UNDOCKING TO DPS PRESSURIZATION
96:00 PREP_FOR UNDOCKING 96:20
USE ACTIVATION & C.0.
C/L TO 10 MIN BEFORE UNDOCK
CHECK ATT (0, 224, 060)

OPS THROTTLE CHECK
*CB(16) STAB/CONT: ENG ARM - CLOSE
THROT CONT - MAN/CDR
TTCA (BOTH) - THROTTLE (MIN)

Va8 22012 *VERIFY MSFN CONTACT
PRDLM‘JgI (36,693) ENG STOP - PUSH
VOBN20~ COPY LM AND CSM ANGLES AND TIME %EEAAQTN'(EEEF-(DE%RiE)LT - o)
P47 ‘ FTSTOP (45,
THEN SOFT ST0P ({46.2% - 59.2%
UNDO;K & SEPARATION : 5 (96:14) THE:\] MAY (g{q.sz _°1Su+z)5 %)
pog . yag:  TRERCTD (T PP TRENCHIN,
e ADJUST FRICTION

MAN THROT - LMP
*REPEAT TEST FOR LMP TTCA
ENG ARM - OFF
*CYCLE CWEA (DES REG LT - OFF)
ENG 5TOP - RESET
THROT CONT -~ AUTO/CDR
TTCA (BOTH) - JETS

PITCH UP g0°
*SEQUENCE CAMERA - ON (1 MIN)  *
FOAI {0, 013, 0)
*HF ANT - FWD
*SEQUENCE CAMERA - OFF *
HELMETS & GLOVES - OFF (OPT)

*

*SUIT GAS DIVERTER - EGRESS
*CABIN GAS RETURN - EGRESS

* %

DPS PRESS & C.0.
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wos *S-BD ANT - AFT, VERIFY COMM * PRPLNT TEMP/PRESS MON - DES 1 & 2
57 */5-BD P (+63) * FUEL 50°-75°F 50-130 PS]

116 * Y (-37) * 0XID 50°=75°F 30-80 PSI

n *$-BD ANT = SLEW (»3.0) * HELIUM MONT SUPCRIT PRESS 1070-1570
1 *TRACK MODE - AUTO g : AMB PRESS 1495-1750
1 VHF B XMTR - OFF DES He REG 1 tb - GRAY, REG 2 th - bp
1 *BIOMED - LEFT, PCM - HI * MASTER ARM - ONM

* DES PRPLNT IS0OL VLV - FIRE

] *UPLINK SQUELCH - OFF * He PRESS/DES START - FIRE

B VOICE N20 ANGLES AND TIME TO MSFN MASTER ARM - OFF

! *CAMERA SETTIMNGS FOR CABIN PHOTOS* PRPLNT TEMP/PRESS MON: DES 1 & 2

i *LH/DAE/]G/CE% (T/1.8, 1/60, 2ft)* FUEL & OXID 50°—QD°E 200-250 PSI

* 6 FPS, .125 MAG N, (2 MIN) = HELIUM MON: AME PRESS 200-1110

H *M/DC/60/HCEX (F5.6, 1/2 - 1/8, * : SUPCRIT PRESS 1070-1570
] * FOCUS) 5 FR, MAG.A *

]
96:20 95:25

[L:x:0
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AGS ACTIVATION TO LR CHECKOUT

AGS ACTIVATION
T *AGS STATUS - STBY (MASTER ALARM,

* & AGS WARNING LT - ON)

*CB(16) STAB/CONT: AEA - CLOSE

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

*RECORD TIME

*AGS STATUS - OPERJ\TE (MSTER ALARM,

w & AGS WARNING LT - ON)
*02/H20 QTY MON - C/W RESET
*ATT MON (LMP) - AGS

*V16 NESE
*SET AGS TIME USING 90 HR BIAS
* 377 (+03850)

*616+0 ~

*224 (+60514)

*225 (+29419)

#226 (+60384)

*305 (+00563)

*662 (-33024)

*673 (-54517)

*412R+1 SELF TEST SATISFACTORY
. +3 LOGIC TEST FAILURE
» +4 MEMDRY 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)

As TONT CHECK
MODE CONT (AGS) - ATT HOLD

GUID CONT - AGS
MNVR TO FDAI (0, 330, 0)

*CAMERA SETTINGS FOR REV 12 TCA
*LM3/DAC/10/CEX  (T/2.8, 1/250 w)
* 1 FPS, .05 MAG N, (5 MIN)
*LM/DC/60/HCEX (f5. 6 14125, =)

* 5 FR, MAG A

*SEQUENCE CAMERA - ON (96:41)
REV 12 LS TCA {96:46)

*SEQUENCE CAMERA - OFF

RENDEZVOUS_RADAR CHECKOUT

GUID CONT - PG

NS
CB(11) AC BUS A: RHNDZ RDR - CLOSE

cB(1 PGNS RNDZ RDR - CLOSE
), F A XMTR - VOICE/RNG

/ TEMP (IO' - 75°)

RT/ERR MON - RR

RR SLEM nnuunl LOCK-ON, RR LGC
TM = RNG/RNG
V63, PRO, NO TRACK LIGHT OUT, PRO, N78

30
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MSFN_UPDATE
*COPY AGS K FACTOR

*232R +00600

*233R +00250

*464R +00500

*465R +00195

*623R +00000

*514R +00000

*515R +40000

*516R +00000

*000 +888888 (OPR ERR LT - ON)
*123 -45679 (DO NOT ENTR)

*V4TE

*Y25€ LOAD AGS K FACTOR UPDATE
#1441

*400+3 (AFTER 50 16)

/83, 317R, 440R, SET ORDEAL

NOTN AR_CHECKOUT

CB(11) PGNS: LDG ROR - CLOSE
.CK TEMP (60° - 95°)
X-PNTRS - HI MULT

MODE SEL - LR
TM SW - H/HA
LDG ANT - AUTO

ROR TEST - LDG
POWER SIGNAL LIGHT OUT
TEST MON - ALT/VEL XMTR {2.1 - 5.0), AGC
X-PNTRS PEGGED UP, LT,
TM - H (8000 + 100), H (-480 + 2)
V63 N12 OPT 2, PRO
NG6 8286 + 10, ANT POS 1 (D000T), PRO
N67 V* (-00495 + 2), Vy (+01862 & 2),
2 (+01331 ¢ 2)
v34. fOR TEST OFF (ALT -0, POWER SIGNAL
LIGHT ON, X-PNTRS - CENTERED)
CB(11) PGNS: LDG ROR - OPEN

AGS CHECK TO MSFN UPLINK

96:50

* F ¥ * %

*

7 _FPS]

COMPARE N78, VHF, TM T
V34 E;a

*YHF A XMTR - VOICE *

V4IN72E (+00000 TRUN, +28300 SHFT,nH
CB(11) PGNS: RNDZ RDR - OPEN

CB(11) AC BUS A: RNDZ ROR - OPEN
Va4, RR - SLEW

RT/ERR MON - LDG RDR/CMPTR

™ - H/H

gE=====
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87:05

*COPY CSM CIRC P76
*SET DET TO COUNT DN TO CSM CIRC
*COPY PADS FOR

NO PDI + 12 ABORT

PDI

PDI EARLY ABORT
PDI LATE ABORT
T2 ABORT

T3 TI6

M0 FINE ALIGH

e
P52 OPT 3
CB(11) AC BUS B: AQT LAMP - CLOSE
ADT - DETENT F/0.0°

PGNS MODE CONT - AUTO
1ST STAR _SPICA (226)
PRO

R
2ND STAR _ANTARES (233)
£ e

NO5 ANGL

PRO

N93 TORQUING ANG
X

* % % £ % %

Y

R
PRO, RCD GET ___ : _ :
N25, ENTR

POO
DETENT CL
CB AOT LAMP - OPEN

MSFN UPLINK .
= WUPDATA LINK - DATA
*UPLINK CSM/LM S.V., E-MEMORY, *
v DESCENT TARGETING *
*UPDATA LINK - OFF *
w47, 414+1, 40043
«y83. 317R, 440R, SET ORDEAL *

*

* % F B O+ % % % #

* % % % % ¥ ¥ ®F F ¥

* &

* % % ®



LPD CAL TO AGS CAL

97:25
COAS CALIBRATION i AGS CALIBRATIDN
P52 *READ AND RECORD INITIAL CAL.NDS.
PGNS MODE CONT - AUTO PGNS MODE CONT - ATT HOLD
K70, ENTR 026 (SPICA), PRO BIAS AZ *YERIFY 25 MIN SINCE TURN-ON
N87, (+00000, +0000D) PRO, PRO EL V60, V76, VIGN20E

RATES < 0.075°/SEC
AR *400+6, START WATCH
:BIAS {P52) *400R

ENTR MONITOR ICDU LIMITS
N70, ENTR 026 (SPICA), PRO 0GA 00000 / +04500
Na7, (+00000, +32046) PRO, PRO (+} (-aAZ) IGA +09000 / +13500f LIMITS
POO (-} (-nEL) MGA +00000 / +04500
40—+ BEFORE LIMITS ARE EXCEEDED, 400+0.
(+) (-) IF TIME IS LESS THAN 5 MINUTES
(+) (+) REPEAT AGS CALIBRATION.
*CHECK ECS, RCS, EPS, APS
*CYCLE CWEA CB
*400R+0
*READ AND RECORD CAL VALUES
WSFN_UPDATE
*COPY AND LDAD GYRO DRIFT COMP, PIPA BIAS* INIT  CAL _ 4 LIM
(REF. P2 DATA CARD BOOX) §‘? +2 -3 [z .ggg
. 5 -1 +3 | £ .
CONFIGURE COVM TOR LOS A I
*MATCH INDICATED ANGLES 2 e 2.0
*TRACK MODE - SLEW 3 : 6 e,
*S_BD ANT - er}) : 3‘]7 546 47 0 | +2.00
*SET P (- 2 +
* YT (+41) i CSM_CIRCULARIZATION : : (97:42)
*VHF BTXWIR - DATA, PCH - LO i P76 (UPDATE CSM S.V.J, PRO
*UPLINK SQUELCH - ENABLE * V82, N12-00002, PRO
VCSM HA/HP
FRVR T0 AGS CAL ATT *PCH - HI
T V49, +02250 OGA  ROLL 24 *a7, 414+]
+11250 IGA PITCH 122 } FDAI */83, 317R, 440R
+02250 MGA YAW 339 *PCH - LO
97:25 97:45
P63 IGN ALGD TO MSFN UPLINK
97:45 P63 TGNITION ALGORLTHM TEST 9500 Y r—
P63 c8(11) ST NT: AELD -
*RESET DET TO CONT DN TO PDI * CB(11) STAB/CONT: ABORT STAGE - CLOSE
PGNS MODE CONT - AUTO RESET ENG STOP PB
N8 R, P, ¥ (0, 11T, XXX) PRO SET WINDOW BARS
YAW TO 340°
POO
V48, 22112, 00011, PRO, V34 *C5(16) STAB/CONT: AELD - CLOSE *
«(B(16) STAB/CONT: ABORT STAGE - CLOSE*
*CAMERA SETTING (PDI) *
* M3/DAC/10/CEX-WOG (T/2.8, 1/500, =)* *CYCLE CHEA CB " x
® 12 FPS, .75 MAG N, (6 MIN) * -30 *BATS 5 & 6 NORM FEED - ON .
*CAMERA SETTING (EARTH RISE) * *RECORD GET __: i
SRCIORICES (e Tstem) 4 TORTTER © THROTILE - MIN
* 5 FR, MAG y -
*MP TTCA - THROTTLE - SOFT STOP
RATE SCALE - 25°/SEC
COAS TO OVERHEAD WINDOW ATT/TRANSL - 4 JET
VERIFY LOOSE GEAR STOWED CHECK DPS, APS, RCS, ECS, EPS
RESTRAINTS ATTACHED CHECK SWTTCH GURRDS
VERIFY FDAI'S INERTIAL T REARES
[o_s pRPJT*gT;nr i?w _n%sm1’ VERIFY COMM *
PRE-POT ECS CHECKOUT A -25 “/5-8D P (-2 *
* Y T i+41) *
HELMETS AND GLOVES ON +10 o AP " .
«CARIN REPRESS - CLOSE * ] R B ?Liﬂré’a’ ) *
*SUIT GAS DIVERTER - EGRESS * ] WREB XMTB - OFF x
*CABIN GAS RETURN - EGRESS * i *BIONED ~ LEFT, PCH - HI *
*PRESS REGS A&B - EGRESS * 1 *UPLINK SQUELCH - OFF F i
*YOICE AGS CAL. NOS. TO MSFN *
PRE-PDL_SATTCH SETTITG CHECK G “CRECK £0 BATTS AND REPORT .
- *y ASC BATT ON TIME TO MSFN *
co(11)EPS: TNV 17 cLOSE £ 0 WLLE R :
& ! FSEN UPLINK, UPDATE
g = LPU*UPBA‘TA TINK - DATA *
B UPLINK L S.V., RLS
*UPDATA LINK - VOICE BU *
i *COPY, LOAD AGS RLS (231)__ *
i *COPY, LOAD LPD BIAS b
: I
. 1] BURN ABORT RULEQ
= §8:20

*
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AGS INITIALIZE TO POI

G0-AROUND

SECURE SYSTEMS
ERG ARM - OFF

MASTER ARM - OFF

PGO
LR - OFF
ASC BATTS - OFF

PRLPNT QTY MON - OFF

AUDID - PTT

ECS™- CABIN MODE
HELMETS & GLOVES - OFF (OPTIONAL)

AGS - ATT HOLD
ALIGN IMU

P5Z [SAME STARS)

MSFN UPDATE

~ COPY PADS FOR:
NO PDI + 12
PDI

PDI EARLY ABORT
PDI LATE ABORT

T2 ABORT
T3 TIG

AGS ABORT CONSTANTS
224,225,226,305,662,673
AGS T2 UPDATE - 254

MSFN UPLINK

DESCENT TARGETING, ABORT CONSTANTS,

CONFIGURE COMM FOR LOS

LM & CSM S.V.

PICK UP WITH P63 IGNITION ALGORITHM TEST, P.5 ]

POI THRU TD+3 MIN

QF’ED G5 INTTIALTZE
-15 A7, 414+1 *
1 */83, 317R, 440R «
i *240 + (231 RLS PAD) *
] *254+05390 *
B *262-00150 *
: MODE SEL - AGS
] POWERED DESCENT IRITIATION
Bl -10 T VZ5 WBSE [IF WO UPLINK)
i PGNS MODE CONT - AUTO
- ABS MODE CONT - AUTO
P63
] AUDIO MODE (BOTH) - VOX
]
i /OPS CONFIG CARD
T *RESET DET *
N8, R, P, ¥ (0, 111, 340)
1 VERIFY FDAI
i *V4ONZOE, 400+3, 41040 *
i *300+1, 433R VI *
i -5 CB(11) PGNS: LDG RDR - CLOSE
JALT XMTR
I - PRO - FINAL TRIM
| ENTR, vDET
i GO/MO-GO FOR PDI
1 COMM CHECK WITH CSM
RESET WATCH
B -2:00 MASTER ARM - ON
I MODE SEL - PGNS
] *367R *
gl -0:30 ENG ARM - DES
gl 0:07.5 ULLAGE
-0:05 __ PRO
1| o0:00 PDT : : (98:34:41)
§| +0:02 TRO TGN - START PB - PUSH
g| +o0:05 DES ENG CMD OVRD - ON
i MASTER ARM - OFF
1
.00 MASTER ARM-ON
MODE SEL-PGNS  [7rr T [ atmax{imax)] #  lies] sso
367R -HDOT
230 ENG ARM-DES
02 LLARE 0:00f111 5.0 | 52700} 9s5{-2/41 |
:05 PRO GEEE] B ol 5
o 1:004103 25.0 | 52100 95| 5/36
02 (N0 IGN) --- 1:30] 97 36.0 | 51100f 22
) START PB-PUSH § o.00d g3 45.0 | ass00|a7inasze
o Q85 SISy Sl | e | i |
26 WTIE S 1300 85 57.0 | 46800 | 77]19/23
& : 3:30] 82 62.0 | 45100 |71
V21 NE9E (DN RNG)
YA FACE UP 4:00) 79 67.0 | 43100 fesf 8/5
/ ED BATTS 3:30( 77 73.0 | 40400 {61
V57E TG PERMIT
LR DATA ,
V24 NGIE (DN RNG, §5:00] 75{+17000f 78.0 } 39000 |56§11/2
X-ruG] [5.30] 7al+i7000} 85.0 | 36600 |50
6:00] 72[+16000] 93.0 | 32800 45]13/0
T {511.0)
6:30] 71]+14000{ 107.0 | 30000 |40
(481.0) .
NG8 7:00] 67|+124001 104.0 | 26300 | 35017/-3
447.0)
EVAL MAN CONT 7:30{ 6210000 (Hg‘g} 23500 |30
V23 NEOE (ALT) 8:00| 59+ 8200 (13010) zoono | 27§23/-8
368.0
223+00140 (E @ 14K){ 8:30( 59§+ 6900 155.0) 16400 |24
360-0XXX0E (298.0
SEQ CAMERA - ON 9:001 55+ 4500f 172.0°| 11300 § 21j26/-11

T, Y, T, O, W
§ P54 + 15 SEC: i
§0 THROTTLE owl

MODE CONT (PGNS)-ATT HOLD

K-PNTR = LO MULT
T W W T R

’ BINGO FLEL §

ENG STOP - PUSH
ENG ARM - OFF
PRO

DES ENG CMD OVRD - OFF
MODE CONT (PGNS)-ATT HLD

MODE CONT (AGS)-AUTO
41341
RECYCLE PARKER VALVES

o

(=FMAx) VH

H -HpoT {oPsS {(362)
(226.0}

7000] 176.0 | 18] 254
{207.0)

6000} 159.0 ) 18} 234
{185.0)

soo0d 137.0 1 17 §219]
(162.0)

lq000) 115.0 | 16 { 200
{135.0)

3000f 92.01 154176
{104.0)

20004 66.0 | 14 ]144
(63.0)

1000] 36,01 131 96
(35.0)

500 17.0] 11 53
(28.0)

q00] 12.0f 11§ 39
{21.0)

300 8.0 10| 19
{i2.0)

200 5.01 o -6

I L R T TR SR SR

f ABORT STAGE - PUSH f
§ ENG ARM - ASC i
§ ENG STOP - RESET B
§ ENG START - PUSH f
g V22 Na6 E,E N
§ MODE CONT (BOTH) - AUTO ¢

Ao v v R T

96-87

L6-971



*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, 1 *

*SEQUENCE CAMERA - OFF
CB{11) PGNS: LDG ROR - QPEN

17:50 T1 STAY/NO STAY
U

¥ Va2 nas £ H
] MODE CONT {BOTH) - AUTU’

f ABORT STAGE - PUSH y

f ENG ARM - ASC L

1 ENG STOP - RESET f

'

ENG START - PUSH

T W W L, T, W W W W

STAY *414+42
*300+4
P6E
ENG STOP-RESET
PRO

P12
MODE CONT (PGNS) - AUTO
N33 T-2 (98:58:57)

*

*

(=]

28

- .
+

N76 5510.6 V HORZ
18 5 V VERT

CROSS RNG (<8.1)

N74 TFI, YAW, PITCH

I™¥1F S ALIGWMENT KO @0 | =

| *V47E, 414+1 | =
1 *U4DNEGE, 400+3 A *,
*4]10+0 *
T2 STAY/NO STAY AND GO/NO-GO FOR
DPS VENT
-——n--u-mm-—-----:‘l
-2:00 ASC He SEL - BOTH 1
MASTER ARM - ON 1
ASC He PRESS - FIRE

ASC He REGS 1, 2 - OPEN I
*A ASC FEED 2-OPEN] {UNLESS COR}* |
*0 MAIN SOV ~CLOSE( | BUSS L0SS|*
*B ASC FEED 2-0PEN] JUNLESS LHPI*!
*B MAIN SOV -CLOSE) | BUSS LOSSI*
*CRSFD - CLOSED «8
*3AT 1,3 - OFF *B
*BAT 2.4 - OFF *l
*CB(16) EPS:ASC ECA CONT-CLOSE * o
*DES BAT - DEADFACE 5
*SELECT ASC H20 TANK *
*DES 02 - CLOSE R
*A5C 1 02 - OPEN *§
*DES H20 - CLOSE *1
*ASC H20 - OPEN *H

¥
5)
i

*400+1, 367R
ABORT STAGE - PUSH(AT T=0 FOR AGS
ENG ARM - ASC
PRO 1
*DET - RESET, RELEASE *1
T2 (98:58:57)
umw—EEEiT&ET = Pusﬂ Famozen) 1B

*TAPE RLEDRD‘R = DFF *

AUDIO MODE - ICS/PTT
PoO

FOAI AND OVERHEAD WINDOW ANGLES FOR MANUAL DESCENT ABORT

DPS/APS

1:00] 250/0 4:30]  0/LV [ 8:00] O/LV
2:26 SD{FDAI) [4:44 300/36 [ 8:14 300/36
2:36  SD{OHW) 6:26 270/5 |10:16 270/15

7:32 25070 |14:30 25040

8:19 ) 14:43 sD
1:30]  0/0 5:00]  o/Lv [ B:30]  o/Lv
T:44  300/0 300/36 | 8:44 300,36
2:30 25070 6:58 270/5 |11:12 270415
3:20  SD 8:20 250/0 [15:18 250/0

9:03 SD [15:31 ]
2:00] O/LY 5:30]  O/LV | 9:00] G/LV
2:1F  300/36 5344 300/36 | 9:14 300/36
3:00 300/0 7:34 270/10 |12:10 270/16
3:18 259;0 9:04 250/0 |[16:04 250/0
4:16 9:46 Sp [16:18  SD
2:30 uxLu 6:00] O/LV | 9:30] 0O/LV
2:04 300736 6:14 300/36 | 9:44 300/36
3:46  300/0 8:04 27011 [12:56 270/16
4:02  250/0 9:50 250/0 |[16:44 250/0
5:12 s 10:39 s 6:58 5D
3:00] O/LV 6:30] 0/LY [10:00] O/LV
3774 300/36 6:44 300736 [10:14 300/36
4:34 27040 8:3¢ 270411 [13:16 270/16
5:10 25040 11:04 25070 {17:32 SD
5:57 SD{FDAI} [11:47 50
6:06  SD{OHW)
3:30]  O/LV 7:00] o/Lv [10:30] O/LV
3:44  300/36 7:14 300736 [10:45 300/36
5:24 270/0 9:06 270/14 [13:48 270/16
5:54 25070 12:26 2500 |1B:05 5D
6:50 SD{FDAI) [12:53 sb
7:02  SD{OHW)
[2-00]  O/LV | 7:30] O/LV [11:00] *
4314 300/36 7:44  300/36 USE
5:56 270/0 9:38 270/14 MANUAL
6:38 250/0 13:38 250/0 ASCENT
7:34 SD{FDAI) |13:53 sD ANGLES
7:40  SD{oHM)

ALL PITCH RATES
5° /SEC

* ESTABELISH POSITIVE
HDOT, THEW ABORT

STAGE TO USE

MANUAL ASCENT ANGLES

B6-87

APS
1:00f 250/0 4:30]  0/LV | 8:00 0/Lv
2:24 SD/(FDAI}[ 5:10 300/36 | 8:40 300/36
2:36  SD{OHW) §:22 270,10 {12:06 270/14
8:26 250/0 |14:26 250/0
8:51 sD 15:05 sD
1:30 0/LV 5:00 o/Lv o/LV
2:10 250/0 5:40° 300/36 300/36
3:32 SD(FDAI) | 7:08 270/10 270/14
3:52  SD(OHW) 9:20 250/0 250/0
9:48 S0 i)
2:00 o/LY 5:30 0/LY a/LV
2:40 300/0 6:10 300/36 300/36
3:10  250/0 7:54 270712 270/14
4:24 SD(FDAI} [10:14 250/0 250/0
4:34 SD(OHW) [10:42 sD )
2:30 0/LV 6:00 0/Lv o/LV
3:10 300/0 6:40 300/36 300/36
4:00 250/0 8:44 270/14 270/14
5:18 SD 11:08 25070 250/0
11:37 sD sD
3:00 0/LY 6:30] O/LV oLV
3:40 300/36 7:10 300/36 300/36
4:22 270/0 9:34 270/14 270/14
5:28 250/0 12:02 250/0 250/0
6:09 SD 12:33 S0 SD
3:30 0/LY 7:00 o/Ly 0/LV
4:10  300/36 7:40 300/36 300/36
5:00 270/5 10:24 270/14 270/14
£:30 250/0 12:56 250/0 25070
7:02 sD 13:28 SD sD
/Ly 7:30 /Ly *
300/36 8:10 300/36 USE
270/5 11:12 270/14 MANUAL
250/0 13:48 250/0 ASCENT
SD 14:19 S0 ANGLES

GE-87
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LANDING SITE REDESIGNATION (P64 ONLY)

ASTROKAUT FLIGHT STATION

COMMANDER'S WINDOW
LANDING POINT DESIGNATOR ON

MODE CONTROL
on COMMANDER'S WINDOW ONLY)
PG 8 AGS

AUTO AUTO
. ATT HOLD . ATT HOLD
OFF OFF

+ PITCH = SHORT

e =
i & -ROLL = LEFT L‘r<

1/TMPULSE 1%/IMPULSE
+ROLL
+Z 7
o i
ATTITUDE S )
GONTROL  yrrrTuDE =

CONTROLLER
(PISTOL-GRIP HANDLE}

LANDING PHASE MODE CONTROL
P66

RATE OF DESCENT
(ROD)

+1 FP§&

CENTER

-1 FP3

ASTRONAUT FLIGHT STATION

MODE CONTROL
' Am.: g Pous AGH | MANUAL LM ATTITUDE CONTROLLER

AUTO AUTO

f TAW
ATT ATTITUDE
HOLD

OFF

PITCH
ROLL ATTITUDE
ATTITUDE CONTROL
CONTROL

+ T.axis

£0L-87

oL-a7
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1st P57

P57E, R2 00003

NOB

NO4

NO4

N22

N70

N88

N71
N88

NO5

NO3

N25

00010

00003

00110

PRO

(No Att light-On/Off, Twice) 5
+ Navigation Error (0.017)
V32E

(No Att light-On/Qff, Twice) .
Gravity Error (0.017)

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°)
Y
Z
PRO

00014, Enter, 00E

LE-109

2nd P57

P57, Set R2 00004
N34 Load LO Time, PRO

MG 00010
00003
onoLn
PRO
{No Att light - On/Off, Twice)
Nod = Gravity Ervor {0, 01%)
VaZE (Recycle)
W04 + Gravity Ervor (0, 01")
FLRO

N22 ICDU Angles
ERO (Mo Att light - On/Off)
N70/71 STAR ID
N79
Cursor (0.01%)
Spiral
PRO
NTY
Cursor
Spiral
PRO
N9
Cursor
Spiral
PRO, PRO
NOG Star Angle Difference (,01°)
PRO
N9 K Torguing Angles (0.001°)
¥

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

OOE

drd P57

P5TE, R2 00004
N34 Load TIG, PRO

W06 00010
00003
OOLLD
FRO
{No At light - On/Off, Twice)
NOd Gravity Frror {0, 01°)
V3ZE
N4 + Gravity Error
PRO

N22 ICDU Angles
PRO (Mo Att light - On/0OI0)
NT/71 STAR ID
N79
Cursor ©.01%)
Spiral
PRO
N7
Cursor
Spiral
PRO
N79
Cursor
Spiral
PRO, PRO
NOS Star Angle Difference {0.01%)
FLRO
N3 X Torquing Angles (0.001%)
Y
Z
PRO (Gyro Torquing), GET __ :
N25 00014, ENTR (TERM)
QO0E




LB-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 Unit (7 )
[ S [ — X
% _. | Landing Site i - ) =
\‘ 5M REFSMMAT | Bep T | Unit (Zgy x X Yer
4 it [ v X
A Unit g v i
sM J [ gy ™ sy, s Eqp! *Ect
Unit {T Tnit g
Frepd XsMD Unit gy ¢ Fan
[5,1= |unitF, . x8)xT ¥ 5= iz, % 5. xg
A LSyrg %2 ¥ Tispa | | Yemp By = Unitleg s S <g g | | Yoy
(specified) _— {_ _ (measured) .
nit {r- ® 8 Tnit (g 8,
LSpiq 59 ZSMDJ Unit gy ¢ % 8,) Zom

LBy =[ATT1g ) IEBJ =[BI[T,

&M 1

o ) T
Ugupl =[BT 181 1,1

1 lﬁMD] - CALGTA-GTA's

LE-111

LUNAR SURFACE ALIGNMENT
AOT DETENT POSITIONS

Right Rear

s 180°
Front (%) 2 (5) Rear
Right
(3)
60®
60 ()
(2 60° ) Left Rear
0° Forward 5
Front Left
oo
+YT,M
Tnner]
0
0
f
A,
s Y
of
OB =
=
1]
Middle o
0

KM

0
0
Outer



MREFERRED 1k

LE-112

LUNAR SURFACE ALIGNMENT - P57

VERE 04 ROUN 06 (FLASHING)

STPECIFY IMU ORIENTATION
a, PREFERRED (00001)

TEMMAT (00003)

oo LANDING SITE

h. RE

{00004}

SMMAT

LANDING SITE

!

h 4

'

r‘."FfI'tI'\ #2 ENTI, 00001 ENTR I

| VERE 22

t, 00003 ENTR |

I VERD 21 ENTR, 00004 E

]
]

[ VERN 0§ NOUN 34 {FLASHING} ]

TIME OF ALIGNMERT

| g v o |
1E OF ALIGNMENT CAN BE MODI-

WITH A VERE 20 DATA L-OAD_I

ey =

EPECIFY ALIGHMEN

I
(onanty
o TWOC
d. ONE C
{00003}

VERE 05 KOUN 06 (FLASHING)

[DRED ATTUTUDE (00
FOHED ATTTTURE ¢ GHAVITY

TTAL BODIES ((0002)
IAL BODY + GRAVITY

ECHNIQUE

| VERE 12 ENTR, 00UDX ENTR _;

TECHNIQUE 1 01 &

TECHNIGUE ¢ O 2

¥

EXECUTE THE GRAVITY DETERMINA-
TION ROUTINE
VERB 06 NOUN 04 {FLASHING}

STORED GRAVITY VECTOR)

{ANGULAR DIFFERENCE
HT AND PREVIOUSLY

CGRAVITY DETERMI
VANT T THESE ']

TATION NOT RELE-
(CHNIQUES

TECHNIQUE 2 On 1 l TECHHNIQUE 0 OR 1
YROT s
ZERD PERFORM AOT ZERD STAR l:\m’ WOT USEN FOR THESE TECHNIQUES
sTAR SIGHTINGS ON
R H AL ROIMES SROT
AS REQUIRED BY j
TECHNIQUE
CURSON SPIRAL
MEASUREMENT MEASUREMENT

!

VERE 06 NOUN 05
£ XN XX" (ALIG
TIFFERENCE)

!

Itk

COMPUTE AND STORE NEW
MAMAT AND ALIGH 1MU TO
DESIMEN ORIENTATION

LE-113

LUNAR SURFACE ALIGNMENT
GRAVITY DETERMINATION ROUTINE

COARSE ALIGH THE IMU TO THE FIRET ORIENT ATION: B

OGA = #42°
MGA = 5
IGA = 42"

Zype DOWHNRANGE

Y

TLACE THE IMU IN AN INERTIAL MODE AND BAMEPT
[PIPAL, TIPA, PIPAG). FORM A UNIT VECTOR &y

TTHE OUITRUT OF THE PIPATs OVER A PERION OF 40 BECONDS,

PIFAy Ry + PIPAY Yy + PIPA, gy

i -
\/i’I'PJ\xz + '[-’I'[-‘;'\Yz + PP,

WHEHE ,5,’}_ INDICATES THE DIRECTION OF THE FIRST ESTIMATE OF THE LUNAR GRAVITY VECTOR 1IN 8M COORDINATES,

COARSE ALIGN THE STABLE MEMBER 1507 AROUT THE MEA

HED GHAVITY VECTONR,

iy

6A = -4

Zun
DOWNRANGE

PLACE THE IMIT IN AN INERTIAL MODRE AND BAMPLE THE OUTPUT OF THE PIPA's OVER A PEIION OF 40 SECONDS
(PITAy, T’IT’H‘.\-- VIPA; ). TOWM A UNIT VECTOR T2

PIDAy Kyyg + PIPAy T + FIPA gy

Bz = B 7
Torpag® s pivay® o pipay)

w!u:u'eﬁ,a [MINCATES THE DIRECTION OF THE SECOND ESTIMATE OF THE LUNAR GRAVITY VE

TOI N SM COORDINATES,
DEFINE A UNIT VECTOR Uig OUT OF §j AN g, WHICH REPRESENTS THE DIRECTION OF TIE LUNAR GRAVITY VECTOR.
Ty = UNIT (&) + &)

NOTE: THE ﬁLS VECTOR IS CONEIDERETH T TFE COLINEAR WITH THE GHAVITY VECTOH.



LB-114 LB-118&

LUNAR SURFACE ALIGNMENT - P57

TECHNIQUE | LOS DIRECTION IN BASIC REF. COORDINATES ABSOLUTE INERTIAL REFERENCE P24 — LANDMARK TRACKING
e e
¥
ks woinn ambie w4
84 = (Y = Z) xY Ty = [A] Ly
v - BT fopecttiody | mer = LA Tucr CSM Landmark Tracking Profile
Y*Z
_ i
i Tu 22-degree pitch down E3 e *}@:{23:1 ___?";
’ 5p ¥y " By * V| Tsmcs 2 n) Temos from local horizontal £ 2%
E [mensured) " orbital rate Ihmu@:;:&',l el TI-10S / , ?nu
e MM out tracking. v’ ar°
+7 T2-A08 s !
= 2 ” o | /} \ Jit:) /
Sy = [A] lpyoor = S = [B] loae |
A MCI B SMOS
. [ \\ ATZ ATS )
Tgpes = [REFEMMAT) Ty s[B] 7V [A] Ty | \ / 53°
: | T1-Horizen N[ oam / Horizon
TM 4+ ¥ and 1 Z slored from previous allgument |
(P57, Pas) E Typical
| | AT1 = 280 seconds
| ‘,f AT2 = i seconda
| i ! AT3 = 44 seconds
s { 1 / ADS Lo LOS = 148 seconds
By = | (Fisd BX g | Tyer® 18] Tyg |
{specified) - | | !
GYLE | ! { Radius of Moon
!
E \*
L8
I _ i _ = A & Center of Moon
1 8p = (Rpg* Ea) "Hpg| 1sMos = 18] dgaes
{mengured) ; |
Fpg* Ty TGT: { ) P24 RATE-AIDED OPTICS TRACKING
T 3 It CMC - on (reg)
| b T TR AT IS8 - on and aligned
g Tgpges = (REFSMMAT] Ty, = 18] T Ty ] T meecce o Pea 8CS5-on
BMAG MODE (3) - RATE 2
TCA : : G&N PWR OPTICS - on
_____ AT OPT ZERO - ZERO (verify)
T & . OPT MODE - CMC
5 1 FYRO . | SUTORY. .
Ses |G 255 | Tyer =141 Ty - R P Y _f(T2ACQ) ki
(specified) | _
8 A5 | NorSnml__ _ /8A __ _ TA_ _ (T2ACQ) F 06 88 IL;T‘ LUNW%OA;; (0. 001%, 0.001*, 0,01 nmi)
AD LMK COOH
k 5 E | NBY TAT oo sovmoscsiss OPT ZERO - OFF
1M { PRO
- = o= o= | _ LONG/2
By = [(Si % Sa) KB | Lsmes - (8] 1gyeg | R s o =
{measured) e | ALT e 06 92 AUTO OPT SHF/TRUN (0, 01°, 0, 0017
Spm ¥ B e« F 0509 00404 (TRUN 80"
e _ _ . TGT: . ) e pmma to acquire
Tgupeg = [REFSMMAT] Tyep = (B] 7' [4] Lpe ¢
EMCE mer = LR [A) Iygep T : ' s or VIE, F 37
B N i OPTICS MODE - MAN
T, SIS ( XTRILIE (AT
i F 81 MARK REQUEST
IPE R i g e MARK (a8 often as desired)
Tig To terminate:
T, 3 : FRO
_ it b - g sespeeei e B i
84 = (TLs* 81 *Trg | Iger = 1Al Ty
141
{specltied) 1,045, R_ _ _"P_ __ __*Y__ _ _*(TRACQ F 37 fgzmo_zmo
_ NorSami__ __/8A _ __ TA _ _{T2ACQ)
ELS
. B - (Fra® Bpa) *Frs | lemes < 181 Tsmcs NED LAT e - —
{meagared) 5 =
: vy LONG/Z — —a — —
ALT — —— — —
Tgpgeg = [REFEMMAT] Tpgeq = [B177 [A] Ty

ML = Moon Contoved Inectial; 3MOS = Stable Mem

Coardinate Syslem




LE-116 | LB-117

| P30-EXTERNAL AV

TE! 26 & TEI 32

P24 — LANDMARK TRACKING W37 Enter, 30 Enter
MARK DATA | OB N33 Flashing, Load Desired GETI
VOB N81 Flashing, Load Desired Av
+ 1} [} Hours ’ + 0 0 ] Purpose
+ 4] Q 0 Minutes GET + [v] a 4] 1 A Prop/Guidance
| + Weight {ita] L
+ 0 Seconds + 0 |
L.
0o | o Prrim n4g 0| o
e P +
[degrees)
IMU Gimbal | 1] 4] ¥ Trim 4] o
Y - FETEE]
+ ) Angles (degree) i p i + oo Hours [ N33+ ol o
+ | R 4 N | + | o 0 1} Minutes  GETI l i} | 0 0
| i
+ Shaft + | + o Seconds + o
h SXT Angles L _—
+ Trunnion !degree +: X | g | Lol
) | SRR PSR [, S
Ay LV |
| | 4 | . N
Avz (ftist
X X | % R X X %
+ 0 0 Hours + 0 0 | IMU Gimbal
t » * 1 A l b E Angles {degl X X X
+ o Jo |o Minutes GET + o fo|o x| x| x i y x| x| x
| I - - -
+ 0 Seconds + 0 ! o | Hapagee Nad |y
4 i | T nmi
| fss
A ) P : e e |
IMU Gimbal . + AVT (s + |
|
+ Y Angles (degrea) + i 1
[ ] | X | x| x 1 BT (min:s) x| x| x t
¥ R * x | AVC () x
i o) + - . | 1
4 Shaft SXT Angles X X X x SXT Star X X X x|
|
+ Trunnion {degree) + i + 0 SFT (degrees) + i Lo
4 ] e | 1 |
| 1|
| + o 0 TRN (degrees) + 0 0
= I |
| X | x| x | BSS (Coas Star) x| x| x b
x| X SPA (Coas Pitch, deg) X | X
+ 1] 0 Hours + 0 0 N B
4 x x SXP [Coas X Pos, degl ® x *
+ o o |o Minutes GET + o oo 0 LAT J n61 0
'_.h degheea) -
+ 0 Seconds + 0 LONG
L4 L
. B P " 1 + RTGO [nmil EMS +
IMU Gimbal + VIO ftfs) +
4 ' Angl d + o £ o
! ngles {degree) Py | |GET 0059 |
Hr:min:s
b R v
4 4 SETSTARS
5 i E SR
+ ) Shaft SXT Angles x| x| X Ralign x| X)X
[degrea)
+ Trunnion + 4 x X x Palign x x X
x | x| x ¥ align x| x| x
ULLAGE
NOTES:

NOTES:



LB-118

PID-EXTERNAL AV

TEI 42
V37 Enter, 30 Enter
W06 N33 Flashing, Load Desired GETI
VOB N81 Flashing, Load Desired AV
Purpose
Prop/Guidance
+ Weight {lbh W47
o o PTrim N4g
o 0 N [degrees!
+ [4] o Hours l N33
+ Q 0 [¥] Minutes GETI
+ 1) Heconds
Avy | N1
| Sy LV
Avz [ft/s)
%] x R
dEE o
X X | x ¥
+ Hapages Na4
nmi
HPel'lgea
4 AT (#efsh
X X X BT [min:s)
X Ave (rs)
X X X X SXT Star
+ 4} SFT (degreas)
+ a o TRAN {degress]
X X X ESS {Coas Star)
X | X 5PA (Coas Pitch, deg)
X X X SXP [Coas X Paos, dag)
V] LAT NE1
{degrees)
LONG
+ RTGO (nmi) EMS
* VIO (ftis)
GET 0.05 ¢ |
Hr:min:s
SET 5TARS
XXX Raalign
X | x| X PAlign
X | % | X ¥ Allign
ULLAGE
NOTES:

LB-119

PI0-EXTEANAL AV

Plane Change 1 & TE| 53
W37 Eneer, 30 Enter

VDB N33 Flashing, Load Desired GETI

VOB NET Flashing, Load Desired AV

Purpose
Prop/Guidance
+ Waight (I} Na7
i
o a PTrim Nag
N e i Idegrees)
+ 0 a ) Hnur‘s | N33
+ o a a Minutes GETI
+ o Seconds T
Avy, ! na1
Avy LV
Avz (tfs)
x| x| x "
x x| x | » g
X x X - J ¥
i Hapoges VER)
nmi
4 HFerigee
+ AVT ttfs)
X X X ET (min:s)
X AvE trs)
X X X X SXT Star
+ 0 | SFT (degrees) 0
+ [v] D 1 TRN (degress) o
X X X BSS (Coas Star)
X X SPA (Coas Pitch, deg)
X X X SKP (Coas X Pos, dag}
Q LAT NE1
{degrees]
LONG
+ RTGO (nmi) EMS
+ VIO {fish
GETO0Sg l
Hr:min:s
SET STARS
X [ x| x Ralign
X x X Palign
x X x ¥ Align
ULLAGE

NOTES:
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P40 — SPS THRUSTING CSM
Plane Change 1

V37 Enter, 40 Enter
W50 N18 Flashing, Request Maneuver to FDAI R, P, Y Angles
VOB N18, FDAl R, P, Y Angles After Maneuver to Burn Attitude
V50 N”5 Flashing, R1 =002 0 4, Gimbal Actuator Test Optian
Ve N49, Time from Ignition, Velocity to be Gained, Measured Change in Velocity
/99 N40 Flashing, Engine On Ensble Request
VOE N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity
V16 N40 Flashing, Final Values at Engine Cutoff
16 MB5 Flashing, Body Axes Residuals (to be Nulled)
V37 Flashing, V82 Entar

V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 35 K ft Moon Orbit,

300 K ft Earth Orbit

5018 | Roll

Pitch {deg)

Yaw

06-18 I Roll

Pitch {deg)

Yaw

06-40 ! TFI {min:s}

VG [ft/s)

AVM (ft/s)

06-40 ‘ TFC {min:s)

VG (ftfs)

AVM (ft/s)

16-40 \ TFC {min:s}

VG (ftfs)

AVM (ftfs)

85 I X

v Residuals

{ft/s)
4
a8 | X
TRIM
S (ft/s)
Z

44 ] HA {nmi)

HP {nmi}

TFF (min:s}

Loz

LUNAR ORBIT PLANE CHANGE NO, 1

o ; : PROPULSION/ PRETHRUST
EVENT Br/av | GET. | groEt TARGPITNG
LOPC-1 SPS/G ke N
9.1/158,7 5 / 30
[OUT-OF-FLANE) = 18228008, 1] g 4 v poap) b=
AVy  NES +[x [x h
AV, RESIDUALS {it/m) + [x |x |x min  GET
AV,  (BODY AXIS) s .
S
—— eV, it
TRIM |

/Otd Orbit Longitude Old C5M Perflune

/ of Ascending Node Altltude = 57,3 nmi

Vo How C8M Apolune
Vo Altitude = 62,0 nmi
<,

New Orbit Longltude \

of Ascending Node
[\ew CEM Perflune
Altltude = 57,3 nmi

P = -152.9° % 014 CSM Apolunc
¥ = 86.8° Altitude = 61.7 nmi Position ot sun ot LOPG:L
R = -27.1° Longitude = §5,9°

*P, ¥, R with respect
to local horizontal

e _/ REV 40

Poaitlon of earth at LOPC-1
Longitude = 6,0°



LB-122

P24 — LANDMARK TRACKING

C8M Landmark Tracking Profile

22-degree pitch down
from local horizontal

orbital rate Lhmuyb}*__
o

out tracking. v

22°

gy

— .qzz‘ -:" .

T1-Horizon Hurizon
\ | Typical
| AT1 = 24 seconds
\ / ATZ = 100 seconds
\ | / AT3 = 1% seconds
iy | / AQS to LOS = 148 seconds
N i
b |[ / Radiue of Moon
!
N
Center of Moon
TGT: { ) P24 RATE-AIDED OPTICS TRACKING
T TR I T B CMC - on (reg)
! - 158 - on and aligned
Tg — e e Y BCE -on
BMAG MODE (3) - RATE 2
TCA T TP, N — GL&N PWR OPTICS - on
OPT ZERO - ZERD (verify)
Tg o bt . OPT MODE - CMC
R s 8 Poounor MV oo e S TS TACTY V3ITE M4E
NorSmnmi_ _ /SA__ _ TA_ _ (TzaAcq ||FO0689  LAT, LONG/Z, ALT  (0.001%, 0.001", 0.01 nmi)
LOAD LMK COORDS
NBf  LAT e TSRS e wE OPT ZERQO - OFF
PRO
LONG/2 . . .
ALT cm G G 0692 AUTO OPT SBHF/TRUN (0. 01%, 0. 001%
a F 0509 00404 {TRUN =890%
TGT: { ) + MNVR to acquire
¢ PRO
T g mm el wedfes g s or VI4E, F 37
L OPTICB MODE - MAN
T, — — —F— 4t
F 51 MARK REQUEST
TEA o o sl 2Sas e MARK (a8 often as desired)
To terminate;
PRO
Ty — — —t_ i _
R oo P W, AN RO F a7 XXE
OPT ZERD - ZERO
NorSnmi__ __/8A _ __ TA _ __[T2 ACQ)
NE®  LAT e N
LONG/2 o e — —
ALT R G e,

LB-123

P24 — LANDMARK TRACKING

MARK DATA
+ 0 Hours
+ 0 Minutes GET
+ 0 Seconds
+ P !
IMU Gimbal
+ Y Angles (degree) 4
+ R 1k
& Shaft
SXT Anglas [
g Trunnion {degree)
* 0 Hours
+ 1] Minutes GET
+ 0 Seconds
[
P
* A L)
IMU Gimbal
+ Y Angles (degree) !
4 R )
B Shaft sy Angles 4
{degree)
+ Trunnion g
+ 1] Hours
+ 0 Minutes GET
+ V] Seconds
[
' F Ll
IMU Gimbal
& ¥ Angles (degree) p
+ R
L
+ Shaft SXT Angles
(degree)
L"’ Trunnién

NOTES:




LB-124

P22—LUNAR SURFACE NAVIGATION

V37 Enter, 22 Enter
V04 NO& Flashing
R1: 00012
R2: 0000 X {1-CSM will not change orbit,
2—CSM will change arbit)
V0B N33 Flashing
Time of ascent {h, min, 0.01 s}
V50 N25& Flashing {if RR Auto mode not selectad)
R1: 00201 — switch RR mode to Auto

LB-125

P12—-POWERED ASCENT

V37 Enter, 12 Enter

W06 N32 Flashing
Time of ascant (h, min, 0.01 s}
W08 M76 Flashing
Downrange velocity, radial velocity, crossrange (0.1 ftfs, 0.1 ftfs, 0.1 nmil
VB0 N25 Flashing
R1: 00203 (switch Guidance Contral to PGNS, Mode to Auto)
VOB N74 Flashing
TFI, yaw after rise, pitch after rise (min/s, 0.01 deg, 0.01 deg)
Va9 N74 Flashing
Engine an enable
W06 N94 Flashing
VGX, HDOT, H (0.1 ft/s, 0.1 f/s, ft)
V16 NEB Flashing
VGX (LM), VGY (LM), VGZ (LM) (0.1 ft/s)
V82 Enter
W16 N44 Flashing
Apocenter altitude, pericenter altitude, TFF (0.1 nmi, 0.1 nmi, min/s}

X 0 0 0 0 Option Code NOG& X
+ 1] v} Hours N33 +
- Time
+ 0 0 0 Minutes of +

Ascent L
+ 1] Seconds +
x 1] ] ] 0 Option Code NOG X
+ o] '] Hours N33 +
Time
+ 0 o o Minutes of +
Ascent
+. 0 Seconds *
x 0 [ 0 1] Option Code NOG x
+ [ Q Hours N33 +
Time
+ 0 0 0 Minutes of +
Ascant
+ 0 Seconds +
NOTES

+ a ] Hours LNS’J + 0
+ 0 1} 1} Minutes T'IG + 0
o
+ 0 ) Seconds Ascent + 0 !
+ Desired Downrange I N76 +
b Velocity (ftfs)
+ Desired Radial Velocity +
4 tft/s)
4] *Crossrange Distance {nmi) o
[
047 Sine of Azimuth
Angle {Octal) {AGS)
053 Cosine of Azimuth
Angle {Octal |AGS)
224/226 Semimajor Axis
p at Insertion (k ft) (AGS)
| 231 Landing Site Radius
[] tk ft] (AGS)
465 Target Radial Rate at
q Insertion {ft/s} {AGS)
373 TIG of TPI
[ {min} {AGS)
+ o] 0 Hours nar| 0
b | O |0 Minutes  TIG of TPI +] 0
* ¢ 4 Seconds 4 0 &
n LM Weight {Ib) +
+ Ha +
POSEE g
+ Hperigee {nmi) ¥

*Load 8 nmi if crossrange is greater than 8 nmi.

MNOTES:
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5§58 | <R |§%s%| 29 |e2e2 |F| 2pea | S £s 8 % ¢ 3 2
o f2 ®e |24%9 Eg o2 @ 2|l aZ5 g = g2 = 5 = g n
GEed| BE [ A Y gei|e gl & g =3 2 2 3 3 i c
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ASCENT
MANUAL ASCENT (WILL NOMINALLY
TIG-2 MASTER ARM - ON ) T ; > BE TARGETED 11.5 MIN LATE)
AUDIQ MODE (BOTH) - VOX TFL | & Joi| vex |HooT) H SED | CONFIGURATION NOMINAL EXCEPT:
400+1E GUID STEERING (O7vAu) phia i el el
MODE CONT - ATT HOLD
RESET WATCH (6oas0 |00 1080.0§ 0.0 0] 79/-30 | PROFILE HOMINAL EXCEPT:
- p fol
g$igT o For A63) | 0:10 asocol cxnl 00 7-STEP FOR DIRECT MODE
- :10 ABORT STAGE - PUSH (AT T=0 R TFT |FDAI |OHW
ENG ARM - ASC FOR AGS) 0:30]308 39 j4810.0] 91.0 1800 e - PITEE/EJEEES
- ‘gz i:g 1:00]305] 38 |4640.0§ 124.0] 5100 137/-18 0:15| 305| 38
+ 00 A5 (171:45:09) 1:30[302] 36 [4460.0151.0( 9200 G o
+ 101 ENG START-PUSH (IF AUTO IGN) 4:00| zas| 22
CHECK S-B0 ANT 2:00{200] 34 |42d0.0( 170.0| 14000 142/-18 si00| 273 18
NT6E (VH, Uv, 4R) 2:30]296] 31 [3980.0] 183.0] 19400 §:00| 25| 11
V16 NT7E (Tgo, VY, VI) i R 7:00) 260) 8
XEY RLSE 3:00)z93] 29 [3700.0| 190.0| 25000 | 147/-11
3:30]289] 27 [3380.0] 190.0] 30700 c
+4:00 STOP CAMERA ot
i 5%D§N i) . oo g:00l285] 24 |3020.0| 184.0 36300 152/-6 e
S MA = N+ : '
.F'.SC FEED 2 (2) i CL05E+ 4:30 ?32 22 2540.9 1:"3.3 41 ?OU MSEBLEIE%AEF\EEN%;L%}; AFEEM
200 FPS ENG ARM-OFF(IF IGH WAS AUTO i 3 ROLL BIA: Cors i
0 FPS ABORT STAGE-RESET 5:000278] 19 [2230.0}157.0| 46600 | 158/-1 D TRACKING.
ENG STOP - PUSH 5:30{274] 17 [1790.00135.0 51000
+ 2 ) o
Egg, NULL X < 2 FPS 6:000269| 14 {1320.0§109.0| 54700 | 164/4 ESSDFEE§A§N{E?széLUSEfEN+
STOP DET, RESET WATCH 6:301265| 11 | 810.0 80.0 57500
COPY GET DHY DO
7:00i250] & | 270.01 49.0| 59500 | 170711 | ENGINE ARM OFF
ENG STOP - RESET : 0] 53 )
S e B I il G STANDBY TO RESET ABORT STAGE
2 foge . a8.U 7 D
AMEC FOR TWEAK Pb AND DEPRESS ENGINE STOP

FOR N0 VOICE (TRIM <2 FPS)

FGNS,AGS DIFFER <10 FPS,
TRIM ACTIVE SYSTEM
PGNS,AGS DIFFER =10 FPS,
TRIM SYSTEM THAT AGREES
WITH RR

{10° IN OHW) {0° YAW}

Vg2

VR M ER L VO TR T T R

W W W W W

L
24

NO_AUTO IGKITION
HITHIN 10 SEC:
1.

GUID CORT-AGS

STILL NO IGHITION
GUID CONT-PGNS
ENG START-PUSH

- e e e e ek e e

;
i
)

Pb ON CALL FROM MSFN



INSERTION TI—LRU T PI

Wl [TIME | RANGE | RDOT a1 T P27 FDAT (0,242,0) OR 10° OHW 15 ROOT
Bl [To+s [ 140 | 1680 i £40040, 40540, 40640  * I *514+40 ;
B| | Lo+ | 152 813 B *MONITOR 470, 471, 472 * | *515+4 YAW STEER VEC
i Lo+7 | 158 -175 |I|¢D [M BAILOUT @ L.0.+12:10 ] | *516+0 >
i INS 155 -449 |
1400 | 151 -446 'I T1G171:57:19] | | Lo *MATCH INDICATED ANGLES *
Bl [ 200 | 146 | -a02 Bi[ avX[a1.6 I ] 1 *TRACK MODE-SLEW *
[ | 3+00 142 -438 jf—f——————————— | *S_80 ANT-AFT i
i 4+00 | 138 -433 i P20, AUTO MNVR SET P (+i27) *
i 5+00 133 -428 VB0, MAX N49(2.00,12.0) | TRACK Y (-50) =
6+00 | 129 -422 i P38 TET TPL_ _ *BIOMED-OFF, PCM-HI *
i 7+00 | 125 -416 ] [VERTFY PGNS WITH MSFN  *1 *UPLINK SQUELCH-ENABLE _*
] 8+00 | 121 -409 i [*V47, 414+1, 400+3 *] 12 RDOT 3R
] 6+00 | 117 -402 i 1*400+2_7-AYIS_STEER _ 2
g Qg0 113 | -39 AT [0_CHART R/RDOT/3] | I
i *41141 START ATO09,18)(%] g 0T IR
I| [INSERTION 171:52:28] ] *310R SET DET
1| ve ATT CONT- | *303R & TPI * o
I V6 PULSE | g| Va2 *41140 STOP AUTO 3 -
§| AGS MODE CONT-ATT HOLD|MODE CONT- V83 SET ORDEAL (35MM) 6  *COMPARE CMC, AGS * 2
RR MODE-LGC AUTO 1 *317R, 440R, 277R * CHECK TIG OF CSM 8
B|  RATE/ERR MON(2)-RNDZ ROR  * | Vas. 12012 */DET & APS BURN CARD *
Bf SHFT/TRUN 15 ] T P42 NEb
§| RATE SCALE 5°/SEC i e [PERFORM YAW/ROLL MANEUVER]
§| RNG/ALT MON-RNG/RNG RT I (33 CSM BAILOUT GET P76 PAD] *404+0, 405+0, 406+0  *
*YHF ANT-FWD bl ol *6234]
1 *400+2 Z-AXIS STEER . S5 *EXT LTG-TRACK * *a00+1 GUID STEER
1 *310+4 TP1 EXEC * 5 *410+5 MODE_CONT
1 *616+00005 ULLAGE * [50_CHART R/RDOT] | | B *500R =
i *623+0 * .
i *COPY AGS DATA * 1:00 AGS MODE CONT-AUTO
AUDIO MODE(2)-ICS/PTT * 27 :30 ABORT STAGE PB-PUSH
0| vInv 2, c8 INV 1-OPEN * 210 MANUAL ULLAGE
B| <cB(11) & (16) ED: LOGIC PWR-OPEN M=15, V32 ‘05 PRO
B| CB(11) ECS CABIN FANI-CLOSE 24 RDOT 4R| |M OO TPII174:12:41] 172:89:13 ]
1 +1 GO/NO-GO_FOR TWEAK *COMPARE CMC,AGS ,VHF/RR * ZBORT_STAGE PB-RESET. _ _ _ _
TP TFORI (0, 257,0) 1 *POLAR PLOT @ 90 NM * 170 TCHITIo0 1
lI *404+0, 40540, 406+0  * | M 21 RDOT_3R 1ENG ARM-ASC l
I *MONITOR 470, 471, 472 * | [ MANUAL START |
B | +3 TWEAK[171:55:23]] ] I | MANUAL STOP 3 SEC 1
1s . 1 g RDOT 3] LENG ARILOFF o b
nl V'S | i *CHECK RCS, EPS, ECS % |l ST ReSTOOAS
TPI THRU DOCKING
o 7p1]172:39:13] I V76 POO
V76, AGS MODE CONT-ATT HOLD P35 TGT MCC 2 ATT CONT- PULSE vg?, 3"1_202
P35 TGT MCC 1 IATT CONT-PULSE l MODE_CONT-AUTO| | Pa7, VE3
MAX 449(0.80,5.0) | MODE CONT-AUTQ| I‘*TEETF‘T FGNS Tq'P]LMBHI *L H *404+0, 405+0, 406+0  *
+ 100020, +00005 *Y47, 414+1, 400+ * -
va?*gﬁgigoﬂ 00020 * I'*emﬂ STRRT AUTO %) ACS *S-BD ANT-AFT,VERIFY COMM*
*623+0 * i *EXT LTG-OFF * ) */S-BD P (+1e7)  *
i SE T - *5-80 A;T“SLCN E;EOI}J] .
* sk m 2 -SLE =
2 AT START AUTO03,120i%; 17 m | *TRACK MODE-AUTO *
*310+4 TPI EXEC * *410+4 TPL EXEC * i *BIOMED-LEFT, PCM-HI  *
*3734TPI TIME +15 MIN  * *3734TPT TIME +30 MIN  * i *PLINK SOUELCH-OFF s
*307+028.00 *307+013.00 * F| TPI BURN REPORT
4 ROOT 3R 19 ROOT__3R : 30 INITIATE BRAKIN] _
30 FPS - 6000 FT
6 [RoOT__3R] 21 ROOT 3R] : ?3 i?é - $ggg E
8 23 i 5 FPS - 600 FT c
5 CRRT 1] ) . ZECART ] =1 SSETUP CAMERAFOR - x B
10 RooT_3R) || 25 ROGT 39 1 *[M3/DAC/10/CEX-ULC *
i * (T8,1/250,6) 1FPS  *
§12 PRO_FINAL COMP] RDOT 3R 27 PRO-FINAL COMP) ROOT_3R] g * .25 MAG(D), (8 MIN) *
ART R/RDOT [28_CHART R/RDOT/t] I | ___J i Va4, POD
. *Enfro ST{),J Aum] ' . *[11+0 STOP_AUTO A B vie (ATT_CONT-PULSE]
R TOTAL VEL viee [370R TOTAL VEL'MCCZl J| _ MANEUVER/PICTURES OF SIMBAY
| R sV TP {371R aV TPF I [55_IRITIATE DOCKING
i j  CORS TO OVID KINDOW
i #404+0, 405+0, 40640  * *404+0, 405+0, 40640  * . *EXT LTG-DOCK *
P41 433?0 _ pal, V77 B SHFT/TRUN 250 *
’ | Bvame §+ooo,+3zo)
14 *410+5 129 *410+5 ATT CONT- | g CB RR{Z)-OPEN, Va4
* | *502R MODE_CONT FDAL LV(180,285,300)
502R MODE CONT 5 o i s G
: MODE CONT]
* Hi/H : *172R/502R SE77 §|  CONFIRM CAPTURE FROM CSM
?5““14?%/5022 1%%.@] / i' MODE CONT (BOTH) - OFF
_i NULL' RESTDUALS RULL RESIDUALS b |
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LB-132

P12—POWERED ASCENT

W37 Enter, 12 Enter

V06 N33 Flashing
Time of ascent (h, min, 0.01 5)
V06 N76 Flashing
Downrange velocity, radial velocity, erossrange (0.1 ftfs, 0.1 ft/s, 0.1 nmi}
V50 N25 Flashing
R1: 00203 {switch Guidance Control to PGNS, Mode to Auto)
V0B N74 Flashing
TFI, yaw after rise, pitch after rise (min/s, 0.01 deg, 0.01 deg)
V89 N74 Flashing
Engine on enable
V06 N94 Flashing
VGX, HDOT, H (0.1 ft/s, 0.1 /s, ft}
V16 N8E Flashing
VGX (LM}, VGY (LM}, VGZ {LM) (0.1 ft/s)
VB2 Enter
V16 N44 Flashing
Apocenter altitude, pericenter altitude, TFF (0.1 nmi, 0.1 nmi, min/s)

+ 1] 4] Hours | N33 + 0 0
+{olaolo Minutes 116 +] ol o] o
o
4 0 Seconds Ascent & o
[ 3
+ Desired Downrange I N76 +
Velocity (ft/s) Ld
+ ) Dasired Radial Velocity +
{ft/s) .
0 *Crossrange Distance {nmi) 0 |
4 L
047 Sine of Azimuth
Angle {Octal) {AGS)
053 Cosine of Azimuth
Angle {Octal [AGS)
224226 Sernimajor Axis
p at Insertion {k ft) {AGS) 4
231 Landing Site Radius
3 {k ft} (AGS)
465 Target Radial Rate at
Insertion {fi/s) {(AGS) L |
373 TIG of TPI
{min) {AGS)
: ol o Hours l naz| + 1 0| O
+ oo |0 Minutes  TIG of TP +] o 0| 0O
* 0 ® Seconds + 0 4
+ LM Weight {lb) +
* Hapogee g
POSEE  cam
+ Hperiges tnrmi) +

*Load 8 nmi if crossrange is greater than B nmi,

NOTES:

REV 50

LB-133

LM INSERTION

DL A

: 2 PROPULSION/ PRETHRUST
EVENT BT/AV G.E.T. GUIDANCE TARGETING
INSERTION 4348/ 171:45:08,6 | LM-APS/PGNS p-12
6047.9

RESIDUALS (ft/a) il h

00 + x| x|x min GET
AGs o1

ls02 ik 8

 ——Vympm | ————Varam ®/9)

LM Apolune
Altitude = 45.3 nmi

Position of sun at LM Lill Off
Longitude = 56,1°

LM Perilune
Altitude = 9,0 nmi

C5M Position at
Ascent Initiation

Position of earlh at LM Lift Off
Longitude = 5,3°



LB-134

RENDEZVOUS

MCC-1
1 y TPI + 14
180,196/259,
172:39:23 - -

(180,175/284,0) @iﬁ\
‘@:‘g g}- MoC - 2

TPI + 30
(180,230/248,0)

P

. TPF
= TPL + 42:54
T
355 (180,302/281,0)
P34 FINAL COMP @
TPI - 10
(180,174/313,0) &

SIM BAY
INSPECTION ATT
173:34
(332,309/252,0)

DOCKING ATT
o 173:45
L W (160,007/281,0)

BEGIN MARKING % a
TPI - 43 &\
il

(180,121/0,0) LM INSERTION
P

TPI - 47 LM LIFT-0FF
{180,109/0,0) 171:45:09
(180,87/0,0)

{300, XXX/ 20X, XXX

YAH
PITCH
ORDEAL
ROLL

=

HERDEZUOUS
Ranan

LB-136

RENDEZVOUS DISPLAYS

VnHE
VoG

@ for TIG (CFa)

Marpe Mantats o | P e
—

[N waesEy Ri: Telta ¥1 {008

N2 rela vz Los
N3 petas v LOS]

\/

1 b Gatred |X-Aais]
Gatred 11 Anas]
Caiol 12- it}

Pat VanKES




V37 Enter, 34 Enter
V06 N37 Flashing

TIG of TPI (h, min, 0,01 5}
V0B NS5 Flashing

R2: Elevation angle, R3: Central angle {0.01 deg, 0.01 deg)
W16 N45 Flashing

Marks, time from ignition, middle gimbal angle {marks, min/s, 0.01 deg)
V06 N58 Flashing

Pericenter altitude, AV {TPI}, AV (TPF)} (0.1 nmi, 0.1 ft/s, 0.1 f/s)
V06 N81 Flashing

AVy (LV), Avy (LV), Az (LV) for TPI (0.1 t/s)

LB-136

P34—TRANSFER PHASE INITIATION (TPI}

+ 0 0 Hours N37 + 0
TIG

+ 0 0 0 Minutes of + 4]
TPI

+ 0 & Seconds + 0

N5S (+00000) Co

nic Integration, {+00

000)* Elevation Angle (+130.00)

Central Angle

LB-137
DIRECT TPI
PGNS
. . . 3 i H TIG TR TS
o + o ] | HP inmi) NER
a + a + |- A TR (i)
0 + 0 + | AN TRE 1itls)
® - Awx wa1
LV
. . AVY g
. - Avz
AGS
o 0 ' LOS Idegl 303
] o L AV TP nis) 270
o o AW TPF Ift/s) an
- N Awx 450
LV
. . AVY (sl as1
- - Avz 45_;:.“_
__ GEM
: . H s H H TIG TR Na7
@ » A
Ly
. L) DY i
. . Az
CHANGE 5IGN; BIAS, &K - 1.0, AVZ = +2.40
I l | 1 l ELEV '} NES

ﬂ\."x (Lv) N81 o]
[
0 AV (LY Componeants of
s Y V) AV in tocal 2
0 AV_ (L vertical
4 Zith coordinates [ ft/s) g
+ 0 Range at TIG-5 min NB4| + 0
{nmi)
0 Range rate at TI1G-5 min (ft/s) 0
d
X X 4 Burn time {min/s) X X

*P34 calculstes Elevation Angle for given TIG of TPI

NOTES:

BURMN AULES

I twa of three solutions agres,
burn priarity solution,

Pricrity of Solutions: PGNS, AGS, CMC, Charts
Guide Values: X = 3 fts, ¥ = 7 ftls, Z=9 143

MR agrees with VHF whara
AR =0,01A + 0.6 nmi, &R is slways 21 nmi.

1f AR does not agres with VHF,
MEFM fzolates failed system.




LB-13a LE-129

TRANSFER PHASE INITIATION LM RENDEZVOUS FINAL PHASE
EVENT T, PROPULSION/ PRETHRUST
BI/AV | G.E.T GUIDANCE TARGETING
: ; LM-APS/PGNS |
TE 12,5/92,1 | 172:39:22,9 L 1
. /1 LAMEBERT (P-42) E=3%
RESIDUALS (it/a) 4 Ix I = h
AV, A g i
L N85 o = min GET i | CSM AND LM ON o
¥ |pGNS AGS[501 /SAME RADIAL TR
AVy " +|x & | iy S
S e 2|
—— ey ————y ————V: (ft/s) ] ~t
TRIM TRIM TRIM BRAKING BRAKING BRAKING &\

REVS 50/51 MANEUVER MANEUVER MANEUVER BRA KTNG\#

1 2 3 MANEUVER 4
AND DOCKING

i
' N
gt BRAKING MANEUVER DESCRIPTIONS
1. ATR =3,000 FEET. MANEUVER REDUCES RANGE
RATE FROM 32 TO 20 FT/S.
*f 2 AT R =1,500 FEET, MANEUVER REDUCES RANGE

RATE FROM 20 TO 10 FT/8.

3. AT R =500 FEET. MANEUVER REDUCES RANGE
RATE FROM 10 TO 5 FT/S.

4, AT R =100 FEET. MANEUVER REDUCES RANGE

RATE FROM 5 TO 0 FT/8.

Braking
Maneuvers

Position of sun at TP
Longitude = 56.1°

*P, Y, R with respect
to local horizontal

Position of earth at TPI
Longitude = &, 3°




W37 Enter, 30'IEnter

W0G N33 Flashing, Load Desired GETI
W08 NE1 Fleshing, Load Desired AV

LB-140

P30 ~ EXTERANAL AV [LM)

Purpase

Hours l N33

Minutes GETI

+ ] Seconds
Avy ! NE1
Ay [RY]
AV 1ftfsl
4 AVRA ift/s)
» ® X BT imin:s)
® ® X A FOAL Inertial
Angles
X X X P {degreas)
Avy LNSB
AGS
My Targeting
iftis]
Avg
£ Hapogee [_N“?

Hpgrigea (nmil

AVT (frjg)

LM JETTISON PAD

+ [} o Hours
. . GETI
0 o Q Minutes ETT
+ a Seconds
L4 X X R N22
MU Girmbsal
£ X X # Angles [dag)
X X X ki

PE%—LM DEQRBIT BURN

Time from lgnition | N40

Velocity to ba Gainad

Velocity Accumulzted

Timie frem Ignition NAD

Velority to e Gained

Velocity Accurmulated

x |J\ISS

¥ Aesiduals

iftfsl
Z

W37 Enter, 30 Enter

LB-141

P30-EXTERNAL Av

CSM Separation & TEI 62

W06 N33 Flashing, Load Desired GETI

VOB NB1 Flashing, Load Desired Ay

ii Purpose
* Prop/Guidance
+ Waight {Ib) Na7| o+
o |0 Prrim Hag|
° ° Yrim {degrees)
+ o o Hours | N33+
+ 1] o Minutes  GETI +
I 0 ] Seconds “"+‘
Avy, | g1
= Qv Ly
Avz {#a/s)
x ,(‘ Mx S— —R R | _;.
x| b, B |G .
X x x - | Y X £
+ Hapoges Nad | 4
nrmi
Heerigen
+ AT teis) +
X | x| x BT tmin:s) X
x 7 AVe (/) s
X X X SXT Star X
+ Q SFT [degreas) i +
4 o i TRN (degress) + 0
X X X B5S (Coas Star] X
X X SPA (Coas Pitch, degh X
X x x SXP (Coas X Pos, degl X
0 LAT NE1
LONG
+ RATGO (nmi) EMS +
+ VIO (fufs) T
[ GET 005 ;
Hrimin:s
SET STARS
X x X Ralign X
x X X Palign X
X X X ¥ Align X
ULLAGE .

NOTES:




P41 — RCS THRUSTING

V37 Enter, 41 Enter CSM Separation

V50 N18 Flashing, R m to FDAI R, P, Y Angles
V06 N18, FDAI R, P, Y Angles After Maneuver to Burn Attitude
V06 N85, X, Y, Z Body Axes Velocity to be Gained

V16 N85 {Aversge G on at TIG -30) Velocity to be Gained

V16 N85 Flashing, Body Axes Residusis {to be Nullsd)

wlaJ Roll
Pitch (deg)
Yaw

0618 l Roll
Pitch (deg)
Yaw

06-85 ' X
Y VG iftfs)
Zz

16-85 | X
¥ VG (ftfs)
Z

1685 | X
¥ Residuals

(fus)

z

X

Y

z

(X7}

LM DEORBIT
PROPULSION/ PRETHRUST
EVENT BI/AV | G.ET. GUIDANCE TARGETING
LM DEORBIT LM-RCS/BGNS
85,5, 116 -
RETROGRADE) 5/229,6 |179:16:29,2 EXT AV (P.9g) P-30
RESIDUALS (ft/s) + (x| x h
AVx|nes | ¢ 00 +|x[x[x min  GET
AVylpens ] AGSEo1
avy K = - .
———*—Vxopm = =——Vyram —=—*—Verpm /3

P=-1311**
¥ = =204
Rw=-1068,2%

LM Lunar Impact
Approx, 15.0° E
9.5 8

Position of sun at LM Deorbit
Longitude = 52,3

*P, ¥, R with respect to
local horizontal

Position of earth at LM Deorbit
LM/CSM Separat}
Longibude = 5,00 M/CSM Separation



W37 Enter, 30 Enter

W06 N33 Flashing, Load Desired GETI
VOB N81 Flashing, Load Desired AV

LB-144

P30-EXTERNAL AV
TE| 65 & Plane Change 2

Purpose
Prop/Guidance
+ Weight {Ib] N7
o o PTrim 48
{degrees)
o o Y Trim
+ a o Hours N33
+ o 4] Minutes  GETI
+ o] Seconds
- . |
Avy | nat
Avy v
Avz Iftis)
X x X R
IMU Gimbal
X X X P Angles {degl
® X X Y
+ Hapogee N44
nmi
Hperigee
+ AVT iefs)
x X X BT {min:s)
X AVG (fis)
x x x SXT Star
T
+ SFT {degreas] 1
|
+ TRN {degreas)
X X X BSS [Coas Starl
X X SPA (Coas Pitch, degl
X ® x SXP (Coas X Pos, degh
0 LAT NE1
{degraas|
LONG
4
* RTGO Inmil EMS
+ VIO [ftfs)
|GE'r'o.ns 9
Hrimin:s
SET STARS
X X X Ralign
x| x| = Plign
¥ | x| % ¥ flign
ULLAGE

NOTES:

LE-145

P40 — SPS THRUSTING CSM

Plane Change 2
V37 Enter, 40 Enter
V50 W18 Flashing, Request Maneuver to FDA| R, P, Y Angles
VOG N18, FDAI R, P, ¥ Angles After Maneuver to Burn Attitude
V50 N~ Flashing, R1 =00 2 0 4, Gimbal Actuator Test Option
VI 4D, Time from Ignition, Velocity to be Gained, Measured Change in Velocity
/99 N4G Flashing, Engine On En:bie Request
W06 N40, Tirme from Cutoff, Velocity to be Gained, Measured Change in Velocity
W16 M40 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 Orhit,
300 K ft Earth Orbit

50-18 ‘ Roll
Pitch [deg)
Yaw
q
06-18 | Roll

Pitch (deg)

Yaw

06-40 l TFI tmin:s)

VG (ftfs)

AVM s

06-40 | TFC tmin:s)

VG {ftfs)
AVM (ft/s)
16-40 ! TFC {min:s
VG {ftfs)
AVM (ft/s)
85 ] X
; y  Residuals
{ftfs)
Z
a5 I %
TRIM
Y (ftfe)
z

44 I HA (nmi)

HP {nmil

TFF (min:s)




LE-145

LUNAR ORBIT PLANE CHANGE NO, 2

Longitude of ascending node

ld orbit angle of
Inclination = 149, 6°

New orbit angle of
Inclination = 147, 2°

*T, ¥, 1R with respect
to local horizontal

\
\

: = PROPULSION/ PRETHRUST
EVENL BI/AV | G.ET. | oymance TARGETING
LOPC-2 | sps/can ]
(OUT-OF-PLANE) | 15. 8/ 282, 5 | 108:1800. 2 | g sy yp gy P-ab
AVy  NBES [+ | % |x h
AV, RESIDUALS (ft/s)= [x [x [x min  GET
4V, (BODY AXIS) | 2 .
————v, e : — — —=V, ft/s}
TRIM YTRIM TRIM
./——- R

\ Rev 61

Posltion of carth at LOPC-2
Longicede = 4, 3°

B = g6, 40 ¢
Y = -B8, 4*
R=113,6

Position of sun at LOPC-2
Longitude = 45, 3*

e i 5

\/37 Enter, 30 Enter

VOB N33 Flashing, Load Desired GETI

VOB N81 Flashing, Load Desired AV

LEB-147

PIO-EXTEANAL AV

TEI 72 & TEI 74

Purposa
Prop/Guidance
+ Weight {1k} Na7
4] o PTeim N4g
{degrees)
o o YTrim
+ a 0 Hours l N33
+ 0 a Minutes  GETI
+ o Seconds
Avy, | NE1
| Avy LV
! |
| [ Avz (ftish
|
. | e ik
x X | x R
T IMU Gimbal
mba
® L 4 Angles {deg}
X x E * | Y
+ Hapoges 44
I N nmi
HFerigee
+ AVT (s
X | % X BT (min:s}
X Ave {(fis)
X x X SXT Star
+ ] SFT {degrees)
+ Q THN {degreas}
* X X BSS (Coas Star)
X X 5PA {Coas Pitch, degl
X X X SXP {Coas X Pos, deg}
4] LAT NE1
& (dogrees!
LONG
+ RTGO (nmi} EMS
+ VIO (ftfs)
GETOOSg I
Hr:min:s
SET STARS
x| xlx Ralign
X X X P align
x|l x | x ¥ align
ULLAGE

NOTES:




LB-148

PI0-EXTERNAL AV

Shape
W37 Enter, 30 Enter
VOB N33 Flashing, Load Desired GETI
V0B NE1 Flashing, Load Desired AV
]
Purposa

Prop/Guidance

LB-149

P40 — 5PS THRUSTING CSM

Shape
W37 Enter, 40 Enter
WEO N18 Flashing, Request Maneuver to FDAI R, P, Y Angles
VOB N18, FDAI R, P, ¥ Angles After Maneuver to Burn Attitude
W50 MN26 Flashing, R1 =00 2 0 4, Gimbal Actuator Test Option
VOB N40, Time from Ignition, Velocity to be Gained, Measured Change in Velocity
Va9 N40 Flashing, Engine On Enable Request
VOB M40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity
W16 N40 Flashing, Final Values at Engine Cutoff
Y16 N85 Flashing, Body Axes Residuals (to be Nulled)
W37 Flashing, VB2 Enter

V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 35 K ft Moon Orbit,
300 K ft Earth Orbit

5O-18 ‘ Roll

Pitch (deq)

Yaw

06-18 I Roll

Pitch {deg)

Yaw

06-40 | TFI {imin:s)

VG [ftfs]

AVM (ft/s)

06-40 | TFC {min:s)

VG (ftfs)

AWM {its)

16-40 | TFC (min:s}

+ Weight {Ib] NA7
0o | o P rim g ol o
1] 1
o 0 ¥ Trim s d 0
+ o o Hours ] N33 1] 0
i ) 0 0 Minutes  GETI a o
- L
4 o | Seconds 1]
: | Ay, | NE1
Ay L
Sz {#tfs)
* x X R x X
] IMU Gimbal
ot % » | P Angles (deg) X X
= s S N -
X | X | % | ¥ x| X
—
+ | Hapoges Nad
| nmi
Hperigee
+ AT Iftfs)
x * X BT {min:s) X X
X Ave it
x| x|l x| % SXT Star K| x
+ SFT {degrees] o
b o TRN [degrees} o
b * X BSS [Coas Starl X X
X X SPA [Coas Pitch, degl x
X X X SXP [Coas X Paos, degl X x
o LAT NE1 o
] [dagrees]
LONG
+ RTGO (nmil EMS
it VIO [ftfs)
T e IGET 005 | S i 7
Hr:min:s
SET 5TARS
x | x| x Ralign Sl i
X X X P atign X X
K| % | X ¥ align x| X
ULLAGE

VG {ftfs)
AN (Ftfs)
L
a5 | X
Residuals
Y
{ft/fs)
Z
85 I x
TRIM
Yoo tfysh
£
44 l HA (nmi)
HF {nmi}
TFF {min:s)




LB150
SHAPING
= PROPULSION/ PRETHRUST
EVENT BT/ AV G,E,T. GUIDANCE TARGETING
. 8PS/ GEN
SHAPING 2, 2/ 38,0 i
2/ 2LE4% LT | BXT oy (p-40) P-30
AV, N85 + x| x h
AVy  RESIDUALS (it/s)| + |x |x |x min  GET
AV, (BODY AXIS) ¥ lx A
B R —_—— =V ft/s
*TRIM TRIM "‘TREM A

s
7
/
/’
/
."'f 0ld apolune New perilune
/ ‘_;Mtimde = 65,2 nmi Altitude = 65,0 nmi —5 i
{
/ P =50,1°*
Y=-2,0°
R=o0,0"
MWew apolune
-—— { Altitude = 85,0 nmi
/!
/ Old perilune
£ Allitude = 55,7 nmi
\ 4
/
T -
AL ol Position of sun at Shaping
. P Longitude = 33, 3°
=3 L
#p, Y, R with respect i g l e

to local horirzontal SR I

Position of earth at Shaping
Longitude = 3, 2¢°

LB-151

PID—EXTERANAL AV

TEI 75 (Preliminary) & TEI 75
W37 Enter, 30 Enter

WO N33 Flashing, Load Desired GETI
VOB NB1 Flashing, Load Desired AV

Purpose
Prop/Guidance
+ Weight {1k} NaT7| +
oo Prrim 48
| {degrees)
olo Yrim
+ 0 1] Hours I N33+
+ a o 0 Minutes  GETI b i
i ) I Seconds 4
1
Avy, | NB1
Ay LY
Avz [ftis]
x x * R x
IMU Gimbal 1
5 #* | ~ ; E Angles {deg} %* |
| — i
x | x| % Y % |
| d |
| |
+ Hppagee Ndd| . |
nmi 1
Hperigee |
o AVT (/) +
x X X BT {min:s} X
® Ave (st ®
x X X X SXT Star X
+ V] SFT (degrees) + o
+ o 4] TRN {degrees) t o
x X X BS5S (Coas Star] X
X X SPA {Coas Pitch, deg) X
X X X SXP {Coas X Pos, deg) k3
0 LAT NB1
Ideg
LONG
t RTGO {nmil EMS +
+ VIO {ftfs) +
e GET D.05 g ] -
Hr:min:s
SETSTARS
X | x| x Ralign X
X | x| x Palign X
X X X ¥ align *
ULLAGE

NOTES:




LB-163

LE-152 |
| TRANSEARTH INJECTION
P30—EXTERNAL Av S PROPULSION/ PRETHRUST
. | EVENT BT/ AV G.E.T. GUIDANCE TARGETING
TEI 7
W37 Enter, 30 Enter 3 iR GG Fr g
| TEL 150, 5/ - bpsm&‘N_ D30
V0B 433 Flashing, Load Desired GETI {POSIGRADE) 3212.2 EXT &V (P-40)
V06 NB1 Flashing, Load Desired AV AV, NB5 +]x|x h
3 5 AV, RESIDUALS (ft/s)| + [x [x [x min GET
Purpase ¥
i AVy  (BODY AXIS) 5 2 g
Prop/Guidance / |
| —_— — —e—¥ o s A s e W {ft/s)
+ Weight [Ib) Na7| + | “TRIM YTRIM “TRIM
0 L] Preim N48 o 0 | TEI Burn Initiation TEI Cutoff
{dagrees) o'l o | Altitude = 65, 7 nmi Altitnde = 67. 3 nmi
o | o ¥Trim | Velocity -~ 5339, 3 It/s Velovity = 85212 fi/s
+ 0 0 Hours w33 + o [i] Longitude = 179, 7 Longitude = 170, 0"
Latitude = 10, 3¢ Latitude = 11,9+
+ 0 1] Q Minutes  GETI + v} 0 0 TPlane Change = 3,3°
= | Durn Are = 9,7°
+ Q Seconds + o
| T
| Avy | ne1
| | ] Avy Lv U
| | | 1 o
-
.1' ...... . . Avz [Ft/s) 4 | T P=_4,7e
{ T 55 Y = 10, 8¢ T
x X X R % b x -~ . ~
] - R - -179,2° Sy N
IMU Gimbal
X X X P Angles (degh X X *
XX | x | ¥ x| x| x
] k| TR
T
+ | Hapogee l Nad | .
nmi Hyperbolic
Hpari Rev 79
Perigee i Tunar
b AVT (sl + | Escape
Pox | x| x BT Irmin:sh x| x| x
X Avc (st x /
Perilune
X % X x SXT Star X x| X X Altitude = 54,7 nmi
+ | 0 | SFT (dearesst + 0
+ L] V] TRN [degrees} + o Q Apolune
A Altitude = 85, 8 nmi
x| x| x BSS (Coas Star x| x| x 4
x x SPA (Coas Pitch, deg) X X ﬁ
X | X | % SXP (Coas X Pos,degl | X | X | X
o LAT NE1 4]
[degrees)
LONG
B e o k.
+ RTGO [nmi} EMS +
+ VIO (ftfs) +
S ]G_E_Mh | B
Hr:min:s /
SET 5TARS « ' ; ) ;
7, ¥, R with respeet Position of sun at TEI
X % X Radign x| x| x io Incal horizontal N Longitude = 30, 5°
| x| % P align x| x| x
x| x| x ¥ Align x| %] x ™
oo Position of earth at TEL
ULLAGE Longitude = 2,9
NOTES:




LB-154

P30-EXTERNAL Av

MCC &
w37 Enter, 30 Enter
W06 N33 Flashing, Load Desired GETI
VOB NB1 Flashing, Load Desired AV
Purpase
Prop/Guidance
+ Waight {Ib} N47
o 1] PTrim Nag| 4]
o o Y {degrees) a
+ 1] 1] Haours l N33 0
+ 1] a Minutes  GETI L]
+ o Seconds 4]
Av, I Bt
Ay LV
[ | patre Iftis)
| L
X | x| % R X
= IMU Gimbal
iy X X Angles (deg) L
X X X Y X
4
+ Hapogee nNa4
G Bt nmi
HPerigee
; AVT it/
x X X BT {min:s) x
1
X AVE (ftis) |
X X X SXT Star X
i o SFT {degreas) 4]
+ o THEN {degrees] o
X X X BSS [Coas Star} X
X X SPA [Coas Piteh, deg) X
X X X SXFP {Coas X Pos, deg) X
0 LAT NE1 4]
{degrees|
LON
i RTGO {nmil EMS
+ VIO {ftfs)
|GET 0055 | 7
Hr:min:s
BETESTARS
X x X Ralign X
L I Palign 3
X x| x Y align
ULLAGE

NOTES:

P40 — 5PS THRUSTING CSM

W37 Enter, 40 Enter

WED M18 Flashing, Request Maneuver to FDA| R, P, Y Angles
VOB N1B, FDAL R, P, Y Angles After Maneuver to Burn Attitude
V5D N25 Flashing, A1 =002 04, Gimbal Actustor Test Option

W06 N4, Time from Ignition, Velocity to ba Gained, Measured Changa
in Velocity

/B3 N40 Flashing, Engine On Ensble Request

WOG M40, Time from Cutalf, Velocity to be Gained, Measured Change
in Velocity

V16 NAO Flashing, Final Values at Engine Cutoff
V16 NBS Flashing, Body Axes Aesiduals [to be Nulled)
V3T Flashing, VEZ Enter

W16 N44 Flashing, Apoges Altitude, Periges Altitude, Tima to Freefall
to 35 K ft Moon Orbit, 300 K f1 Earth Orbit

LB-1656

MCC S

P41 — RCS THRUSTING

W37 Enter, 41 Enter

VB N18 Flashing, Request Maneuver to FOAI R, P, Y, Angles
W06 M18, FOal A, P, Angles Afrer Maneuver ta Burn Attitude
V06 MBS, X, Y, Z Body Axes Velocity 10 ba Gained

V16 MBS [Aversge G on at TIG -30} Velocity to ba Gained

W16 MBS Flashing, Body Axes Hesiduals (1o be Nulled)

5018 i Aol 50-18 | Aall
Fitch  [degh Pitch ldegl
Yarer ¥aw
0618 l Aall uﬁ-w[ Holl
Pitch  ldegl Pitch Idegh
Vo Yaw
06-40 [ TFI [min:s) 0G-B5 | X
WG sl 3 VG (fsh
A (i) z
06-40 I TFC Imin:s} |s-a5| %
WG sk Y WG (5]
AvM hs) z
lﬁ;ﬂ_ TFC {min:s) 16-85 I x
VG it ki Residuals
[ft/s)
AWM [ftfs) 2
EE i x x
¥ Residuals ¥ Trim
iftis) e =4 (fu'sl
Z2 F4
a5 | *
¥ TRIM
LFtish
z
44 T HA {nmi)
HP ik
TFF [min:sh




LB-156

P30—-EXTERNAL Av

MCC B
W37 Enter, 30 Enter
W06 N33 Flashing, Load Desired GETI
V06 N81 Flashing, Load Desired AV
Purposa
1
Prop/Guidance
+ Weight {1b) N47
o o PTrim NAB
Idegreast
0 o Y Trim
+ a ] Hours | N33
+ o a o Minutes  GETI
+ 0| | Seconds
' Avy, | NE1 |
| Ay Lv
E Az (ftis)
X X x | R
i IMU Gimbal
X X x
4 P Angles [deg)
X X x Y
W Hapoges | N4
T nmi
HPerigee
+ ) AT (1115
X X x BT {min:s}
X Ave (fst
X * x X [ SXT Star
1 a SFT [degreash
& a i} TRN [degreest
X X X BSS [Coas Star}
¥ X SPA (Coass Pitch, deg)
X X X SXP [Coas X Pos, degl
0 LAT [ NE1
— . Ia
LONG
+ RTGO [nmil EMS
+ VIO ftls)
) GET005g |
Hr:min:s
SET STARS
w | x| ox Ralign
L I P align
F O T ¥ Align
i ULLAGE

NOTES:

P40 — 5PS THRUSTING CSM MCC B

VAT Enter, 40 Enter

VEO N18 Flashing, Fequest Maneuver 10 FDAI R, P, ¥ Angles
V06 N18, FOAI R, P, ¥ Angles After Maneuver to Burn Attitude
V50 N25 Flashing, R1 =00 2 0 4, Gimbal Actuator Test Option

V0& NAO, Time from Ignitian, Velocity to be Gained, Measured Change
in Velocity

V89 N40 Flashing, Engine On Enable Request

WOE N4, Time from Cutel, Velocity to be Gained, Measured Changa
in Velocity

W16 M40 Flashing, Final Values st Engine Cutaff
W16 MBS Flashing, Body Axes Residuals (1o be Nulled)
37 Flashing, VB2 Enter

W16 N44 Flashing, Apogee Altitede, Periges Altitude, Time to Freefall
to 35 K ft Moon Orbit, 300 K Tt Earth Orbit

P41 — RCS THRUSTING

W37 Enter, 41 Enter

W50 N18 Flashing, Request Maneuver 10 FDAI B P, ¥, Angles
W06 N18, FOAI R, P, Y Angles After Manesuver to Burn Attitude
WG NBS, ¥, Y, Z Body Axes Velosity to be Gained

W16 MBS {Average G on at TIG -30] Velocity to be Gained

W18 NBS Flashing, Body Axes Aesiduals (1o bo Nulled]

VG [Hish

AWM tus)

50-18 | Roll ED—|5| Rall
Piteh  dceg] PFitch Idlegh
Yawv aw
06-18 [ Rall DB-I8| Aol
Fitch  [deg) Pitch ideg)
Yaw v
| U640 | TFI min-s) 05-85 l *
1 VG Ift/sh ¥ VG I
AWM sl z
0640 ] TFE fmin:s) ml_ses l ®

Y VG sl

16-40 | TFC {min:s)

|6—EEJ X

VG [ftis) ¥ Residuals
1fus)
Avm (1ysh z
B85 J x x
v Resichuals A Trim
[#es) ift/s]
z z
L
BS I x
¥ TRIM
[1sh
z
a4 im\inmil
. HF' il
TFF Imin:s]




LB-158

ENTRY

PE1

W37 Enter, 61 Enter

VD& NE1 Flashing

W06 NBO Flashing, Record

V0E N63 Flashing, Used for EMS if no Communication
P62

V5D N25 Flashing, Request CM/SM Separation

V0B NB1 Flashing

V06 N22, Manitor

P&3
VOB NE4, Monitor
[ Area
X X x RO05¢g
X X X PO0Sg
X X X ¥ 0059
GET Hor Ck
X X X P ElI17
a Lat | NE1
Lang
x X X B Max g
® V400K [NEO
¢ o i TaooK
+ | RTGO  EMS
+ vIio
RTT
x x RET 0.05g
+ [i] 1] Oy Max NG
+ o 4] O Min
+ V| Max
+ Vi Min
X X X Do
X X RET Veire
X X RETBBO
x X | RETEBO
% X [ RETDRO
X X X x SXTS
+ [i] SFTEI-2
+ o 0 TRN
X X X BSS
X X SPA EIZ
x X X SXP
o X x X Lift Vector

LB-159

P47-THRUST MONITOR

W37 Enter, 47 Enter

W16 NB3 Flashing, AV XYZ Body Axes

NE2 Enter

V16 NE2 Flashing, Inertial Velocity, Altitude Rate, Altituda

X X X R

X X X P ::‘::,:i::lME Angles

X X X ¥

X X X BT  (min:s)
Vi {fsl
X ' NB3
Y AV ftfs
Z
vV ftfe [NBQ
HDOT fifs
H  nami

NOTES:



LB-160 LB-181

PI0—-EXTERNAL Av

MCC7 | P4D - $PS THRUSTING CSM Moc 7 P41 — RCS THRUSTING
ValEme e | V37 Enter, 41 Enter

W37 Enter, 40 Enter Z
VOB N33 Flashing, Load Desired GETI 5 W50 M18 Flashing, Aegquest Maneuver 1o FDAI R, P, ¥, Angles
\ ash neuver ta F P I
) e 30 N 1B Flehing. Reatioet Maneswor (o FDA) B, £, Y. fira - VOB N18, FOAI R, P, ¥ Angles After Maneuver to Burn Attitude
W06 NB1 Flashing, Load Desired Qv W06 N18, FDAI R, P, ¥ Angles After Mansuver 1o Burn Attilude VOB NBS, X, ¥, Z Body Axes Valocity 1o be Gai

WED N2G Flashing, A1 =002 0 4, Gimbal Actustar Test Option

| z i3 i G M d Ch W16 MBS [Aversge G on at TIG -30} Velocity to bo Gained
Purposs | VD?nNJ::b:ilrr:n from Ignition, Velocity to be Gained, Maasured Changa 18 e Fiaiea s e e SE
| /89 N40 Flashing, Engine On Ensble Request
Py Guid,
rop/Gilidance | W06 N40, Time from Cutoff, Velocity 1o ba Gained, Measured Change
in Velacity
+ Waight (b} N47 + | W16 NAO Flashing, Final Values at Enging Cutoff
W16 NBS Flashing, Body Axes Aesiduals [to ba Nulled)
0 o Prrim N4g 0 0 | V37 Flashing, VB2 Entar
{degress} I V16 N44 Flashing, Apoges Altitude, Perigos Altituds, Time to Freefall
Q 1] ¥ Trim g o a 1o 35 K ft Moon Orbit, 300 K 1t Earth Orbit
a |
+ o 0 Hours [ N33+ o o
+ [} L] 4] Minutes  GETI + o o Q
+ 0 Saconds + o | 50-18 I Aall 5018 I Aol
&Vx — | P | Pitch  [degh Pitch degl
Yo Yaw
Jatrn LY
06-18 | Rull os-m[ Al
Avz thefs) ; s o
EAPREE, PR P 1 Pitch  lddegh Pitch  (deg!
X % X R X x *
. Yo Yaw
MU Gimbal | e
% K oE P angles ldeg) x| x) X 0540 | TEI Imincst oeasI .
3 | H
X | x| x ¥ x| x| x ] VG ifush v e i
k! .
TN | AWM [hysh 2
' Hapogee MNad| 4 | _
nmi | 0640 ] TEC tmin's) 685 | W
Hperigee
T Vi el Yo VG
+ AVT Iftfs) +
AVM (151 z
x| Al & BT (min:sh RpEA o 1640 | TEC (min s} Taas] ¥
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APOLLO EARTH ENTRY

SC

Aerodynamic 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.

SC

Drag is a force directed
opposite to the relative
velocity vector and equal
To!

5C e
D=% ﬁDpuz 1plft/s?}

Relative & = Angle of Attack

Velocity
Lift is a force perpendicu- Vector
lar to the relative velocity
vector and equal to;

o B,
T=urt pv? TLAfE?)

£ = Atmospheric density !siugsfital{”

v = Relative velocity magnitude (ft/fs)

CD = Coefficient of drag {unitless)

C| = Coefficient of lift {unitless)

M = Mass of spacecraft {slugs}

S = Surface area presented to atmospheric flow ﬂftzl

Aerodynamic lift for Cp)
is a consequence of the
vehicle center-of-mass
(cmy b2l being offsat from
its axis of symmetry, With
the relative velocity vector
along the axis of sym-
metry, the resulting
symmetrical pressure dis-
tribution produces a re-
sultant force {F) through
the center-of-pressure
ECP][3]. The component
of this force [?ﬂ pErpen-
dicular to the line joining
the CP and CM causes a
torgue 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
Wind
-

Notes:
1. A slug is a constant, relating units in the equation
F{pound-forcel = Mislugs) 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. Center-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 wvector 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
arienting the lift vector
(L) so 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 O
degrees causes the lift
vector to be up along the
vertical and produces
maximum downrange
flight. A roll angle of £90
degrees puts the lift vector
in the local horizontal
plane, producing maxi-
mum crossrange {or
lateral} flight.
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Pressure
Distribution

-1

Roll Stability

Axis

F\ -80°

/_\\
Y
h) I
f
Vertical

180°

Horizantal

Pointed End
Farward

-
Relative
Wind
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The entry control programs are designed to calculate the roll angle (8} which will produce the vertical
component of lift necessary to satisfy a guidance objective {constant drag flight, downrange target
acquisition, and so forth). Crossrange 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,

3

24

Maxirtuem G-Loasd (g)

20 o

Vo= 38,194 Tu's

ZernLidt (Eallistic]

by = 400,000 fe

Constant-Lift
WerLical Lifth

Madulated
Lift

Nonentry
— o —Condition

T T T T T
75 13 -1 6.9 -8.7 -6.5 -8.3 -6.1 -5.8 5.7 5.
Flight Path Angle (degrees)

The maneuver footprint for a GNCS-controlled entry utilizing modulated 1ift is approximately 2,500
nautical miles in downrange and 260 nautical miles in crossrange. A typical entry footprint for a lunar
return mission is shown below. A backup control procedure — the EMS ranging technigue — defines the
maximum range limit of 3,500 nautical miles.

Gendetic latitude, deg

e 1—{: T -
| | A e
FE00 N mi.
P 4
20 !, e f"_"
Rk f A
K p |
£ e Landing targat i
= | a terg &
& s - ¥
o T Longitude = 158.67° W :
= S Latituds = 5.00° 1 T p \ ;
a = Entry interface L : = !I } I 1| | E I | 1 E | I |i } .
) = Altituda = 399,681 1”1 e Manuevar footprint {
- e o Longituda = 167.24 W =
£ A
E F- Latitude = 12.986° 5 \
& "\,] ENT et
20 Neminal graundirack
40 -
i)
120 140 160 180 160 140 1720 100 )
East West

Langitude, deg
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Entry Control Equations

The entry guidance equations are solved every 2 seconds in the AGC. Mavigation 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 Il and 111 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.

Tarpeting (Equation 1)

Which Phasa?

Constant Orag Final Phasa
Mo Steering Flight Steering
[Equation 11} [Equation FH1)

Lateral Staering

|Equation 1V}

| [Equation V) I
GUIDANCE

- -

| Autopilat I

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 “_RIOL together with unit vectors in the equatorial plane
directed easterly {1RTE} and in the target meridian {TRTN). is used as a reference from which a new target
vector (1gT) is calculated based on an updated estimate of time-to-splash,
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Initial
Target

1gT =Tgyo + TRTN [eos lwi) - 1] “'_1HTE sin {Lot)

where [¢st) is the amount of earth's rotation for the difference between the old and new estimate of
time-to-splash.

Based upon the new target vector (1 HT}, the downrange angle from the spacecraft to the splash point is
computed using:

0y = arc ms{TRT - Unit R }{radians}
The crossrange errar from the present flight plane is calculated as follows:

LATANG =T+ Unit (V X R} (radians)

Instantaneous
Flight Plane

LATANG
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Equation 1{: Constant-Drag Flight Equation

Reduction of near-parabolic velocities (associated with the lunar return mission} to a 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.

2

v 1 )
(L/DVRgt =- [ﬁ' -al [E {unitless)

: 2Dy

RRef = Bv = (ft/s)

DRef= Do {ft/s?}
where

WV = velocity {ft/s)

R = radial distance (ft}

a = gravity (ft/s?)

Dy = desired drag level {ft/s?)

3 2 1

3 = constant associated with atmosphere {EJ
Gain factors were chosen which relate perturbations in drag and altitude rate to the reference L/D.

{L/D)antral = (L/DIges + 0.07{D - DRefl -0.002 (R - Rgep)
Equation H1: 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:

{(L/D)eontrol = (L/DIRet * K]{[R - RRefl + Ky (D-Dpe) + K3 (R- ';{Ref]}
where

(L/D)ggf = constant value (%0.27)

RRef = reference range-to-go {radians)

DRef = reference drag (ft/s?}

R Ref = reference altitude rate {ft/s)

K1 = sensitivity of L/D to deviations in range {unitless)

Kz = sensitivity of range to deviations in drag level {radians/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 (LATAMNG) 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 |ift causes the spacecraft to steer laterally toward the target.

Eguation V: Commanded Rolf Angle Equation

Using previously determined quantities {K2ROLL and L/D¢qpire) the commanded roll angle is calculated
by

L/D
ROLLC = {(K2ROLL) arc-cos control {degrees)
L/DRef
where

L/DRgs= 0.3 lunitless)

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.

P&1 — Entry Preparation Pragram

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

b. Initiation: Astronaut keys DSKY — V37E 61E

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

d. DSKY Displays:
VOBNG1

R1 — Impact latitude Latitude of splash point
R2 — Impact longitude Longitude of splash point

R3 — Heads up/down +1
VOBNGO
R1— G max Maximum predicted g-load
R2 — V predicted Predicted velocity at El {400 K ft)
R3 —vg Predicted entry angle at El
VOBNB3
R1 - RTOGO Range-to-go from 290,626-foot altitude

R2 -V, Predicted velocity at 280,626-foot altitude
R3 — Tye Time to 290,626-foot altitude
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P62 — CM/SM Separation and Preentry Maneuver Program

a. Purpose: Motifies 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 PG1

display.
c. Steering: None, lift vector orientation maintained.

d. DSKY Displays:

WEON25
R1 — 00041 Request to separate CM/SM
R2 Blank
R3 Blank

VOBNE1

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

VOBN22
R1— ADG : . .
R2 — AIG Desired final gimbal
R3 — AMG angles at E|

P63 — Entry Control Initialization Program
a. Purpose: Initializes the entry targeting and guidance equations.
b. Initiation: P63 entered automatically when P62 achieves the entry attitude,
c. Steering: MNone, lift vector orientation maintained.

d. DSKY Displays:

VOsN64
R1-G Present g-load
R2 —v; Present velocity

R3 - RTOGO Range to the target
P64 — Post 0.05 g Program
a. Purpose: Perform initial steering while awaiting subseguent phases.
b. Initiation: PG4 is entered autamatically 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 fulldown accordingly. The orientation is
maintained until a precormputed drag level is exceeded (sormewhat less than 1.6 g).

A constant drag trajectory is flown (= 4 g} until the altitude rate becomes greater (more

pasitive) 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.

L
| g
g
A predicted exit velocity for the hypothetical skip maneuver will decrease below 18,000 ft/s £ § F7
and exit is made to the final phase. o = *
=
d. DSKY Displays e [ g
g G5
. -
VOEM74 5 £ g
R1— BETA Commanded roll B w i%
R2 —V; Inertial velocity = N% z Eon
_ % B - IS o
R3—-G Present g-load E p &
L
P67 — Final Phase Program & 2w
g Z L3
= [
a. Purpose: Steer through the dense portion of atmosphere and achieve the planned splash point. & E >
': -
b, Initiation: P67 is entered automatically from P64 for the nominal lunar return entry. =
. . _ . 5 2§
c. Steering: Steering is done using a terminal type controller based on a prestored nominal trajectory. B e e
r g
Guidance is terminated when velocity drops below 1,000 ft/s. 8

o
R
d. DSKY Displays: g £3
[ L=
&A=
V0OBNGE 3o
R1 —BETA Commanded roll angle

R2 — XRNGERR Crossrange error 3 \
R3 — DWNRGER -

Downrange errar

V16N67 ; §8
R1— RTOGO Range to targst ' z S'E 23 S E
R2 — LAT Present latitude TE3 168
A3 — LONG Present longitude i Es @ -‘?’ -

E
E
£
3
z
= g 2
= -
: z Bi
. S a 2z
& iy 453
E \\{-?0‘9
-H':' ]
2 i/
= 2 b0
= i 2 =2
S H AN
= 2wl =
= el =
=l oo
L]
S

s

RAM SFQUENCE OF EVEXN

TYFICAT FNTRY PROC
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AREA

R .05G
P .05G
Y .05G

GET
{(HOR CK)

P

{HOR CK}
LAT
LONG
MAX G

V400K
Y400K

RTGO
VIO

RRT

RET .05G
DL MAX
DL MIN
VL MAX
VL MIN

Do
RET VgIRe

RETBBO
RETEBO
RETDRO

SXTS
SFT

TRN
BSS

SPA
SXP
LIFT VECTOR
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XXX

XXX (deg)
XXX (deg)
XXX (deg)

KX XXX
th:min:s)

XXX (deg)

XK. XX (deg)
XX XX (deg)
XXX lg)
KHXKN (ftfs)
X. XX {deg)

KXXK.X (nmi)

XUXXX. (f/s)
KKK XX
{h:min:s)

XX XX
{min:s)

X.XX {g)
X.XX {g)
XXXXX (ft/s)
XXXXX {ftfs)

XXX (g)

19,494 4
{min:s)

KK KX
{min:s}

KK XX
{min:s)

KX XX
{min:s)

XX {octal}
KHH.X |deg)

XXX (deg)
XXX {octal)

XXX (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
El -17 Minutes.

Latitude of Target Point.

Longitude of Target Point.

Predicted Maximum Reentry Acceleration.
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 EI that S/C Velocity
Becomes Circular.

Time from E|l to the Baginning of
Blackout.

Time from E| to the End of Blackout.
Time from E| to Drogue Deployment.

Sextant Star for Entry Attitude Check.

Sextant Shaft Setting far Entry Attitude
Check.

Sextant 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.



