
LB-1 

LAUNCH AND BURN SCHEDULE 

TRANSLUNAR INJECTION 
MIDCOURSE CORRECTIONS 
LUNAR ORBIT INSERTION 
DESCENT ORBIT INSERTION 
LM DESCENT AND LANDING 

LM ASCENT AND RENDEZVOUS 
TRANSEARTH INJECTION 
MIDCOURSE CORRECTIONS 

ENTRY
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TIME OF UPDATE 
SPACECRAFT GYRO PIPA 

(CM or LM) POSITION | wp (meru) | BIAS (cm/s’) i <n : 

PRELAUNCH IMU COMPENSATION 
x 

cM ¢ 

GYRO DRIFTS PIPA 7 

POSITION NBD ADIA ADSRA BIAS SCALE 
(meru) (meru/g) (meru/g) (cm/s*) FACTOR: 

(ppm) | x 

x z 

Z 

x. 

x 

Z 
Y 

vA 

LM x 

GYRO DRIFTS PIPA y 

POSITION NBD ADIA ADSRA BIAS ECALE 
(meru) (meru/g) (meru/g) (cm/s’) ERGTOR Z 

(ppm) 

x 

x 

= 

Y 
| Z 
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EVENT 

\IFTeFF . poz Te PL 
ENABLE TAMER CLEARANCE YAM MANEUVER 
TERMTUATE "YA" MANEUVER 
PITCH AND ROLL INITIATION 
SeIC CENTERSENGINE CUTE        
SeIC SUTREARDWENGINE CUTSFF 
SSIC/Se1T SEPERATION 
Set 1eNrTTaY 
LET vertises, 
Se11 CENTER*ENGINE CUTPEF 

  Se11 SUTRRARD-ENGINE CUTAFF 
Se11/SeIv8 SEPARATIBN 
Serve [er TIAN 
Sc1VB FIRST GUIDANCE CUTSFF 
PARKING ®8BIT INSESTIO 

      

P52 IMU REALIGN (APT 3 t LAUNCH) 
TUT PAD (LBet4), TL1+20 MIN ABORT PAD 
qb Be851 887 L748 Px? cLBeA7) 
Setve neranrrion 
Sr1V8 second curoance cuTaFE 
Setve maneuver re SEPARATION ATTITUDE CSH/Se1Vn SEPARATE 
CSHeL™ onckINS 
CSH/L™ EyECTIAN Se1V8 va MANEUVER 
S+1V8 APS EVASTVE BURN 
S-1V8 Lox DUYP 
P52 IMU REALIGN (@PT 3 3 LAUNCH ) 
PS2 IMU REALIGN (8PT 15 PTC 
P37 L/o*is BAD (LAZO) 
EARTH DISTANCE APPRAXe 33/300 NH 
EARTH DISTANCE APPSBX. 38)900 NM 
B23 CISLUYAR NAVIGATIAN (LBe21) 
MCCeL P90 NVR PAD (LAeoHD 
P52 (MU ReaLIRN (SPT 2 PTC 
P30 EXTEPNAL DELTARV (TF MCCat REQIO 
Pasay ens/ecg THRUSTING ( IF MCCHt 
REQ'D ) (18-25) 

  

APOLLO 16 

DATE 

L te 
16s 
ter 

L tes 
ter 
ter 
16 
ter 
le 
te 
te 
te 
16 
ter 
he 
16 
ter 

L te 
16 
tes 
te 
ter 
1 
16) 

  

ter 
te 
ter 
te 
16 
te 
ter 
ter 
ter 
18) 
ter 
te 
tes 
ton 

ACTIVITIES 

    

    

  

EVENT 

cay 
Necel «tf Reo1D) 
EARTH DISTANCE APPROX+ SB» 100 NH 
P37 L70025,35145)85 PADS (LB+26) 
EARTH DISTANCE APBROX« 68,400 NM 
EARTH DISTANCE APPREX+ 974700 NM 

Mece2 p59 save PAD (18427) P52 IMU REALIGN ( 9PT 2 , 
EARTH DISTANCE appsens 1174000" wn 
P30 EXTERVAL DELTAsY (IF MCC#2 REQ'D ) 
PeO/PHL SPS/ACS THRUSTING ( IF MCCH2 
REQUIRED } (LBq78) 

  

Nece2 (IF REQUIRED ) 
EARTH DISTANCE APP#OX+ 1224800 NH 
LH INGRESS 
UM egress 
EARTH OISTANCE APPROX+ 1320500 NH 
EARTH DISTANCE APPROXe 1544300 Ne 

P82 IMU REALIGN ¢ ePT 9 t PTC) 
MCC*3 P30 HNVR PAD (LB=29) 
P30 EXTERNAL DELTASV (IF MCCe3 REQ'D ) 
Puo/PUt SPS/ACS THRUSTING ( IF MCCa 
REQUIRED 1 (LB=30) 

Mece3 (IF REQUIRED 1 
UH INGRESS 
Ly EGRESS EARTH DISTANCE APPROX+ 176,400 NM 
EARTH DISTANCE APPRBX+ 189/400 NM 

    

Pre 
P30 EXTERNAL DELTAey CIF NCGe4 REID > 
EARTH DISTANCE APPROXe 194/100 Nt 
PuO/Pay SPS/RCS THRUSTING { IF MECH 
REQUIRED ) (LB=32) 

MCCes CIF REGUIRED 

APOLLO 16 

4 ACTIVETIES CeNro 
APRIL 
APRIL 
aeate 
APRIL 
APRIL 

cay 2 
APRIL 
APRIL 
APRIL 
BPRIL 
APRIL 

APRIL 
APRIL 
APRIL 
APRIL 
APRIL 
aPRIL. 

ony a 
spat. 
aeRiL 
APRIL 
APRIL 

Apel. 
APRIL 
APRIL 
APRIL 
APRIL 

  

APRIL 
APRIL 
APRIL 
aPRIL, 
APRIL. 

PRIL 

DATE 

ter 
ter 
1% 
1% 
17 

Activities 
1 
17 
re 
i 
17 

17 
in 
1 
1 
17 
te 
ACTIVITIES 
te 

19) 
19 
19) 
19) 
19. 
19 

3972 
1972 

1972 
1972 
1972 
1972 

1972 
4972 
1972 
1972 
1972 

      

UIE 

    

i581 0 

   
estes 
e9te9: 

  

o- 
Oo. 
oe 
Oo



APOLLO 16 ‘APOLLO 16 

event DATE EVENT DATE 
   

Day 3 ACTIVITIES CaNTD DAY 5 ACTIVITIES ceNTD 
Sim DepR JETTISON (U2 APRIL 39) 1972 
Ler PAVR Bap? PREL ERY th8035) APRIL 195 1972 

    

  

    
    

        

  

        
        

P52 IMU REALIGN ( 4PT 3 APRIL 195 1972 P52 (CH) TMU PEALIGN ( @PT 2 £ LOG SITE) APRIL 20, 1972 oF 
Be Imy seatton t apy ELA BPRIL 19) 1972 Pe (LH) TMU REALIGN ( @PT 3 $ LOG SITE) APRIL 20, 1972 0 

P52 COAS CALIARATIEN (CH) APRIL 20) 1972 o- 
DAY 4 ACTIVITIES P30 EXTERNAL DELTAS (CM? APRIL 20, 1972 oe 

TEL & PAD (LE+35) APRIL 19» 1972 LPD CALTeRATION. APRIL 20, 1972 oe 
LAL MNVR PAD (16-36) APRIL 19) 1972 \ Pug SPS THRUSTING (CH) APRIL 20) 1972 o 
P30 EXTERWAL PELTASY APRIL 195 1972 CSP CIRCULARIZATION APRIL 200 1972 13135245, 
Peo SPS THRUSTING APRIL 19) 1972 P76 UPDATE CSM STATE VECTOR (LM) (886) APRIL 200 1972 OF 
cr APRIL 19) 1972 P62 LONITION ALGORITHY TEST APRIL 20» 1972 aatait oe 
SrIVO Luan tepacT { 2028 S 34079 1 APRIL t9y 1972 Poe CANDVARK TRACKING (L857) JPRIL 20, 1972 hee 
P52 IMU REALIGN ( 9Pr 3 LOL APRIL 19) 1972 i POY APRIL 209 1972 tatentate 
pse Ivy meALION ¢ GPT 1 1 (00 Sine ) APRIL 9, t97e LE_LUNAR TeUCHOOAN APRIL 20, 1972 sathors2 
DST NVR PAD AND TEL S PAD (8438), APRIL 49) 1972 B52 (CH) TMU REALIGN { 8PT 3 t LOG SITE) APRIL 20s 1972 oO 
P2k PAD (LRAO) P57 LuNA® SUPFACE ALIGN { PT 3. LOG APRIL 20» 1972 o 

P52 IMU REALIGN ( @PT 3: LOG SITE) APRIL 91 1972 See ee arte rg ONE’aTAR 
Bao EXTERNAL Oe ArY APRIL 194 1972 LN PGs BAKER DEN APRIL 207 1972 991171 OF 
Pa SPS THRUSTING aPRIL i9, 1972 P2h LANDMARK TRACKING (LB+ttS APRIL 2G» 1972 2008402 0 
pal apa it te, 1372: START EVae APRIL 205 1972 iootas: o. 
P47 BATLAUT BURN ( IF REQUIRED ) APRIL 19) 1972 ps2 (CH) IMU REALIGN ( 8PT 3 f LOG SITE) APRIL 20s 1972 o 
P26 LANDMARK TRACKING APRIL 199 1972 TEL 26 Pan (L8Wit7) APRIL 21p 1972 oO 
TE] 12 AND TET 19 P30 MYR PADS (LO=42) APRIL 19) 1972 ND EVAet APRIL 21, 1972 oO 
Cee Neat eet Serpe RTE: © ApRec aah tone Pop (CH) IMU REALIGN { OPT 3 t LOG SITE) APRIL 21, 1972 oe 
P52 IMU REALIGN [ 9PT 37 LDG SITE} APRIL 205 1972 
EERE APRIL 204 $972 DAY 6 ACTIVITIES 
Le PGNS THRW=AN APRIL 20» 1972 TEL 32 Pap (LBe117) APRIL 24y 1972 oe 
UNDBCK/SEPARAT ION PAD {L8+43)4 APRIL 205 1972 en te Ae poniteaty vere Be 

ocReD tees P52 (CH) TU REALIGN ( SPT 3: LOG SITE) APRIL 21) 1972 o 
gpeKeD teu geamte ALIGN APRIL 299 1972 Pe (CH) TMU REALIGN ( @PT 3 f LOG SITE) APRIL 21, 1972 oe 

2 LIGN ( OPT 3 t LOG SITE) APRIL 200 1972 | END EVAS2 APRIL 214 1972 oe 
CeunSon/Seiran Teen ave! 

TE $2 PAD (LRe218) APRIL 22s 1972 oO 
P30 EXTERNAL DELTARY ( CSM) APRIL 20» 1972 112502 o 983561 04 

DAY 7 ACTIVITIES 
DAY 5 ACTIVITIES 

P52 (CH) IU REALIGN ( GPT 3 t LOG SITE) APRIL 22» 1972 o- 
Put RCS THRUSTING ¢ CSH 1 (LBe4@) APRIL 205 1972 oe oe Start EVAL3 APRIL 22s 1972 

CRUZUN UNOSCRTNE ani: SEPARATION see tt Boe 1378 oe Oe (BeCeL MUR PAD AND TET 53 PAD (LB+119) APRIL 22, 1972 
CSH/LM UNDECKING AND SEPARATION APRIL 20) 1972 12t 7iaie : B52 (CH) TMU REALIGN ( QPT 3 f LOG SITE) APRIL 22s 1972 
P24 LANDMARK TRACKING APRIL 20, 1972 $2195! 0+ £0 PSe (Ch) IMU PEALIGN ( OPT 1 4 LAPCHL) APRIL Bay 1972 oO 
CSM CIRC PAD [LB-50), NO PDI‘ ABSRT APRIL 20s 1972 Aztbat oO Sethet Os 
PAD {LBsS2)) FDI PAD (LB+53), POT 
ABERT Pans | (LB654,58)



   
APOLLO 16 

APOLLO 16 

Event DATE 
event nave Tse ‘i 

, Caminis ) SeEATe 

  

| DAY B ACTIVITIES CanrD 
oay 7 ACTIVITIES Caro 

    

     

  

P79 RENDEZVOUS FINAL PROGRAM (C4) aeRIL 23) 1972 
P30 EXTERVAL DELTA+Y APRIL 2, 1972 Pa? THRUST MANITER (LM) APRIL 23, 1972 
Pap SPS THRUSTING APRIL 22) 1972 APRIL 23, 1972 

Lercet APRIL Bey 1972 SECBND L™ BRAKING “ANEUVER aeaIL 23, 1972 
P52 (cM) IMU REALTON ( 97 Lf LIFT eFF) APRIL 22, 1972 THIRD LM BRAKING MANEUV APRIL 23» 1972 
END EVaea APRIL 22) 1972 | FOURTH Lw BRAKING MANEUVER apaiL 23, 1972 
PS2 (eM) IMU REALIGN ( GPT 3 t LIFT OFF) APRIL 23, 1972 Pay TheUsr ven tte (ch APRIL 23) 1972 
P24 PAD (LBet22) APRIL 23, 1972 | oacktng APRIL Bay 1972 
(CHPGNs TURNsAN BPRIL 83) 1972 C8 Uertierey Pag fa-140) APRIL 230 1972 
757 LUNAR SURFACE ALISY (GPT 4 t LIFT APRIL 23) 1972 CgMeSEP PAD (LB-Sé) 
AFFs TECH 3} GB ANE STAR} 

      

        
  

   

| (ou OERBIT BUPK PAD (L8=160) APRIL 239 1972 1781561 
ASCENT PAD (LA*L251, CST PAD (189126) APRIL 23» 1972 ALtMAE oO 1678501 0 CM JeTTisan APRIL 23) 1972 197:3%t 

CSM SEPAPATION APRIL 235 1972 1971361 
DAY. ACTIVITIES TET 62 PAD (Le APRIL 235 1972, 2113 a77 that 

LH ORBIT BLANK APRIL 23» 1972 i79ttet 
P22 LUNAR SURFACE NAVIGATION APRIL 236 1972 oe P 
P52 (CH (ru REALIGN ( SPT 3 f LIFT SPF) APRIL 23, 1972 a. LM IMPACT ( the98Ee 96505 1 APRIL 23y 1972 
P52 (CH) COAS CALIBRATION APRIL 2a, 1972 a | Bop TMU REALIGN ( APT 3.7 LIFT OFF ) APRIL Buy 1972 
P57 LUNAR SUPFACE ALIGN { OPT 4 LIFT APRIL 23, 1972 o LePCe2 Akh TFT 65 PADS {LB-144) APRIL 24) 1978 
OFF, TECH 3 G5 SNE STAR) DAY 9 ACTIVITIES 

Pia PeuEseD ASCENT zay 1972 o 
LP LUNAR 23) 1972 a Po IMU REALIGN ( SPT 2.¢ LIFT FF) APRIL 24s 1972 
CUNAR oRAgT INSERTIEN 23) 1972 istaeiese PS2 [MU EALTGR | 9PT Lf LAPCH2 ) APRIL 2m, 1972 
B20 RENDEZVBUS NAVIGATION (LM) 23. 1972 15ia5: oO P39 EXTERNAL NELTASY APRIL 24) 1972 
P34 TPL TARGETING (Cm) 23) 1972 151502 oF Pa SPS THRUSTING APRIL 25) 1372 

Lercee APRIL 24) 1972 
P36 TPL TARGETING (LM) 
Pap APS THRUSTING 

2a» 1972 
23) 1972 
23, 1972 

23) 1972 

P52 IMU REALIGN ¢ 8°T 
| P52 IMU REALIGN ( SPT 

P52 MU REALIGN ( PT 
LIFT OFF) APRIL 24» 1972 
CFT err ) APRIL Bay 1972 
CIFT OFF) APRIL 24, 1972 

  

P95 TPM TARGETING (LI)         P76 TARGET DELTASY (CMD 23, 1972 TEL 72 Pap (LRe487 APRIL Buy 1972 
P52 IMU REALIGN ( PT 9 ¢ LIFT OFF) APRIL 255 1972 

P95 TPH TARGETING (CH) 2a, 1972 17etwer O 
Pat RCS THRUSTING (LY 23) 1972 s72t5er oO. TEL 78 PAD (La=147) APRIL 25+ 1972 
MCCet (LM f IF REO'D! 23) 1972 Leivaress 17; : SHAPE MANEUVER PAD (LA®148) APRIL 25, 1972 
Pas TPH TARGETING (LY) 23) 1972 LGtMAtBOe 172154150. P76 TARGET DELTARY (CM t IF NCCoL 23, 1972 Ier89t oO 172155: 0+ DAY to ACTIVITIES 

  

PERFARMED 1 

  

UP52 IMU EALIGN | 9PT 2.¢ LIFT OFF). APRIL 25y 1972 2161 OF 08 
P35 TPM TARGETING (CH) APRIL 23, 1972 P30 EXTESNAL DELTASY APRIL 25) 1972 216!101 Oy 
Pat RCS THRUSTING APRIL 23, 1972 Pag SPS THRUSTING APRIL 25) 1972 216137: 0. 
Mece2 IF RED'D) APRIL 23, 1972 SHAPE BURN APRIL 25) 1972 2istnori2. 
276 TARGET DFLTAeV ( CM t IF MCCo2 APRIL 23) 1972 SUBSATELLITE LAUNCH APRIL 255 1972 Bist 2: Be      
Pearannes 5 | |



EVENT 

TEL 75 PRELI“EARY PAD (LBA151) 
P52 IMU REALIGN ( SPT 3 2 LIFT 9FF 
P52 IMU SEALION ¢ ePT 1 TEL) = TEL 75 Pan (LAriSi) 
AND TEL 76 PAD (Le-182) 

P30 EXTERNAL DELTASV 
PaO SPS THRUSTING 
Tel 
P52 IMU REALIGN ( 9°T 3 i TEL > 62 IMU REALIGN ( Spr i: PTC) 
EARTH DISTANCE APPROX+ 210490 uM 
FARTH DISTANCE APPROX: 1279R00 ‘IN 
P52 IMU PrALION ( PPT 3-2 PTC} 
MECeS PAD (LA*iSHD 
P30 EXTERWAL DELTALY { 1F MCCH5 
Pao/Pay sesvacs THRUSTING (IF 
MeCeS REQUIRED 1 

MeCeS CIF RECUIRED 2 

  EARTH DIsTA 
START CS™ EVA 
END Csm eva 
EARTH DISTANCE APPROX. 168,274 MH 
P52 IMU REALIGN ( PPT 3 PTC 1 

F APPROX. 1H2¢K00 NH   

EARTH DISTANCE APPROXe 151/800 Ni 
EARTH DISTANCE APPROX. 12R)254 NS 
P52 IMU REALION ¢ AT 3: PTC 

EARTH DISTANCE APPRAX+ 119/684 NH 
NcGe6 PAD (15-156) Psa TMU REALIGN ( @PT a: PIC) 
ENTRY Pan ILBe2p8) 
MCCee CIF REQUIRED 3 

   

Pay THRUST MONITOR (LReiSa) 
EARTH DISTANCE APPREXe87)379 vt 
MCce? PAD (URst6G!s ETRY PAD (Un 
P52 IMU PEALIGN { #PT 3 PTC 
So IMU REALIGN (PT 1 f ENTRY ) 

    

APOLLO 16 

DATE 

  

DaY 10 ACTIVITIES CenTD 
APRIL 25, 1972 

) APRIL 25) 1972 
APRIL 25) 1972 APRIL 25s 1972 

APRIL 255 1972 
APRIL 25) 1972 APRIL 25) 1972 
APRIL 25) 1972 
APRIL 255 1972 

1972 
3372 1993 
3372 
3972 

  

1972 ALE ato 239:101 04 
1972 Latast oe essai: 

  

acTiviTiEs 
26. 1972 
26s 1972 

Per 3973 
Bor 1972 

260 1972 
26, 1972 
27) 1972 
PI) 1972 
activities 

27» 1972 
27) 1978 
275 1978 

27) 1977 
27) 1972 
27» 1972 
27, 1972 

173) APRIL 22, 1972 
APRIL Bes 1972 
BPRIL Bas 1972    

    

  

FvENT 

ATERAL DELTATY {IF MCC PagvPey cossecs THAUSTING ( IF MCC#7 
ReQuiRes wece? CTF RECUIRED > 

EARTH DISTANCE APPREX+ 202900 Nit 
Psp [MU RrALIGN { aPT 3 ¢ ENTRY ) 
ENTRY Pan (CR=173) 
Pel ENTRY-PREPARATION baa ENTRY © CM/S" SEPARATIGN AND 
PREENTRY MANEUVER 
CHS" SEDAPATION. 
ENTRY INTERFACE 
SPLASHOO=" 

7 REQID 1 APRIL 2H» 1972 

APOLLO 16 

DATE 
   

oAY 42 ACTIVITIES Canto 

APRIL Ba, 1972 
APRIL 28) 1972 

DAY 19 ACTIVITIES 
APRIL 2ar 1972 
APRIL 26s 1972 
HORIL 28, 1972 
APRIL 28) 1972 
APRIL 28» 1972 

APRIL Ba» 1972 
APRIL Be, 3972 
APRIL 24s 1972 

 



Lets 

  

  

    

    

  

  

    
  

  

    

    

  

    

                                Ave (tis) 
  

SXT Star 

Le14 

roo-exreRNAt AV 
TLI+90 

87 Enter, 20 Enter 
{V06 Na3 Flshing, Load Desved GET! 

Tu 
V6 N81 Flashing, Load Desired AV 

| Purpose 

| PropiGuidance 

| Weight (ib) 

. x Ptrim x TB 6p" (himin:s) ewes 
Yarn 

x] x | x R x| x| x 
Predicted Spacecraft Hours 
IMU Gimbal Angles 

x |x| % Pat TLI Ignition es Mininest “GET 
(degrees) x [x] x y eS x] x] x Seconds 

x | x | x BT Duration of TLI (minis) x} x] x | 

Avc'** (ft/s) | uy 

| (is 
+ vit (ft/s) ae — 

| 
x x % RSEP predicted S/C IMU * m 7 I Giinbak 

Gimbal Angles at ots (ae 
x |x] x PSEP Completion of S-1VB x] x] x y 

Maneuver to CSM/SIV-8 : 
Seperation Attitude | 

xXx] * YSEP (degrees) x| x| * | Hapogee 

x |x] x R x] x] x perigee 
Predicted S/C IMU | “Bvt tis) 

x |x| x e Gimbal Angles at KL ex Extraction | | BF fins) 
x] x] x y x| x] x 

* SFT (degrees) Predicted Time of Beginning of S-1VB Restart Preparation for TLI {TB6 = TLI Ignition - 9 minutes) | 
**Nominal TLI AV Set into EMS AV Control TAN (degrees) 
Nominal Inertial Velocity Displayed on DSKY at TLI Cutoff BSS (Coas Stat] 

SPA (Coss itch, dea) 

XP (Coss X Fos, de) 
Lat vor] 

le Lone 

RTGO (nmi) EMS 

vio tte 
[Get 0059 He:minss 

SET STARS 

Ratign 

Patign 

Yalign 
ULLAGE   Notes:



  

PRO/GUID 

WT XXXKK (Tbs) 

P TRIM XA (DEG) 

Y TRIM XXX (DEG) 

cet HAAX HK 
(HRS :HIN SEC) 

av XHKX.X (fps) 
avy XXX (fps) 
avz. XKXX.X (fps) 

R x4x (0E6) 
P xxx (DEG) 
y XXX (DEG) 

Hy XXXK.X (nim) 

Hy AXA. X (rim) 

wT WOK, 

aT X2XX (MIN: SEC) 

ave XUXK.X (fps) 

SxTS Xx (OCTAL) 

SFT XXX,X (DEG) 

TRN 4X.X (DEG) 

ass XXX. (OCTAL) 

SPA XA.X (DEG) 

SKP X.X (DEG) 

Lar XKXK 
LONG RK 

RTGO OK. 

v0 YXXHXX (Fs) 

GET(.056) XN: KX:XX 

SET STARS 

RP, Y 
(ALIGN) 

ULLAGE 

HORIZON 
WINDOW 

PROPULSION SYSTEM (SPS/RCS)/ 
GUIDANCE (SCS/6EN) 
PREMANEUVER VEHICLE EIGHT 
SPS PITCH GINJAL OFFSET TO 
PLACE -THRUST 

SPS YAM GIMJAL OFFSET TO 
PLACE THRUST 

TIME OF MYR IGNITION 

P30 VELOCITY TO BE GAINED 
COMPONENTS IN LOCAL VERTICAL 
COORDINATES 
TMU GIMBAL ANGLES OF 
MANEUVER ATTITUDE 

PREDICTED APOGEE ALTITUDE 
AFTER HANEUVER 

PREDICTED PERIGEE ALTITUDE 
AFTER MANEUVER 

TOTAL VELOCITY OF MAHEUVER 

MANEUVER. DURATION 
PREMANEUVER aV SETTING IN 
ENS a¥ COUNTER 

SEXTANT STAR FOR MANEUVER 
ATTITUDE CK 

SEXTANT SHAFT SETTING FOR 
MANEUYER ATTITUDE CK 

SEXTANT TRUNNION SETTING FOR 
WANEUVER ATTITUDE CK 

BORESIGHT STAR FOR MANEUVER 
ATTITUDE CK USING THE COAS 

BSS PITCH ANGLE OM COAS 

BSS X POSITION ON COAS 

LATITUDE AND LONGITUDE OF THE 
LANDING POINT FOR ENTRY 
GUIDANCE 

RANGE TO GO FOR EMS 
INITIALIZATION 

INERTIAL VELOCITY AT .056 FOR 
EMS INITIALIZATION 

TIME OF .056 

STARS FOR TELESCOPE FOR 
BACKUP GDC ALIGN 

ATTITUDE TOBE SET IN 
ATTITUDE SET TH FOR BACKUP 
GDC ALIGN 

NO. OF SM RCS JETS USED AND 
LENGTH OF TIME OF USSAGE 

WINOOM MARKING AT WHICH 
HORIZON IS PLACED AT A 
SPECIFIED T1G (ATT Ck)   

LB-17 

P37 — RETURN TO EARTH 

V37 Enter, 37 Enter 
V06 N33 Flashing 

Time of Ignition (h, min, 0.01 s) 
V06 N60 Flashing 

Blank, AV Desired, GAMMA El Desired (ft/s, 0.01 deg) 
V06 N61 Flashing 

Impact Latitude and Longitude (0.01 deg, 0.01 deg) 
V06 N39 Flashing 

AT of Transfer (h, min, 0.01 s} 
V06 N60 Flashing 

Blank, V Predicted GAMMA El (ft/s, 0.01 deg} 
VO6 N81 Flashing 

AVX (LV), AVY (LV), AVZ (LV) at TIG (0.1 ft/s) 
V04 NO6 Flashing 

R1: 00007 
R2: 0000X (1- SPS, 2-RCS) 

V08 N33 Flashing 
Time of Ignition {h, min, 0.01 s) 

V16 N45 Flashing 
Marks, TF, Middle Gimbal Angle (marks, min/s, 0.01 deg) 

LIO +8 

ime of Ignition (h, min) LNSS 

V Required (ft/s) Neo 

lLongitude of Splash Point (deg) 

ime of Entry Interface (h, min) 

ITime of Ignition (h, min) LNSS 

Ngo JAV Required (ft/s) 

Longitude of Splash Point (deg) 

ime of Entry Interface (h, min)



Le-18 

P15 — TLI Initiate /Cutoff 

v37 Enter, 15 Enter 

VOGN33 Flashing, GET of TB6 Initiation 

VO6N14 Flashing, Velocity Magnitude at S-IVB Cutoff 

VO6N95 TFI, Vg, VMAGI 

  

  

  

  

  

  

    
  

  

  

  

# [0 | o Hours 33] +] 0 

+ {9 [9 [0 Minutes GET +}0 

+0 Seconds 6 +] 0 

+ vi/co ft/s [Nia] + 

b TRI min/s [N95 

ve ft/s 

YMAGI ft/s                             
  

NOTES 

  

Le-19 

P47—THRUST MONITOR 
V37 Enter, 47 Enter CSM/LM Ejection 
V16 N83 Flashing, AV XYZ Body Axes 
N62 Enter 
V16 N62 Fleshing, Inertial Velocity, Altitude Rate, Altitude 

x |x| x Ra 
IMU Gimbel Angles x |x| x ep | 

x |x| x 

  

NOTES:



18-20 

P37 — RETURN TO EARTH 

V37 Enter, 37 Enter 
O06 N33 Flashing 
Time of Ignition (h, min, 0.01 s) 

VO N6O Flashing 
Blank, AV Desired, GAMMA El Desired (ft/s, 0.01 degh 

\VO6 N61 Flashing 
Impact Latitude and Longitude (0.01 deg, 0.01 deg) 

VO6 N38 Flashing 
AT of Transfer th, min, 0.01 s) 

VO6 N6O Flashing 
Blank, V Predicted GAMMA El (ft/s, 0.01 des) 

\VO6 N81 Flashing 
AVX (LV), AVY (LV), AVZ (LV) at TIG (0.1 ft/s} 

\V04 NOG Flashing 
Rt: 00007 
R2: 0000X (1- SPS, 2-RCS) 

VO6 N33 Flashing 
Time of Ignition (h, min, 0.01 sh 

V16 N45 Flashing 
Marks, TFI, Middle Gimbal Angle (marks, min/s, 0.01 deg) 

Lio +15 

N33 ime of Ignition (h, min) 

V Required (ft/s) Nee 

lLongitucte of Splash Point (deg) 

ime of Entry Interface th, min) 

[Time of Ignition (h, min) LNSS 

JAV Required {ft/s} NEO, 

Longitude of Splash Point (deg) 

[Time of Entry Interface {h, min} 

  

V3? Enter, 23 Enter 
OS N70 Flashing 

Ri: 000xx 
R2 00x00 
R3: — 00CDO 

V59 Flashing, Perform Optics Calibration 
51 Flashing - Please Mark 

15-21 

P23-CISLUNAR MIDCOURSE NAVIGATION 

Celestial Body Code 
0 Horizon 1 ~ Earth Landmark 2— Moon Landmark 
C=0,D=OLandmark C-1' Earth Horizon C-2 Moon Horizon 

D-1 Near Horizon 0-2 Far Horizon 

OPTICS CALIBRATION 

Hours 

Minutes GET 

‘Seconds 

‘Star ID N70 

Trun Angle Bios | NB7 
R2 

un Angle Bias | N87 Teun Angle Bias | NB! 

Tun Arto Bis | 887 

  NoTEs: 

MIDCOURSE NAVIGATION 

Hours 

Minutes 

Seconds 

Star ID 

LMK 1D 

Hor ID 

AR nmi 

AV fs 

AR ami 

Av ius 

AR nmi 

AV ls 

AR nmi 

AV tis 

AR ami 
AV fs 

AR nmi 

AV ius  



23 — ASTRONAUT LOCATOR CALIBRATION 

18-22 

  

(OUA STAR LOS (TRUNNION) 25c: tye  
 
 

 
 

H-UPDATE 

18 KM 

24 

35 

19 

10 

NONE 

NONE 

 
 

H 

32 KM 

  

24 

24 

24 

24 

28 

28 

 
 

  

APOLLO 8 LOVELL 

APOLLO 10 YOUNG 

APOLLO 11 COLLINS 

APOLLO 12 GORDON 

APOLLO 13 SWIGERT 

APOLLO 14 ROOSA. 

APOLLO 15 WORDEN   
 
 

  LB-23 

P23-CISLUNAR 
MIDCOURSE 

NAVIGATION 

V37 Enter, 23 Enter 
VOS N70 Flashing 

Ri: 
000XX 

Celestial 
Body 

Code 
2; 

00X00 
0—Horizon 

1 — Earth L
a
n
d
m
a
r
k
 

2 
~ Moon 

Landmark 
3: 

00CDO 
C=0,0=OLandmark 

C+ 
Earth Horizon 

0-2 Moon Horizon 
V59 Flashing, Perform Optics Cali 

D-1 
Near Horizon 

D-2 Far Horizon 
51 

Flashing - Please Mark 

  

OPTICS CALIBRATION 

Hours 

Minutes 
GET 

Seconds 

Star 
1D 

N70 

Teun Angle Bias 
| 

N87 
RZ 

Trun Angle Bias 
et 

N87, 
Trun 

Angle 
Bias 

| NS 

  
MIDCOURSE 

NAVIGATION 

Hours 

Minutes 

Seconds 

Star 1D 

Lk 
1D 

Hor 
1D 

AR 
nmi 

AV fis 

AR 
nmi 

Av 
tus 

AR 
ami 

Av 
tus 

AR 
nmi 

AV 
fs 

AR nmi 
AV fs 

AR 
ami 

AV 
tls 

NOTES:
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8-26 

P37 — RETURN TO EARTH 

37 Enter, 37 Enter 
V06 N33 Flashing 

Time of Ignition (h, min, 0.01 s) 
VO6 N6O Flashing 

Blank, AV Desired, GAMMA El Desired (ft/s, 0.01 deg) 
\VO6 N61 Flashing 

Impact Latitude and Longitude (0.01 deg, 0.01 deg) 
V06 N39 Flashing 

AT of Transfer (h, min, 0.01 s) 
‘V06 N6O Flashing 

Blank, V Predicted GAMMA El (ft/s, 0.01 deg} 
V06 N81 Flashing 

Avx (Lv), AVY (LV), AVZ (LV) at TIG (0.1 ft/s) 
V04 NOE Flashing 

R1: 00007 
R2: 0000 X (1~ SPS, 2-RCS) 

V06 N33 Flashing 
Time of Ignition (h, min, 0.01 s) 

V16 N45 Flashing 
Marks, TF|, Middle Gimbal Angle (marks, min/s, 0.01 deg) 

L/O +25 

N33 ime of Ignition (h, min) 

V Required (ft/s) Neo 

Longitude of Splash Point (deg) 

ime of Entry Interface (h, minh 

  

L/O +45 

[Time of lgnition (h, min) LNSS 

V Required (ft/s) N60) 

Longitude of Splash Point (deg) 

ime of Entry Interface (h, min) 

  

L/O +35, 

L/0 +55 

18-27 

30-EXTERNAL AY 
mec2 

\VaT Enter, 30 Enter 
‘VoG 13 Flathing, Lood Desired GETI 
\YO6 Nat Flashing, Lead Desired AV 

Purpose 
PropiGuidance 

Weight (1) 

Prim 
gree Yom See? 

Houre 
Minutes GET! 

‘Seconds 

IMU Gimbat ‘Angles [deg] 

Haponee 
Heerigee 
Avr 

BF iin) 
Ave is 
SXT Star 
SFT teogrees 
TAN tdoaroes 
898 (Cos Star 
‘SPA (Coas Pitch, deg) 
SSXP {Coas X Pos, da) 

Lar Not 
(ai 

Lone 
RTGO {nmi EMS 

Vio (tis) 
[cer 0053 Heemin's 

SET STARS 

Ration 

Palign 
Yatign 
ULLAGE   Notes.



Ao ~ $3 THRUSTING C5M 

37 Enter, 40 Enter 
\V50 N18 Flshing, Request Maneuver ta FDAI RP. Angles 
Vos 418, FAI A, P, ¥ Angles After Manauver to Burn Attitude 
'V50 N25 Flashing, Rt = 00.20 4, Gimbal Actuator Test Option 
OE 4, Tie om lenton, Velocity be Grind, Mame Change 
\vo0 10 Feshing, Engine On Enable Request 
OG N40, Time fom Cutof, Velocity tobe Gained, Massed Change in Vali 
16.440 Fishing, Final Value ot Engine Cutoff 
VIG NBS Fishing, Body Axes Residual (tobe Naled! 
37 Floshing, 82 Enter 
\VIGNAd Fishing Apogee Altitude, Priaee Altitude, Time to Fresall to den frMosn Ort, 200K treaty Ort 

teh 

FF imina) 
VG tis 
aves ial 
TFC (mind 
Yo tie) 
Ave test 
TFC (nina 
vo tis) 
Avi tust 

(is 

iin 
z 
A (nmi 
He kat 
TEE (mina 

  

L820 

meo2 Pat. RCS THRUSTING 

    

Fiahing, Request Maneuver to FOR, ¥, Angles 
‘VO N18, FOAL, P,¥ Angles After Maneuver to Burn Attitude 
1VOS NAS, x, ¥, 2 Body Axes Velocity 1 be Gained 
\V16 NS (Average G on at T1G.-20) Velocity tobe Gained 
YVI6NES Fisting, Body Axes Residuals tobe Nulled) 

Peter 

vows 

vo (ua! 

Wet 

      

V37 Enter, 30 Enter 
‘Vos N33 Flashing, Load Desired GETI 
\VO8 N81 Flashing, Load Desired AV 

Notes: 

Le-29 

Po0-EXTERNAL AV 
Mec3 

Purpose 
Prop/Guidance 

Wight (by 

Prim 
veri OO 

Hours 

Minutes GET! 
Seconds 

IMU Gimbal Angles (al 
y 

Hapogee 
Hperigee 
‘Avr (huis) 

BT (mins) 

Ave ts) 

SXT Stor 
SFT (degrees) 
“TAN (degrees) 

BSS (Coas Star) 

‘SPA (Coss Pitch, deg) 
SXP {Coss X Pos, deg) 

Lat ver] 

Lone 
RTGO (nmi EMS 

Vio (fst 

SET STARS 

align 

Patign 
Yatign  



40 ~ SPS THRUSTING este 

var enter, 40€nter 
\V80 N18 Floshing, Request Manguver to FOAL 

RP, 
¥ Angles (seal 

TEC imine) 
vot 

  

vm 
atest 

vo ive 
Avie iie 

HA 
tom 

P tom 
Tre 

 
 
 

eat — RS THRUSTING 

  

‘VO6 N18, FOR! A, PV Angls After Maneuver to Burn At 
VOG NEE, X,Y, Z Body Axes Ve 
\V16 NBS LAverge Gon at TIG-30 

Ve 
VION Fiasing, Body Axes Reid 
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P20-EXTERNAL 
AV 

MCC-4 & PERICYNTHION 
+ 2HR 

37 
Enter, 30 Enter 

‘Vos wa 
Flashing, Load Desired GET! 

06 N81 
Flashing, Load Desired AV 

Notes: 

Purpose 
Prop/Guidance 

Weigh 
() 

Prim 
rim 

m
0
 

Hours 

Minutes 
GET! 

Seconds 

Ww (rue) 

Hapogee 
Hporigee 
AvT 

itis) 

BT (min:sh, 
Ave 

(ris) 

SXT Stor 

SET (degrees) 
TAN 

(degrees! 
BSS {Coas Star} 

‘SPA (Coas Pitch, de) 
SXP (Coas X Pos, dog) 

Lat 
er] 

(oar 
Lone: 

RTGO (nmi) EMS 

Vio (His), 
[GET 0.089 
Hesmin:s 

SET STARS 
Ratign 

Palin 

Yalign 
ULLAGE 
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140595 THRUSTING COM at — nos THRUSTING : Ei 
VS7 Enter, a1 Enter 4 & gE a7 na, 4 Enter { g 3B eV R ET ed V0 N18 Fann, Raqust Manse to FOAI RP, Y, Arles | é 5 Yi eters Preent eree SET hne V6 w1,fOnI Rr Anger te Maru bun ee a 8 

ons anng: Ri 0020. Cntr cts ex Onton YOGNS.X.¥. 2 By Ane Vac bw Gail | * q OO N40, Tne Hon anton, Valo tbe Gained Mesured Change Sele es see on Ta 24 Vee 35 Oa 2 z z ‘oan ‘VAG NES Fling, Body nee Reise to be Nal z ge = q 5 
{V99 NAO Flashing, Engine On Enable Request ¢ BE o GE 4g € 0640, Tine om Cua, Vel tbe Gunes, Mess Chae & a Bo 8 E 
\ViG040 Flashing, Final Values at Engine Cutt I 2 & 23 be SEE 8 
‘1S Fling Soy Anes Ret abe Mle 1 a 2 a2 Va? Fasting V2 Enter | E 
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RCS THRU 

+¥ 

  
  

  

  

  

+X 
Te, 

-Z 

-¥ 

SM-RCS THRUSTER 
QUAD a 2 3 

A +R+y| -R-¥|+P-x | -p+x 

B +R+Z| -R-Z| +¥y -X | -Yy +X 

c +R-Y¥| -R+¥/+P+xX | -P-x 

D +R -Z| -R+Z/ +¥, +x | -Yy -X             

  

EXPERIMENTS 

Single Jet RCS Control During SIM Experiments 
Coupled Jet RCS Control During SIM-Off Periods 

       
SPS Yaw 
Gimbal Motion 

x 

Gimbal Motion 

*Use of Thrusters A2, A4, Bl and B4 is constrained when SIM experiments 
are in process. 
Use of Quads A and B is constrained by CSM EVA to retrieve film cassettes 
from SIM Bay. 
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37 Enter, 30 Enter 
‘Vos a3 Flathing, Load Desired GETI 
\VO6 NB1 Flathing, Lood Desired AV 

Notes: 

Pa0-EXTERNAL AV 
TEI5 & DO! 

Purpose 
PropiGuidance 

Wight (1) 

Prim 
Yr (omen 

Hours 

Minutes GET! 

Seconds 

w 
(rue) 

IMU Gimbat Rogles (dea) 
y 

Hanogee 
Hperigee 
‘Avr tts) 

BT (mins) 
Ave tts) 

SXT Star 

SFT (degrees) 
TAN (degrees) 

[BSS (Coss Stor) 

SPA (CossPitch, dea) 
'SXP (Cous X Fos, da) 

LaT voy] 
cr 

Lone. 

RTO (nmi) EMS 
Vio (ris) 
[set 0059 Hezmin:s 

SET STARS 

Ralign 

Patign 

Yalan 
ULLAGE   

DESCENT ORDIY INITIATION 
  

  

  

    
  

  

            
  
                

    

  

Propursion/ | PRETHRUST 
EVENT piyav | GET. | cumance TARGETING 
Dot ; | sps/cen - 

(erRoGRapE) | %+1/26.0) 78:95:00.5 | exy ay @-40) oe 
Vx N85 +]e[x b 
Avy RESIDUALS t/a] [x [x [x min GET 
Av, (pony axiy [a fx 3 

Sey, Hy, = 
XR Yorma 

  

  

DOT Bara Initiation 
Altitude = 68,6 nmi 
Velocity = 5486.2 ft/s 
Tongitude = 140.9" 
Latitude = 8.7" 

P= 175,8"* 
¥ - -0,5" 
R= 00" 

Rev 2 

*P, ¥, Rowith respect 
to local horizontal 

DOI Cutort 
Altitude = 58, 6 nmi 
Velocity = 8280.2 ft/s 
Longitude = ~142.2" 
Latitude » 8,8 
Plane Change = 0.0) 
Burn Are = 1.2 

‘Apotune 
Altitude = 58.6 nmt 

Altitude     

           
  

10,8 nmi 

Position of eagth at DOT 
Tongitude wae 

  

Position of sun at DOX



  

LANDMARK TRACKING 
  

CSM Landmark Tracking Profile 

2a-dogres pitch down 
‘rom local horizontal 
orbital rate through, 
cout tracking. 

  

T1-ttorizon 

Te Sy 

  

  

Ty eee eeteee 
Rees Reet oo. 2 rp Acg) 

Nor Sami__/8A___ TA. __ (72 Acq) 
Ne LAT 

LoNG/2 

  

  

  
    

TA 

  

1 qe errs s 

RL tp ty (re acy 

Nor Snmi__/8A___ TA _ __(T2 CQ) 
NeoLAT     

       
   

      Horizon 

     
   

   

    

    

‘Typical 
AT! = 290 seconds 

lu seconds| 
45 seconds 

  

AOS to LOS = 148 seconds 

  

/ 
t 7 Radius of Moon 

| 
I 
ly 
| 
\ 
| 1 

    

  

    
eMC - on (req 
188 - on and aligned 
8c 
BMAG MODE (8) - RATE 2 
GUN PWR OPTICS - on 
OPT ZERO ~ ZERO (verity) 
OPT MODE - CMC 

  

are 28 

P0689 LAT, LONG/2, ALT (0, 001", 0,001", 0,01 nmi) 
LOAD LMK COORDS 
OPT ZERO - OFF 
PRO 

0892 AUTO OPT SHF/TRUN 0,01", 0.00 
© F.05 09 g0404 (TRUN > 80") 
MNVR to acquire 
PRO 

oor O48, FT 
OPTICS MODE - MAN 

    

F6l -MARK REQUEST 
MARK (as often as desired) 
To terminate: 
PRO 

Fo XXE 
OPT ZERO - ZERO       

NoTES: 

Lpa1 

P24— LANDMARK TRACKING 
MARK DATA 

Hours 

Minutes 

Seconds 

P 
IMU Gimbal 

Y Angles (degreo) 

R 

Shaft 
SXT Angles 

‘Trunnion (degree) 

Hours 

Minutes 

‘Seconds 

P 
IMU Gimbal 

Y ‘Angles (degree) 

R 

Shaft sxT Angles 
Trunnion (degree) 

  

Hours 

Minutes 

‘Seconds 

P 
IMU Gimbal 

Y Angles (degree) 

R 

Shaft SXT Angles 
(degree) 

Trunnion 

 



LB.42 

90-EXTERNAL AV 
TEL 12 &TEL19 

aT Enter, 30 Enter 
‘vos 33 Flashing, Load Desired GET! 
\VO6 N81 Flashing, Load Desired AV 

Purpore 
Prop/Guidence 
Weight (8) 

Prim 
varim ER! 

Hours 
Minutes GETI 
Seconds 
Avy 
Avy Lv 

ns) 

Inu Gimbal ‘Angles (deg) 
Y 

Hapogee 
Hperigee 
Avra 

BT {mins 
Ave (his) 

SXT Stor 
SFT (degrees)   

“TAN (degrees! 

BSS (Coas Star) 

‘SPA (Coas Pitch, degh 

SXP (Coas X Pos, dagh 
Lat Net 

(ear tons. 

RTGO (nmi) EMS 

vio (vel 
(GET O05 @ Hesmin's 

SET STARS 

Raion 

Patign 

Yation 
ULLAGE   Nores: 

37 Enter, 0 Enter 
‘vos 133 Flashing, Losd Desired GETI 
\VO6 NB1 Flashing, Load Desired AV 

Notes: 

Le-43 

P30-EXTERNAL AV 
Separation 

Purpose 
ProptGuidance 

Weight (1b) 

Prim 
ogres ia 

Hours 
Minutes 
‘Seconds 

duel 

IMU Gimbat 
‘Angles (deg) 

Hapogee 

Hperigee 
AvT (fis) 

BT (mins) 
Ave this) 

SXT Star 
SFT (degrees) 

‘TAN (degrees) 

88S (Coas Star) 

SPA (Coes Pitch, degh 
'SxP (Coas X Pos, dog) 

Lat Nat 

Lone 

RTGO (nmi) EMS. 

Vio ta) 
[cet 0059 

He:minss 
SET STARS 

Ratign 

Patan 

Yatign 
ULLAGE  



bea 
LB-45 

P24 — LANDMARK TRACKING 
  P24 ~ LANDMARK TRACKING 

MARK DATA 

CSM Landmark Tracking Profile 
Hours 

     
   

    

    

   
   

22-dogree pitch dovm Minutes from local horizontal 2 

‘Seconds 

P 
IMU Gimbal 

Y Angles (degree) 

‘Ti-Horizon Horizon ai 
Typical 

| Shaft ATI = 290 seconds sales 
Pz = 1 seconds SXT Angl 
AVS= 4s seconds ‘Trunnion (degree) 
AOS to LOS = 148 seconds 

  

  

    
  

  
    

  

‘Center of Moon Hours 

‘TOT: ( y P24 RATE-AIDED OPTICS TRACKING Minuies 

T, ee ees eee CMC - on (req) Seconds 

a ae 
2 . ~ BMAG MODE (3) » RATE 2. Pp 

ie Lae io aus asta sv cinwa 
OPT ZERO - ZERO (verify) i Angles (degree) 

'f3 OPT MODE - CMC 

Fe _* (72 cay VSTE 245 
7 

NorSnmi_ _/8A___ TA_. _ (T2 Acq) F 06 89 LAT, LONG/2, ALT — (0. 001", 0.001", 0.01 nmi) | Shaft wale 
LOAD LMK COORDS: ale A a s wo ut pba oon ams Be 

cats Beto == ee 
© F05 09 00404 (TRUN > 90") | 

2 we ote ete 2 crs - 
OPTICS MODE - MAN Hours 

~~ ~ Fsl MARK REQUEST Minutes 

Doo pene ane 
noone Be 
Teeee a Fa XXE p 

wontent_— fax othe 409 gata 
we ut ; 

LOWG/S ce oe | 
ALT a } Shaft SXT Angles         {degree} 
  

Trunnion 

  
| 
| Notes



Leas 

LM DOCKED ALIGNMENT 

Docking Tunnel Index Angle: 

R deg. (Recorded during lst IVP to Lt 
Verified during succeeding IV?'s) 

  

Docked Coarse Align: 

1. CSM should be in Min. Deadband, Attitude Hold. 

2. CMP executes VO6N20E and reports ICDU angles. 

  

  

  

  

  

3. CDR calculates coarse align angles: 

Cuter Gimbal Inner Gimbal Widale Gimbal 
300.00° 180.00° 360.00° 

= +R ‘c 
- + . - . 

them | “——+— Yon ——— *n 

“ on Yim | 2a      
  

          
  

  

CDR executes Vi1N20E and loads X, Y, Z CDU angles. 

5. CDR executes vion20z -- IMU goes inertial. 

No! 

  

‘Tae accuracy of this procedure is limited by 
(a) the coarse align accuracy of the 18S 
(b) vehicle attitude changes between steps 2 and 5. 

Docked Fine Align: 

CMP and CDR enter simultaneous VO6N20 in CM and LM. The ICDU 
angles are recorded and reported to MCC. 

    

  

  

    

: (for gyro drift calculation) 

Outer Ginbal ‘Tmner Gimbal Widdie Gimbal 
om: 2 . 

Ls . z 7 

          
7. MCC calculates gyro torquing angles and reports them to IM. 

IM GTA's = 

  

5 . Y, ‘ Z 
    

8. CDR disables jet firings and performs fine align (V42E), loading 
the gyro torquing angles voiced up from MCC.   

IM gxR0 Darr 

‘Docked (Noun 20 Method) 

‘Te IM IMI arigt check Se performed by MIC using a eet of steultaneous CM and IM ICDY angles. 
crew Report: GET Ot: bre. 

(Tine Since previous Noun 20) 

  Cay ital [ier ciate Bias Gietat 
  

  

          

Moc calculates gyro torquing angles:    
-230°% 520°, 1.902, 

‘the above Limite are based on the following requizenents: 
1. Maximum platform misalignment at PDI = -19° at 

<1 siloneter. 

  

Xp tO assure that crossrange error at touchdown 

2. Maximum platfors misalfgnnent et PDI = -5° stout Y,., to assure a safe desca 

  

3. FONCS ds No/So 4f arizt rate > 100 mera about any axis. 
Although the restrietive requirements goneern the state of platform elignzent at PDI, high drift rate can 
negate a perfect platform realignnent (P52) performed 80 minutes vefore PDI. 

  

‘The equivalent arift rates alloxble are: 
shy deg/ne (x) =376 deg/tr (¥) 1.5 dee/nr (z) 

  

‘The GTA limite utilize these drift rates, assme 75 minutes between Noun 20 entrics, and alloy « 
total measurement error. 
    

  

  
Undocked (75? Method) 
he gyro torquing angles obtained during the Til realignment program (P52) can be used to caleulate the 
rate of platform arift since the last realignment. 

  

Rev. 2 2 GET = 
‘rine of previous align 
4.7 (astterence) = 2 hours 

"eo G 0) (2) 
sea 

oyro Torauing Angles 

  

    = (.015)a7 (8) 
» Drift Rate (nera): x) (tay 

OTE: As presently planned, the Rev. 12 GTA's vill be torqued out to serve as @ baseline for the Rev 13 P52. 
The tine-of-previctio-elign used in the Rev 12 drift calculation vill nominally be thb CEP of the P52 GTA's 
Guring Docked Fine Foxever, allowance mist be uade for any changes in the compansation values 
Guring this period. In spite of the OTA limits defined for Docked Gyro Drift (above), Wission Rules provide 
for uplinking aev coupenshtion values Whenever the érift rete cxcceds § cera on ary axis. 

       

Rev, 13 P52 om = 

    

Tine of Previous Align 

    

Ax (aifterence) : hours =a 

Gyro Torquing Angles Lo eel _ “wy . *(2) 
Limits, —Sae ca 
oma (015) A (8) a a s=H 
Drift Rate (mera): we a (2) 

    NOTE: The Rev 13 GTA's wit be torqued if they do not exe Linits are based 
on the equivalent drift rates allowed during the Dooked Gyro Drift masuremnt (above). They 
‘asoune 2.0 hours between the two P52ts, and allow .08° for ACT mensurenent errors. If the Linits 
fare exceeded PDI Will be delayed 1 Rev. 

a the Limite shown. 
 



LB.48 

a1 — RCS THRUSTING 
37 Enter, 41 Enter Separation 

\V50 N18 Flashing, Request Maneuver to FDAI R, P, ¥ Angles 
V06 N18, FDAIR, P, ¥ Angles After Maneuver to Burn At 
VO6 N85, X, Y, Z Body Axes Velocity to be Gained 
V16 NBS {Average G on at TIG -30) Velocity to be Gained 
V16 N&5 Flashing, Body Axes Residuals {to be Nulled) 

  

ido 

  

  

  

Roll 

Pitch (deg) 

Yaw 

Roll 

Pitch (deg) 

Yaw 

x 

VG (ft/s) 

VG (ft/s) 

Residuals 
(tvs) 

  

LB.49 

P47—THRUST MONITOR (LM) 
V37 Enter, 47 Entor Separation 
V16 N83 Flashing, AV XYZ Body Axes 
N62 Enter 
V16 N62 Flashing, Inertial Velocity, Altitude Rate, Altitude 

x |x| x R 
p IMU Gimbal Angles 

(degrees) 
Y 

{rnin} 

(ts) 

  

NoTES:



1-60 

P20-exTERNAL AV 
CIRCULARIZATION 

V7 Enter, 30 Enter 
\V06 N33 Flashing. Loed Desired GETH 
|VO6 NB! Flathing, Load Desires AV 

Weight (0) 

Frei 

w 
wa 

IMU Gimbal 
Angles Ideg) 

Merges 
Bra 

BT mind 
Ave wa 
KT Star 
‘SFT (degrees 
‘TRN {degrees 
SS (Coat Star) 
‘SPA (Coas Pitch, deg) 
‘SKP {Coss X Pos, deg) 
lar “ne 
Lone 
RTGO (ami) EMS. 

vio (tua 
iceTo0s9 He mins 

SETSTARS. 
Raton 
Palian 
Yan 
ULLAGE 

ores:     

ws 

CSM _LUNAR ORBIT CIRCULARIZATION 
  

  

  

  

    
    
                                

      

PROPULSION/ | PRETHRUST 
ever mee GUDDANCE TARGETING 
coat SPS/GEN 5 P20 TRCULARIZATION| 9.9/90.6 meray cae 

OV, NSS +]xJx » 
Vy RESIDUALS (t¥/) + [x fe [x min GET. 
AV; (oY AXIS) [ol A 

= -\ --—--y, 
TRIM YaRmM 

  

  

CSM Cireularization Cutoff 
Altitude = 59.8 nimi (CSM Circularization Burn Initiation Velocity = 5943.8 ft/ 

  

    

anes — : snag sce \ ese 
Longitude = -159. \ . 
Latitude = 9.0" \ 

LA Apolune 
Altitude = 60.1 nmt 

    

    

  

CSM Apotune 
Altitude © 68,2 nmi 

Position of sun 
at CSM CIRC 
Longitude 

  

cas nieiss 
Altitude = 61.8 amt      
    

   

‘LM Periluse 
Altitude = 9.4 nmi 

  

+, ¥, Rowith respect 
to local borizoatal 

Position of earth at CSM CIRC 
Longitude = 7.3°



LB.s2 LB.53 

P63--BRAKING PHASE 
NO PDI +12 ABORT PAD 

V37 Enter, 63 Enter 
06 N61 Flashing 

TG, TFI, erossrange (min/s, minfs, 0.1 amid 
N33 Enter 

Hours ‘V06 N33 Flashing 
Time of Ignition (h, min, ) 

Minutes V50 N18 Flashing 
Roll, Pitch, Yaw FOAI Angles (0.01%) 

V50 N26 Flashing 
1: 00500 (position LR to Position 1) 

\V50 N25 Flashing 
1: 00.203 (switch Guidance Control to PGNS, Mode to Auto, Thrust Control to Auto} 

\VO6 N62 Inertial velocity, time from ignition, AV (accumulated) 
(0.1 ft/s, minis, 0.1 ft/s) 

| mannerianee 
Engine on Enable Request 

4 (06 N63 Flashing 
aia ‘A-aitude (4LA > LGC), HOOT, H Uf, 0. fs, £0 

Avg (tts) 

Seconds 

Hapogee 

BT (min:s) | 
z ; Hours 

FDAI Inertial 
Angles (degrees) Minutes P 

‘Seconds 
Minutes (18) 373, (Acs) mine 

Avy, Nae 
AGS 
Targeting 
(ft/s) 

ami Crossrange 
Avy 

FAL inertial 
angles at PDI 
(dea) 

vz 

Hours vii 
Tis 
of 
csi 

Minutes 231 Landing Site Radius (AGS) 
if ROD, 

  

‘Seconds 

Hours | PDI RULES 
Minutes pooeecseeseseaeasaneaaaaaan 

1. NO AUTO ULLAGE - BACKUP VIA +X OVERRIDE 
(+NO AUTO IGNITION - PDI NO-GO) 

2. NO IGN (WITH AUTO ULL) DELAY 2 SEC, THEN START 
PB-PUSH; THEN DES OVRD - ON AT & SEC 
T/W >1,6 AND DSKY CHANGES <18 fps/2 SEC 
ATT/RATE <5°/SEC 
sH_IN LIMITS >10 SEC, NOT OUT OF LIMITS >60 SEC 
DATA GOOD AT > 6,000 ft 
IF NO THROTTLE DOWN BY P64 + 15 SEC - ABORT 
BINGO FUEL 1 MIN 31 SEC AFTER LOW LEVEL OR WHEN 
FUEL QTY <2% UNLESS LANDING IMMINENT 

NOTE: FOR FLASHING LR ALT OR VEL LIGHTS PRECEDED BYg 
STEADY LR LT, CYCLE RADAR TEST SWITCH 4 

| 
AAU AAA RRA REBAR EEE 

Seconds 

  
  

P
e
a
)
 

B
U
B
B
A
 
R
E
E
 

A
W
a
u
a
u
a
a
n
a
e
a
e



 
 

r
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on tat 

erm 
a ots 

(eu 
130 eon 

Bor   yd Lay 
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pues 
sve 
so 

spuccag 

coos 
saint 

  

oe 
sino, 
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spuoses, 
waa 

(ea) 139 ee 
{ 

(msy) 139 008 
enn 
Bue) 
sov 

gan 
Xag 

(eu 
1309 uous 

Bor 

  
Wy (

o
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+ 10a 2 
ava LuOav 

(oz 
sie 

SOT 
ana 

an 
sees 

{soas60p) sajouy 
sina 

femur 
twas 

y 

(eum) 16940 O1L 
(eu) 

18 

ern 
Yay 

  
ee10d4 

avd LUOBY 
(GL > I

d
d
 

> 9) 
LL 

sabody,, 

spucoes. 
enn 

av 
ar 

em 
1
1
D
 

spuosag 

euuyy39 
HH 

lug9 
seinu 

sinoH, 

    
avd 

LYOBY {9 
= 1a4> 1) 

avd 
L
u
O
R
Y
 

0 Idd 

an 
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toss tas7 

p24 — LANDMARK TRACKING P76 — STATE VECTOR UPDATE (CSM) 
  

VS7 Enter, 76 Enter 

VOGN33 Flashing, TIG CSM Landmark Tracking Profile 

VOENE4 Flashing, AV (LV) of CSM 

  

PURPOSE | ‘TCT: t d ‘P24 RATE-AIDED OPTICS TRACKING 

Hours | Be ee _ Come - on (req) 
1 1S8= on and aligned 

| ty eerpsnrnes reo 88-00 
Minutes | a BMAG MODE (3) » RATE 2 

| rca toot GAN PwR OPTICS - on 
ses [af ol | [| | | | | ta a ate a am Gr ZERO = ZERO (erty 

Te] —-— —§- —t- — OPT MODE - CMC 

Avy 

a LV of CSM | ease eee Een Re Oe: VERE 

My leh NorSami__/8A TA (12 Acq) || F0669 LAT, LONG/2, ALT (0, 001", 0,001", 0,01 aml) 
ves aie SOT: LOAD LMK COORDS 

Av, neo OPT ZERO - OFF 
PRO 

NOTES 06 82 AUTO OPT SHF/TRUN (0, 01", 0.001") 
#08 09 coded (TRUN > 309 

ToT $Me to acquire 
‘ , 2 PRO 

T, «or V34E, F 37 

| + 7 OPTICB MODE - MAN 

% te —_ Fst MARK REQUEST 
ee ee MARK (as often as desired) To terminate 
a PRO 

Ro Pl ty (racy | | F7 pr ZERO - ZERO 
NorSnmi_ _/8A _ __ TA _ __(T2 Acq) 

a 
Lone? 
ME essen 

22-dogrea pitch down 4, 
from local horizontal 
orbital rate throu 
   

   

        

      

out tracking. 
PURPOSE | 4 

Hours 
Minutes | 

Ti-tlorizon Horizon seconds | Typed 
Avy / ATI = 290 seconds 

/ ‘Ta = 100 seconds 
Lv of csi 

4 vy (ft/s) 

AVz 

      

   
    

   
    

ATS = 1 seconds 
i AOS to 10S = 148 seconds 

I [Radius of Moon 
1 

| 
| 
| 
ls 
| 
| 

Center of Hoon 
  

    

  

  
    

      
  

 



tes9 

BASIC REFERENCE COORDINATES AND REFSMMAT 

‘The Basic Reference Coordinate system (BRC) is an orthogonal inertial coordinate 
system whose origin is located either at the earth or moon center of mass (Figure 1). 
‘The orientation of this coordinate system is defined by the line of intersection of the 
mean earth equatorial plane and the mean ecliptic at the beginning of the Besselian 
year which starts January 1,2516251, 1972. The X axis (uyq) is defined by the inter- 
section of the earth's equatorial plane and the ecliptic in the direction of the ascending 
node, The % axis (uz7) is along the mean earth north pole, and ¥ axis (wyy) completes 
the right-handed triad. 

  

‘This coordinate system is shifted from earth-centered to moon-centered when esti- 
mated vehicle position from the moon falls below 64, 373,760 meters. It is likewise 
shifted from the moon back to the carth when the spacecraft position exceeds 64, 373, 760 
meters, All navigation stars, lunar-solar ephemerides and vehicle state vectors are 
referenced to this system (Figure 2). 

  

REFSMMAT. The matrix used to transform the elements of a vector given in 
BRC space to IMU space is known as REFSMMAT, 

  

Nine REFSMMAT's or IMU alignments are utilized during this mission. 
Each is a unique matrix which locates a stable member axis (xg, WysM OF 
ugg) in BRC space (Figure 3). 

IMU REALIGNMENT, Any desired IMU orientation with respect to the BRC sys~ 
tem and its associated REFSMMAT can be obtained from star sightings (Program 
P52), 

   

The procedure generally used to change the alignment of the IMU from one of the 
five primary attitudes to another is as follows: 

© The astronaut executes Program P52, Option 3, This realigns the IMU 
to the present inertial attitude thereby climinating the effects of gyro 
drift. 

° ‘The astronaut executes Program P52, Option 1. The REFSMMAT for 

Option 1 is generally uplinked prior to entering P52. When executed, 
the program computes and displays the IMU gimbal angles for the 
desired IMU attitude using the present vehicle attitude. 

A total of four options are available to the crew when executing P52 (Figure 4). The 
basic difference between options is the manner in which REFSMMAT is obtained. ‘The 
basic orthogonalization procedure used to compute REFSMMAT is shown in Figure 5.


