {tORAG ACCELERATION BUILDS UP TO Q7 + 0.5 FPS OR APPROX. 0.26) AND THEREUPON TO SELECT THE 

ENTRY — FINAL PHASE PROGRAM (P67). 

THIS PROGRAM 1S AUTOMATICALLY SELECTED 8Y THE ENTRY — UP CONTROL PROGRAM (P65) WHEN DRAG ACCELERATION BECOMES 

2 
LESS THAN C7 FPS . 

THE ASTRONALT MAY MONITOR NE4 (Gy VI, R TC TARG) DURING THIS PROGRAM BY KEYING IN V16 N64E. HE ALSO MAY MONITOR 

N6B (BETA, VI, HDOT! 8Y KEYING IN V16 N68E~ 

cmc GROUND CREW CHECKLIST TIME TOTAL 
TIME 

«CMC PRCG 
» SELECTICN 

    

RY - BAL- 
QGRAM (P66) 

. #10 

ROGRAM 66 weccccecssccscccsess MONITOR DSKY: 
. OBSERVE DESPLAY OF 

PROGRAM 66 
  

#20 

ATTITUDE 
FOR ENTRY 

SARY TO 

fC T ANGLE 
INTO THE 

E: 
CMMAND— 
IN LAST 
EP VALUE #30 

Po6/COLOSSUS 
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te
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+o
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TEMP 
HOLD 

MON 

‘929 

FROM ENTRY 
GUICANCE UNLESS 
ACCELERATION GOES 
BELOW .05 G IN 
WHICH CASE MATR- 
TAIN ZERC DEGREES 
UNTIL TERMENATION 
DF P66. 
ALPHA COMMAND— 
TRIM ANGLE OF 
ATTACK {TRIM 
ALPHA) 
BETA COMMAND- 
ZERO. 

CALCULATE FINAL 
GIMBAL ANGLES RE- 
QUIRED BASEC ON PRE- 
SENT STATE VECTOR. 
REPEAT CALCULATION 
EVERY TWO SECONDS 
UNTIL TERMINATION CF 
P66. 

DISPLAY ON OSKY?: 
THE DESIRED GIMBAL 
ANGLES TO WHICH TEE 
ENTRY DAP WILL ORI- 
ENT THE CM 

VO6 N22 
R1-CG ROLL 
R2-1G PITCH 
R3-MG YAW 

ALL COMMANDED GIMBAL 
ANGLES IN DEGREES TO 
NEAREST 0.01 CEGREE. 

Cee rce erences ensccece 

e
e
e
 

m
n
 

e
o
 

m
e
n
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n 
e
e
e
 

e
e
 

e
e
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a 

e
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e
s
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e
r
e
e
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n
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MCNETOR GNCS CONTROL 
OF ENTRY: 

FDAT:s ATTITUDE 
ERROR NEEDLES — 
OIFFERENCE BETW- 
EEN THE TOTAL DE- 
STRED ATTETUNE 
AND THE ACTUAL 
ATTITUDE (FLY TO 
POLARITY). 

BALL: ACTUAL GIMBAL 
ANGLES RE4D ON BALL 
SHOULD AGREE WITH 
COMMANDED GIMBAL 
ANGLES READ ON DSKY. 

Pe6/COLOSSUS 
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CCOMMANO CM ATTETUCE 
IN ACCORDANCE WITH 
CrC ENTRY — BALLIS~ 
FIC PHASE LOGIC 

RCLL ANGLE [S HELD 
AT EXIT ROLL ATTI- 
TUDE, PITCH AND YAW 
ATTITUDE IS CETER- 
MINED BY THE VEHICLE 
POSITION AND VELO- 
CITY WeReT. THE 
ATMOSPHERE. THIS 
ATTITUDE IS ZERO 
STDESLIP ANE ANGLE 
GF ATTACK NEAR THE 
TREM VALUE. 

NOTE: THREE AXIS DAP 
CONTROL WAS REGAINED 
WHEN LESS THAN 0.05 
G WAS SENSEC AND 
WILL BE REL INQUISHED 
WHEN 6.05 G [S AGAIN 
SENSED. 

TERMINATE P66 AND GC 
TO ENTRY-FINAL PHASE 
PROGRAM €P67) WHEN 
DRAG ACCELERATION 
BUILDS UP 2 
TO Q7 + 0.5 FPS 

EXIT P66 

Pacer eve cccscccscces 

MONITOR DSKY= 
OBSERVE TERMINATION 
OF P66 AND DISPLAY 
OF P67 

EXIT P66 

) 

P66/COLOSSUS 
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CHANGE CONTROL NOTES 

REV 06 PCR MIT 66 00176000 
REV O7 PCR NASA 155 00177000 

"d
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APOLLO COMPUTER LOGIC CHECKLIST INTERFACE 

ENTRY -— FINAL PHASE PROGRAM (PAT) LOGIC REV aa 11/29/68 

CHECKLIST REV 10 O4/7T/5R 

2 

PURPNSE: q1y TO CONTINUE ENTRY CUIDANCE AFTER O7 + 0.5FPS (MR APPROX, 0.26) UNTIL TERMINATION OF STEERING WHEN THE CM 

VELOCITY WRT FARTH = 1000 FT/SEC {ALTITUDE IS APPROXTMATFLY 65,000 FTL). 

(7) TO CONTINUE ENTRY CSKY DISPLAYS. 

ASSUMPTIONS: (13 THF PROGRAM IS AUTOMATICALLY SELECTED 8¥s 

{A) P65 WHEN ADOT IS NEGATIVE AND THE V IS SUFFICIENTLY LOW (V-VL~-C18 NEG) 

{(B) P66 WHEN DRAG ACCELERATION RUILDS UP TO O07 + 0.5 FPS. dar APPROX, 0.26} 

{CY P64 TF ONT UPCONTROL SOLUTION EXISTS WITH VL > 18000 FPS 

(2) THE ASTPONAUT MAY MONTTOR N64 {G2VI,R TO GO} DURENG THIS PROGRAM BY KEYING IN V16 N64E. HE ALSO MAY MONT TOR 
N68 (BETA, VI, HOOT) BY KEYING IN VI6NGSE. 

PROG CMe ER OUND CREW CHECKLIST TIME TOTAL 
CONT TIME 

oCMC PROG. 
» SELFCTICN 

START ENTRY-FINAL 
PHASE PROGRAM (P 67) 

  

  

2 we ee eee #10 

MONTTOR DSKY: 
NASERVE DISPLAY OF 
PROGRAM 67 

#20 

Pe 7/COLOSSUS  



TEMP 
HOLT . 

MON} 

et 
+09 
++ 
PCR 
528 

326 

DISPLAY ON [SKY: 

VO6 N66 

R1I-BETA 
R?-X RNG ERR 

R3-NWN RNG ERR 

BETA-COMMANDED 
BANK ANGLF. IN 
DEGREES TN MFAREST 
«01 SEGRFE 

X PNG FRR - CMC 

SOLUTION FOP CROSS 
RANGE ERROR. ONns— 
IVIVE TF ON THE 
SOUTH OF THE 
TARGET PLANE. NEG- 
ATIVE TE ON THE 
NORTH OF THF TARGET 
PLANE. IN NAUTICAL 
MILES TO THE NEAR- 
EST «1 NM. 

DOWN RNG FRR - CMC 
SOLUTTON FOR DOWN 
RANGF ERRAR (NEC- 
REASINGH POSITIVE 
FOR OVERSHNOT, 
NEGATIVE FOR UN- 
DERSHOOT. IN NAUT- 
ICAL MILES TN 
NEAREST 21 NM, 
{PREDANGLE-THETAD 

NOTE: THE DWN RNG 
ERR DISPLAY WILL 
RE 9999.9 NM ONCE 
THE TAS GET HAS 
BEEN AVERSHNT, 

COMMAND CM ATTITICE 
TN ACCMRN ANCE WETH 

CMC ENTRY LAGTe 

Paneer ew ercenacceves 

MONTTAR GEN CONTPENL 

OF ENTRY: 

CAYFDATS 

ATT ERRORS LESS 

THAN --DEG 

ATT RATES LESS 
THAN ~~DEG/SEC. 

BALL ENDICATES 
LIFT VECTAR 
DIPECTION Cne— 
PELATION WITH 
RETA 

{RY OSKY: 
RI-RETA VARTES 
TU LIMIT G AND 
CONTROL LIFT 
VECTOR. 

R2- OWN RNG ERR 

- NECREASTNG 

PEéT/CCLESSUS 
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HOLD. 

MON 

WATT UNTIL cM 

VELOCITY WRT EARTH = 
1090 FPS 

FLASH VEPB-NOUN TO 
REQUEST RESPONSE AND 
DISPLAY? 

V1l6 N6? 
R1-RTNGN 
R2-LAT 
R3- LONG 

RTOGO-RANGE TO GO TO 
TARGET. IN NAUTICAL 
MILES TO NEAREST 22 
NM, NEGATIVE AND 
DECREASING WHEN AP- 
PROACHING TAPGET, 
POSITIVE AND IN- 
CREASING WHEN LEAV- 
ING TARGET. 
LAT - LATITUDE NF 
PRESENT POSITION. IN 
DEGREES TO NEAREST 
01 DEG. 

{+ FS NORTH) 

LONG = LONGITUDE NF 
PRESENT POSITION, IN 
DEGREES TO NEAREST 
Ol NEG. 

t+ 1S FEASTS 
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Pere eree reser cccsees 

MONTTOR OSKY: 
OBSERVE VERR-NOUN 
FLASH TO REQUEST RE- 
SPONSE AND DISPLAY 
PRESENT POSITIGN AND 
RANGF TO GO 

  

HOLD CONSTANT ATTI- 
TUDF MANUALLY CFULL 
LIFT UP OR DOWN, DF- 
PENDING ON RTOGN) 
UNTIL CHUTE DEPLOY- 
MENT, 

MONTTAR ALTIMETER 
AND STANDRY TO BACK~ 

UP MESC FOR CHUTE 

DFPLOYMENT 

  

) 

PET/COLNSSUS 
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. . P67/ COLOSSUS 

WATT FOR KEYROARD WHEN CM TS ON THE 
ENTRY . CHUTES KEY IN 

. PRNCFED 
: —_ #130 

TERMINATF FLASH UPON 
RECFIPT OF PRNCEED 

TURN OFF ENTRY DAP 
-----------—------- #140 

BO ROUTINE ROO 

. . 

eos eee #150 

EXIT p67 EX'T P67 

CHANGE CONTRET NOTES 

REV O07 ocr MIT 456 

RFV 98 PCR 206 

REV 99 ecR 528 

378
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