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GM PUTS THE “BOVE” 
IN LUNAR ROVING VEHICLE 

T h e  General Motors Delco Elec- 
t r o n i c s  D i v i s i o n  facility of Santa 
Barbara, Calif., supplied nearly every- 
thing that moves on the Lunar Roving 
Vehicle. 

As  mobility systems subcontractor to 
the U5. National Aeronautics and Space 
Administration's prime contractor — The 
Boeing Company - for the L R V ,  Delco 
Electronics supplied the special wire 
mesh wheels, four-wheel traction drive 
systems, suspension, steering and brakes, 
hand controller, and drive control elec- 
tronics. The GM facility aiso built the 
c o m p l e t e  ” 1 - G "  astronaut training 
vehicle. 

And it is the Lunar Roving Vehicle's 
mobility which will enable the astrov 
nauts to cover more area than was 
covered on all threé previous Apollo 
moon landing missions. They will be able 
to travel over the lunar surface faster and 
easier, carry heavy and bulky experi- 
ments to precise locations, and return 
with over twice the amOunt of rock and 
soil samples as on earlier missions. 



Wheelbase 
Overall Width 
Overall Length 
Weight (Unloadod) 
Weight (Loaded) 
Wheel Motor: 
Drive 
Suspension 

Spring rate 
Jounce 
Rebound 

Steering 
Controls 

Wire Mesh Wheels 

Diameter 

LUNAR ROVING VEHICLE MOBILITY SPECIFICATIONS 

7' 5" 
6' 9" 
10' 2" 
460 lbs - 1 6  (76 lbs - 1/66) 
1,540 lbs ~ 16 (255 lbs - 1/66) 
1/4 hp DC brush-type 
Harmonic Drive, 80:1 reduction 
Double torsion bar 

15 lbs per inch 
6" 
4.. 

Double Ackermann 
"T" handle hand controller for 
steering, speed control and 
braking 
One ply .033 die wire 
Titanium inner bump stop 
Titanium tread strips 
32" 

Width 
Deflection (Loaded) 
Loading 
Ground Pressure 
Weight 
Shock Absorbers 
Battery Power 

Brakes 
Turning Radius 

(front 8: rear 
turning) 

Ground Clearance 
Step Obstacle Climb 
Roll Stability 
Climb] Descend 

Slope 
Crevasse Crossing 

(both wheels 
in crevasse) 

Top Speed 
Maximum Range 

9.. 

1.75" 
63 lbs (lunar) 
0.6 psi (lunar) 
12 lbs 
Specially designed hydraulic 
2 silver-zinc 33-41 Vdc (non- 
rechargeable) 
Shoe-drum 
1 0 '  2 "  

14" 
1 2" 
45 degrees 
25 degrees 

2 8 '  l 

8.7 mph 
57 Statute Miles (92 km) 



APOLLO SPACECRAFT lAUNCH ssc»: "‘QM 

IOOS‘I’ PIO‘I’ECTIVE COVER 

COMMAND MODULE 

SERVICE MODULE 



MISSION ASTRONAUTS 

Mercury~Rodstonc3 Shepard 
Mercury-Rodnom4 Griswm 
Mercury-Atlas 6 Glenn 
Mercury-Atlas 7 ‘Cupontor 
Mercury-Atlas 8 Schirra 
Mercury-Atlas 9 Cooper 
Gemini-Titan I I I  “Grimm-Young 
Gemini-Titan IV McDivitt-Whito 
Gemini-Titan V Cooper-Conrad 
Gemini-Titan VII Barman-Lovell 
Gemini-Titan VI-A saline-Stafford 
Gemini-Titan VIII Atmstrong-Seott 
Gemini-Titan lX-A SuffordCermn 
Gemini-Titan X Young-Collins 
Gemini-Titan XI Conrad-Gordon 
Gemini-Titan XII Lovell-Aldrin 
Apollo 7 Satutn 18 Shins-Eiale-Cunnindum 
Apollo 8 Saturn V IBormon-Lovell-Andm 
Apollo 9 Saturn V McDivitt-Scott-Schwoickart 
Apollo 10 Saturn V *‘Stafford-YoungCaman 
Apollo 11 Saturn V “Armstrong-Aidrin-Collim 
Apollo 12 Saturn V Conrad-Gordon-Bun 
Apollo 13 Saturn V Lovall-Swigett-Haia 
Apollo 14 Saturn V Should-Roost-Mitchdl 
ApolIo 15 Saturn V Scott-Worden-lmin 

April 11, '70 
Jan. 31 ’71 
July 26, '71 

ELAPSED 
TIME 

HR:M|N:SEC 

260206218 
147: 00: 11 
241: 00: 53 
192:03223 
195:18z35 
24423614 
“2:54:44 
216:02:50 

TOTAL U S 

1375: 40: 59 
1520: 22: 59 
1661:56:17 
1804:3033 
1993139235 
2773:5829 
3214:59202 
3938:0124] 
4514211150 
5100:07:35 
5833;56:47 
6262:4059 
6910;49:29 

S L L N  A‘SNWEJ “ d , 



APOLLO MISSION PLAN 

ENTRY & LANDING 

TRANSLUNAR 
INJECTION 

MOON AT 
EARTH LANDING 

TRANSEARTH 
_ INJECTION 

[CM/SM ‘ 
SEPARATION TRANSEARTH Q 

as: 
/ 

. LM10 “g 
TOUCHDOWN ' 

«LA N >533}? GET—104:40:57 
JULY 30, 1971 

/ LUNAR 
TRANSPOSITION TRANSLUNAR ORBIT 
a. DOCKING «,2 INSERTION 

' MOON AT 
1 "r EARTH LAUNCH 



lM GUIDANCE and NAVIGATION EQUIPMENT-- _ 

CM GUIDANCE, 
NAVIGATION and 
CONTROL SYSTEM 
THE APOLLO GUIDANCE AND NAVIGATION SYSTEM IS 
COMPOSED OF THREE BAS|C SUBSYSTEMS: INERTIAL, m I OPTICAL AND COMPUTER. 
. The inertial guidance subsystem is composed of indie? 

monument unit (IMU) and associated equipment. This 
subsystem podoms three main: functions: (MMeosmos 
changes in spococmh attitude; (B) Measures spocccmh 
velocity do. to than; and (C) Assists in cumming 
staring signals. 

. The optical navigafion subsystem is convent! of a 
space «mm and scanning telescope. Sightings on 
celestial bodies and landmarks on the men and north 
on used by the coupom subsystem to determine the 
spoucrofl's position and volocily and to align the 
inertial reference within the "AU. 

. Tho comm! modulo computer (CMC) provides fin 
mic: functions: (”Calculates steering signals and 
engine discrete: necessary to Itup the spacecraft on 
the required trajectory: (B) Positions the smur'mombor 
in the IMU to a cootdinolo system defined by puciu 
optical measurements; (C) Positions the optical unit to 
colostiol obioccs; (D) Conducts limited malfunction 
isolation of the GKN system by monitoring the level and 
nm of system signals; and (E) Supplies ponincnt space- 
craft condition information to the display and control 
panel. 

IDERTIAL‘ MEASUREMENT UNIT (IHU) and associated - - equipment "dorms ”If“ mic: functions; (A) Measure: changes in LM attitude, (B) Assists in generating steering 
commends, and (C) Measures LM velociQy changes due to 
Illtust. 

ALIGNMENT OPTICAL TELESCOPT (AOT) - Provides stow sighting dam: which is manually inserted into the LI Guidance Computor for establishing the inertial rofuonco. 

NAVIGATION BASE (NAV BASE) - Provides an occuoto‘ mounting has. (a flu Alignment Optical Telescope (ACT) 
and the Inertial Hoasunmm Unit. 

Lu GUIDANCE COMPUTER (LGC) - Performs [our moiu functions: (”Calculates snoring signals and engine 
discrete: mccssaty to loop the LM on the required no- 
ioctory, (B)Positions 9|” stable member in the IMU to a 
coordinon system defined by precise optical measurements. 
(C)Condocts limited malfunction isolation of the PGNCS by monitoring the level and rate of system signals and (D) 
Supplies ponincm LM condition information to the display 
and comtolpomls. 
DISPLAY AND KEYBOARD (DSKY) - Provides a two-way 
communication link between the opcvotot and the LGC and flu following functions may be performed: (A) Loading of 
data into the LGC and (B)Disploy of data and system con- 
figuration to the opuctor. 

COUPLIW DATA UNIT (CDU) ~ The CDU. on all-cloc- 
tronic device, is used as an interfocu clement lath-run the 
following: (”The inertial subsystem and compute: sub- 
Syuem and (B) The compute: subsystem and the controls. 
This unit functions primotily as an analog to digital or 
digital to analog convonot. 
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LM MECHANICAL BUILDUP 
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m m  RETURN 

FOR FREE 1mm MOTOR! RECOVERY: 

1. USECSMRCSUPTOTLI+6 
I. USELHDPBIFSPSFAILIATLG 

NICK RETURN MCTOREB (CHM/SP!) DETERMINED IN m1. TIMI 



APOLLO 15 LANDING SITE 



APOLLO 15 MISSION EVENTS (CSM) Hnfifgfgec evem 
G.E.T. G.E.T. 
: : EVENT . . EVENT 102:24:ao P20 OPTICS TRACKING 

HR MIN sec HRMINSEC 102:34:oo 924 L IS LDMK 

LAUNCH — 9:34 AM. 5.0.1. 73:11:00 P401941 spsmcs THRUST 1°2=54=3° P52 “36 5m? 03'5“” 
JULY 26, 1971 8:34 AM. c.D.T. 73:31:14 race 4 1°3=°2=°° P52 COAS CAUB 

m:11:50 SECO 7521:“) p52 ALIGN "33:09:00 P20 OPTICS THACK‘NG 

00:48:00 952 REALIGN 75:34:30 952 ALIGN 1°5=°°=3° P52 “36 3'“ 03'3" 
2:49:58 TLI 3.7. 5 MIN 56 sec 17:40:00 P30 DELTA v 1°5=°5=°° P20 CMC MODE AUTO 
3:21zm SCM/SIVB SEP 73:04:“) p40 sps THRUST 106:11z30 P24 LM VISUAL 

3:31:00 oocxmc 78:31:14 LOI an 6 MIN 32 sec 1°6=ZO=00 P2 
4:15:00 CSM/LM EJECTION 3.1. asec 170 x 58 MM 1°5=31=°° P24 LM TRACKWG 
4:39:00 swa EVASIVE BURN 80:00:00 952 LOI ORIENT 106:41=00 P20 OPTICS TRACKING 
5:29:00 P52 REALIGN 80:05:00 P52 LDG SITE omemr 109:01:00 P52 LIS ORIENT 
5:41:00 952 REALIGN 80:10:00 P52 OPTICS TRACKING “19:05:30 P20 CMC MODE AUTO 
8:06:00 923 CISLUNAR NAV 82:00:00 P52 LDG SITE ORIENT 109:52:30 P20 OPTICS TRACKING 
8:16:30 923 CISLUNAR NAV 32:39:32 DOI BT 22.9 sec {58.4 x 9.6} "1:23:00 P20 OPTICS TRACKING 
9:22:00 923 CISLUNAR NAV 83:25:00 P47 THRUST MONITOR "9:01:00 P52 L/S ORIENT 

11:02:30 952 REALIGN 95:35:00 P52 LDG SITE ORIENT "9:06:00 920 cmc MODE AUTO 
11:21:00 930 DELTA v 95:43:00 952 DOI TRIM ORIENT "9:11:00 920 names 
11:35:00 P4OIP41 spsmcs THRUST 95:49:30 930 DELTA v 121:3s:oo P20 omcs 
11:55:54 mcc 1 96:08:00 P40 TRIM 123:04:oo P20 OPTICS 
30:05:00 952 REALIGN 96:52:00 P24 LDMK TRACKING 124:os:oo P20 OPTICS 
30:20:00 930 DELTA v 91:19:00 P52 {IF DOI TRIM NOT 125:31:oo o omcs 
30:33:00 IMO/P41 spsmcs THRUST PERFORMED) 126235:00 P52 LIS ORIENT 
30:55:54 mcc 2 97:25:00 p52 we sure omsm 1213:3930 P20 cmc MODE AUTO 
34:05:00 IVT TO LM —- LMP 97:50:00 LMP WT T0 w 130:32:30 P52 us ORIENT 
34:09:30 wr TO LM — con 98:03:00 con IVT TO LM 130mm m we MODE AUTO 
36:02:00 WT TO csm LMP a. con 99:53:00 P30 DELTA v 131 :3o:3o o op'ncs 
36:24:30 920 OPTICS TRACKING 100mm P41 TRIM 133:01:00 P20 OPTICS 
55:02:30 952 REALIGN 100:13:56 UNDOCKING a. $59 3.1. 140:42:oo P52 L/S ORIENT 
55:51:00 930 DELTA v 3.3 sec 58.9 x 8.4 mm 14o:4a:oo P20 cmc MODE AUTO 
56:10:45 PWPM spsmcs THRUST 1oo:34:oo P20 LDMK TRACKING "0:54:00 920 opncs 
56:31:14 mcc 3 100mm 924 us LDMK TRACKING "4:25:30 920 OPTICS 
57:09:00 P20 omcs TRACKING 1oo:53:oo 952 L06 sms ORIENT "5:46:00 P20 OPTICS 
58:01:30 LMP/con IVT LM FOR 1o1zoazoo P30 DELTA v 10:10:00 920 OPTICS 

HOUSE KEEPING 101mm no TRIM 143: 12:00 952 US ORIENT 
59:51:00 LMPICDR TO CSM 101:3;55 cs|v| cm 3,1, 3,9 sec ”8:22:00 P20 CMc MODE AUTO 
72:45:30 P52 REALIGN {s43 x545, 152:18:00 920 OPTICS 
72:58:00 P30 DELTA V 924 LDMK TRACKING 152:37:00 P52 LIS ORIENT 



G.E.T. 
HR:MIN:SEC 

15242:” 
19:07:00 
16212:“) 
182:”:(1) 
“4:15:20 
1154;20:00 
“4:311” 

176: 

195: 

EVENT 

P20 CMC AUTO 
P52 US ORIENT 
P20 CMC MODE AUTO 
P20 OPTICS 
P52 L/S ORIENT 
P52 PLAIN CHANGE 
m DELTA V 
P40 TRIM 
P52 (LIFT OFF OBIEINT) 
P20 OPTICS 
P20 LDMK TRACKING 
P24 L/S LDMK 
P52 (LIFT OFF ORIENT) 
P52 COASICALIB 
LM LIFTOFF 
P34 TRIM 
P40 SP8 
P35 TRIM 
P35 FINAL 
P41 ROS 
P76 LM TARGET DELTA V 
P35 TRIM 
P41 SPS 
P76 LM TARGET DELTA V 
P79 RENDEZVOUS 
FINAL PHASE 
P47 IMU ORIENT 
DOCKING 
CDR WT TO CSM 
LMP IVT TO CSM 
LM JETTISON 
CSM SEPARATION 
P20 OPTICS 
P20 OPTICS 
P52 IMU REALIGN 
P20 CMC MODE AUTO 
P20 OPTICS 
P20 OPTICS 
GEGENSCHEIN moms 

G.E.‘l’. 
HR:M|N:SEC 

196:22zm 
196:“:“1 
197:40: 
200: 
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EVENT 
P20 OPTICS 
PHOTOS LUNAR MARIA 
P52 IMU REALIGN 
P20 OPTICS 
P20 OPTICS 
P20 OPTICS 
P52 IMU ALIGN 

P20 OPTICS 
P52 IMU ALIGN 
P20 CMC AUTO 
P20 OPTICS 
PHOTO ARISTARCHUS 
PLATEAU 
P20 OPTICS 
PHOTO TGT (HUMNLT) 
PHOTO TGT (LUNAKHOD) 
P52 IMU ORIENT 
SHAPING BURN M “I: "1 X 57.5 
SUBSATELLITE .ETTISON 
SXT STAR CHK 
POO TRIM 
TEI — B.T. 2 MIN 17.. SEC 
P52 IMU ALIGN - TEI ORIENT 
P52 IMU ALIGN 
P20 OPT 
P52 IMU ORIENT 
P23 CISLUNAR NAV 
M00 5 
CMP DON EVA EQUIP 
CABIN DEPRESS 
HATCH OPENING 
CMP EGRESSZQ 
RETRIEVE MAPPING EWI' 
REMOVE TV/DAC 
INGRESS 
CABIN REPRESS 
P20 OPTICS 

G.E.T. 
HR:M|N:SEC EVENT 

- P52 IMU ALIGN 
51:12:“) § 2 s 
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z s
s s

s s
s s

s s
s s

s8
8

8
3

3
8

8
8

8
8

8
8

8
8

:  
d d 

P23 CSSLUNAR NAV 
P23 CISLUNAR NAV 
P20 OPTICS 
P52 IMU ALIGN 
P23 CISLUNAR NAV 
P23 CISLUNAH NAV 
P20 OPTICS 
P52 IMU ALIGN 
P23 CISLUNAR NAV 
P23 CISLUNAR NAV 
P52 IMU REALIGN 
m DELTA V 
IMO/P41 SPS/RCS THRUST 

6 
P23 CISLUNAR NAV 
P23 CISLUNAR NAV 
P20 OPTICS 
P52 IMU REALIGN 
P23 CISLUNAR NAV 
P52 IMU REALIGN 
P52 IMU REALIGN 
SXT STAR CHK 
P40IP41 SPS/RCS THRUST 
M00 7 
P23 CISLUNAR NAV 
P23 CISLUNAR NAV 
P52 IMU REAUGN 
P61 ENTRY PREP 
P62 CM/SM SEP 
El (400 K) 
P64 - P67 
GUIDAME TERM 
DROUGE 
MAIN 
SPLASH 



APOLLO IS MISSION EVENTS (LM) 
G.E.T. 

HR:MIN:SEC 

97:50:00 
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124: 

EVENT 

LMP IVT TO LM 
CDR IVT TO LM 
IMU REALIGN 
P47—THRUST MONITOR 
CSM/LM UNDOCK 
PITCH TO OBSERVE 
LANDING SITE 
P52 IMU REALIGN 
P76 TGT CSM DELTA V 
LANDING RADAR C/O 
P52 IMU REALIGN 
MNVR T0 PDI ATT 
P63 BRAKING PHASE 
PDI B.T 12 MIN 2.1 SEC 
P66 (ROD) 
LM TOUCHDOWN 
P57 SURFACE ALIGN 
LGC T0 STANDBY 
SEVA 
END SEVA 
CDR EGRESS 
LMP EGRESS 
LRV DEPLOY 
LRV SETUP 
LRV NAV INITIALIZE 
DRIVE TO CHECKPOINT 
DRIVE TO STATION 1 
DRIVE TO STATION 2 
DRIVE TO STATION 3 
DRIVE TO LM 
DRIVE TO ALSEP SITE 

G.E.T. 
HR:M|N:SEC 

124:30:00 
126:10:00 
126:30:W 

145:2 
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EVENT 

EXPERIMENTS DEPLOY 
FLAG DEPLOY 
LMP INGRESS 
CDR INGREES 
EVA 2 PREP 
CDR EGRESS 
LMP EGRESS 
LRV NAV INITIALIZATION 
DRIVE TO STATION 4 
DRIVE TO STATION 5 
DRIVE TO STATION 6 
DRIVE TO STATION 7 
DRIVE TO STATION 8 
DRIVE TO LM 
LMP INGRESS 
CDR INGRESS 
PREP FOR EVA 3 
CDR EGRESS 
LMP EGRESS 
LRV NAV INITIALIZE 
DRIVE TO STATION 9 
DRIVE TO STATION 10 
DRIVE TO STATION 11 
DRIVE TO STATION 12 
DRIVE TO STATION 13 
DRIVE TO STATION 14 
DRIVE TO LM 
LMP INGRESS 
CDR INGRESS 
P57 LUNAR SURFACE ALIGN 
P22 LUNAR SURFACE NAV 

G.E.T. 
HR:M|N:SEC 

”0:55:00 
"1:37:23 

172:25:00 
"2:30:00 
”2:44:39 
”2:55:00 
”2:59:39 
"3:15:39 
173:30:00 
176:30:00 
”6:45:00 
”7:20:45 
177:25:45 
”915:3? 

EVENT 

P57 IMU REALIGN 
LUNAR LIFTOFF B.T. 
7 MIN 15.2 SEC (45.6 X 9.0) 
P42 APS THRUST 
P35 TRANSFER PHASE MCC 
M00 1 
P41 RCS THRUST 
MCC 2 
BRAKING 
DOCKING 
COR IVT T0 CSM 
LMP IVT TO CSM 
LM JETTISON 
CSM SEPARATION 
LM DEORBIT 



CSM BURN SCHEDULE 
BURN/ cam AVR ULLAGEI RESULTANT 
muvn BURN TIME (FPS) AV (FPS) REFSMMAT HA 5 H REMARKS 

2:49:53 10004.1 LAUNCH slv BURN TU 5 MIN 57.5 sec 
CSM/LM 4:16:00 0.4 - LAUNCH ncs sun» EJECTION 3 sec 
MOO-1 11:56:54 - — nc NOM ZERO 
MCC-Z 30:55:54 _ - nc NOM zeao 
mcc-a 56:31:14.7 — — no MOM 2530 
mcc4 73:31:14.7 — — nc MOM 2530 

73:31:14.1 NOT HA 170.0 LOI 6 mm 32 sec 2997.9 new: LG! HP 58.3 SPS BURN 
82:39:32.6 4 JET HA 58.4 DOI 22.9 sec 207.6 11 sec LDG sma HP 9.6 svs BURN 

BAILOUT 82:26:16.9 4 JET HA 71.0 BURN 10.2 sec 94.0 16 sec LDG SITE HP 3.9 395 BURN 
96:17:00 LS on PC sps BURN 00! As REO'D NONI zeno 

unoocx 100:13:56.1 HA 59.3 a. saw 3.3 sec 1.0 — LDG SITE HP 3.4 ncs BURN 
can 101 :34:55.1 4 JET LDG sms HA 54.7 CIRC 3.9 sec 70.8 14 sec LDG SITE HP 54.5 593 BURN 

165: 12:50.6 308.6 4 JET PLANE HA 59.3 LOPC 16.5 sec 15 sec CHANGE HP 59.2 SPS BURN 
CSM 177:2s:45 HA 59.9 sen 6.4 sec 1.0 — unorr HP 53.7 acs BURN 

223:43:47.s 3046.7 4 JET TEI mm 39.0 sec 12 sec m SPSBURN 
race-5 223mm; - — FTC NOM zsno 
mcc-a 272:58:20 — — FTC NOM zeao 
MOO-7 31:53:20 — — ENTRY MOM 2530 
El  294:58z20 

BURN] GETI/ Ava ULLAGE/ assu LTANT MNVR eunu TIME (FPS) AV (FPS) “EFSMM” HA 1:. HP “MAN‘S 
1041;213:543 4 JET PDI 12 MIN 2.1 sec 6700.0 7.5 sec LDG SITE - ops BURN 
171:37:23.9 HA 45.6 ASCENT 7 MIN 15.2 sec 6055.5 N/A LIFT-OFF HP 9.00 APS aunu 
172:29:39.1 4 JET HA 51.5 m 2.6 sec 73.6 10.0 sec um)" HP 43.9 APS BURN 

LM 179:06:22.7 050mm 1 MIN 22.3 sec 195.4 N/A LIFT-OFF ncs BURN 



LOI GEOMETRY 

Position of eanh at LOI 
Longitude = -3.1' 

Apolune altitude = 170 n. mi. 

Position of sun at LOI 
Longitude = 93.7‘ 

Approach hyperbola 

Pen'lune altitude = 58.3 n. mi. 

LOI cutoff 
Altitude = 73.9 n. mi. 
Velocity = 5411.2 fps LOI bum initiation 
Longitude = 163.2'  Altitude = 95.0  n. mi. 
Latitude = -21.7° Velocity = 8170.9 fps 
Plane change = 7.9'  Longitude = -169.9°  
Bum arc = 25.1' Latitude = —27.9° 

TIG = 78:31:14.  7 
Burn time = 6 min 32 seconds 



E GEOMETRY 

EARTH 

PERILUNE ALTITUDE 
9 . 6  nun 

D01 BURNOUT 
ALTITUDE 58.4 mi APOLUNE 58-4 nmi 
VEIDCITY 5, 283. 7 ft/s 
BURN DURATDN 22.9 seconds 
BURN ARC 1 . 2  degrees 
AV 207.6 ft/s 
PERILUNE s. e m: 
APOLUNE 58.4 mi 

DOI BURN INITIATION 

ALTITUDE 58. 4 nmi 
VELOCITY 5 ,491 .4  ft/I 
PERILUNE 58.4  nml 
APOLUNE 169. 8 nml 
TIG 82:39:32. 6 



DESCENT and ASCENT EVENTS 

EVENT 

DESCENT ORBIT 
INSERTION (00” 

Burn Initiation 

Burn Tominltion 

CSM/LM UNDOCK 
AND SEP 

TIME TIME 
Hfltfllflzfic HR:MII:SEC 

6LT. 6.0.7. 

82:39:32.5 

82:39:56.4 

1130:1356!) 

CIRCULAHIZATION (CSM) 
Bum Initiation 

Bum Turmination 

101:34:56.1 

1013459.!) 

July 29. 1971 
19:13:32.5 

19:13:55.4 

My30, 1971: 
2::.47560 

14:03:55.1 

14:13 59.0 

DATA 80”!" 

Mass, 1!) 76 363.6 
Altitude Above LLS Radius, mi 58.4 
Solonogrmhic Latitude, dog -25.3 
Solenognphic Longitude, dog -148.7 
Porilune Altitude Above LLS Radius. nmi 58.4 
Apolune Altitude Above LLS Radius, nmi 169.8 
Velocity, fps 5 491.4 
Altitude Above LLS Radius, mi 58.4 
Scienographic Latitude, dog -25.4 
Selenognphic Longitudo, dq 450.0 
Scknographic Inclination, dog 26.0 
Bum Duration, at: 22.9 
Inertial Bum ac, dog 1.2 
Plane Change. dog 0.0 
AV.  fps 207.6 
Velocity, fps 5 283.7 
SPS Ptopouam Used, 1!) 1553.1 
Orbit-I Patiod, hrzminzuc 01::53 58.9 
Periluno Altitude Above LLS Radius mi 9.6 
Apoluno Altitude Above LLS Radius, nrni 58.4 
Revolution 2 

Sdenographic Latitude -6. 0 
‘Solonoguphic Longmado, as 110 .5 
lution Numb“ 12 

Man, 1b 37 918.0 
Sehnogtmhic Latitude, dog -23.6 
Seltnogvaphic longitudu, don 446.0 
Selanographic Inclination, dog 26.1 
Altitude Above LLS, mi 59.0 
Perilune Altitude Above LLS, mi 8.6 
Velocity, fps 5 280.8 
Rcvdution Number 12 
AV,  fps 70.8 
Bum Duration, sec 3.9 
Altitude Above LLS, nmi 59.0 
Puriluno Altitude Above LLS, nmi 54.5 
Apolune Altitude About LLS. mi 64.7 

TIME 
"E" Hummus 

G.E.T. 

PDI (DPS Ignition 104182548 
Time) 

High Gan 
(P63 to P64) 104:38:18.B 

Low Gm 104:39:36.8 

Vutical Dam: 104:40:16.8 

LM Landing 104:40:57.0 

ASCENT 
LM Lift-Off 171:37:23.9 

LM Innrtion 171144391 

HENDEZVOUS 
TPI (APS lmition) 172:29:39.1 

TIIE 
HR:HII:8EC 

0.0.1. 

17:02:54.8 

17:12:18.8 

17:13:36.8 

17:14:16.8 

17:14:57.0 

DATA SUMRY 

Velocity 
SP8 Propollmt 000:1":d 
Bum arc dog 
Orbital Period, hl' animal: 
Revolution Number 
Altitude Above LLS, ft 
tocity, fps 
Revolution Number 

Altitude Abou LLS ft 
Vcloc ocityJ 
Altitude Abovc LLS h 
Velocity, fps 
Altitude Abovo LLS. ft 
Volocity, fps 
AV. fps 
Bum Dunflon, Ioc 
DPS Propolhm Consumd. 1!) 
Revolution Number 
Sebnognphic Latitudu, dog 
Soknognphic Longitude, do. 

August 2, 1 71 
12:11:23.9 

12: 18:39.1 

13:03:39.1 

510s 
H Sohnogmhic titudi, d” 
w Solonoonphic Longitude. dog 
Revolution Number 
Mass, 1!) 
AV,  fps 
Bum Duration, Inc 
Latitude, dug 
Longitude. dog 
Altitude Above LLS, ft 
Perilune Altitude Above LLS, h 
Apolune Anitudo Abon LLS, ft 

Bum Duration, sec 
7 p‘ 

Propollant Used, 1!: 
Resultant ha/h , nmi 
Range at Cuto , nmi 
Range Rate at Cutoff, fps 
Propulsion System 
Revolution Number 



uni 
mm amuse: 

9.5.1. 

Brim. 1n:1o:4u 

M i .  13:33:”.0 
Lu m 1712035.: 

cwm SEPARATION 
Dun Inflhfion 177 25:“:0 
Bum 1mm 1172155” 

L“ m 119:fi:37.0 

LM lam 13:311.! 

SHAPING BURN 
Bum a m  221:5:51.‘ 

TIDE 
"EDIE“: 

ILIIJ. 

13:44:46.3 

10:3:313 

NflHM'I.’ 

Aug 4, 1971 
13:50:51.. 

DATA SHIV 

Bum Duration, In: 28.6 
AV, fps 31.6 
Propollnm Ud, ‘II: 20.4 
m It Find Brim, mi 0.01 
Rum Rate It Find Baiting, 1pc - 0.22 
W at Fin-l Braking, nmi EEG/60.1 
Propulsion Syn-n LM RC8 
Rovoiution Numhat 49 

saviour-phi: Launch,“ 23.4 
Sohnouuphic Lou-pull. h. 11.4 
lution N 51 

Revolution Numb. 51 
Man, 1b 3 523.1 
AV, fps 1.0 
Bum Duration, ac 6.4 

‘ W 5 :  Latim do. 18.6 
Sdonoyaphic Longitudu, (In. 25.6 
Altitude Aha" LLS Radius, mi 59.5 
Putiluru Altitude Abov- LLS am. nmi 58.6 
Apolum Altitudo Allow LLS 3.15“. mi 59.8 
Piano Chm, 0.0 
SUI-norm”: India-hon, do. 28.9 
Vllocity fps 5 347.7 
Revolution Numb: 51 
Man, ‘lb 5 345.6 
AV, fps 2012 
Burn Duration, $3 
‘Slhnowlphic Lam. h —7.3 
‘Snlonowmhic L a w ,  «by 76.0 
M... II: 5 228.0 
W i t :  l m h  do. 26.3 
W , ch. 1.8 
Velocity. fps 5 568.1 

Revolution Numhc 52 

Mas, 1b 3230.9 
Altitude About LLS Rodin mi 62.6 
Suki-Downtime Latitudl dog 13.9 
Mamie Lonytudo, —‘I 11.8 
Porilum Altitude Am LLS, uni 54.9 
Apolum Altitude Abov- LLS, m IA 

flue TIIE 
EVENT flflzfllzflc Hflzfllzflc 

EEJ. (LBJ. 

MTmb-flm 221:25:fi.0 13:50:53 

SUBATELLITE JETTISON 
222:3:117 15:10:12.7 

TRANSEARTH INJECTION 
Bun” u m  223: 46: M. 1 M4. 1071 

:.m 10:20 

TRANSEARTH COAST, 
MIDCOURSE MANEWERS 

TEI plus Aug 6, 1971 
17 III “12:23 

WG-6 El m Aug 6, 1971 
22 hr 17:32:20 

” - 7  El mil'ln Aug 7, 1971 
3 hr 1 :32: . 

CHIS" Sq! El mimn 15:17:20.0 
15m 

ENTRY @294:58:.200 15::3220.0 
INTERFACE 

CM LANDING 25:11:53 15:46:53 

DATA M I "  

W Indium. [kg 28.0 
Volocity, fps 6 331.1 
«ohm Numb-r 73 

W i n  Lam, m 13.3 
:9t Loop“ -‘|12.0 

Poriluna Altitude Aha" LLS, Mli 57.5 
Apolunl Altitude Above LLS, nlni 77.8 
Bum Duration, In: 3.4 
lnlrtial Burn ac, don 0.2 
Ham Chang, dq 0.0 
AV,  “3 84.2 
SPS Prop-“ant UM. 1!: 229.8 
Vole-city. fps 5 53.2 

ARM Allow LLS Rm, uni 87.0 
W 5 :  Lam-do, dug —o.4 
m m i c  Lomnudu, (by 41.4 
Vclocity, fps 5 329.7 
Pauline Altitud- Abou LLS mi 57.7 
Apolum Altitud- Ahon LLS. mi 77.3 
[involution Numb. 74 

Man. II: 5 960.0 
Alum Ahm- LLS Ram , mi 72.8 
W i t . -  Latitudo, dll -‘|4.3 
W Lonu'mdu. in -187.8 

‘Goodcm' Alum , uni =l|=1'I3 6M 

‘Gcoduic A m .  mi a|=10? 400 

“ Guam: Altitudl. nmi ‘15 m 

‘Goodnic Altitudl, nmi 1 951.6 

T I M  Cont Time, M 71.2 
Immal‘ VIIocity, fps 3 097.2 
Geodetic Altitude, nmi (ft) 6.77“!” 822) 
Il'Il'fiII Flw‘t-Pnh Auk. dug -O.49 
Goodnic Latitude. dq 14.3 
Longimda, dog 414.95 
Equatorial' Inclination (Au-din). h 40 
Goodflic Lama, do. 28.119 
Longimdu. an. 458.00 
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DIRECT RENDEZVOUS PROFILE 

1300 

INTERCEPT 

60 n. mi. 
circular INSERTI orbit 



TYPICAL ENTRY ‘ 0 

TIME FROM 
EVENT 400 000 FT 

MIN:SEC 

ENTRY I 0:00 

ENTER S-BAND COMMUNICATION BLACKOUT 0:18 
GUIDANCE CHANGES FROM P63 TO P64 0:29 
LOAD FACTOR > 0.05 g 
INITIATE CONSTANT DRAG CONTROL LOAD 0:54 
FACTOR > KA 
MAXIMUM HEATING RATE 1:10 

GUIDANCE INITIATE AT RDOT = -700 film 1:20 

MAXIMUM LOAD FACTOR (FIRST) 1:24 

SUBCIRCULAR VELOCITY 2:10 

GUIDANCE CHANGE FROM P64 TO P67 2:12 

EXIT S-BAND COMMUNICATION BLACKOUT 3:34 

MAXIMUM LAOD FACTOR (SECOND) 5:42 

TERMINATION OF CMC GUIDANCE 6:50 

DROGUES PARACHUTE DEPLOYMENT 7:47 

MAIN PARACHUTES DEPLOYMENT 8:36 

LANDING 13:26 L.— 

'::::::::II In 
I I I I I I I I  DROGUE PARACHUTE DEPLOYMENT 

WIIIIIIII | 
I I I I I I I I I  ' 
. I I I I I I I I I I I I I I I I I I I I I I I I I I I  

INITIATE ENTRY 

IIII . 7 ;‘ 
I,IIIIIIIIIi : , . 

I I I I I T  I l l 
MAIN PARACI'IUTE DEPLOYMENT 

4 0  I I  | "  : H  . u  4 H  H 

I o 



Maneuver footprint and nominal groundtrack. fl. ? 
60 

..~. . W% 
50 Range limit = 3500 {1. mi. 

Maneuvet footprint‘ 
40 

30 . ,1 / V 31‘ . 7 '  

. . \ Landing target ‘ ' . F 
20 ' _Longitude = 158.00° W— “2.; iii? 

/ Latitude = 26.12“ N ........... u 
l I I l ”a 

€10 \ Envy interface 
z \ Altitude = 399 622 n 

Longitude = 174.95' W 
2, 0 ' f. , Latitude= 14.30° N 
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COMPUTER PROGRAMS 

PROGRAM PHASE NUMBER PROGRAM TITLE 

Pre-Launch 00 CMC Idling 
and O1 Prelaunch or Service-Initialization 
Service 02 Prelaunch or Service-Gyro Compassing 

03 Prelaunch or Service-Optical Verification 
of Gyro Compassing 

06 GNCS Power Down 
07 Systems Test 

Boost 11 Earth Orbit Insertion Monitor (EOI) 
15 TL! Initiate/Cutoff 

Coast 20 Universal Tracking 
21 Ground Track Determination 
22 Orbital Navigation 
23 Cislunar Midcourse Navigation 
24 Rate-Aided Optics (Landmark Tracking) 
27 CMC Update 
29 Time-to-Longitude 

Pre- 30 External Delta V 
Thrust 31 Height Adjustment Maneuver (HAM) 
Targeting 32 Co-elliptic Sequence Initiation (CSI) 

3 Constant Delta Altitude (CDH) 

PROGRAM PHASE NUMBER PROGRAM TITLE 

34 
35 
36 
37 

Thrusting 40 
41 
47 

Alignment 51 
52 
53 
54 

Entry 61 
62 
63 
64 
65 
66 
67 

Pre- 72 
Thrusting 73 
Other Vehicle 74 

75 
76 
77 
79 

Transfer Phase Initiation (TPI) 
Transfer Phase (TPF). 
Plane Change (PCM) 
Return to Earth (RTE) 
SPS 
RCS 
Thrust Monitor 
IMU Orientation Determination 
IMU Realign 
Back-up IMU Orientation Determination 
Back-up IMU Realign 
Entry - Preparation 
Entry-CM/SM Separation and Pre-entry Maneuver 
Entry Initialization 
Entry-Post 0.056 
Entry-up Control 
Entry-Ballistic 
Entry-Final Phase 
LM Co-elliptic Sequence Initiation (CSI) Targeting 
LM Constant Delta Altitude (CDH) Targeting 
LM Transfer Phase Initiation (TPI) Targeting 
LM Transfer Phase (Midcourse) Targeting 
LM Target Delta V 
CSM Target Delta V 
Rendezvous Final Phase 



lGC PROGRAMS NUMBER TITLE 
TH RUST 
P40 DPS Thrusting 
P41 RCS Thrusting 
P42 APS Thrusting 

NUMBER TITLE P47 Thrust Monitw 

SERVICE ALIGNMENTS 
P00 _ LGC Idling P51 IMU Orientation Determination 
P06 PGNS Power P52 IMU Realign 
P07 Systems Test (Non-flight) P57 Lunar Surface Alimment 

ASCENT DESCENT & LANDING 
P12 Powered Ascent Guidance P63 Landing Maneuver Braking Phase 

P64 Landing Maneuver: Approach Phase 
COAST P66 Rate of Descent Landing (ROD) 
P20 Rendezvous Navigation P68 Landing Confirmation 
P21 Ground Track Determination 
P22 RR Lunar Surface Navigation ABORTS AND BACKUPS 
P25 Preferred Tracking Attitude P70 DPS Abort 
P27 LGC Update P71 APS Abort 

P72 CSM Co-elliptic Sequence Initiation (CSI) Targeting 
PRETHRUSTING P73 CSM Constant Delta Altitude (CDH) Targeting 
P30 External Delta V P74 CSM Transfer Phase Initiation (TPI) Targeting 
P32 Co-elliptic Sequence Initiation (CSI) P75 CSM Transfer Phase Midcourse (TPM) Targeting 
P33 Constant Delta Altitude (CDH) P76 Target Delta V 
P34 Transfer Phase Initiation (TPII P77 CSM Target Delta V 
P35 Transfer Phase Midcourse (TPM) P99 Guided RCS Burn (E-Memory Frog) 



VEI m LIST 
LOAD ERROISE NEEDLES 
SET SU IFCA EFLM‘  
RESET SURFACE FLAG 

M S V  INTO (‘SM SV 
(LXMS MARK I(N‘ 
|N(‘ REMENT (‘MP TIME 
TERMINATE I’ZO 
N l 7 =  N20 
W MATRIX DISPLAY 
RESTAI RT 
ERASAIJLE DUMP 
REJECT COAS MARK 
TERMINATE VHF MARKS 
RECYCL E ATT MNVR (I ’23) 
TERM SV INTEG “ALL POO) 

NOUN LIST 
ANG ERR 
CHANNEL 
TIG (:Sl 
TIG CDH 
V ()UTOFF TLI. 
INC REMENT ADDRESS 
T EV EN T(EX|T VERI!) 
TF Hl’ 
m T ’EVENT (PROGRAM) TF EVENT cm: TIME 

6 
73 

7 1 " “  TI ’| 
STATE VECTOR TIME 
1:31. TRA ”NS E" 
H. ' HJ’ ' “V 
LAT ' L0.NG ' .H 
HJ‘ ' H." ‘ TFF 
£1,905 ‘ uVEL ‘ CODE 
"(1A ”'10“ ‘ ”(95‘ Y . "  
ACTUAL .UT 
RAN.GE ' R." ‘ I’J'" 
RAN.GE ' R." ' THEJA 
CODE ’ ELEV A.NG ‘ .UT 
HJ’ ' “VTPJ ’ fiVTI’f 

VL.()SX ' L‘NLOSX ' ....VL()S.Z 
cm: TIME 
M X I O )  ' VEL ‘ (IAH.NA 

I 

“ H  (2|).H ‘ “ T l  ' $1.2 
Y . - A W  I’IIT.()H - (MICK. 0" 
.RATE - I)” . 
AW‘ DH LOCAL VEILT 
VG CONTROL AXES 
CAL"! SHAFT - T.RUN 
.LAT - LONG/2 - ALT 
Y ACT-Y DOT A(:.T-Y DOT PASS 
PRESENT SHAFT - TRUN 
COMMAND SHA.FT - T.RUN 
TORQUING .ANG 
SHA. F T -  TJQUN 
TFI l/TF 6 -  V6. VI. 
P08 ERR. - VEL ER.“ - CODE 



AMIM CODES (VOSNM) 

HP<S.I NM AFTER CON 
CS. ”3610 (20:: "G A I < I O  MIN 

<10 MIN 
N CMC T C N S !  
‘5 SEC 00606 1000 ITEIATIONS 

I READY NO I. V A GIV 

MK IUEC‘I ENIERED a. muouo nss wnu- -m uncou 1.5mm FA". I (cu m ":3 stoneo OIIHA "Us! ATION 
NO CONI C TON 
ALTITUDE <4SOOK AT TIG éP37) 
NEG OR 2!! O WAI TLIST All. 
TWO DISPlAYS ATTEMPTED AT ONCE 
TWO PROGRAMS USI AT ONC 
SORT CALLED WIYH G ARGUMENI 

A M DURING INVEINAL USE 
DISPLAY 
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ABBREVIATIONS \ ( “summons \ 
ADI Ascsusmu TRACKING sums LR LANDING RADAR 
ass ABORT GUIDANCE mm: ac Lu unocouase causation 
MIG ANTIGUA TRACKING STATION ICC IIDCOURSE comma-non 
Aos ACWISITION OF SIGNAL nan uencuav nucmuc SHIP 
“’5 ASCENT PROPULSIOH SYSTEM m MIDDLE GMBAL ANGLE 
am 35:11q TRACKING STATION MIL usanm ISLAND TRACKING STATION 
IT wan me usru unuso SPACE FLIGHT "moan 
CAL CALIFORNIA menus STATION 06A OUTER cIuBAL ANGLE 
CW (INSTANT DIFFERENTIAL HEIGHT ops OXYGEN pom: SYSTEI 

con “WW5“ PC PLANE cums: 

0‘ com” '00" LE COIPUTER PGA PRESSURE GARMENT asseum 
‘30 “WWW TR‘CK'NG “WON PGNCS PRIMARY GUIDANCE & NAVIGATION 
csu couceumc sequence mmmou CONTROL sunsvsrsu 
csu cannon mo SERVICE MODULES PLSS PORTABLE LIFE SUPPORT mm 
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