
UNDOCKING TO DPS PRESSURIZATION 

      
  

  
    

  

    

96:00 PREP-FOR UNDOCKING 6 DPSTHROTILE CHECK USE ACTIVATION & C.0. qj *CB(16) STAB/CONT: ENG ARM - CLOSE C/L TO 10 MIN BEFORE UNDOCK a THROT CONT - MAN/CDR 
CHECK ATT (0, 284, 060) i TTCA (BOTH) - THROTTLE (MIN) 
vas 22012 1! VERIFY MSFN CONTACT 

ey —— (36,693) i ENG STOP - PUSH : - DES (DES REG LT - ON VO6NZO COPY LM AND CSM ANGLES AND TIME t oa (6.6% & 134s) l 
pe hee i THEN SOFT STOP (46.2% - 59.2%) UNDOCK# “SEPARATION (96:14) i THEN MAX (93.6% = 100+%) 

V77E THEN MIN 
Poo, veg (RIN TOT FPS ADJUST FRICTION YAW LT 60° MAN THROT ~ LMP 
PITCH UP 90° i ‘*REPEAT TEST FOR LMP TTCA 

*SEQUENCE CAMERA - ON (1 MIN) * i ENG ARM - OFF 
FDAI (0, 013, 0) i *CYCLE CWEA (DES REG LT - OFF) 

VHF ANT = FAD * I ENG STOP - RESET 
*SEQUENCE CAMERA - OFF * THROT CONT ~ AUTO/CDR HELMETS & GLOVES - OFF (OPT) ! TTCA (BOTH) - JETS 

¥SUIT GAS DIVERTER - EGRESS * t 
*CABIN GAS RETURN - EGRESS * 1 DPS PRESS & C.0. 

1s *5-BD ANT - AFT, VERIFY COMM = * a PRPLNT TEMP/PRESS NON - DES 1 & 2 e 448-80 P > (463) * 1 FUEL 50°-75°F 50-130 PSI 
+16 y—_{-32) * I OXID 50°-75°F 30-80 PSI 
n ts-80 aN STE (53.0) * I HELIUM HON: SUPCRIT PRESS 1070-1570 1 *TRACK MODE - AUTO * i AMB PRESS 1495-1750 

*VHE B XMTR - OFF * DES He REG 1 th - GRAY, REG Z tb - 
i *BIOMED - LEFT, PCM - HI * MASTER ARM - ON 
a * DES PRPLNT ISOL VLV - FIRE 
1 *UPLINK SQUELCH - OFF * He PRESS/DES START - FIRE 
i VOICE N20 ANGLES AND TIME TO MSFN MASTER ARM ~ OFF 
t *CANERA SETTINGS FOR care TO eRe ays ieee aoe ss ne 

“1 TO/CEX (1/1 » 2ft)* XID 50°-90°F 200-- 
i ere ios ine ie (2 shy * HELIUM MON: AMB-PRESS 200-1110 — 
i *LM/DC/60/HCEX (5.6, 1/2 - 1/8, * + SUPCRIT PRESS TO70-1570 1 * FOCUS) 5 FR, MAG-A * 
1 
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AGS ACTIVATION TO LR CHECKOUT 
96:30 

AGSACTIVATION 
a gS STATUS ~_STBY {raster ALARM, 

3S WARNING LT 
Teartehe SIRBJCONE: AEA ©" CLOSE 

(AGS WARNING LT - OFF) 
(B(11) AC BUS B: AGS - CLOSE 

*RECORD TIME 

e
e
e
 

YAGS STATUS ~ OPERATE (MASTER ALARM, 
*  & AGS WARNING LT = ON) 
¥02/H20 QTY MON = C/W RESET 
*ATT MON (LMP) - AGS 
WV16 NESE 
$seT AGS TIME USING 90 HR BIAS 

377 __ (+03850) 
eer 
¥224 
¥225 
4226 
#305 

s
e
t
a
e
 
e
e
e
 

(+60514) 

(429419) 
(+60384) 

(#00563) 
*662 (-33024) 

+673 (-54817) 
*412R+1 SELF TEST SATISFACTORY 

+3 LOGIC TEST FAILURE 
* +4 MEMORY TEST FAILURE 
* +7 LOGIC & MEMORY TEST FAILURE 
*574R DESCENT STAGE (+ NOT STAGED) 
*604R LUNAR SURFACE FLAG 
* (+ NOT ON LUNAR SURFACE) 
*612R STAGING COUNTER (+0 NOM) 
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*232R +00600 
*233R +00250 
*464R +00500 
*465R +00195 
*623R +00000 
*514R +00000 
*515R +40000 
*516R +0000 
*000 +688888 (OPR ERR LT - ON) 
*123 -45679 (DO NOT ENTR) 

NSFN_UPOATE: 
*COPY AGS K FACTOR 
*NGTE 

*V25€ LOAD AGS K FACTOR UPDATE 
41441 
#40043 (AFTER 50 16) 
¥V83, 317R, 440R, SET ORDEAL 

TANDING RADAR CHECKOUT 
“~~ CBUTT) PGNS: LOG ae ~ CLOSE 

CK TEMP (60° - 95°) 
X-PNTRS = HI MULT 

MODE SEL - LR 
TM SW = H/A 
LOG ANT = AUTO 

ROR TEST - LOG 
POWER SIGNAL LIGHT QUT 
TEST MON = ALT/VEL XMTR (2.1 - 5.0), AG 
X-PNTRS PEGGED UP, LT. 
JM - H (8000 + 100), A (-480 + 2) 
V63 N12 OPT 2, PRO 
N66 8286 + 10, ANT POS 1 (00001), PRO 
NB? Vx (00495 + 2), Yy (+01862 + 2), 

z (#01331 £ 2) 
va," Rok TEST OFF (ALT -0, POWER SIGNAL 

LIGHT ON, X-PNTRS - CENTERED) 
B(11) PGNS: LOG ROR - OPEN 

AGS CHECK TO MSFN UPLINK 

  

  

Kes CONT CHECK 96:50 
“RODE CONT (AGS) - ATT HOLD 1 

GUID CONT = AGS I 
MVR TO FOAI (0, 330, 0) 

*CAMERA SETTINGS FOR REV 12 TCA * ' 
*LM3/DAC/TO/CEX (1/28, 14380, «) * 1 
* 7 FPS, .05 MAG N, (5 MIN) * I 
sengocyeoyicex (#56, 1/125, @) * 

5 FR, MAG A * = 
*SEQUENCE CAMERA - ON (96:41) x m4 

REV 12 LS TCA (96:46) 

SEQUENCE CAMERA ~ OFF * 

‘RENDEZVOUS RADAR CHECKOUT 

GUID CONT - PGNS 
B(11) AC BUS A: RNDZ ROR ~ CLOSE 

cB(11) Lass RNDZ RDR - CLOSE a 
XMTR ~ VOICE/RNG 

v_TEMP ae - 75°) 
RT/ERR MON ~ RR 
RR SLEM, MANUAL LOCK-ON, RR LC 

RNG/RNG RT 
V63, PRO, NO TRACK LIGHT OUT, PRO, N78 

COMPARE N78, VHF, TM 
v34 

AVHE AXMTR - VOICE * 
V41N72E (+0000 TRUN, +28300 SHFT: 
€8(11) PGNS: RNDZ ROR - OPEN 
BCT) AC BUS A: RNDZ ROR - OPEN 
V44,_ RR 
Ripéne Won = Hos RoR, CHPTR 
T= W/A 97:05 

*COPY CSM CIRC P76 

c 

*SET DET TO COUNT DN TO CSM CIRC 
*COPY PADS FOR 
* NO PDI + 32 ABORT 
* POL 
* PDI EARLY ABORT 
* POL LATE ABORT 
* 72 ABORT 
* 13 TIG 

‘THU -FINE ALIGN 
NE ay 

P52 OPT 
cB(11) fa Bus B: Ar LAMP - CLOSE 
AOT ~ DETENT F/O. 
PONS MODE CONT ©" ALTO 
x STAR _SPICA (226) 
PRO 
2ND STAR _ANTARES (233) 

£ = NOS ANGLI 
PRO 
N93 TORQUING ANG 

x 
y 
z 

PRO, RCD GET 
N25, ENTR 
P00, 
DETENT CL. 
CB AQT LAMP - OPEN 

‘SFA UPLINK 
o—*UPDATA LINK - DATA 

E-MEMORY 

*UPDATA LINK - 
*ya7, 41441, 401 
*v83, 317R, 2a08, Ser ORDEAL 

*UPLINK CSM/LM S.V.. 
© OESCENT TARGETING SCY 
DATA LIRK * OFF 

* 

* 
* 
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LPD CAL TO AGS CAL 
97:25 

COAS CALTBRATION 
Paz 
PGNS MODE CONT - AUTO 
N70, ENTR 026 (SPICA), PRO BIAS AZ 
N87, (+00000, +0000) PRO, PRO EL, 

  
  

  

LPD CALTERA 
ENTR 

  

aBIAS (P52) 
  

N70, ENTR 026 (SPICA), PRO 
Nig7, (#00000, +32046) "PRO, PRO 
Poo (-) 

(-aAZ) 
(-aEL) 

40+ 

) (-) 
(+)       

WSF UPDATE 
eyes A Lat DRIFT COMP, PIPA BIAS* 

(RE DATA CARD BOOK) 
CONFIGURE one FOR — 

  

MATCH INDICATED ANGLES 
*TRACK MODE - SLEW 
*S-8D ANT - FD 

  

FB DATA, PCM - LO 
UPLINK SQUELCH - ENABLE 

PRVR TO_AGS“CAL_ATT. 
vag, +02250 OGR 

#11250 IGA 
+02250 NGA 

s
e
e
 

ROLL. 24 
PITCH 122} FOAL 

YAW 339,       
97:45 

GS CALIBRATION 
*READ AND RECORD INITIAL CAL.HOS. 

PGNS MODE CONT = ATT HOLI 
*VERIFY 25 MIN SINCE TURN-ON 

60, V76, VI6N20E 
RATES < 0.075°/SEC 

*400+6, START WATCH 
*400R 
MONITOR ICDU LIMITS 

OGA +00000 / +04500 
IGA +09000 / +13500¢ LIMITS 
NGA +00000 / +0450. 
  

IF TIME IS LESS THAN 5 MINUTES 
REPEAT AGS CALIBRATION.   

BEFORE LIMITS ARE EXCEEDED, 400+0. 

  
  

*CHECK ECS, RCS, EPS, APS 
*CYCLE CHEA CB 
*G00R+0 
*READ AND RECORD CAL VALUES 

INIT 
+2. 
=i 

36. 

LIM 

203 

200, 

  

iT 

CSM_CIRCULARIZATION 
P76 (UPDATE SH SV.) PRO” 
v82, N12-00002, PRO 
CSM HA/HP 

*PCM = HI 
*va7, 41441 
*y83, 317R, 440R 
*PCH'- LO 

(97342) 

P63 IGN ALGO TO MSFN UPLINK 

Pes TUITION ‘ALGORITHM TEST 

  

ET DET TO CONT DN TO POI ‘ 
PGNS, MODE CONT = AUTO 
NBR, P, Y (0, TIT, XXX) PRO 
YAW TO 340° 
Poo 
48, 22112, 00011, PRO, ¥34 

*CAMERA SETTING (PDI) * 
*LM3/DAC/10/CEX-HOG (T/2.8, 1/500, @)* 
* 12 FPS, .75 MAGN, (6 MIN) 
*CANERA SETTING (EARTH RISE) 
ALM/DC/60/HCEX (#16, 1/250, =) 
* 5 FR, MAG A 

COAS TO OVERHEAD WINDOW 
VERIFY LOOSE GEAR STOWED 
RESTRAINTS ATTACHED 
VERIFY FOAI'S INERTIAL 

PRE-POT ECS CHECKOUT 

HELMETS AND GLOVES ON 
*CABIN REPRESS - CLOSE 
*SUIT GAS DIVERTER - EGRESS 
*CABIN GAS RETURN - EGRESS 
APRESS REGS ARB - EGRESS e

e
e
 

  

* 

  

cB(1T JEPS: I 
*SELECT INV 1 

98:00 

ae
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e
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e
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B(11) STAB/CONT: AELD - CLOSE 
¢B(11) STAB/CONT: ABORT STAGE - CLOSE 
RESET ENG STOP PB 
SET WINDOW BARS 

*cB(16 
*¢8 (16 

*CYCLE CWEA CB 
*BATS 5 & 6 NORM FEED - ON 
*RECORD GET 

THROT CONT - AUTO 
CDR TTCA - THROTTLE - MIN 

*LMP TTCA - THROTTLE - SOFT STOP 
RATE SCALE - 25°/SEC 
ATT/TRANSL = 4 JET 
CHECK DPS, APS, RCS, ECS, EPS 
CHECK SuTTCH GUARDS 

) STAB/CONT: AELD - CLOSE 
) STAB/CONT: 

  

PRPUNT QTY 1 
*S-BD NT - nn VERIFY COMM 
+/5-80 ___( -2) 

(+41) 
5-80 aur = STEW (>3.0) 
*TRACK MODE - AUTO 
*VHE BXMTR = OFF 
*BIONED - LEFT, PCM - HI 
*UPLITIK SQUELCH = OFF 

= As CAL.    

   

  

    

= VOICE BU 
*COPY, LOAD AGS RLS (231), 

‘OPY, LOAD LPD BIAS 
BURN ABORT RULES) 

e
s
 

a
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ABORT STAGE - cuose* 

e
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e
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AGS INITIALIZE TO PDI 

    

LR - OFF 
ASC BATTS - OFF 
PRLPNT QTY MON - OFF 
AUDIO ~ PTT 
ECS "= CABIN NODE 
HELMETS & GLOVES - OFF (OPTIONAL) 
AGS - ATT HOLD 

ALIGN IMT 
P52 (SAME STARS) 

COPY PADS FOR: 
NO POI + 12 
POL 
POI EARLY ABORT 
POI LATE ABORT 
12 ABORT 

    

13 TIG 
AGS ABORT CONSTANTS 
224,225,226 305 662,673 

AGS T2 UPDATE - 254 

  

MSFN UPLINK 
DESCENT TARGETING, ABORT CONSTANTS, 

iM & CSI 

  

y CONFIGURE CONN FOR LOS 

PDI THRU TD+3 MIN 

  

  

  

    

  

  

  

    

  

  

  

  

    

  

  

MSY. 

V Pick UP WITH POS IGNITION ALGORTTMN TEST, F.5 

  

    

  

  

VH 

# \ 362) 
eames (226.0) 

eee + 15 SE 4 7000} _ 176.0 | 18] 254 

GO THROTTLE ON g (207.0) 

bon ont 6000} 159.0 | 18} 234   

  

  

  

  

  

  

  

  

      
  

0) 
0 | 14 | 144 
0) 
20. | 134 96 
+0) 

MODE CONT (PGNS)-ATT HOLD | 509. of} un] 53 

0) 
2.0] 11] 39 

X-PNTR = LO MULT i) 
peesseesg 8.0 | 10} 19 
Foe é 0) 

so] o| -6 

  

  

                 

nT EGSINITIALIZE 
“18 a7, 41441 * 

4 *V83; 317R, 440R * 
i] *240 + (231 RLS PAD) * 

i *254+05390 * 
i +262-00150 * 

[ MODE SEL - AGS 

a POWERED DESCENT INITIATION 
I -10 W25 N69E (IF NO UPLINK’ 

i PGNS MODE CONT - AUTO 
I AGS MODE CONT - AUTO 

P63 
' AUDIO MODE (BOTH) - VOX 
i 
1 vOPS CONFIG CARD 

8 *RESET DET * 
a Nig, R, P, ¥ (0, 111, 340) 
i VERIFY FDAL 
i *V4ON20E, 40043, 410+0 * 
I *400+1, 433R VI * 
i 5 €B(11) PGNS: LDG RDR - CLOSE 

YALT XMTR 
i 4 PRO - FINAL TRIM 

I ENTR, ¥DET 
1 GO/NO-GO FOR PDI 
1 COMM CHECK WITH CSM 

RESET WATCH 
B} -2:00 MASTER ARM - ON 
1 MODE SEL - PGNS 
i ¥367R * 
I ENG ARM - DES 

ULLAGE 
1 PRO 
I (98:34:41) 
1] +0:02 ~~ TROTeR) START Pa PUSH 
B| #0:05 DES ENG CMD OVRD - ON 
' MASTER ARM - OFF 

a 

00 MASTER ARH-ON 
MODE SEL-P! oy am a peels 367R TFI | @ MAX iPS} SBD 

330 ENG ARM-DES 
O75 ULLAGE 5.0 

#02, TRO 7.0 

25.0 | 52100] 95] 5/36 | 
0 51100 | 92| 202 (NO IGN) --- 37] sd S100], 

START PB-PUSH | 2:00] 93 45.0 0 13/29 
205 DES ENG 01 ON i. co “ARE 

MASTER ARI 2:30) 89 51.0 | 48500 
THROTTLE UP = 57.0 77|19/23 VTA > 1.6 

62.0 71 

V21 N69E (DN RNG) 
YAW FACE UP 67.0 43100 8/5 

¥ ED BATTS 73.0 | 40300 
VS7E TO PERMIT 

LR DATA 
V24 N69E (DN RNG, |_75]+17000 78.0 39000 | we 

X-RNG) #17000} 89.0 36600 

6:00} 72|+16000 4 3/0 
0) 

6:30) 71}+14000] 197.0,} 0000 | 40 
0. 

Nes 2:00] 67|+12400 0, 26900 | as}17/-3 
0) 

EVAL MAN CONT 7:30] 62]+10000 ey 23500 | 30 

23 NESE (ALT) 8:00] 59]+ 8200 i o- 20000 | 27}23/-8 
oO 

223+00140 (E @ 14K)i 8:30] 59}+ 6900 oe 16400 424 

360-OXXXOE -0) 
SEQ CAMERA - 9:00] 55|+ 4500] 0 11300 | 21}26/-11           

  

ENG STOP - PUSH 
ENG ARM - OFF 

ENG Al 

  

PRO 
DES ENG CMD OVRO - OFF 
DE CONT (PGNS)-ATT HLD   

  

  

  

DE CONT (AGS)-AUTO g v2 Na6 
4131 4 
RECYCLE PARKER VALVES 

§ ABORT STAGE - PUSH 
ASC. 

4 ENG stop - RESET 
g eus START = PUSH 

NODE conT’( ‘ooTs) - AUTOY 
Guneneeeenan: 

e60
7 

wo
n



*RECYCLE PARKER VALVES 
PRPLNT TEMP PRESS MON - ASC, THEN DES 
ASC He MON ~ CYCLE 

TD +3 THRU T2 ABORT 

*02/H20 QTY MON - ASC_1, 2, THEN DES 2, 7 * 
*SEQUENCE CAMERA ~ OFF 

CB(11) PGNS: LOG ROR ~ OPEN 

17:50 UE STAY/NO_STAY 

sosm Fi ost Fvze 5 N46 E,E 1 
g MODE CONT (BOTH) - AUTOg 
A ABORT STAGE - PUSH 
g ENE ARK — ASC 4 

ENG STOP - RESET 4 
fleig starr - PUSH { 

  

P6a. 
ENG STOP-RESET 
PRO 
Plz 
MODE CONT (PGNS) ~ AUTO 
N33 T-2 (98:58:57) 

* 

      

201 ENG START — Pus! CTE Auto 

Vv HORZ 
V_VERT 
CROSS_RNG (<8.1) 

N74 TFT, YAW, PITCH 

  

VSqF Aes ALIGNMENT NOGO | ® 

  

I sva7e, 14st Io 

*41040 * 
72 STAY/NO STAY AND GO/NO-GO FOR 

OPS VENT 
eee eee 

2:00 ASC He SEL - BOTH 1 
MASTER ARM = ON 
ASC He PRESS - FIRE i 
ASC He REGS 1, 2 - OPEN 

ED 2-OPEN| {UNLESS COR) * 
SOV =CLOSE| | BUSS LOSS|* 

¥B ASC FEED 2-OPEN| UNLESS LHP] * g 

    

%2 HAIN SOY CLOSE} | BUSS LOSSI* § 
*CRSFO ~ CLOSED 
*BAT 1,3 - OFF u 
4BAT 2.4 - OFF * 
*CB(16)_EPS:ASC ECA CONT-CLOSE * 
*DES BAT ~ DEADFACE a 
*SELECT ASC H20 TANK * 
*DES 02 ~ CLOSE +h 
“ASC 1 02 - OPEN *h 
*DES H20 - CLOSE *y 
*ASC H20 ~ OPEN *E 
*400+1 367R 

210 ABORT STAGE - PUSH(AT T=0 FOR AGS) 4 
ENG ARK - ASC 

weet - RESET, RELEASE 2 

  

SHAPE RECORDER - OFF * 
AUDIO MODE - ICS/PTT 
Poo 

FDAI AND OVERHEAD WINDOW ANGLES FOR MANUAL DESCENT ABORT 

DPS/APS 
  

1: oo] 25070 o]O/LV [_8:00] 
SB(FDAT) 
SD(OHW) 

  

  

  

    

300/36 [8:14 300/36 
27075 |10:16 270/15 
250/0 |14:30 250/0 

So. 
  

0/0 
300/0 
250/0 

sD 

O/LY 
300/36 
270/5 

  

   

  

O/LY 
300/36 
300/0 

  

  

  

  

  

  

sp( FOAL) 
SD(OHM) 
  OsLY 

300/36 
270/0 

250/0 8 
SD(FDAI) |13:53 SD 
so (oun) 

              
  

ALL PITCH RATES 
5° /SEC 

* ESTABLISH POSITIVE 
HOOT, THEN ABORT 
STAGE TO USE 
MANUAL ASCENT ANGLES 

  

7250/0 
  

8:00] OLY 
8:40 300/36 

270/14 
SO/(FDAT) 
SD(OKW)    
  

O/LY   
250/0 

SD(FOAI) 
SD(OHW) 
  

O/LY 
  

300/0 
250/0 
SD(FOAI) 

SD (OH) 
  

  

  

  

  

  

  

  

  

  
     ANGLES       

260
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LANDING SITE REDESIGNATION (P64 ONLY) 

    

  

ey ASTRONAUT FLIGHT STATION 

  

COMMANDER'S WINDOW 
5 (LANDING POINT DESIGNATOR ON MODE CONTROL on! COMMANDER'S WINDOW ONLY) Pans acs 

     
CONTROL seerrupe 

CONTROLLER 
(PISTOL-GRIP HANDLE) 

LANDING PHASE MODE CONTROL 
P66 

  
RATE OF DESCENT 

(ROD) 
  

+L PS 
    

CENTER    -1 FPS =x 
ASTRONAUT FLIGHT STATION   

‘MODE CONTROL, 
(ras PONS Acs ) AUTO 

OFF 

= 

on 3) ssi, sr cae 
-— 

  

pines 
+i 

snot | 
ay = 

sfitoe eat 

-ROLL = LEFT + PITCH = SHORT 
YIMPULSE V/IMPULSE 

PITCH ATTITUDE ROLL A 
ATTITUDE & CONTROL 

    
irc 

contmet 
Pays 

01
-2

1 
zo

ey



Le-05 LB-104 
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NOD 
300H 

NOD_300H 
440 

~ GYAO OW) 9N3 
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~ 4015 
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8-106 

DESCARTES LRV TRAVERSES 
18.107 

    

     

  

BABY wave 

/ SOUTH RAY 

x 
 



LB-108, 

1st P57 
  

  

P57E, R2 00003 
NO6 

NO4 

NO4 

N22 

N70 

N88 

N71 
N88 

NOS 

N93 

N25 

00010 
00003 

00110 

PRO 
(No Att light-On/Off, Twice) , 
+ Navigation Error (0.01 ) 

V32E 

(No Att light-On/Off, Twice) 5 
Gravity Error (0.01 ) 

  

  

PRO 

ICDU Angles 
PRO 
(No Att light-On/Off) 
100 (Rigil Kent) 54 
PRO 
—0.37780 X 
—0.31056 Y 
-0.87225 Z 
PRO 
Star, 4 Marks 
Verify Vector 

  

  

PRO 
Angle Difference (0.01°) 

PRO 
X Torquing Angles (0.01°) 
~~ 

z 
PRO 
00014, Enter, OOE   
  

2nd P57 
  PST, Set R2 00004 

N&d'Load LO Time, PRO 
NoG 00010 

0003, 
0010 

PRO 
(No Att light - On/Off, Twice) 

‘ rravity Error (0, 01°) 

   Nod 
PRO 
N22 ICDU Angles 
PRO (No Att light - On/Off) 
N70/71 STAR ID 
N79 
Cursor (o.01°) 
Spiral 
PRO 

NTs 
Cursor 
Spiral 
PRO 

xo 
Cursor 
Spiral 
PRO, PRO 
NOS______ Star Angle Difference (0,01°) 
PRO 

N93, X Torquing Angles (0,001*) 
¥ 
z 

PRO Gyro Torquing), GET 
N25 00014, ENTR (TERM) 

OoE 

jravity Error (0, 01° ) 

  

3rd P57 
  

  
POTE, R2 00004 
N34 Load TIG, PRO 
06 00010 

‘g003 
0110 

PRO 
(So Att light - On/Off, Twice) 

ods Gravity Error 0,01") 

  

Gravity Error 

  

N22 ICDU Angles 
PRO (No Att light ~ On/Ot 

Nv0/71 STAR ID 
N79 
Cursor @.01") 
Spiral 
PRO 

NTS 
cursor 
Spiral 
PRO 

Nag 
Cursor 
Spiral 
PRO, PRO 

NOS Star Angle Difference (0.01°) 
PRO 

N03 X Torquing Angles (0.001°) 
¥ 
z 

PRO (Gyre Torquing), GET. 
N25 00014, ENTR (TERM) 
O0E 
  

 



18-110 

APOLLO 16 P 57's 

The first P-57 subsequent to touchdown is a realignment to 
the landing site REFSMMAT. This is accomplished via 
selection of Option 3. The second and third P-57's are per- 
formed in preparation for ascent after power up. These are 

both performed to Option 4, which specifies the IMU Orientation 

to the liftoff REFSMMAT at TIG. 

All P-57's are performed via Technique 3 which specifies 
alignment using data from gravity and one star sighting. 

    

x, valt &, [ st Val sag) eer 
Landing site | Zonk vy |= - | sm | ~ |REFsMMaT Tner = | Unit say * Xo) 

2 tL ogy ¥, x, Unit XV, x 2 ‘sm (esn*" osal ay Xsx?! | | fect 

Unit & 5 "snd sup Uatt Eh x 

  

([8,]= Jue, x8) xt, x aoe i eae. 
‘* atc * ? *Tasrq| | Ysmp Spe Ua rs * 8.) Fis] | You 

tected | = (measured) nit Fag x 3 suit LSryq * 82 “an | Unit (5x By) ak 

FAL syapl (ai,     sul 
= Ta 
gp! CBE TAT Cigy91 

iggy! -CALGTA +Gra'e 

Lown 

LUNAR SURFACE ALIGNMENT 
A T_POSITIONS 

  

Right Rear 

ee 150° 
Front « oe Rear 

Right 
(3) 

60° 
60" 9 

oy ae cn Left Rear 

0° Forward a 

Front Left 
oO 

+Y. 

  

LM 
ee —_— 

0 
0 

o 

iy SS 

Fe X Middle Ses 

0 

  

     



PREEE 

Lente 

LUNAR SURFACE ALIGNMENT ~ P57 

VERE 87 Ee 
EXTR 

VER 04 NOUN 05 (FLASINNG) 
SPECIFY IMU ORIENTATION 

a, PREFERRED (00003) 
h REFSMMAT (00002) 

fe LANDING SITE (00003) 

     
    

  

RAED LANDING SITE 

  

0001 &   vm] [ ‘VPRD 22 ENTR 

  

  

  
on 
JID SUT A VERB 2 DATA Lo. 

  

‘WEI 06 NOUN s4 (FLASHING) 
Inte OF ALIGNMENT 

Sa (OF ALIGNMENT CAX BE MODE} 
apes sas   

  

  

    
     

    
   

      

  

sp 

‘TRoMNIQUE LOM 

‘VERB 05 NOUN 06 (FLASHING) 
a. STORED AYIISUDE (00000) 
is 

4. ONE CELESTIAL BODY + GRAVITY 

ECIFY ALIGNMENT TECHNIQUE 
SVORED AUTIVUDE # GRAVITY 
(e000) . TWO CELESTIAL, BODIES (00002) 
«000039   
VERD 22 ENT 

  

W000 ENTR 
TECHNIQUE 0 On 2 

  

STORED   

EXECUTE THE GHAVITY DETRIDINA- 
TION ROUTINE 
‘VERB 06 NOUN 04 (FLASIIING) 

0X. NX” (ANGULAR DIFFERENCE 
RETWEEN PRESENT AND PREVIOUSLY 

GRAVITY VECTOR) 

‘GRAVITY DETERMI 
  

SATION NOT RELE- 
ECHNIQUES, 
  

    

      

  

‘THoMNIQUE 2 On ‘TECHNIQUE 0 OR 1 

  

  

Tan 

  

cunson 
NEASUREMENT 

PERFORM AOT 
SIGHTINGS OX 
CELESTIAL nonres 
AS REQUIRED BY 
‘TECHNIQUE 

Teno Tan AGT NOT USED FOI 

snot 
Is   spiars 

MEASUREMENT   
  

   

  

  
  

ERB 06 NOUN 05 (FLASHING) 
EXNXXX? (ALIGNMENT ANGLE 
DIFFERENCE) 
  

J 
  

  
COMPUTE AND STORE NEW 
REFSMMAT AND ALIGN IMU TO       

  

Lens 

LUNAR SURFACE ALIGNMENT 
GRAVITY DETERMINATION ROUTINE 
  

COARSE ALIGN THE IMU TO THE FIRST OMENTATION: xe 

GA ~ +42 
MGA = 15.25° 
IGA ae 

2p DOWNRANGE 

  

PLACE THE IMU 18 AN INERTIAL MODE AND SAMPLE THE OUFPUT OF THE PIPA'S OVEN A PERION OF 49 SECONDS. 
(IPAg, PUPAY, PIPA,). FORM A UNIT VECTOR fy 

DivAay Signy HPWAy gy © IPA, Bay 
7, ——— Forages age PP 

    

Wit gy INDICATES THEE DIRECTION OF THE FIRST ESTIMATE OF IKE LUNAR GRAVITY VECTOR IN 8h COORDINATES, 

COARSE ALIGN THE STABLE MEMDER 180° AnOUT tHHE MEAS   kD GRAVITY VECTON, 

x, ga = -138° NB 
MGA > 435.25 
TGA = “a2! 

un 
pownan     

PLACE THE IMU IN AN INERTIAL MODE AND SAMPLE THE OUTPUT OF THE PIPA's OVER A PEIUOD OF 40 SECONDS 
(PIPAg, PIPAY, PIPA,). FOI A UNIT VECTOR Ba, 

IDA Sigg + PIPAY 

  

. ait EPAy Fag 
Lone pag Piay? PIPA, 
  

where jy INDICATES THE DIRECTION OF THE SECOND ESTIMATE OF THE LUNAR GRAVITY VECTON IN Sh COORDINATES. 

DEFINE A UNIT VI   c7OR Tig OUT OF #1 AND fy WHICH REPRESENTS THE DIRECTION OF THE TUNAR GHAVITY VECTOR, 
  wir (+) 

OTR: THE iiys VECTOR IS CONSIDERED To TE COLINEAN WITH THE GRAVITY VECTOR,



Lea 

LUNAR SURFACE ALIGNMENT - P57 
  
FrecHNIauE LOS DIRECTION IN BASIC REF. COORDINATES ABSOLUTE INERTIAL REFERENCE 
  

  

f 

  

  

¥ 
Bae fore BaF | Tor 2141 Tuer 

terete, 

By |G %u Fa] Tonos? 10 Tones 
(oversees 

  

Yn 

By 14) Tater 85 = (2) Toate 

  fc = (REPSMMAT) Tyg #81"! 81 Tye 

  

  

  

    
  

  

  

      
  

  
  

Sy |Gis* 2* Fs] Incr® (81 Tver 
(specified) ‘eee: . 

[ Fs 

4, fy Bn | s*2Z0 *Fg] Temcs 2 121 Tacs 1) tevonstecay | 

Tones = PPPSMAT] Tye BT" OM Tyyey 

By | «8191 Tyrer “141 Tues 
(specified) | ne 

55 

8 fam 
By = |in~Ba0 *Siae | Tantes - (0) Tyee 

Aooneuies) 2 
Fa 

‘catalog Tacs = MEFSMAAT) Tyrer = C(t Iyer 

Bam |Gs*%) Tis] Ter * 141 Ine (svete) ; 
| #s*® 

es 
2 fy = |iérs*Sao Es} Tones ~ 1 Tones doneasteesy [EET 

ius” Bas   
  Foes = (HRPINONAT] Tyr = BLA, Tuer     

  

toon Contored Iueetlat; SCS = Stable Avusiier Coordinate Sse 

LB-115 

P24 — LANDMARK TRACKING 
  

CSM Landmark Tracking Profile 

22-degree pitch down 
from local horizontal 
orbital rato through, 
out tracking. gS! 

we 
   

    

    

   
   
   

  

Ti-Horizon Horizon 
Typical 
ATI = 290 seconde 
‘aT = lou seconde 
ATS= 44 seconds 

  

AOS to LO’ 

  

448 seconds 

Center of Moon 
  

  

  

   
TET: a) P24 RATE-AIDED OPTICS TRACKING 

EMC - on (req) 
Tis Tee 188 ~ on and aligned 

BCS - on 
- BMAG MODE (3) ~ RATE 2 

men GEN PWR OPTICS - on 
OPT ZERO - ZERO (verify) 
OPT MODE - CMC 

  

op *y_ _ + ere acq VITE ME 

Nor Snmt__ /8A TA (T2.acq || F 0880 LAT, LoNG/2, ALT —(0,001", 0,001" , 0.01 nm) 
Se LOAD LMK COORDS 

Neo LAT OPT ZERO - OFF 
PRO 

LONG/2 
ALT 06 92 

  

AUTO OPT SHE/TRUN (0, 01", 0, 0017) 
e F05 09 oodo4 (TRUN >90*) 

  

  
a) @ MNVR to acquire 

© PRO 
oor V4E, F 37 
OPTICS MODE ~ MAN 

    

   

  

he gma = 
8 F 51 MARK REQUEST 

TA te te MARK (a8 often as desired) 
es ‘To terminate: 

Ty oe te _ PRO 

RP ty (rt acy | | P87 XXE 
OPT ZERO - ZERO 

Nor Snmi___/8A _ __ TA _ _(72 ACQ) 

Neo LAT ses 
LONG/2 — + 
aT, veces     
     



LB-116 ] 18-117 

) P90-EXTERNAL AV 

P24 ~ LANDMARK TRACKING VAT Enter, 30 Enter ‘TEI 26 & TEI 32 

MARI DATA | |V06 N33 Flashing, Losd Desired GET! 
YO6 N81 Flashing, Load Desired AV 

Hours Purpose 

Minutes i PropiGuidance 

Weight (1b) Seconds | i 

Prim P (degrees 
Yim Re? IMU Gimbal 

¥ Angles (degree) Hours 

R Minutes 

Shaft Seconds 
SXT Angles - 

Trunnion (degree) | Avy 
Avy 
Avz tue 

R 
Hours IMU Giembat 

P Angles (deal 
Minutes y 

Seconds Mapes 

Hperigee 
IMU Gimbal AVT (fv) 

‘ Angles (degree) 
BT (mins) 

7 Ave (rus) 
Shaft x7 angles SXT Star 

Trunnion {#8 | | ser ged 
I TaN ere 

| BSS (Coas Star) 

Sen toner ot 
Hours 'SXP (Coas X Pos, deg) 

ttinutes = — 
seconds vow 

700 ini EWS 
IMU Gimbal 
Angles (degree) 

  

vio Itt/9 
Get 0065 
Hesminvs 

SET STARS 
Shaft SXT Angles Ratign 

(degree) 
Trunnion Palign   Yalign 

ULLAGE   NOTES: 

Notes:



L118 

90-EXTERNAL AV 
TEI 42 

37 Enter, 30 Enter 
\VO6 N33 Flashing, Load Desired GET! 
\VO6 N81 Flashing, Load Desired AV 

Purpose 
Prap/Guidance 

Weight tio) 

  

Prim 
arin 

Hours 
Minutes GETI 
Seconds 
Avy 
Avy uv 
Ave (nis 
R 

IMU Gimbst 
P Angle (deg) 
y 

Hapogee 
Hperigee 
“ANT (nish 

BT (mins) 
Ave (tus) 

SXT Stor 

SET (degrees) 
TAN (degrees) 

SS (Coos Star) 

SPA (Cous Pitch, do) 
SXP (Cous X Pos, deg) 

Lat ver] 

Lona. 
RTGO (emi) EMS 

Vio (ri) 
[cer 0059 Heemin:s 

SET STARS 

align 

Patign 
Yatign 
ULLAGE   Notes: 

V7 Enter, 30 Enter 
Vo6 N33 Flashing, Load Desired GET! 
VO6 NI Flashing, Load Oesired AV 

Notes: 

18-119 

P90-EXTERNAL AV 
Plane Change 1 & TEI 53 

Purpose 
Prop/Guidance 

Wight (ie) 

Pravin 
(earees! Yorim 

Hours 

Minutes GET! 

Seconds 

Avy 

Avy ov 
(ue) 

IMU Gimbal 
‘Angles (degh 

Y 

Haposee 

Hperiges 
“AVT (ts) 

BT (min:s) 
Ave (nu) 

SXT star 

SFT (degrees) 

TAN (dogroes) 

BSS (Coas Star) 

SPA (Coss Pitch, deg) 

SXP (Coas x Pos, dagh 

Lat nel 
(a 

LONG 

ATGO (nmi EMS. 

vio (rus) 
GET 0089 Hrimins 

SET STARS 

Ralign 

Palign 

Yalign 
ULLAGE  



LB-120 

P40 — SPS THRUSTING CSM 
Plane Change 1 

V37 Enter, 40 Enter 
V50 N18 Flashing, Request Maneuver to FDAI R,P, Y Angles 
VO6N18, FDAI R, P, ¥ Angles After Maneuver to Burn Attitude 
50 N“5 Flashing, R1 = 0.0 2.0 4, Gimbal Actuator Test Option 
Vii 49, ‘Time from Ignition, Velocity to be Gained, Measured Change in Velocity 
499 NAG Flashing, Engine On Envble Request 
V06 N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity 
V16 N40 Flashing, Final Values at Engine Cutoff 
V16 N85 Flashing, Body Axes Residuals (to be Nulled) 
V37 Flashing, V82 Enter 
V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 35 K ft Moon Orbit, 

300 K ft Earth’Orbit 

    

  

  

(deg) 

Yaw 

Roll 

Pitch (deg) 

Yew 

TEI (minis) 

VG (ft/s) 

AVM (fis) 

TFC (mins) 

VG (ft/s) 

AVM (ft/s) 

TFC {min:s} 

VG (ft/s) 

AVM (ft/s) 

x 
y Residuals 

(ft/s) 

TRIM 
(ft/s) 

Zz 

HA (nmi) 

HP (nmi) 

TFF (mins)   
LUNAR ORBIT PLANE CHANGE NO. 1 
  

  

  

  

  
  

    
                                  

ie i propursion/ | PRETHRUST vir wryav | GFT. | GumaNce TARGETING 
horc-1 SPS/GEN 9.4/158,7 . our-oF-rnanm | 055-7 |ss22848.4] pcr av aan) |? 

‘AV, NS Tele s 
avy nespuats Was [efx [x] [mia cer 
av; @opyaxisy [fe . 

= (e/s) -onb   

  

  

  

    
   

      

(old CSM Perflune 
Altitude = 57.2 not 

  

ow CSM Apotane 
altitede = 62.0 nmi 

\<¢ 

New Orbit Longttual 

  

  Altitude = 57,31 mt 

         ‘old Cat Apolune 
altiude = 61.7 ami Position of sun st LOPC=1 

Longitude = 65.9° 

  

+P, ¥, R with respect 
to local horizontat a a 

Position of earth at LOPC-1 
Longitude = 6.0" 

  

20
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P24 — LANDMARK TRACKING 
  

CSM Landmark Tracking P¥ofile 

      

22-dogree pitch down 
from local horizontal « ?? 

Ti-Horizon 

Center of Moon 

    

   

  

   
   
   

Horizon 
Typical 
ATI = 200 seconds 
AT2 = 1uo seconds 
3 = Is seconde 

  

AOS to LOS = 148 seconds 

  

      

  

  

see Po Ya NC) 

Wor Snmi__/SA___ TAL __(T2 Acq) 

NO LAT 
weno? w 
AD eee 

Ter: a) 

    

TCA is ez    
Ty — — te i 

ee cee rel P ere RES) 

NorSnmi_ _/8A___ TA _. _(T2 AcQ) 
Noo 

  

F 06 89 

os 92 

    
  

P2i RATE-AIDED OPTICS TRACKING 
EMC - on (req 
188 ~ on and aligned 
8C8 - on 
BMAG MODE (2) ~ RATE 2 
GEN PWR OPTICS - on 
OPT ZERO - ZERO (verify) 
OPT MODE - CMC 

    

VSTE ME 

LAT, LONG/2, ALT —(0.001*, 0.001", 0.01 ami) 
LOAD LMK COORDS 
OPT ZERO - OFF 
PRO 

AUTO OPT SHF/TRUN (0,01°, 0. 001") 
‘© F.05 09 00404 (TRUN >90%) 
© MNVR to acquire 
© PRO 
© or V34E, F 37 
OPTICS MODE - MAN 

MARK REQUEST 
MARK (as often as desired) 
‘To terminate: 
PRO 

XXE 
OPT ZERO - ZERO     

NoTES: 

1B-123 

P24 — LANDMARK TRACKING 
MARK DATA 

Hours 

Minutes 

Seconds 

P 
IMU Gimbal 

Y Angles (degree) 

Hours 

Minutes 

Seconds 

P 
IMU Gimbal 

¥ Angles (degree 

R 

Shaft §XxT Angles 
doar Trunnion (329"e* 

  

Hours 

Minutes 

Seconds 

P 
IMU Gimbal 

Y Angles (degree) 

R 

Shaft SXT Angles 
(degree) 

Trunnion 

 



LB-124 

P22-LUNAR SURFACE NAVIGATION 

37 Enter, 22 Enter 
V04 NOG Flashing 

Ri: 00012 
2: 0.000 X (1-CSM will not change orbit, 

2-CSM will change orbit) 
\VO6 N33 Flashing 

Time of ascent {h, min, 0.01 s) 
\V50 N25 Flashing {if RR Auto mode not selected) 

Rt: 00201 ~ switch RR mode to Auto 

  

  

    

    

  

  

    

  

  

  

      

  

                                

x}of]o}ol|o Option Code Nos. 

+lofo Hours N33 
2 Time 

+}o]ol}o Minutes of 
Ascent 

+]o Seconds 

x}o]o}]olfo Option Code NOs: 

+]ol}o Hours N33 
Time {— 

+]ofo]o Minutes of 
Ascent 

+) 0 Seconds 

x[ofolo]o Option Code NOs 

+}olo Hours Naa. 
Time 

+]fo]olo Minutes of 
Ascont 

+] 0 Seconds 

NOTES 
  

  

LB-125 

P12-POWERED ASCENT 

V37 Enter, 12 Enter 
V06 N33 Flashing 

Time of ascent {h, min, 0.01 s) 
V06 N76 Flashing 

Downrange velocity, radial velocity, crossrange (0.1 ft/s, 0.1 ft/s, 0.1 nmi} 
\V50 N25 Flashing 

R1:00203 (switch Guidance Control to PGNS, Mode to Auto) 
\V06 N74 Flashing 

‘TF1, yaw after rise, pitch after rise (min/s, 0.01 deg, 0.01 deg) 
99 N74 Flashing 

Engine on enable 
VO6 N94 Flashing 

VGX, HDOT, H (0.1 ft/s, 0.1 ftls, ft) 
V16 N85 Flashing 

VGX (LM), VGY (LM, VGZ (LM) (0.1 ft/s) 
a2 Enter 

V16 N44 Flashing 
Apocenter altitude, pericenter altitude, TFF (0.1 nmi, 0.1 nmi, min/s) 

  

    

    

  

    

    

  

  

  

  

    

  

  

  

    

    

  

  

      

+]o}]olfo Minutes TIS + of 
+ 0 ‘Seconds space + 

+ Desired Downrange | n7e| + 
Velocity (ft/s 

+ Desired Radial Velocity + is} 
0 *Crossrange Distance (nmi) 

O47 Sing of Azimuth 
Angle (Octal) (AGS) 
053 Cosine of Azimuth 

_ Anglo (Octal (AGS) 
224/226 Semimajor Axis 
at Insertion (k ft) (AGS) 

“237 Landing Site Radius 
tk fe) (AGS) 
465 Target Radial Rate at 
Insertion (ft/s) (AGS) 
373 TIG of TPl 
{enin} (AGS) 

+ oO 0 Hours Nav} + - mb 
* a 0 io Minutes TIG of TPI e 

* o ‘Seconds e 

e La weight (16) + 

+ Hapogee + Apogee cay 
+ Hperiges ("mid *                       
“Load 8 nmi if erossrange is greater than 8 nmi 

NOTES. 

           



  

  

  

  

  

      

  

            

  

  

    

  

   
  

  

  

  

  

  

          

  

                          

  

  

    

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

          

2 aalel+ ated ela zpad ede & 33 z $$ § 555 S58 a oe = 6 8 8 & & 8 8S e eofele| 22 e|efeoleole] a] of elo Z2.2,.2_2_.2_,2.28 ge S SFESeSepazrssaSzG3422 a8 3 a & fptperieiaterze 
co] of = olo z2 zeig% gefge S88 pe z sess: chcigissiiiges FS : gpizesesetezeizis2F 

ze ef |3) |e Sesbtp b BF : : $2 z S32332 2 5 § 3 € 3 
38 E g°2°82 € 2 € 2 se s 23 9 es F #2 5 pF 8 a 8 + g 23 sb Bee se ge 3 aa Z 22 32 2 ee : : 

bp ppl & . > ele = zslzle zz] 6 2 - & 3 3 8 
wm Soe] Egos </f 2 G/B) eb gb] 3 = ga 8 2 3 5 E gs 8 3 a 8 a 3 ° 8 8 8 5 Giz2| 92 |2e2a) 222 | * 8 2 #2 2 8 : 3 255 | Sc lege) e523 m ¢ F228 2 3 5833] $8 sees 823 )eages | F] eges 8 Es £ = 3 a Sees] 28 fabs) see lesfa | 8) b822 : #2 35 5 3 Z gee) 83 |"3°8)8283]38 318 £ e3 2 2 f 4 5 5 ee 8) +e] 5 sla : ~ ge * 3 3 = 5 a BF 2] eg] A ge & z = 2 5 g 2 8 ePofer/ Sei | Je pb 8 a z| 2: z z 3 3 s 2 

gs = =| 3 = 2 ¢ x 2 
BS] eta +) a] eo] sf Bl ef ale = 5 & a 38 2 2 : g elele|] #8 eo} of eo} oe] o| 3} o| of o = 3 é > 8 

of of Z ec] o 

° ° 

ASCENT 

MANUAL ASCENT (WELL. NOMINALLY 
TIG-2 MASTER ARM - ON a . BE TARGETED 11.5 MIN LATE) AUDIO MODE (BOTH) - VOX TFI | 6 HOT} oH SBD] CONFIGURATION NOMINAL EXCEPT: 400+1E GUID STEERING MODE CONT - ATT HOLD RESET WATCH (eoar _ P2200 080.0} 0-0 O| 79/-30 | PROFILE HOMINAL EXCEPT: 3672 . 7-STEP FOR DIRECT MODE START CAMERA aoe oi SO 53-0} 300 FAT JoRN ~ 2:10 ABORT STAGE - PUSH (AT T= J PITCH RATES ENG ARM ~ ASC FoR AGS) | 0:30]308} 39 oy 1800 0 SySec 
~ 705. PRO 1:00}305] 38 .0| 5100] 137/-18 gus] 38 
ety 200 (07145209) 1:30]302] 36 “0 | 9200 ae oh 
+ :01 ENG START-PUSH (IF AUTO IGN) 285| 24 

CHECK $-BD ANT £ 34 [4240.0] 170.0} 14000} 142/-15 275| 18 

N76E (WH, vv, aR) i 2:30/296] 31 [3980.0] 183.0] 19400 oes a 
VI6 NITE (Tgo, W, VI 00} 7 : ee 3:00]293] 29 |3700.0| 190.0] 25000] 147/-11 

3:30[269] 27 |3360.0[ 190.0] 30700 5 
+4:00 STOP CAMERA 8 

500R ) = OPEN 4:004285 24 [3020.0] 184.0] 36300] 152/-6 
500 FPS MAIN SOV (2) ~ OPENS 730} 28; 2 3 MSFN WI! L PITCH ANI asc FEED 2 (2) = OSE ro 4:30) 282] 22 [2640.0] 173.0] 41700 ae SAS cna a 

Oa ee ane ern ce: Nese 5:00]278] 19 |2230.0} 157.0] 46600| 158/-1| | GROUND TRACKING. 
ENG STOP - PUSH 17:11790.0[ 135.0} 51000 

6+30 - MAIN SOV: = 
PRO, NULL X < 2 FPS 14 $1320.0} 109.0] 54700} 164/4 Seen 2 3) “oo 
PRO 0 
STOP DET, RESET MATCH 1] 8020) 80.0)| 57500 sHuToouN 
COPY GET 7 91 ENGINE ARM OFF EN STOP ~ RESET : a aa a ne STANDBY TO RESET ABORT STAGE 

. i Pb AND DEPRESS ENGI 
yMCC FOR TWEAK Rea ‘ed 

TRIM ACTIVE SYSTEM 
PGNS ,AGS DIFFER >10 FPS, 

TRIM SYSTEM THAT AGREES 
WITH RR 
(10° IN OHN) (0° YAH)   

            
  

      

WO AUTO TGhITION 
WITHIN T 6 

1. GUID CONT-AGS 
STILL NO IGNITION j 

5 4 

   

1. GUID CONT-PGNS 
2. ENG START-PUSH 

  

Pb ON CALL FROM MSFN



INSERTION THRU TPI 
  
  

      

  

         
  

  

      

  

    

      

a) (TINE RANGE al pay POAT (0,242,0) OR 10° OW 15 3242 ¥ oor Fi 
1) Pio 140 ill +404+0, 40540, 40640 + | +51440 ae 
H] | tows | 152 Hl ¥ONITOR 470, 471, 472 * 1 *515+4 YAW STEER VEC * 
a) | boe7 | 158 gHEOLH BAILOUT @ L.0.+12:70 I *516+0 * 
i : lt a | i+00 | 151 UT trefa7i:87a9) Los *MATCH INDICATED Al INGLES * 
t 2+00 146 HL avxfare 17 *TRACK MODE-SLEW * 
I 3400 | 142 pl=———===—=====- 4 *$-8D ANT-AFT * 

4400 | 138 P20, AUTO MNYR es * i SET P (4127) 
a) | 300] 133 p) (25 MAX N49(2.00,12.0 Y -50) * 
rf 8200 | 128 PSATQT TPL seas *BIOMED-OFF, PCM-HI = * 
! 700 | 125 ! fain ete WT SFM 7 UPLINK SQUELCH-ENABLE_* 

HVa7, 41441, 40043 * 12 (ROOT 8} 
| |.g+00 | 117 I 140042 Z-AXIS STEER _*] otis 
I 10+00, u3 I “aI T+T (741740) vin [10 CHART R/ROOT/9] | 
I — *41141 START AUTO(9,18){*] 9 [ROOT _§R] 
| inseRTION 27 2 ! 2310R ser ver : (e-PRO-FINAL COMP) = *303R 8 * | 

i | s a] 76 PULSE vez | *411+0 STOP AUTO sy 5 
| AGS NODE CoNT-ATT HOLD] MODE cowr-| V83_ SET ORDEAL (35NM) 6 __*COMPARE CMC, AGS wg 

RR_MODE-LGC auto | 9 ¥317R, 440R, 277R * CHECK TIG OF CSM 8 
HW) RATE/ERR MON(2)-RNOZ ROR * 1 vas, 12012 */DET & APS BURN CARD * 
H) sHFT/TRUN 5 oir panes I| RATE SCALE 5°/sec PERFORM YAN/ROLL_ MATIEUVER] 

RNG/ALT MON-RNG/RNG RT 1) (Gace BAILOUT GET P76 PAD 4044 #0, 40640 * 1 0, 405+0, 406+0 
i VHF ANT-FHD * u 462341" , * 

40082 Z-AKIS STEER = * == SS EXT LTG-TRACK * 400+] GUID STEER 
i *410+4 TPI EXEC s 5 *410+! 
1 oo ULLAGE, : BO CHART R7RDOTT S| SS Si«d:C@RY *500R. I 62340 * — 

*COPY AGS DATA * H:00 AGS MODE cONT-AUTO 
4) unio wove (2)-I¢s/PtT * 27 30 ABORT STAGE PB-PUSH 
BH} viny2, cB INV 1-0PEN * 10 MANUAL ULLAGE 
T|  cB(11)"a (16) £0: LOGIC PWR-OPEN 5, v32 05 PRO 
1 ei ee CABIN FAN1-CLOSE [RDOT __ 3R] Goo TPIli74:12:41] 172:39:13 
B{PLSO/NO-GO_FOR TWEAK *COMPARE CMC ,AGS,VHF/RR * ABORT STAGE PE-RESET 
at P47 FOR (0,257 50) : *POLAR PLOT @ 90 NM __* Woren Tow TT 

*404+0, 405+0, 4o6ro «© | ar (ROOT 3A] TENG ARN-ASC I! 
i YWONITOR 470,471, 472 * — [MANUAL START I 
is TWEAK[1 71:55:23] ig, ear aH [MANUAL STOP 3 SEC 1 

; (rooT_ 38] NG ARM 
avis *CHECK RCS, EPS, ECS * iititins ------—!       

      

TPI_THRU DOCKING 

  

  

       

        

  

  

   

  

     

  
  

          

  

fo Trlivzssaa[__ es P00 
V76, AGS MODE CONT-ATT HOLD, P35 ToT Mcc 2 [ATT CONT-PULSE] i vag, 11002 
P35 TGT McC 1 [ATT CONT-PULSE v93 wos Hs conr-auto} |})  Pa7, Ves 
MAX N49(0.80,5.0) | MODE_CONT-AUTO) TeVERTFY PENS TPCM-HI) ~~! | *40440, 405+0, 406+0 * 
V67_{+02000,+00020,+00005 1va7, 41441, 40023_ ah, ul 

#40040 * ‘eaVT+T START AUTO AOS. 45-BD_ANT-AFT,VERIFY COMM 
*623+0 * L ¥EXT LTG-OFF ¥ n +/S-BD P (427) * 
*417+1 (762140) 1 Y (50) * 
¥41141 START AUTO(3,12); My 1 ¥$-80 ANTZSLEW (03.0) * 

2 7 & *TRACK MODE-AUTO . 
*410+4 TPI_ EXEC ¥410+4 TPL EXEC * a D-LEFT, PCM-HI | * 
¥*3734TPI TIME +15 MIN * 43734TPI TINE +30 MIN * i) K SQUELCH-OFF 

+*307+028..00 * +*307+013.00 * i PORT 

4 9 i fa 
0 FPS - 6000 FT 

6 ROOT _3R] 21 1 20 FPS - 3000 FT 
i 10 FPS - 1500 FT 

ifs froor_3R} ||) 23 ROOT 3A) g 5 FPS - 600 FT 5 

\f@_caaet ep] i (2acHart {J . t *SETUP CAMERA FOR * 8 
* “LOCKING: * 

10 \| 25 ROOT 3R} a} *LN3/0AC/10/CEX-ULC * 
| i * (18,1/250,6) TFPS | * 

(72 PRO FINAL COMP] [RooT 9) ||| (27 PRO-FINAL COMA) RooT_3R} I * .25 MAG(O), (4 MIN) * 

13 CHART R/RDOT/<] ~___] ||| (28 CHART _R/RoOT a] me v34, POO 
*4T1+0 STOP AUTO y ¥47140 STOP_AUTO ai Wy 

B7OR TOTAL VEL NCCT S70R TOTAL VEL HCC] 
| 3718 aV TPF B7IR VTP 1 KING 
i COAS TO OVHO WINDOW 
| *404+0, 405+0, 406+0 * 40440, 405+0, 406+0* i ¥EXT LTG-DOCK * 

41, V77 Pal, V7 BH) SHFT/TRUN +50 e 
HE) — valn72 (+000,+320) 

N4 #41045 jj) 29 #4045 (ATT CONT-] g CB ERR(2)~OPEN, Vad 
*502R HI *502R nope cont} g| FOAL LV(180,285,300) 

j ATT CONT | 
\ : HODE_coNT] 

5 _*472R/502R +i §__*472R/502R b 3i5) CONFIRM CAPTURE FROM CSH 
15 MCT 30 Hea 4) ODE Cont (BOTH) - OFF 

NULL’ RESIDUALS NULL RESIDUALS i              
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(x2) 
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Piteh atitade 

  

  

  

  

  

  

  

  
  

  

      
  

  

    

  

      

  

ee oastay 

RATE Gyno. 
ASSEMBLY 

Lx. 
COMPUTER 

Anon 
umaxce, 
SYSTEN 

Hinetang 
‘vorn 

pia Flashing 
‘yoenTe 

  

   

  

   

    

  

      

    

aon see 
“ser [yao 
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Lp-132 

P12-POWERED ASCENT 

V37 Enter, 12 Enter 
VO6 N33 Flashing 

Time of ascont (h, min, 0.01 s) 
VO6 N76 Flashing 

Downrange velocity, radial velocity, crossrange (0.1 ft/s, 0.1 ft/s, 0.1 nmi 
50 N25 Flashing 

R1: 0.0203 (switch Guidance Control to PGNS, Mode to Auto) 
VO6 N74 Flashing 

TI, yaw after rise, 
V99 N74 Flashing 

Engine on enable 
\VO6 N94 Flashing 

VGX, HOOT, H (0.1 ft/s, 0.1 ft/s, ft} 
V16 N85 Flashing 

VGX (LM), VGY (LM), VGZ (LM) (0.1 fs) 
a2 Enter 

VI16 N44 Flashing 
Apocenter altitude, pericenter altitude, TFF (0.1 nmi, 0.1 nmi, min/s) 

itch after     /s, 0.01 deg, 0.01 deg) 

Hours 
ir TG Minutes 7 

Seconds Ascent 

Desired Downrange | N76 
Velocity (ft/s) 
Desired Radial Velocity 
(fis) 

*Crossrange Distance (nmi) 
(047 Sine of Azimuth 
Angle (Octal) 1A‘ 
(053 Cosine of Azimuth 
Angle {Octal (AGS) 
‘224/226 Semimajor Axis 
at Insertion tk ft) (AGS) 
237 Landing Site Radius, 
(kf 

“465 Target Radial Rate at 
Insertion (ft/s) (AGS) 
373 TIG of TPI 
min) (AGS) 

Hours 

Minutes TIG of TPI 

Seconds 

LM Weight {lo} 

Hapogee csm 
Hperiges (nm   *Load 8 nmi if crossrange is greater than 8 nmi 

NOTES: 

  
  

LM INSERTIO 
  

  

  

  

       

     

     

    

  

  

; PRopuzsiON/ | PRETHRUST 
pyenn sr/Av | G.E.T. |“ GuipaNcE TARGETING 

servion — | 44-97 | 71:45:08.6 | LM-APS/PGNS pai 6047.9 
RESIDUATS (t/a) ele . 

00 +|x[x[x min GET 
Acs                                         

  

REV 50 < 

LM Apolunc 
Altitude = 45.3 nmi 

Position of sun at LM Lint off 
Longitude = 58,1° LM Perilune 

altitude = 9,0 nmi 

  

CSM Position at 
Ascent Initiation 

Position of carth al LM Lift Off 
Longitude = 5.3°



LB-134 Le-ta8 

RENDEZVOUS DISPLAYS.     
    

     
    

    

RENDEZVOUS 

Hcc=1 
IPI + 15 

wie tobsy (180,196/259,0) 
(180,175/284,0) eas 

ss oo Mee - 2 & & 2   

0 
(180,230/248,0) 

at 
  

TPF : TPL + 42:64 i) (180 ,302/281,0) ‘oH   P34 FINAL COMP 
TPL I 

(080,174/313,0) 
&       

  

SIM BAY - INSPECTION ATT 
173:34 

2 ,309/252,0) 

    

DOCKING ATT 
173145 

‘ & (180,027/281,0) 

LM LUFT-OFF { 171:45:09 | (180,87/0,0) 

  

  

  TPL - 43 
(180,121/0,0) LM_ INSERTION 

TPT - 47 
(180,109/0,0) 

  

        

  

  

CX KAZ HX XXX) 

YAW 
PITCH 
ORDEAL 
ROLL 

  

        
 



LB-136 

P34—TRANSFER PHASE INITIATION (TPI) 

V37 Enter, 34 Enter 
O06 N37 Flashing 

TIG of TP! (h, min, 0,01 s) 

06 NSS Flashing 
R2: Elevat 

V16 N45 Flashing 

Marks, time from ignition, 

O06 N58 Flashing 
Poricenter altitude, AV (TPI), AV (TPF) {0.1 nmi, 0.1 ft/s, 0.1 ft/s) 

\VO6 N81 Flashing 
Avy (Lv), Avy (LV), Avz (LV) for TPH (0.1 ft/s) 

  

In angle, R3: Central angle {0.01 deg, 0.01 deg) 

  

idle gimbal angle (marks, 

  

s, 0.01 deg) 

  

  
  

  

  

+}o]o Hours na7} +} of o 
TI +]ofo]o Minutes of +] 0} of o 
PI 

+]o ‘Seconds +] 0 
  

NSS (+00000) Conic Integration, (+00000}* Elevation Angle (+130.00) Central Angle 
  

  
  

  

  

  

      

  

0 ‘AV, (LV) Net ° 
Components of 2 AVY (LM) Ain focal ° 
vertical 

° Av, {LV} coordinates (ft/s) 8 

+o Range at TIGS min [NBs] + | 0 
{nmi} 

0 Range rate at TIG-5 min (ft/s) 0 

x x Burn time (min/s) x x                           

*P34 calculates Elevation Angle for given TIG of TPI 
NOTES: 

  

Less7 

inecr 1P1 

Pows 

o.ave=120   CHANGE SIGN; eas, 

  

  

URW AULES: 
1 two of tna solutions ate, 

Priotityof Solutions: PGNS, AGS, CMC, Charts 
  Guide Vatu: R= 3 tis, 1-7 Mls, 29 tle 

Bn = 0018 # 05 oi, AB iestvays BI oi. 
AR doesnot apres with WHE, 

i MSFN eolates failed syst.       

  

ner 
HP tom 
Ayre tus 
Ave 1) 

0 Los tae 
Av TPL ie) 
Ay Ter it) 
vx 

 



‘TRANSFER PHASE INITIATION 
  

  

  

  

    
  

  
                                        

EVENT. qt, | PROPULSION/ PRETHRUST 
Buay BEE GUIDANCE ‘TARGETING 

; UM-APS/PGNS TPL 12,5/72.1 Pe /" LAMBERT (P-42) Poot 
RESIDUALS (ft/s) +|x]x h 

By, ix]Ne boo + ix [x]x min GET 
4¥ylpans |AGsbor 

ave 4 | bo FL |» s 

= 77 yrrm ———'—Verame (it/s)     

  

  

REVS 60/51 

  

Braking 
Maneuvers: 

     Position of sun at TPT 
Longitude = 56.1° 

*P, Y, Rwith respect 
to local horizontal 

Position of earth at TPI 
Longitude = 5.3° 

  
  

CSM AND LM ON 
_/ SAME RADIAL 

  

Le.139 

LM RENDEZVOUS FINAL PHASE 

   

  

   
   

BRAKING MANEUV! 
7 

      

     

  

   

     

       

BRAKING BRAKING BRAKING 
MANEUVER MANEUVER MANEUVER ey 

1 2 3 MANEUVER 4 
AND DOCKING 

  

DESCRIPTIONS 
AT R =3,000 FEET, MANEUVER REDUCES RANGE. 
RATE FROM 32 TO 20 FT/S. 
AT R =1,500 FEET, MANEUVER REDUCES RANGE 
RATE FROM 20 TO 10 FT/S. 
AT R =500 FEET, MANEUVER REDUCES RANGE 
RATE FROM 10 TO5 FT/S. 
‘AT R #100 FEET. MANEUVER REDUCES RANGE 
RATE FROM 5 TO 0 FT/S. 

    

 



Leo / Lp441 

P90 ~ EXTERNAL AV (LM) Poo exrenyaua 
, CSM Separation & TE! 62 V3? Enter, 3tentee 

{Vos N33 Flashing, Load Desired GET! 
VO N@t Flashing, Load Desired AV 

  

VO6 N33 Flashing, Load Desired GETI 
} VO6 N81 Flashing, Load Desired AV 

Purpose | a 

Hours Prop/Guidance 
Minutes Wight tb) 
Seconds 

Prim 
vx taeces 

Y Trim (earees! avy ow 
! Hours 

Ave tis 
Minutes Ava tus) 
Seconds BT (mins) 

FOAL Inertial at 
Anales 
(epee) 

x 
vy uv 
Ave (tue) 

Ags | + 
Targeting 
ris) ! IMU Gimbal ! Angles (eal 

R 

Haposee Y 
Hperigge (ori) Haposee 

  

Ave tts Heerigee 
| ANT (ft/s) 

Lassermison pao rnin 
Ave ta 

ve | cen 
set | SFT (depres) 

SXT Star 
Minutes 
Seconds 

“TAN (degrees) 
R 

IMU Gimbst ) [BSS (Coas Star) 
P —Anates eo) 

‘SPA (Coes Pitch, desh y 

  

SSKP (Coas X Pos, dh 
P39-LM DEORSIT BURN tat Net 

in feom li ne 
Velocity tobe Gained ATGO (nmi) EMS, 

Vio (Hs) 
[cer 0059 Heceinss 

Velocity Accumulated 

Velocity 0 be Gained SET STARS. 
Velocity Accumulated Ralign 
x Paton 

Yalign a) va 
ULLAGE    

notes:  



P41 — RCS THRUSTING 
V37 Enter, 41 Enter GEM Stporaticn: 
50 N18 Flashing, Request Maneuver to FDA R, P, Y Angles 
VO6 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude 
\VO6 NBS, X, Y, Z Body Axes Velocity to be Gained 
V16 NBS (Average G on at TIG -30) Velocity to be Gained 
‘VIG N85 Flashing, Body Axes Residuals (to be Nulled) 

Roll 

Pitch (deg) 

Yow 

Roll 

VG {ft/s) 

VG (ft/s) 

    

  

  

  

  
    

  

  

                                    
  

Lo poner 
PRopuiston/ | PRETHRUST 

EVENT, pi/av | GET. | “GUIDANCE TARGETING 
Ta DeORRE Tareas 28.5) ernocnanm [29/2286 exraviesy |? 

RESIDUALS (ft/e) +ixix h 

-. +ix|xix mi GET lAcspor a al ole ‘ 
Yyrrme ~~ erm 8       

  

  

      
sah 

y=-20,4 ER @ 
@ 

Position of sun at LM Deorbit 
Longitude = 52,3° 

           

   

      

  

TM Tamar Impact, 
Approx, 15.0° E 

9.5°S 

sp, ¥, R with respect to 
local horizontal 

Position of earth at LM Deorbit LM/csM Separation 
‘Longitude = 5.0° mt -



Lp144 

90-EXTERNAL AV 
‘TEI 65 & Plane Change 2 

37 Enter, 20 Enter 
VO6 N33 Flashing, Lod Desired GET! 
\VO6 N81 Flashing, Load Desired AV 

Purpose 
Prop/Guidence 

Weight (1b) 

Prrim 
Varin (me? 

Hours 

Minutes GET! 

Seconds 

IMU Gimbal 
Angles (deal 

Y 

Hapogee 
perigee 
“ANT itis) 

BT (mins) 

Ave thi) 

SXT Star 

SFT (degrees) 

‘TAN (degroes) 

BSS (Coos Star! 

‘SPA (Coas Pitch, dea} 

SKP (Coas X Pos, dogh 

Lat Nei 
(ogreed 

Lone. 

RTGO Inmid EMS 

vio itis 
GET 0089 
Heimins 

SET STARS 

Ration 

Patign 

Yavign 
ULLAGE   Notes:   

LB-145 

P40 — SPS THRUSTING CSM 
Plane Change 2 

37 Enter, 40 Enter 
\V50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles 
VO6 N18, FDAL R, P, Y Angles After Maneuver to Burn Attitude 
\V50 N75 Flashing, R1 = 00.204, Gimbal Actuator Test Option 
Vi N49, Time from Ignition, Velocity to be Gained, Measured Change in Velocity 
“199 N40 Flaching, Engine On En-bie Request 
\VO6 N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity 
V16 N40 Flashing, Final Values at Engine Cutoff 
V16 N85 Flashing, Body Axes Residuals (to be Nulled) 
\V37 Flashing, V82 Enter 
V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 35 K ft Moon Orbit, 

300 K ft Earth Orbit 

  

Roll 

Pitch (deg) 

Yaw 

Roll 

Pitch (dea) 

Yaw 

TFI (min:s) 

VG (ts) 

AVM (tts) 

TRC (min:s} 

VG {ft/s} 

AVM (fs! 

TFC (mins) 

VG (ft/s) 

AVM (us) 

x 
Residuals 
(fs) 

Y 

Zi 

HA (amid 

HP (nmi 

TF (minis)  



ue 16-147 

  

LUNAR ORBIT PLANE CHANGE NO, 2 P90-ExTERNAL AV   
  

  

  
        

    
                                

  

TEI 72 & TEL 74 
evert | arvav | o.nr, | 2RoPuEStON/ | pREranust V7 Enter, 30 Enter 

LOPC~2 ‘SPS/GEN / V06 N33 Flashing, Loed Desired GET! 

(our-oF-PLaniy |18.6/ 2828 alti? ] ext av 40) 06 N81 Flashing, Load Desired AV 
avy Nes AAD r 
avy rEspuats wole[ [ep dm cer Pingo 
av mopr ax Te : rop/Guidance 

cael oy, = 
XT RIM YOR     

  

  

} 
Wioighe to) 

Prien 
(degrees! 

  

Yori 
Hours 

Minutes GETI 

  

Longitude of ascending. node 
Seconds 

ld oxbit angle of 

    

Inclination = 149, 0 
. 

tis) Now orbit angle of 
Inclination» 147.2" 

: 

| Iau gimbal 
t 

Angles (deg) 

. | ‘ 

Avr thin      BT (minss) 
Position of sun at LOPO-2 
Longitude 

°P, ¥, IR with respect 
to local horizontal Ave {tis} 

  

s 

  

SXT Star 

SFT (degrees) Position of earth at LOPC-2 
Longitude = 4,3" 

Hapogee 

: 

| 

| TAN (degrees! 

! 895 (Coa Str 
‘SPA (Coss Piteh, dea) 

SSXP {Coas X Pos, deg} 

vat ei] 

Lone 

ATGO (amid EMS 

vio (rue 
[GET 0.08 9 
Hrsmin:s 

SET STARS 

Ralign 
Patign 

Y align 
ULLAGE  



\V37 Enter, 30 Enter 
VOB 3 Flashing, Load Desired GET! 
\VO6 Nat Flashing, Load Desired AV 

  Noes: 

Lp-148 

30-EXTERNAL AV 
Shape 

Purpose 
Prop/Guidence 

Weight (06) 

Prim 
vim RO? 

Hours 

Minutes GET! 

Seconds 

w 
(rus) 

IMU Gimbal ‘Angles (deg) 
Y 

Hapogoo 
Hperigoe 
“Avr iris) 

BT (mins) 

Ave itis) 

SXT Star 

SFT (degrees! 

‘TAN (degrees) 

BSS (Coas Start 

SPA (Coas Pitch, deg] 

SXP (Coas Fos, deg) 

vat Neil 
( LONG 

RTGO (amit EMS, 

vio (rua 
[Ger o08 He:min:s 

SET STARS 

Ration 

Patign 

Yatign 
ULLAGE   

LB-149 

P40 — SPS THRUSTING CSM 
Shape 

37 Enter, 40 Enter 
\V50 N18 Flashing, Request Maneuver to FDAIR, P, ¥ Angles 
VO6 N18, FDAI R, P, ¥ Angles After Maneuver to Burn Attitude 
V50 N25 Flashing, R1 = 0.0 20 4, Gimbal Actuator Test Option 
‘VO6 N40, Time from Ignition, Velocity to be Gained, Measured Chang: 
V99 N40 Flashing, Engine On Enable Request 
VO6 N40, Time fram Cutoff, Velocity to be Gained, Measured Change in Velocity 
V16 N40 Flashing, Final Values at Engine Cutoff 
V16 NBS Flashing, Body Axes Residuals (10 be Nulled) 
V37 Flashing, V82 Enter 
V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 35 K ft Moon Orbit, 

300 K ft Earth Orbit 

   jn Velocity 

Roll 

Pitch 

Yaw 

Roll 

Pitch 

Yaw 

TFA 

VG (ft/s) 

AVM (ft/s) 

TFC (mins) 

VG {ft/s} 

AVM (ftls} 

TFC (minis) 

VG (tis) 

AVM (ftis) 

x 
Residuals Y (tts) 

Y 

Zz 

HA {nmid 

HP (nmi 

TRF (mins)  



  

  

  
  

    
                                

  

so 

SHAPING. 

ee propusion/ | pReTHRusT 
EVENT BI/AV G.E.T. GUIDANCE TARGETING 

; SP5/ GaN SHAPING 2.2/38.0 Joreagit.7 Beal ce as P30 

Vy NES tele h 
Avy RESIDUALS @t/a)|+ [x [x [x min GET 
Av; (@opy axis) [fx : 

eames sees ae ay HERB) PRIM ‘TRIM     

  

       
     

   

  

   

    
Old spolune New perilune 

Altitude = 65,0 nmi —S~a!    

New apolune 
po \F tttuce = 85.0 mt 

  

/ old persiune 
/ Altitude = 55.7 nmi 

/ 

  

Position of sun at Shaping 
Longitude = 33,3      

*p, ¥, Rowith respect 
to local horizontal 

  

    
Position of earth at Shaping 
Longitude = 3,2° 

   

  

    

  

  

Lp-151 
P30-EXTERNAL AV 

‘TEI 75 (Preliminary) & TEI 75 
\V37 Enter, 30 Enter 
\VO06 N33 Flashing, Load Desired GET! 
\VO6 N81 Flashing, Load Desired AV 

Purpose 
PropiGuidance 

Weight (0b) 

Prim 
(degrees) 

¥arim 
Hours 

Minutes GET! 

Seconds 

Avy 

Avy ww 
Avz tus 

R 
IMU Gimbal 

P Angles idea! 
Y 

Hapooee 
perigee 
‘AvT its) 

BT (ein:sh, 

Ave ts) 

SXT ster 

SFT (degrees) 

‘TAN (dogroes) 

BSS (Coas Star) 

SPA (Coas Piteh, deg) 

'SXP (Coas X Pos, dea) 

Lat or] 
{dear 

tons 

RTGO {nil EMS 

vio (ris 
Ger 005g Hreminss 

SET STARS 

Ralign 

Patign 
Y align 
ULLAGE   NOTES:



97 Enter, 30 Enter 
1VO6 N33 Flashing, Load Desired GET! 
06 N81 Flashing, Load Desired AV 

Notes: 

Lp.152 

P30-EXTERNAL AV 
TEL 76 

Purpose 
Prop/Guidance 

Weight (1) 

Prim 
vin OO 

Hours 

Minutes GET! 
‘Seconds 

Avy uv 
Ave tne 
R 

IMU Gimbal P Angles (dea! 
Y 

Haposee 
arnee 
Avr 
OF Imins 
Ave tut 
SX Star 
SFT lege 
TN (eae 
858 (Coa Star 
SPA (Coe Ph, dal 
SXP (Coat X Pos, dsl 

Lar ney 
ta Lone 

RTGO ini EMS 
10 (tis) 
[GET 0059 Hesminss 

SET STARS 

Ration 

Patign 
Yalign 
ULLAGE       

  

  

  

  
  

  

              

  
  

cia PROPULSION/ | PRETHRUST 
EVENT GUIDANCE TARGETING 
TEL SPS/GEN pao 

(POSIGRADE) EXT 2 V (P-40) 
AV, N85 +]x [x h 
Avy RESIDUALS (ft/s)[+ [x [x [x min GET 
av, (pony axis) [efx é                 

XoRM.   

  

  ame ly fale, 
‘TRIM 

  

‘TEL Burn Initiation 
Altitude = 65.7 nmi 
Velocity - 5339.3 It/s 
Longitude = 179, 7" 
Latitude ~ 10,3° 

  

Rev 75 

        

    

    

     

Apolune 
Altitude = 85,8 nmi 

- 

“P, Y, R with respect 
to Jocal horizontal 

  

TEI Cutott 
Altitude ~ 67.3 nmi 
Velocity = 8521.2 ft/s 
Longitude = 170.0" 
Latitude = 11, 9° 
Plane Change = 3,9° 
Burn Are = 9,7° 

Hyperbolic 
Lunar 
Escape 

vestone 
Altitude = 54,7 nmi 

Position of sun at TEL 
Longitude = 30,5° 

  

mn of earth at TEL 
Longitude = 2,9°



  

‘V06 N33 Flashing, Losd Desired GET! 
OE N81 Flashing, Load Desired AV 

NOTES: 

Le.154 

P90-EXTERNAL AV 
Mec s 

Purpose 
Prop/Guidance 

Weight (bb 

Trim 

am, ere 

ours 
Minus GET! 
seconds 
avy | 

Avy uw 

Ave twa 
® 

IMU Gimbal 
P Angles (deat 
y 

Hapogee 
Hperigee 
“Avr ins) 

BT (mins) 
Ave its) 

SXT Star 

SFT (degrees) 

TAN (degrees) 

BSS {Coas Star} 

SPA ICoasPiteh des) 

XP ICoas X Pos, des) 

vat Na 

Lone 

RTGO tnmil EMS 

vio in 
[cet 0.08 9 
Hemin's 

SET STARS 

Raign 

Palin 

Yalign 
ULLAGE   

Po ~ $P5 THRUSTING cM 

a7 Enter, 40 Eater 
\VB0 N18 Fleshing, Request Maneuver to FOAI RP, ¥ Angles 
\VO6 418, FOAL R, P, ¥ Anges After Maneuver to Bur Attitude 

‘VSO N25 Flashing, R1 = 00-204, Gimbal Actuator Test Option 
\VOs NA, Tine trom lnition, Velocity tobe Gained, Measured Change 

‘VO8 N40, Time tram Cutall, Velocity tobe Gained, Measured Change 
\V16 N40 Flashing, Final Values ot Engine Cuttt 
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P90-EXTERNAL AV 
mec 6 

37 Enter, 30 Enter 
VO6 N33 Flashing, Load Desired GET! 
\VO6 N81 Flashing, Load Desired AV 

Purpose 
Prop/Guidence 

Weight t10) 

Prim 
vin ar 

Hours 
Minutes 
Seconds 
Avy 
Avy uv 
Ave (Wis) 
a 

IM Gimbal 
Pangtes (deg) 
Y 

Hapooee 
Hperigee 
“Avr inis) 

BT tminsh 

Ave (fis! 

SXT Stor 

SFT (dogreash 

TAN (degrees! 

BSS (Coas Star} 

SPA (Coss Pitch, deg] 

SXP (Coss X Pot, deg] 

Lat ey| 

Lons. 

RTGO [nmi ENS 

vio (ts 
GET 0055 
Hesmin's 

SET STARS 

Raign 

ation 

Yalign 
ULLAGE   Notes: 

p40 ~ SPS THRUSTING COM nec 

\V50 118 Flething, Roquast Maneuver to FOAI RP, ¥ Angles 
‘YO6N1B, FDA, PY Angles After Maneuver to Bur Atte 
50 N25 Fishing, R¥ = 0020 4, Gimbal Actstor Test Option 

'V06 140, Time fom Ignition, Veloity to be Gained, Measured Change 
‘v99 140 Flashing, Engine On Enable Request 
Vos 440, Time from Cutot, Velocity to be Gained, Mescured Chea in Velocity 

\V16 840 Fishing, Fina! Values st Engine Ctott 
\V16 NBS Fishing, dady Axes Residual to be Nulled 
37 Flosing, VB2 Enter 
VIG Nad Fishing, Apogee Attiuda, Prigoe Altitude, Time ro Freefall To6K fe Mosn Oo, 300K NEenh Ort 
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vva7 Enver. 41 Ent 
{VSO NG Flething, equert Maneuver to FDAI RP, Y, Anoles 

\VOS N18, FDAI RP, ¥ Angles Alter Maneuver to Burn Attitude 
\VOG NBS, X,Y, Z Body Axes Velocity 10 be Gained 
‘VIG NOS VAveroge G on at TIG 30] Velocity tobe Gained 
VIG NOS Flashing, Rody Axes Fesiduls 10 be Nulled 

Petem ee 

vo wie 

vo iat 
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ENTRY 
P61 

97 Enter, 61 Enter 
‘VO6 N61 Flashing 
\V06 N60 Flashing, Record 
‘VO6 N63 Flashing, Used for EMS if no Communication 

P62 
\V50 N25 Flashing, Request CM/SM Separation 
VO6 N61 Flashing 
VO6 N22, Monitor 

Pes 
O06 N64, Monitor     

Aveo 

| R059 
7.0055 

0059 

GET Hor ck 

Poel? 

Lat Net 

vio 

RTT 

RET 0.059 

Dy Max | N69 

DL Min 

Vy Max 

ViMin 

Do 
RET Vere 

RETBBO 

RETEBO 

RETORO 

sxTs 

SFTEL2 

TAN 

ass 

SPA EL2 

xP 

Lift Veetor 
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P47—-THRUST MONITOR 
V37 Enter, 47 Enter 
V16 N83 Fleshing, AV XYZ Body Axes 
N62 Enter 
V16 N62 Flashing, Inet 

  

ial Velocity, Altitude Rate, Altitude 

x |x A 
p IMU Gimbal Angles 

(degrees) 
Y 

(ins) 

(tus) 

  

NoTES:
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P30-EXTERNAL AV 
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97 Enter, 30 Enter 
\Vo6 19 Flashing, Lod Desired GETI 
O06 N81 Flashing, Lod Desires AV 

Purpose 
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‘SPA (Coas Pitch, deg) 
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Lat Nei 
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RTGO (nmi) EMS 

vio true 
[Ger 0.059 Heemin:s 

SET STARS 

Raign 
align 

Yatign 
ULLAGE       
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\va7 Enter, 40 Enter 
‘V50 N18 Flashing, Request Manewer to FOAI RP, Y Anges 
\VO6 N18, FDA, P, ¥ Angle After Maneuvar to Burn Auttade 

\V50 N26 Flahing, I = 0072 04, Gimbal Actutor Test Option 
"V05 N40, Time trom Igition, Velocity tobe Gained, Measured Change in Velocity 

1¥99 NAO Fishin, Engine On Enable Request 
\VO5 N40, Tine trom Cutoff, Velonty tobe Grinad, Measred Change 

  

1V16 N40 Flashing, Final Vlues et Engine Cuttt 
1V16 NBS Flashing, Body Axes Residuals tobe Nulled) 
a7 Flasing, V82 Enter 

1V16 144 Fleming, Apogw Altivu, Paige Atte, Time to Frees tags x feMooe Ort, 300 K te Eorth Ort 
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APOLLO EARTH ENTRY 

Asrodynamie Forces 

The earth entry trajectory 
is shaped by the forces of 
gravity and atmospheric 
flow over the spacecraft 
surface, The latter force 
has two components, lift 
and drag, 

Drag is a force directed 
opposite to the relative 
velocity vector and equal 
to:     Sop ye B= SD pvr Tpit Relative 

Velocity 
Lift is @ force perpendicu- Vector 
lar to the relative velocity 
veetor and equal to; 
os  SCi ge 
T= wipe ov? Tittle?) 

where, 
ayn p= Atmospheric density (slug/ft 

v= Relative velocity magnitude (ft/s) 
Cp = Coefficient of drag (unitlss) 
C= Coefficient of lift (unitiess) 
M™= Mass of spacecraft (slugs) 
S = Surface area presented to atmospheric flow (ft?) 

  

Aerodynamic lift (or Cp) 
is @ consequence of the 
vehicle center-of-mass 
{cha)(2¥ being offset from 
its axis of symmetry. With 
the relative velocity vector 
along the axis of sym 
metry, the resulting 
symmetrical pressure 
tribution produces a re 
sultant force (F) through 
the conter-of pressure 
(cP)(3)_ The component 
of this force (F,) perpen- 
dicular to the line joining 
the CP and CM causes a 
torque about the CM. The 
spacecraft will rotate 
about the CM until a 
stable attitude is_reached Pressure 
where the force F is fully Distribution 
along the line joining the 
CM and CP. 

    
Relative 

   

  

Notes: 
1. A slugs a constant, relating units in the equation 

Fipound-force} = M(stugs) x alft/s?) 
2. Center-of-mass: The point where the mass of a body may be regarded as being concentrated, insofar 

as motion of translation is concerned. 
3. Conter-of-pressure: The point where the resultant of all aerodynamic forces apparently operates.   

In this stable attitude, the 
component of F perpen: 
dicular to the relative 
velocity vector produces 
lift. Because of the 
spherical shape of the heat 
shield, the stable attitude 
remains relatively un- 
changed throughout the 
entry phases. 

Lift Modulated Entry 

During earth entry, steer- 
ing is accomplished by 
orienting the lift vector 
(L) 50 that the resulting 
specific forces satisfy the 
entry guidance objectives. 
The lift vector is rotated 
about the Roll Stability 
Axis according to roll 
commands issued by the 
AGC. 

A roll angle (8) of 0 
degrees causes the lift 
vector to be up along the 
vertical and produces 
maximum downrange 
flight. & roll angle of £90 
degrees puts the lift vector 
in the local horizontal 
plane, producing maxi 
mum crossrange (or 
lateral) flight. 

  

a 

1B163 

   Roll Stability 
Axis 
    

   
—— 

Rolative 
Wind 

  
180° Pointed End 

Forward
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‘The entry control programs are designed to calculate the roll angle (6) which will produce the vertical 
component of lift necessary to satisfy a guidance objective (constant drag flight, downrange target 
acquisition, and so forth). Crassrange control is maintained by choosing the proper sign of roll angle in 
order to reduce lateral errors. 

Lift modulated flight can significantly reduce the peak accelerations experienced during entry, as shown 
below. 
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The maneuver footprint for a GNCS-controlled entry utilizing modulated lift is approximately 2,500 
nautical miles in downrange and 250 nautical miles in crossrange. A typical entry footprint for a lunar 
return mission is shown below. A backup control procedure — the EMS ranging technique ~ defines the 
maximum range limit of 3,500 nautical mites. 
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Entry Control Equations 

The entry guidance equations are solved every 2 seconds in the AGC. Navigation and autopilot functions 
are also performed during this computation cycle. 

The guidance equations below are used during the entry phases associated with a nominal lunar return 
entry. Equation | (targeting) is executed every pass through the computation loop. Equations II and II are 
executed during their particular entry phases for downrange steering. Lateral steering is done by Equation 
IV dependent upon certain logic constraints in the AGC, The roll angle needed to meet the above equations 
is calculated using Equation V. 

Lo Sad See 

    

  

     

     

  
“Targeting (Equation ) 

  
  

Constant Orag Final Phase 
‘No Steering light Steering 

(Equation uw) (Equation ti)           
  

LT 
  

Lateral Steering 

Equation 1V)     

Equation Vb UIDANCE L
o
 

  
‘Autopilot 

Equation I: Landing Point Targeting Equations 

During the early entry phases, a unit vector is calculated which points from the earth’s center to an 

estimated splash point, This initial target vector (Try), together with unit vectors in the equatorial plane 
directed easterly (TRE) and in the target meridian (Tpyyy), is used as a reference from which a new target 
vector (Tp7} is calculated based on an updated estimate of time-to-splash.



Lees 

Initial Updated 
Target Target 

TRIE 

  

Tat = Teo + tat [eos (oot) - 11 # Tyre sin (ert) 

where (cot) is the amount of earth's rot 
time-to-splash. 

  

1 for the difference between the old and new estimate of 

Based upon the new target vector (Ty7}, the downrange angle from the spacecraft to the splash point is 
computed using: 

O44 = are cos Ty - Unit R Plradians) 

The crossrange error from the present fight plane is calculated as follows 

LATANG = Tar * Unit XA). (radians) 

    

    

Instantaneous 
Flight Plane 

LATANG 

  

5-167 

Equation It: Constant-Drag Flight Equation 

Reduction of near-parabolic velocities (associated with the lunar return mission) to @ point where capture in 
the earth's atmosphere is assured, is accomplished by flying a constant-drag trajectory. 

Constant-drag guidance is achieved using an on-board computed reference trajectory and constant guidance 

factors for compensation of off-nominal conditions, The control refrence parameters are computed using 

the following constant drag relationships. 

vey a og   (LID) Ret (unitless) 

  

2Do 
Bre ay tvs)   

  

Dpeg = Do (ft/s?) 

where 

V= velo 

  

ry (ft/s) 
R = radial distance (ft) 

9 gravity (ft/s?) 

Do = desired drag level (ft/s”) 

B= constant associated with atmosphere ( 

  

Gain factors were chosen which relate perturbations in drag and altitude rate to the reference L/D. 

(L/D) controt = (L/D) per # 0.01 (D ~ Def) ~0.002 (R - Rree) 

Equation i!; Final Phase Equation 

Steering through the denser portions of atmosphere is accomplished using a terminal control method of 

guidance. A mean terminal glide trajectory is prestored into the AGC. Linear perturbation coefficients, used 

to adjust for deviations in flight parameters from nominal values, are also stored. Using velocity as the 

independent variable, the various quantities in storage are chosen which are used in the basic control 

equation: 

(LID) controt = (L/D pet * Ki {IR - Rages) # Kz (D-Dpep) +K3 (R= Rpesl > 

where 

(L/D) pes = constant value (0.27) 

Ret = reference range-to-go (radians) 

DRet = reference drag (ft/s*) 

Rret = reference altitude rate (ft/s) 

  

ions in range (unitless) 

  

ity of range to deviations in drag level (racians/ft/s*) 

K3 = sensitivity of range to deviations in altitude rate (radians/ft/s}
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Equation IV: Crossrange (or Lateral) Control 

Crossrange control is maintained only when the lateral error (LATANG) is in excess of a computed 
deadband limit. This limit (somewhat less than the crossrange capability of the spacecraft) is computed 
every 2 seconds as a function of spacecraft velocity 

When this limit is exceeded the sign of the commanded roll angle (K2ROLL) is changed so that the 
horizontal component of lift causes the spacecraft to steer laterally toward the target. 

Equation V: Commanded Roll Angle Equation 

Using previously determined quantities (K2ROLL and L/Dgontrol) the commanded roll angle is calculated 
by 

L/D, ROLLC=(K2ROLL) are-cos | ——S2trol | (degrees) 
L/DReft 

where 

L/D Rog = 0.3 (unitless) 

Entry Control Programs 

The guidance function, which incorporates the entry control equations previously described together with 

certain logic decisions, can be considered as a basic set of AGC software programs (P60's). The programs are 
associated with various phases of the entry profile as described below. 

P61 — Entry Preparation Program 

‘a. Purpose: Start navigation, check IMU alignment, and provide EMS initialization data in case of 
communications failures. 

   

  

iation: Astronaut keys DSKY — V37E 61E 

¢. Steering: None, lift vector is oriented full-up (0 degrees) or full-down (180 degrees), accor 
the astronaut specifications. 

    

d, DSKY Displays: 

VvosNe1 
R1 — Impact latitude Latitude of splash point 

2 — Impact longitude Longitude of splash point 
R3—Heads up/down #1 

‘VO6N60 

R1—G max Maximum predicted g-load_ 

R2 ~ V predicted Predicted velocity at E1 (400 K ft) 
R3—e1 Predicted entry angle at El 

VO6N63 

R1—RTOGO Range-to-go from 290,626-foot altitude 
R2-Vig Predicted velocity at 290,626-foot altitude 
R3— Tye Time to 290,626-foot altitude 

Lp-169 

P62 — CM/SM Separation and Preentry Maneuver Program 

a. Purpose: Notifies crew when GNCS is prepared for CM/SM separation. Also orients the spacecraft 
to the entry attitude, 

b. Initiation: P62 entered when P61 completed and the astronaut keys PROCEED after final P61 
display. 

¢. Steering: None, lift vector orientation maintained, 

d. DSKY Displays: 

VS0N25 
Ri — 00041 Request to separate CM/SM 
R2 Blank 
R3 Blank 

Vo6N61 
R1 — Impact latitude 
R2— Impact longitude 
R3 ~ Heads up/down 

VosN22 
R1— Aol R2 a Desired final gimbal 
Ra_ame [ mslesat el 

P63 — Entry Control Initialization Program 

  

, Purpose: Initializes the entry targeting and guidance equations. 

b. Initiation: P63 entered automatically when P62 achieves the entry attitude. 

ntation maintained. 

  

¢. Steering: None, lift vector of 

4. DSKY Displays: 

vosNea 
RI-G Present g-load 
R2-Vj Present velocity 
R3—RTOGO Range to the target 

P64 — Post 0.05 g Program 

a, Purpose: Perform initial steering while awaiting subsequent phases. 

b. Initiation: P64 is entered automatically when 0.05 g is sensed by the GNCS, 

©. Steering: 

When 0.05 g is sensed, a calculation is made to determine position of spacecraft in the entry 
corridor, and the lift vector is positioned full-up or full-down accordingly. The orientation is 
‘maintained until a precomputed drag level is exceeded (somewhat less than 1.5 g). 

  

A constant drag trajectory is flown (© 4 g) until the altitude rate becomes greater (more 
positive) than -700 ft/s.
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Range-to-go checks are made to determine whether the available range will permit a controlled 
skip maneuver. Because the nominal range-to-target at El is 1,250 nmi, this requirement is never 
satisfied and the constant-drag flight is continued. 

  

A predicted exit velocity for the hypothetical skip maneuver will decrease below 18,000 ft/s 

      
   

    

& Bae 5 ga and exit is made to the final phase, e S 

d. DSKY Displays 2 > z 

= 33 vosN74 63 
R1—BETA ‘Commanded roll ge R2-Vj Inertial velocity es 
R3-G Present g:load en      

    

   

  

P67 — Final Phase Program 

87 PI 
Fin

al 
Pha

se 
Ste

eri
ng 

s g 

| 

a. Purpose: Steer through the dense portion of atmosphere and achieve the planned splash point. 

b. Initiation: P67 is entered automatically from P64 for the nominal lunar return entry. 
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¢. Steering: Steering is done using a terminal type controller based on a prestored nominal trajectory. Eo 5 
= 2 

Guidance is terminated when velocity drops below 1,000 ft/s. | & & 

d. DSKY Displays: Be g 2 a 

vosnes gs S 

R1— BETA Commanded roll angle z 
R2—XRANGERR Crossrange error Ss s 
R3 — DWNRGER Downrange error 5 

58 « Vi6N67 ga z « | &, g aeg g R1—RTOGO Range to target Ee gil g 
R2-LAT Present latitude Se aoe e R3— LONG Present longitude gs age 
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ENTAY 
Pet 

37 Enter, 61 Entor 
VO6 N61 Flashing 

06 N63 Flashing, Used for EMS if no Communication 

80 N25 Flashing, Request CM/SM Separation 

|VO6 NGO Flashing, Record 

06 NG1 Flashing 

P62 

    

VO6 N22, Monitor 

V6 N64, Monitor 
Pos 

RET Veire 

Lift Vector 
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GET 
(HOR CK) 
Pp 
(HOR CK) 
LAT 
LONG 
MAX G 
VaooK 
‘"YaooK 

RTGO 

vio 

RRT 

RET .05G 

DL MAX 

Dy MIN 

VL MAX. 

VL MIN 

Do 
RET Voirc 

RETBBO 

RETEBO 

RETDRO 

SXTS 
SFT 

TRN 

BSS 

SPA 
SXP 
LIFT VECTOR 
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XXX 
XXX (dog) 
XXX (deg) 
XXX (deg) 
XXEXXIXK 
(h:min:s) 
XXX (deg) 

   

ROLXX (deg) 
IXXX.XX (deg) 

XX.X (g) 
XXXXX (ft/s) 
X.XX (deg) 

XXXX.X (nmi) 

XXXKX, (ft/s) 

XX:XX:XX 
(hemin:s) 
XX:XX 
(min:s) 
X.XX (g) 

X.XX (9) 

XXXXX (ft/s) 

XXXXX (ft/s) 

X.XX (9) 
XX:XX, 
(min:s) 
XXEXX, 
(min:s) 
XX:XX 
(min:s) 
XX:XX 
(min:s) 
XX (octal) 
XXX.X (deg) 

XX.X (deg) 

XXX (octal) 

XX.X (deg) 
X.X (deg) 
Xx 

Splashdown Area Defined by Target Line. 
Spacecraft IMU Gimbal Angles Required for 
Aerodynamic Trim at 0.05 g 

Time of Entry Attitude Horizon Check 
at El -17 Minutes. 
Pitch Attitude for Horizon Check at 
1-17 Minutes. 
Latitude of Target Point, 
Longitude of Target Point. 
Predicted Maximum Reentry Accelerat 
Inertial Velocity at Entry Interface. 
Inertial Flight Path Angle at Entry 
Interface. 

  

Range to Go from 0.05 g to Target for 
EMS Initialization. 
Inertial Velocity at 0.05 g for EMS 
Initialization 
Reentry Reference Time Based on GET of 
Predicted 400K {DET Start). 
Time of 0.05 g from 400K (RRT). 

Maximum Acceptable Value of Predicted 
Drag Level (from CMC). 
Minimum Acceptable Value of Predicted 
Drag Level (from CMC). 
Maximum Acceptable Value of Exit 
Velocity (from CMC). 
Minimum Acceptable Value of Exit 
Velocity (from CMC}. 
Planned Drag Level During Constant g. 
Time from El that S/C Velocity 
Becomes Circular. 
Time from E! to the Bi 
Blackout. 

  

ing of 

Time from E| to the End of Blackout. 

Time from E1 to Drogue Deployment. 

Sextant Star for Entry Attitude Check. 
Sextant Shaft Setting for Entry Attitude 
Check 
Sextent Trunnion Setting for Entry 
Attitude Check. 
Boresight Star for Entry Attitude Check 
Using the COAS. 
BSS Pitch Angle on COAS. 
BSS X Position on COAS. 
Lift Vector Desired at 0.05 g Based 
on Entry Corroidor.


