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1.0 MISSION SUMMARY 

Apollo 15 was the first in a series of missions designed to conduct 
exploration of the moon over longer periods, greater ranges, and with more 
instruments for scientific data acquisition than on previous missions. 
Major modifications and augmentations to the basic Apollo hardware were 
made, the most significant being installation cf a scientific instrument 
module in one of the service module bays, modification of the lunar mod­
ule to carry a greater scientific payload and permit a longer stay on the 
luna.r surface, and the provision of a lunar roving vehicle. The landing 
site chosen for the mission was an area near the foot of the Apennine 
Mountains and adjacent to Hadley Rille. The mission accomplished all of 
its objectives and is providing the scientific community with a large 
amcunt of new information concerning the moon and i' s chara.cteristics. 

The space vehicle was launched from the Kennedy Space Center, Com­
plex 39A at 9:34:00.6 a.m. e.d.t. (13:34:00.6 G.m.t.), on July 26, 1971. 
The spacecraft was manned by Colonel David R. Scott, Commander; Major 
Alfred J. Worden, Command Module Pilot; and Lt. Col. James B. Irwin, Lu­
nar Module Pilot. The spacecraft/S-IVB combination was iuserted into a 
nominal earth parking orbit approximately 11 minutes 44 seconds after 
lift-off. S-IVB restart for translunar injection was initiated during 
the second revolution at about 2 hours and 50 minutes. The maneuver 
placed the spacecraft /S-IVB combination on a trans lunar trajectory that 
would allow return to an acceptable earth-entry corridor using the re­
action control system engines. Approximately 27 minutes after injection 
into the trans lunar trajectory, the eommand and service module was sepa­
rated from the 8-IVB and docked with the lunar mod11le. The lunar module 
was extracted f.:-om the spacecraft/launch vehicle adapter. Shortly there­
after, the S-IVB tanks were vented ant the auxiliary propulsion system 
was fired to target the S-I"IB for a lunar impact. The first spacecraft 
midcourse correction was performed at about 28 hours 40 minutes with a 
velocity change of 5.3 ft/sec. One other small ll'idcourse correction was 
performed during translunar flight. 

The spacecraft was inserted into a lW'lar orb.t t of 170.1 by 57.1 mi­
les at approximately 78 hours 32 minutes. About j, hour later, the impact 
of the S-IVB stage was sensed by the Apollo 12 and 14 seismometers. The 
impact point was about 146 kilometers ( 79 miles) frc.'m the planned point 
and useful ~1cientific data were obtained. The space .. ~raft was inserted 
into a 58. 5-by-9 .6 mile orbit at about 82 hours 40 minutes and a trim ma­
neuver was performed later to adjust the perilune :~or powered descent. 
Undocking and separation occurred at about 100 hours 39 minutes and, ap­
proximately 1 hour later, the command and service n10dvle was placed in a 
near-circular orbit i11 preparation for the acquis:ltion of scientlac aata. 
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The lunar module touched down on the lune.r surface about 550 meters 
(1800 feet) frcm the planned target point at 101+:42:29. The landing point 
was 26 degrees 6 minutes 4 seconds north latitude and 3 degrees 39 minutes 
10 seconds east longitude (referenced to the Rima Hadley Lunar Photomap, 
Orbiter V site 26.1, First Edition, published by the U.S. Army Top~graphic 
Command, April 1970). A hover time capability of about 103 seconds re­
mained after touchdown. 

About 2 hours after landing, the Commander stood on the ascent engine 
cover with the upper part of his body extending through the upper hatch 
opening to photograph and describe the area surrounding the landing site. 
This extravehj cul.ar activity period lasted about 33 minutes. Approxima­
tely 12 1/2 hours later, the first lunar surface extravehicular activity 
commenced. Initially, the crew collected and stowed a contingency sample, 
deployed the lunar roving vehicle, unstowed the Apollo lunar surface ex­
periments package and other equipment, and configured the lunar roving 
vehicle for lunar surface operations. Some problems were experienced in 
deploying and checking out the rover, but these were worked out and tt.e 
crew drove the vehicle to Elbow Crater where ~hey collected and docurented 
samples, giving an enthusiastic and informative commentary on lunar fea­
tures. Television control during various stops was provided by the Mis­
sion Control Center. After obtaining additional samples and photographs 
near St. George Crater, the crew returned to the lunar module using the 
lunar rover navigation system. The distance driven was about 10.3 kilo­
meters (5.6 miles). The crew then proceeded to the selected Apollo lunar 
surface experiments package deployment site, approximately 110 meters 
(360 feet) west-northwest of the lunar module. They deployed the experi­
ments essentially as planned except that the second heat flow experiment 
probe was not emplaced because drilling was more difficult than expected 
and the hole was not completed. The first extravehicular activity lasted 
about 6 hours and 33 minutes. 

The crew spent about 16 hours in the cabin between the first and sec­
ond extravehicular periods. Upon egress for the secor.d extravehicular ac­
tivity, the lunar rover was checked out. and prepared f)r the second sortie. 
The first leg of the 12.5-kilometer (6.8-mile) round trip was south to the 
Apennine front, but east of the first traverse. Stops were mwie at Spur 
Crater and other points along the base of the front, &; well as Dune Crater 
on the return trip. The return route closely followed the outbound route. 
Documented samples, a core sample, and a comprehensive s~le were collec­
ted, and photographs were taken. A:rter reaching the hnar module, the crew 
r,~turned to the experiments package site where the Commande"t" completed 
drilling the second hole for the heat flow e~~eriment a~d emplaced the 
probe. During this period, the Lunar Module Pilot perf·)rmPti ~oil mechanics 
tasks. Drilling was again performed by the Commander tt) obtain a deep core 
sample, but the operation was terminated because of ti~! constr~ints. The 
crew then returned to the lunar module and deployed the United States flag. 
The second extravehicular activity ended a:rter about 7 l.ours 12 minutes. 
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The crew spent almost 14 hours in the cabin following the second ex­
trav-ehicular period. The third extravehicular activity began later than 
origin~ly planned to allow addi tiono.l time for crew rest. This and other 
delays at the experiments package site required deleting the planned trip 
to the North Complex. The first stop was at the experiments package site 
to retrieve the dt!ep core sample. Two core sect:! .:>ns were disengaged, but 
the drill and the remaining four sections could not be separated and were 
left for lat~r retrieval. The third geological traverse was in a westerly 
direction and included stops at Scarp Crater, Rim Crater, and The Terrace, 
an area. along the rim of Hadley Rille. Extensive samples were obtained 
as well as a double core tube and photographs of the west wall of Hadley 
Rille where exposed layering was observed. The return trip was east toward 
the lunar module with a stop at the experiments pe~kage site to retrieve 
the remaining sections of the deep core sample. One more section was sep­
arated and the ren...aining three sections were returned in one piece. After 
returning to the lunar module, the lunar rover was unloaded and parked for 
ground-controlled television coverage of the lunar module ascent. The 
total distance traveled during the third extravehicular activity was about 
5.1 kilometers (2.8 miles), and it lasted about 4 hours 50 minutes. The 
total distance traveled with the lunar roving Yehicle during the three ex­
travehicular periods was 27.9 kilometers (15.1 miles) and the total weight 
of lunar samples collected was about 170 pounds. 

While the lunar module was on the surf,~ce, the Cormnand Module Pilot 
completed 34 l~ar orbits operating scientific instrument module experi­
ments and cameras to obtain data concerning the lm~ar surface and the lu­
nar environment. Some of the scientific tasks accomplished during this 
time were the photogrtiphing of tlle ::"'unlit lunar surface; gathering da'ta. 
needed for mapping the bulk chel!lical con.posi tion of the lunar surface and 
determining the geometry of the moon along the ground track; visually sur­
veying regions of the moon to assist in identification of processes which 
formed geologic features; obtaining lunar atmospheric data; and surveying 
gamma-ray and. X-ray sources. Good-resolution panoramic and mapping camera 
photographs were obtained duriag the mission. 

After 66 hours 54 mi~utes and 53 seconds on the lunar surface, the 
ascent stage lifted off at 171:37:23. A nominal lunar-module-active ren­
dezvous was performed followed by docking at about 173 hours 36 minutes. 

The luua.r module was jettisoned one revolution later than planned be­
cause of solllP. difficulty wg11 verifying the tunnel sealing and suit integ­
rity. Jettisoning occurred at about 179 hours 30 minutes and, about 1 112 
hours later, the lunar module vas deorbi ted with lunar impact occurring at 
26 degrees 21 minutes north latitude and 0 degrees 15 minutes east longi­
tude, about 23 l/2 kilometers (12.7 miles) from the planned impact point 
and about 93 kilometers (50 miles) west of the Apollo 15 landing site. 
Th~ impact was recorded by the Apollo 12, 14, and 15 seismic utations • 
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Be;.~ore leaving lunar orb:i.t, a subsatt:llite was deployed in an orbit 
of approximately 76 by 55 miles, and all systems are operating as expected. 
The tr~1searth injection maneuver was initiated at about 223 hours 49 min­
utes. 

At about 242 hours, trans earth coast extrave·hicult:~.r activity began. 
Television coverage was provided while the Comm~,d Module Pilot retriever 
film cassettes and examdned the scientific instrvment module for abnorma­
lities. This extravehicular activity lasted approximately 38 minutes. 
The total extravehicular time durin~ the mission we.~;: 19 hours Jnd 47 min-­
utes. 

A small rnidcourse correction of 5.6 ft/sec was performed at the sev­
enth midcourse correction opportunity. The corernaJ.d module was separated 
from the service module as planned and a nominal entry followed with the 
spacecraft being obse~~d on the mair parachutes. During the descent, 
one of the three main parachutes failed, but a safe landing was made at 
295:11:53. The best estimate of the landing coordinatea iq 26 deg~ees 
7 minutes 48 seconds north latitude and 158 degrees 8 minutes 24 seconds 
west longitude, about 1 mile from the planned landing point. The crew 
was brought onboard the recovery ship by helicopter about 39 minutes af­
ter landing. The Apollo 15 mission was successfully concluded with the 
placing of the comna.nd module onboard the recovery ship about 1 1/2 hours ' 
aftP.r landing. 
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2.0 INTRODUCTION 

The Apollo 15 mission was the fifteenth in the series using Apollo 
flight hardware and achieved the fourth manned lunar landing. ThF! ob­
jectives of the mission were to investigate the lunar surface in a pre­
selected area of the Hadley-Apennine region; emplace and activate surface 
experiments; evaluate the capability of the Apollo equipment to provide 
.~xte_nded lunar surface stay time, increased extravehicular operations, 
and sur::'ace mobility; and conduct inflight experiments and photographic 
tasks from lune.r orbit. 

This report provides the National Aeronautics and Space Administra­
tion and other interested agencies with the results of the Apollo 15 mis­
sion. Some aspects of the mission such as preliminaz·y scientifir .. esults 
and launch vehicle performance are reported in greater detail in 1 ther 
publ: e; tions (references 1 and 2) • This report contains: 

a. A discussion of the performance of spacecraft systems and onboard 
equipment, including significant anomalies incurred and their resolution. 
(The results of anomaly investigations not completed by the time of pub­
lication will be reported individually.) 

b. A description of the mission by the flight crew. 

c. A summary of science operations. 

d. A summary of the operational support provided by the flight con­
trol, ilanned space flight network, and recovery teams. 

e. A biomedical evaluation. 

f. A summary of launch conditions and launch vehicle performance. 

g. An assessment of mission objectives satisfactorily accomplished. 

In addition, in Appendixes A throut~ D, the configuration of the 
spacecraft and the equipment aboard tht= spacecraft are identified, and 
information is presented concerning spacecraft manufacturing and checkout 
hi story, postflight testing, a.n:i data ava.ilabili ty. A complete analysis 
of all applicable data is not possible within the time frame of the prep­
aration of this report, Therefore, report SUJ;·t lements will be published 
as necessary, Appendix E lists the reports and gives their status, either 
published or in preparation. 

Times, unless otherwise specified, al:-e elapsed time from range zero, 
established as the integral second before lift-off, Range zero for this 
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mission was 13:34:00 G.m.t., July 26, 1971. Customary units are used ex­
cept in cases where metric units have a common usagE;, such as measurement 
of lunar surface distance. In these instances, both metric and customary 
units are given for convenience. All mileage distances are in nautical 
miles and all weights are referenced to earth gravity. 
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3.0 TRAJECTORY 

The general trajectory profile of this mission was similar to that 
of Apollo 14 except for a few refinements. The most significant differ­
ence was that the angle of descent to the lunar surface was increased 
from 14 degrees to 25 degrees. Tables 3-I and 3-II give the times of 
major flight events and definitions of the events; -r.ables 3-III and 3-IV 
contain trajectory parameter information; and table 3-V is a summary of 
maneuver data. 

3.1 LAUNCH AND TR.ANSLUNAR TRAJECTORIES 

The launch trajectory is reported in reference 3. Because of earth 
parking orbit insertion dispersions, the S-IVB instrument unit received 
two navigation updates prior to translunar injection. Nominally, the 
translunar injection maneuver is targeted to a 79-mile pe~!..::ynthion. The 
command and service module, along with the lunar module, lower this peri­
cynthion to 68 miles as a result of their ejection and separation from 
the S-IVB. Although the translunar injection maneuver was targeted to a 
79.;nile pericynthion, one of 139 miles was achieved. Two midcourse cor­
rection maneuvers were performed in addition to the normal vehicle sepa­
ration maneuvers to reach the desired 68-mile pericynthicn. 

After command and service module/lunar module ejection, the S-IVB 
performed an evasive maneuver. Then the S-IVB, using its auxiliary pro­
pulsion system, performed two maneuvers designed to impact it at the de­
sired lunar location of 3 degrees 39 minutes south latitude and 7 degrees 
35 minutes west longitude. Initial tracking after the two maneuvers indi­
cated that impact would be within 37 kilometers (20 miles) of the target. 
However, because of an error in targeting due to tolerances in the track­
ing vector and unexpected vehicle thrusting, the impact occurred 146 kilo­
meters (79 miles) from the target at 1 degree 31 minutes south latitude 
and 11 degrees 49 minutes west longitude. 

3.2 LUNAR ORBIT 

3.2.1 Orbital Phase 

The spacecraft was inserted into a 170.1-by-57.7-mile orbit around 
the moon using the service propulsion system. Approximately 4 hours later, 
the descent orbit insertion maneuver was performed, end the spacecraft was 
lowered to an orbit having a 58.5-adle apocynthion and a 9.6-mile pericyn­
thion. This orbit gradually decayed, requiring a trim maneuver to adjust 
the orbit for powered descent initiation. 
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~ABLE 3-I.- SEQUENCE OF EVENTS 

-::vent 

Range zero- 13:34:00 G.m.t., July 26, 1971 
I.irt-orr- 13:34:oo.6 G.m.t., July 26, 1971 
Earth orbit insertion 
Translunar injection maneuver 
S-IVB/Coiiiiii&Ild and service module separation 
Translunar docking 
Spacecraft ejection 
First midcourse correction/service propulsion 

system test 
Second midcourse correction 
Scie~tit'ic instrument module door jettison 
Lunar orbit insertion 
S-IVE lunar impact 
Descent orbit insertion 
Descent orbit trim 
Lunar module undocking and separation 
Circularization maneuver 
Powered descent initiation 
Lunar landing 
Sta.~ standup extravehicular activity 
End 11tandup extravehicular activity 
Start first extravehicular activity 
Data from Apollo lunar surface experiment package 
End t'1 --st extravehicular activity 
Start second extravehicular activity 
End second extravehicular activity 
Sta.rt third extravehicular a.cti vi ty 
Commmnd and service module ,lane change 
End third extravehicular activity 
Lunar ascent 
Termina.l rhase initiate 
Termina.l phase t'ina.lize 
Docking 
Lunar module Jettison 
Lunar module deorbit maneuver 
Lunar module impact 
Orbit shaping maneuver 
Subsatellite launch 
Transearth injection 
Start transearth extravehicular activity 
End transearth extravehicular activity 
Third midcourae correction 
Command mciule/aerYice module separation 
Entry interface 
~gin blackout 
Enti blackout 
Forward heat 1hield jettiaon 
Drogue deploywent 
Main parachute deployment 
Landing 

8 See table 3-II tor event definition•. 

Elapsed <;ime, 
hr:min:sec. 

00:11:44 
02:50:03 
03:22:27 
03:33:50 
04:18:01 
28:40:22 

7...:31:15 
74:06:47 
78:31:47 
79:24:42 
82:39:49 
95:~6:45 

100:39:16 
101:38:59 
104:30:09 
104:42:29 
106:42:49 
107:15:56 
119:39:17 
125:18:00 
126:11:59 
142:14:48 
149:27:02 
163:18:14 
165:11:33 
168:08:04 
171:37:23 
172:29:40 
173:11:07 
173:36:26 
179:30:01 
181:04:20 
181:29:37 
221:20:48 
222:39:29 
223:48:46 
241:57:12 
242:36:19 
291:56:50 
294:43:56 
294:58:55 
295:59:13 
295:02:31 
295:06:45 
295:06:46 
295:07:34 
295:11:53 

1 
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TABLE 3-II.- DEFINITION OF Ev~NT TIMES 

RMg .. zero 

Lift-off 

Earth orbit insertion 

Translunar injection manuever 

S-IVB/col!llland module separation, tra.nslunar 
docking, spacecraft ejection, scientific instru~ 
ment module door jettison, lunar module undocking 
and separation, docking, lunar module jettison, 
and subsatellite launch 

Second midcourse correct.ion, lunar orbit inaer~ 
tion, descent orbit insertion, circularization ma­
neuver, powered descent initiation, plane change, 
lunar ascent, lunar module deorbit maneuver, shap­
ing maneuver, and tra.nsea.rth injection 

Service propulsion firing test/first midcourse 
correction, descent orbit insertion trim tiring, 
and third midcourse correction 

S-IVB lunar impact 

Lunar la.nuing 

Beginning of extravehicular activity 

End of extravehicular activity 

Definition 

Final integral second before litt-off 

Time of instrumentation unit umbilical disconnect as indi­
cated by launch vehicle telemetry 

S-IVB engine cutoff time plus 10 seconds as indicated by 
launch vehicle telemetry 

Start tank discharge valve opening, allowing fuel to be 
ywmped to the S-IVB engine 

The time or th~ event based on analysis of spacecraft rate 
and accelerometer data 

The time the spacecraft computer commanded the engine on 
as indicated in the computer VO!"d telemetry data 

Engine ignition as "' ii~ated by the appropriate engine hi­
level telemetry measurement or other telemetr; data 

The time of l0ss of S-band t' 'ills ponder signal 

The time 'f first contact of lunar module footpads with the 
lunar surface as derived from spacecraft rate data 

The tiDe cabin pressure reaches 3 psis during depressuri­
zation as indicated by t~lemetry data 

The time cabin pressure reaches 3 psis during repressuri­
zation as indicated by telemetrt data 

Apollo lunar surface experiment package first data The receipt of first data considered valid from the Apollo 
lunar surface experiments package telemetry 

Terminal phase initiate 

Terminal phase finalize 

Lunar module impact 

Command module/service modu~~ 1eparation 

Entry interface 

Begin blackout 

End blackout 

Forward heat shield jettison, dro~e deployment, 
and main parachute deployment 

Earth landing 

The tillllt of start of the terminal phase initiate .aneuver 
during the rendezvous sequence as calculated by the cc.puter 

The time during the rendezvous sequence when the first 
braking maneuver ia performed as determined from telemetry 
data 

The time the final ~ata point is transmitted from the lu­
nar module telemetry system 

The time of sep~ration by command module/service module 
separation relays via the telemetry system 

The time the command module reaches 400 000 feet geodetic 
altitude as indicated by the beat estimate of trajectory 

The time of S-band communication loss due to air ionization 
during entry 

The time of aquisition of S-band communications follavina 
blackout 

The time of depla,rment as indicated b,y the rel~ actuations 
via the telellllttry eyate111 

The time t.he epacecrAtt vas visually observed to touch the 
vater 
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','rw,:.lilliUT 1njf':':.1on 

•:r.n.w.d ar J .;crvice modul~/S-IVh 
t ]:•!iTB.tlOtl 

1' •rrtm6[ld I:;U'JrJ wf'Tvl.r•• m>Jt.:_Jp/1UJ11lr 

mr,lulo• • J'""'Cllor• from :3-I'IB 

nr~t mlriC(•i.lrSe correct1on 
lgn1 tlOfl 

'u.toff 

)f'•~Urtd nadlVUT._,C C:(;TTe~tlOO 

.CJlll•'r· 
... 'cttcff 

..,~ lt!ntl fH' lnstrUiflent module 
du';I' J~ttlSOO 

LW1ar orbl t 1nsertion 
Igniti<.m 
C•Jtof" 

!Jescent •Jrbl t H1sert1on 
IR;n1 t1on 
Cutoff 

!Jesc:en1 orbl t lnsertlon trim 
lgni tioo 
L'utoff 

Ccxm!111nd and service module/luna.r 
module separation 

CommMd and service module 
circularization 
lgnitloo 
,'utotf 

Powered descent initia~ion 

Command lind service module 
}.l&lle change 

Igmt1on 
Cutoff 

AI cent 

Terminal phase initi&tiotl 

Docking 

Lunar module jettison 

Lunar module Mcent at~o~e 

deorbi t 
lgnitioo 
Cutoff 

Lunar IIOd.ule •cent at .. e 
h1pact 

Shapi na ~~a~euver 
Icni tim 
Cutoff 

Subaatelli te la~mch 

Tr~~r:~ae11.rth inJectioo 
lrJlition 
eutorr 

Third JUdcoune correction 
ltptitl 'l 

CUtoff' 

Co•cd IIOdul•/auvil'e aod.Ule 
eepuatim 

!!ntey 

Landinc 

TABLE 3-III.- TRAJECTORY PARAMETERSa 

Earth 

Earth 

r.ar':.h 

EartL 

Eeu-th 
Earth 

~oon 

Moon 

Moon 
Moon 

Moon 
Moon 

Mrun 

Moon 
Moon 

Moon 

Moon 
>bon 

-n 
""on -n 
Moon 

-n -n 
-n 
-n 

Earth 
Earth 

Ear-th 

Earth 

Eorth 

03.22 ?1.2 

03 33 49 .) 

04 ·18 .01. 2 

28 40 :21. \j 
2840·:'2.7 

73 31.14.8 
I] 31 15,7 

74.06 47.1 

78.31.46.7 
78.38 25.1 

82 39.49.1 
8<,40 '13.6 

95 56,44.7 
95:57,15.1 

100 39:16.2 

101.38 '59 0 
101.39.02.7 

1(14,30 09.4 

165·11.)2.7 
165.11 5!.0 

171.37.23.2 

173.36·25.5 

179,30 0!.4 

181,04,19.8 
181 ,o5. 42.8 

221:20:&.8.0 
221:20 '51.4 

222,39 29.1 

223 48,4s.8 
223,51·~.8 

29b56,49.9 
291:57,12.2 

Transluna.r phase 

24 97 N. 

19 .96N 

12.22 N 

5.61 N 

13.36 s 
13.36 s 

0.94 s 
0.95 s 

1.415 s 

142 13 w 

62.50 w 

54 .2;> w 

40 87 w 

19 .]7 w 
19.18 w 

55.4 w 
55.4 w 

56.65 w 

iJJ.nar orbit phue 

27.79 c 
21.03 s 

25.26 s 
2) .37 s 

25.10 s 
19.58 s 

23.49 N 

25.03 s 
24.56 N 

24.83 N 

14.42 s 
14.04 s 

28.66 N 

j./' .U.! 5 

2S .51 N 

24.13 N 

7.06 s 
5.16 s 

26.20 " 

23.21 N 
23.15 " 

0,06 N 

14.34 s 
18.30 s 

172 0) w 
16o .oe E 

149.77 w 
151.07 w 

155.32 w 
143.20 E 

33.58 E 

157.78 w 
26.56 E 

22.50 F 

96.94 E 
96.00 E 

16.04 w 

150.83 w 

~. 35 E 

7.89 E 

74.19 E 
70,37 E 

0,£18 E 

67.71 w 
87.90 w 

4o .23 w 

167.97 w 
176.32 w 

rranaevth eout phau• 

Jli.4J s 
38.44 s 

23.85 s 

10l,64 E 
102.58 E 

1J).91 E 

Entry Md l.nd.ina phues 

294,58:54.7 14,23 N 175.02 W 

29' ,u :53.0 26.13 " 156.14 w 

l130 

4 0:?8 0 

5 ~9:., ,4 

12 8?6 .9 

114 783. :-' 
ll4 784.0 

12 618.4 
12 617.7 

ll 235.3 

86.7 
74.! 

)".3 
';4.9 

;6 ,4 
50.1 

7,4 

57.1 
55.8 

5.8 

b1 8 
62.0 

;4.8 

34 .• • 

57 .o 

57.' 

61.5 
6!.8 

-0.3 

53.6 
53.7 

6;•,6 

67.6 
n.8 

l\ 190.3 
~5 149.3 

95!. 8 

35 )82 .8 

21 811.0 

4 849 8 
4 84; .b 

3 963.1 
3 966.8 I 
4 026.3 i 
8 188. b 
5 407.5 

; 491.7 
5 28s.o 

5 ?76 .9 
) Jl4 .8 

' 318.1 
5 318.8 

357 1 

3h8.8 

34'; .8 

342.1 

5 318.9 
'> 196.0 

5 ?61 8 

' 331.9 

5 305.9 
8 ::'72 .4 

ll 994.6 
1? 002.4 

29 001.7 

36 096.4 

-see Tllbl~ 3-IV ror t"uJectory parameter df'tiniticxu. 

'(,4P 

',l,IJI;, 

bl.4j 

77 c.· 
7? . .i8 

-80 20 

-8.93 
<! .17 

0.00 
0.02 

0.23 
-1.08 

-0.53 

0.12 
-0.36 

-0,40 

0 ..'0 
0.01 

o. 32 

0.11 

-0.33 

-0.1\ 

-o. 34 

-O,bU 

o. 52 
4 .4J 

-68.47 
-68.49 

-36.44 

-6 )1 

71.19 

ll'J,,II 

-13~• be 
-14U.UO 

-AL 54 
-60.95 

-ti3.2J 
-48. 8; 

-Bb 48 

~ .~~. Bo 

-100.33 

-1.2.'.1.0 

-77.43 

-71.87 

-78 .UQ 

-131.63 
-131.71 

. -41.78 

I -128.90 
-129.08 

103.11 
103.09 

56.6S 

] 

j 
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TABLE 3-IV.- DEFINITION OF TRAJECTORY AND ORBITAL PARAMETERS 

Trajectory parameters 

Geodetic latitude 

Selenographic latitude 

Longitude 

Altitude 

Space-fixed velocity 

Space-fixed flight-path angel 

Space-fixed heading angle 

Apogee 

Perigee 

Apocynthion 

Pericynthion 

Period 

Inclination 

Longitude of the ascendi11g node 

Definition 

The spherical coordinate measured along a meridian on 
the earth from the equator to the point directly be­
neath the spacecraft, deg 

The definition is the same as that of the geodetic lati­
tude except that the reference body is the moon rather 
than the earth, deg 

The spherical coordinate, as measured in the equatorial 
plane, between the plane of the reference body's prime 
meriu~nn ~d the projected meridian to the spacecraft, deg 

The distance measured between the spacecraft and the ref­
erence radius of the earth along a line from the center of 
the earth to the spacecraft. When the reference body is 
the moon, it is the distance measured from the spacecraft 
along the local vertical to the surface of a sphere having 
a radius equal to the distance from the center of the moon 
to the landing site, t't or miles 

Magnitude of the inertial velocity vector referenced to 
the body-centered, inertial reference coordinate system, 
ft/sec 

Flight-path angle measured positive upward from the body­
centered local horizontal plane to the inertial veloci t.y 
vector, deg 

Angle of the projection of the inertial velocity vector 
onto the body-centered local horizontal plane, measured 
positive eastward from north, deg 

The point of maximum orbital altitude of the spacecraft 
above the center of the earth, miles 

The point of minimum orbital altitude of the spacecraft 
abuve the center of the earth, miles 

The point o~ maximum orbital altitude above the moon as 
measured from the radius of the lunar landing site, miles 

The point of minimum orbital altitude above the moon as 
measured from the radius of the lunar landing site, miles 

Time required for spacecraft to complete 360 degrees of 
orbit rotation, min 

The true angle between the spacecraft orbit plane and 
the ret'erenc~ bofy's equatorial plane, deg 

The lon1itude at which t,e orbit plane crosses the ref­
erence body'• equatorial plane going from the Southern 
to the Northern Hemisphere, deg 

l 
·f 
'i 
' 
~ 
l 

\ 
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TABLE 3-V.- MANEU\i"ER SUMMARY 

(a) Tran!!llunar 

~-----------r-----------~-------.-------.-----.--------------------------------~ 

Syntem Ignition time, 
hr:m.i:l.III!C 

.. l!.n-. l•.nar .n,)!!ctivn S-IVB 2:50.02.8 

Fi r.:;t_ "lldcr·ursl! C'OTTI!C- Service propubion 28:40:21.9 

•":.rl !"': l Jl"'O JT~,e ServiN• propulsion 73.31 14.8 ,. t 1or 

~&neuver System 

: 'JIH\T orbit insertion 3el"'V1 ce propulsion 

Descent orbit insertion Service propulsion 

Descent orbit insertion trim Reaction control 

C1rc-ula.riz.ation Service propuldon 

Powered descent initiation Lunar Dl>dule deacent 
pro:J"u.lsion 

Lun&r orbit pl&ne chance Service propulsion 

A..acent .:.unar .,dul '! uc•ot 
prop\lllion 

T~rmin&l. pha1e initiation Ltat•l" cacdule a1cent 
propul1ion 

Lunar mdule deorbit Lunar IIOdule react ion 
control 

Orbit 1hapinc Serrlce propulaion 

Firin~~: time, 
sec 

350.8 10 

0.8 

0.9 

(b) Lunar orbit 

Ignit1or. ti•. 
hr:lllin:aec 

78:31.46.7 

82.]9.49.1 

95.56.44.7 

101:38:59 

104:30:09.4 

165:11:32.7 

171:37:23.2 

172:29:ilo 

181:o4:19.B 

221:20·~8 

(e) Truaearth 

4l1•. 7 119 

5. 3 hl 

5.4 68 

Firin~ till'll!, 

398.4 

24.~ 

18.9 

3. 7 

739.2 

18.3 

~31 

2.6 

BJ 

3.4 

Veloei ty 
~vent Sy'!tfllll 

lKnit·,o'i ti•, firin& tlat, 
chan,;~, 

hr fllin ser oec F11Attt-p:l~ h tt/src 
an•lr, d•« 

Tran~earth i"'jection Service propulsion 223 48.4r;,8 141 ]046. 8 -7.1 j 

'!'hi ,.d m1 dcouru cor- 3erv1re 1110dule 291.56:49.9 22. j 5 .b -6 .~9 
re~tlon reaction eontrc.l 

'l,()<,i :1 05 ~~ .L 7 ~ l'• f ,< 

8:'79 2j .16 ~ 171. 12 E 7A 

P,)hl 2] l/J s li'l •G F '" " ~II 

'/elocity 
Rl!sultant orbit 

chan~'", Apocynthlon, f~ricynthtnn, rt/!lec 
miles mi leo; 

3000.1 170.1 57.7 

213.9 58.5 9.6 

3.2 60.3 8.8 

68.3 65.2 54,A 

6813 

330.6 64.5 53.6 

6059 42.5 9.0 

72.7 64.4 ]8. 7 

200.3 

66.4 76.0 54.3 

i'esultant entry interface condi ti vn 

! 
\'el"dty, Lat 1 tude, tongi tude, Arrival ~ifiW' 

rt /sec dro~~;·sin dl'!~ IIUn hr.m.in 

~b •)Q7 I l 28 N 17'1 .. q w ._94,r,7 4', 

l9 OQI, 14 I' N 17'> w .'94, 5A •,) 

After lunar module ~eparation, a circularization maneuver was per­
formed placing the command and service module in a 65.2-by-54.8-mile or­
bit. The command and service mod~1e remained in this orbit until about 
6 hours prior to scheduled luuar module ascent when a 3-degree plane 
change maneuver was made so that the orbital plane of both vehicles would 
be coincident at the time of lift-off, 

) 

, 

1 

.:; 
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3.2.2 Descent 

A landing site update of 853 meters (2800 feet) do~~range was incor­
porated at about 2 minutes into the powered descent to correct for down­
range error. No ther updates were necessary. The crew made at least 
seven site redesignations for a total change of 338 meters (1110 feet) 
upr~~ge and 409 meters (1341 feet) to the right. The landing point was 
about 550 meters (1800 feet) northwest of the premission target point. 
The coordinates of the landing site are 26 degrees 6 minutes 4 seconds 
north latitude and 3 degrees 39 minutes 10 seconds east longitude, ref­
erenced to the Rima Hadley Lunar Photomap, Orbiter V site 26.1, First 
EditLm, published by U.S. Army Topographic Command, April 1970 (fig. 3-1). 

3.2.3 Ascent and Rendezvous 

The lunar module ascent occurred at .171:37:23 and the ascent stage 
was inserted into a 42.5-by-9.0-mile orbit. Some trimming of velocity 
residuals was required but, at insertion, the parameters were close to 
the desired values and a vernier adjustment maneuv~r v~ not required. 
The direct rendezvous technique, first used on Apollo 14, was executed 
nominally, and the lunar module and command and service module were hard­
docked about 1 hour 50 minutes after completion of the ascent maneuver. 

3. 2. 4 Ltmar Module Deorbi t 

Jettisoning of the lunar module ascent stage from the command and 
service module was delayed one revolution to permit reverifications of 
hatch and suit integrity. However, as a result of the delayed jettison­
ing, the lunar module attitude for the maneuver was different than planned. 
With this change, the lunar module impacted the moon about 23.5 kilometers 
(12.7 miles) from the target. The coordinates of the impact point were 
26 degrees 21 minutes north la~itude and 0 degrees 15 minutes east longi­
tude which is about 93 kilometers (50 miles) west of the Apollo 15 land­
ing site. 

The command and service module was to perform a 1-ft/sec retrograde 
separ~tion maneuver after lw•ar module jettisoning to minimize the possi­
bility of recontact but, because of the jettisoning delay, a 2-ft/sec 
posigrade maneuver ~as performed . 

3.2.5 Orbit-Shaping Maneuver and Subsatellite Launch 

In preparation for launching the subsa~ellite just prior to trans­
earth injection, ~~ orbit-shaping mL~euver was performed during the 73rd 
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Figure 3-1.- Lunar module landing site 
on photomap of Hadley Plains. 

lunar revolution using the service propulsion system to optimize the stib­
satelli te orbit. The satellite was launched about an hour after the shap­
ing maneuver into an orbit having an inclination of minus 28.7 degrees 
with an apocynthion of 76.3 miles and a pericynthion of 55.1 miles. The 
orbital lifetime is expected to be in excess cf 1 year. 

, 

, 

'. 
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3 • 3 TRANS EARTH AND ENTRY TRAJECTORY 

The transearth injection maneuver was performed at 223 hours 49 min­
utes. On the transearth :f'light, no mi dcourse corrections were made until 
about 3 hours prior to entry. A 5.6-:rt/sec maneuver was performed using 
the service module reaction control system. The service module was sepa­
rated from the command module 15 minutes prior to entry. Conditions for 
the entry of the spe.cecraf't into the earth's atmosphere were nominal. 
The best estimate of the spacecraf't landing point is 26 degrees 7 minutes 
48 seconds north latitude and 158 degrees 8 minutes 24 seconds west long­
itude. 



r 

4-1 

4.0 LUNAR SURFACE SCIENCE 

The following experiments associated with the Apollo lunar surface 
experiment package are discussed in thi~ section: suprathermal ion de­
tector, cold cathode gage, pas.L·.ve seismometer, lunar surface magneto­
meter, solar wind spectrometer, heat flow, and lunar dust detector. 
Other experiments and activities discussed consist of a laF r ranging 
retro-reflector experiment, a solar w:i.nd composition experim~nt, lunar 
geology, soil mechanics, and lunar gravity measurement. Additionally, 
the operation of the lunar drill, used in conjunction with the heat flow 
experiment and to obtain a deep core sample, is describ~d. A comprehen­
sive discussion of the preliminary scientific results of thi~ mission are 
contained in reference 2. References to descriptions of the experiment 
equipment are contained in Appendix A. 

4.1 SUMMARY OF LUNAR SURFA:E ACTIVITIES 

Because cf the variety of surface features, the Hadley-Apenn1ne land­
ing site permitted extensive diversified ~eologic exploration and sampling. 
During the approximately 6'( hours on the surface, the crew conducte1 a 
33-minute standup extravehicular activity as well as three extravehirular 
activities for experiment operations and lunar roving vehicle traverses. 
The timelines for the three extravehicular activity per Lads are contP : •• ed 
in table 4-I. The act~al and planneu traverse routes are shown ii fig­
ures 4-1 and 4-2, which are actual photographs of the lunar su..rf·J.ce taken 
with the panoramic camera. 

The outbound route of the first extravehicular traverse was south­
west across the mare to the ~dge of HRdley Rille, south along the edge of 
the rille to Elbow Cra-cer (station 1, fi g. 4-1) ; then along the edge of 
the rille to an area near St. George Crater (station 2). Th~ return route 
was past Elbow Crater and directly across the mare to the lunar roodule. 
After returning to the lunar module, the crew deployed the Apollo lunar 
surface experiment package, the le.eer rangiug retro-ref'lector, and the 
solar wind composition experiment (fig. 4-3). The extravehicular activ­
ity was approximately 6 hours 33 minutes in duration and the traverse 
covered a distance of 10.3 kilometers (5.6 mil~s). 

The second extravehicular acti•ri ty was southeast across the mare t.c 
the Apennine front (stations 6 and 6a} northwest to S:(.lur Crater (statiC;!' 
7) and north to the area of Dune Crater (station 4). The return waF north 
acros::; the mare to the A!>Qllo lunar surface experiment packag.! site (~+.a­
tion 8) and then to the lunar module. The dura~ion of the second extrave­
hicular activity was approximatel~' 7 hours 12 minutes, and the distance I traveled was 12.5 kilaneters ( 6. 8 mill;&). 
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Elapsed time, 
hr:min:sec 

119:39:17 
119:54:54 
120:00:05 
120:18:31 
120:31:33 
121:24:03 
121:44:55 
122:10:46 

122:22:36 
122:34:44 

123:26:02 
123:59:39 

126:11:59 

142:14:48 
142:25:04 
143:10:43 
143:53:46 

144:58:49 
145:01:11 

145:22:40 
145:26:25 

146:16:09 
146:28:59 

146:45:44 
147:08:09 

TABLE 4-I • - EXTRA VEHI GULAR TRAVERSE EVENTS 

Event 

First Extravehicular Activity 

Lunar module cabin depreseurized. 
Television deployed. 
Contingency sample collected. 
Lunar roving vehicle offloaded. 
Lunar roving vehicle deployed. 
Lunar roving vehicle configured for traverse. 
Departed for station 1. 
Arrived at station 1. Performea radial sampling, 
gathered dor.umented samplea, and performed panoramic 
photography. 
Departed for station 2. 
Arrived at station 2. Gathered samples, obtained a 
double core tube sample and performed stereopanoramic 
and 500-mm photography. 
Departed for lunar module. 
Arrived at lunar modul~. Offloaded and deployed Apollo 
lunar surface experiment package, laser ranging retro­
reflector, and solar wind composition experiment. 
Lunar module cabin repressurized. 

Second Extravehicular Activity 

Lunar module cabin depressurized. 
Prepared equipment for lunar roving vehicle traverse. 
Departed for station 6. 
Arrived at station 6. Gathered samples, obtained a single 
core tube sample, obtained a special environmental sample 
from trench, and perfo~ed panoramic and 500-mm photography 
tasks. 
Departed for station 6a. 
Arrived at station 6a. Gathered samples and performed 
panoramdc photography tasks. 
Departed for station 7. 
Arrived at station 7. Gathered selected samples, a compr~­
hensive soil sample, and performed panoramic photography. 
Departed for station 4. 
Arrived at station 4. Gathered samples and performed 
panoramic photography. 
Departed for lunar module. 
Arrived at lunar module. Offloaded samples and configured 
lunar rvving vehicle for trip to station 8 (Apollo lunar 
surface experiment package site/. 
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TABLE 4-I.- EXTRAVEHICULAR TRAVERSE EVENTS - Concluded 

r-~------~--r--------------------------------------------------------E1apsed time, 
hr: min: se·: 

147:19:33 
147:21:15 

148:31:08 
148:32:17 
149:27:02 

163:18:14 
164:04:13 
164:09:00 

164:48:05 
165:01:22 

165:ln:5o 
165:19:26 

166:14:25 
166:16:45 

1btJ:28:49 
166:43:40 

166:45:45 
167:32:18 

167:35:24 
168:08:04 

Event 

Departed for station 8. 
Arrived at station 8. Gathered comprehensive geologic 
sample, gathered special environme~tal s~~ple from trench, 
drilled second heat flow hole and emplaced probe, drilled 
deep core sample hole, and performed penetrometer experi­
ments. 
Departed for lunar module. 
Arrived at lunar module. DP.ployed flag and began closeout. 
Lunar module cabin repressurized. 

Third Extravehicular Activity 

Lunar module ~abin depressurized. 
Departed for Apollo lunar surface experiment package site. 
AJ"ri ved at Apollo lunar surface experiment package site. 
Recovered deep core sample and performed photographic 
task of the lunar roving vehicle operation. 
Departed for station 9. 
Arrived at station 9. Collected samples and performed pano­
ramic photography tasks. 
Departed for station 9a. 
Arrived at station 9a. Gathered extensive samp]es, obtained 
a double core tube and performed photographic tasks including 
500-mm and stereoscopic panoramic photography. 
Departed for station 10. 
Arrived at station 10. Gathered samples and performed 500-mm 
and panoramic photography tasks. 
Departed for Apollo lunar surface experiment package site. 
Arrived at Apollo lunar surface experlment ~ackage site. 
Recovered drilled core sample and performed photographic tasks. 
Arrived at lunar module. Began closeout procedures. 
Departed for final positioning of lunar roving vehicle to 
obtain television coverage of ascent. 
Lunar roving vehicle positioned. 
Lunar module cabin repressurized. 

The third extravehicular activity included a 5.1-kilometer (2.8-mile) 
traverse. The outbound trip was west to Scarp Crater (stations 9 and 9a) 
and northwest along the edge of the rille (station 10). The return was 
east across the mare to the lunar module. The duration of the third ex­
travehicular activity was approximately 4 hours and 50 minutes. 
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FigQ~e 4-1.- Actual lunar surface traverse routes • 
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Figure 4-2.- Planned lunar surface traverse routes. 
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compos1t1on modul~ 
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expe,.~nt wo~s lout~d ibout 
15 meters (50 feet) from the 
Lunar Module 

Figure 4-3.- Apollo lunar surface experiment deployment. 

4.2 APOLLO LUNAR StffiFACE EXPERIMENTS PACKAGE CENTRAL STATION 

The site selected for emplacement of the central station was approxi­
mately 110 meters (360 feet) west-northwest of the lunar module. During 
erection of the ~entral station, the rear-curtain-retainer removal lanyard 
broke, requiring the Lunar Module Pilot to remove the pins by hand. (See 
section 14.4.2 for further discussion.) 

Initial acquisition of a downlink signal. from the Apollo lunar sur­
face experiment package was reported by the Canary Island station prior 
to antenna installation. Initial data were received in the Mission Con­
trol Center at 1850 G.m.t. (125:18:00) on J~y 31 and, within 1 hour, all 
instruments were turned on and operationally checked out. (The initial 
acquisition of data was earlier than expected because the shorting plug 
was inadvertently activated.) The radioisotope thermoelectric power 
source is providing 74.5 watts, the highest output of any Apollo lunar 
surface experiment package, and sufficient to operate the large comple­
ment of instruments. During the first lunar-night operation, the system 
reserve power registered as low as l watt. The solid-state timer, used 
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for .1e first time on an Apollo lunar surface experiments package has 
generated all scheduled 18-hour pulses to initiate certain automatic func­
tional changes. 

Six days after startup, on August 6, the experiment package was sub­
jected to its first lunar eclipse. This was a total eclipse and the pack­
age was closer to the center of the umbra than any previous Apollo lunar 
surface experiments package during any previous eclipse. During the 
eclipse, sun shield temperature of' the central stat~on dropped from plus 
140° F to minus 143° F with accompanying rates of' change of' temperatures 
up to 260° F per hour. The central station engineering measurements pro­
vided data on the varying solar intensity throughout the eclipse. The 
instrument measured a lunar surface temperature change of' 330° F durin~ 
the eclipse. There was no indication of' significant dust collection on 
the instrument's solar cells as a result of the lunar module as cent. 

The system continues to exhibit normal performance. Equipment tem­
peratures during both lunar day and lunar night are within design limits. 

4. 3 PASSIVE SEISMIC EXPERIMENT 

The passive seismic experiment was deployed approximately 2. 7 meters 
(9 feet) west of' the experiment package central station and has functioned 
well since its initial activation on July 31, 1971. One deviation from 
nominal operation has occurred. The instrument internal temperature fell 
below the predicted 126° F as the Apollo 15 site entered the first lunar 
night. This will not detrimentally affect the operation of the instru­
ment except that degradation of gravity tidal data from the experiment 
is expected. Photographs of the instrument show the shroud skirt to be 
raised up at several places (fig. 4-4) • Heat loss due to the uneven 
shroud accounts for the low night temperature. 

The installation of this experiment at Hadley Rille provides a widely 
spaced network of seismic stations on the lunar surface Which is essential 
tor the location of' natural lunar events. The first event to be recorded 
on all three Apollo lunar surface experiment packa,e stations was the im­
pact of' the lunar module ascent stase approximately 93 kilometers {50 miles) 
west of the Apollo 15 station. The signal ,enerated by this impact spread 
slowly outward, reaching the Apollo 15 station in 28 seconds, and reaching 
the Apollo 12 and 14 stations, located to the southwest at distances of' 
1130 kilometers (610 miles) and 1049 kilometers (566 miles), respectively, 
in about 7 minutes (fig. 4-5) • The tact that this small source of energy 
was detected at such great ranse strongly supports the hypothesis that 
meteoroid impacts are beins detected from the entire lunar surface. 
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Figure 4-4.- Passive seismic experiment deplo,yment. 

Two moonquakes were detocted at all three stations during the moon's 
travel through its first perl.gee following activation of the Apollo 15 
station. Preliminary analysis places ·~e focus of one of these moonquakes 
400 kilometers (2l6 miles) southwest of' the Apollo 15 station. It is be­
lieved that the second moonquake was 1000 kilometers ( 540 miles) southwest 
of' the Apollo 12 and 14 stations and was 800 kilometers (432 miles) deep. 

The S-IVB impact extended the depth to which lunar structure can be 
determined by seismic methods to nearly 100 kilometers (54 miles). From 
this and previous data from impacts ot spent vehicles, it now appears that 
a change in composition occurs at a depth ot 25 kilometers (13.5 miles) 
beneath the surtace. This implies that the lunar crust is equivalent to 
the crust ot the earth, and about the same thickness. 

Two meteoroid impacts were recorded at the Apollo 15 station during 
the first 2 weeks ot its operat.ion. One ot these impacts was recorded 
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Figure 4-5.- ApofiO landing sites and Impact locations on the lu,.. surface. 
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at all three stations and was located by triangulation. Fourteen impact 
events were reco~ed by the Apollo 12 and 14 stations during this period. 
Signals were also recorded that were caused by events and activities as­
sociated with 1\Ular sur:t'ace operations, parlicularly the movements of the 
1\Dl&l" roving vehicle and the ascent trom the l,mar surface. The lunar 
roving vehicle was detected at ranges up to 5 kiloa!ters ( 2. 7 miles) with 
an accuracy within approximately 0.5 kilometer (0.27 mile). As in pre­
vious missions, numerous signals were also recorded trom venting of gases 
and thermal "popping" within the lunar module. 

4. 4 LUNAR SURFACE MAGNE'roME'l'ER EXPERIMDr 

The lunar surtace magnetometer was deployed approximately 15 meters 
( 48 teet) west-northwest ot the Apollo lunar surtace experiment package 
central station. The experiment was initially commanded on near the end 
ot the tirst extravehicular activity. All operations ot the experiment 
have been nominal. The electronics temperature has reached a high ot 
157° F at lunar noon, and a low ot 41° F during lunar night. The instru­
ment is routinely CODIII&Ilded into a calibration mode every 18 hours by the 
central station timer. The one-time site survey was successtully completed 
on August 6. The remanent magnetic tield at the site is lower than that 
measured at the Apollo 12 and 14 si tea. The ed(\y current produced by the 
interaction ot the solar wind with the lunar surtace has been measured. 

4. 5 SOLAR WilD SPECTROMETER EXPERIMDr 

The solar wind spectrometer was deployed 4 meters (13 tee~) north ot 
the Apollo lunar surtace experiment package central station and was acti­
vated near the end ot the tirC~t extravehicular activity. The instrument 
recorded engineerins and back,round data tor approxi•tely 2 earth daiYs 
before the seven dust covers were remoftcl. 

The inetrument recorded nor-.1 mapetospheric plaaa data until the 
inetrument passed into the pomapetic taU ot the earth. As expected, 
the plasma level in the po-snetic tail vu below the measurement thresh­
old ot the instrument (and eesenti&lly no eolar wind pluma vas detected). 
Upon eMrgl.ns from the pOJaSDetic tail, the instru.ent vu evitched to 
the extended-ranp mode vi th no operational probl._. The instrument rill 
be lett in th11 mode tor correlation ot data with the Apollo 12 solar wind 
spectrometer which 11 also operatins in the .... II)Cle. A co~ison ot 
samples ot s1Jaultaneoua data trom the tvo instrument• hu already deliOn­
strated difference• in the electron and proton C011,P0Dentl ot the solar 
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wind plasma that strikes the surface of thP. moon at the two stations. The 
solar plasma levels during the lunar night, as expected, were belou the 
measurement threshold of the instrument. 

4.6 HEAT FLOW EXPERIMENT 

Deployment of the heat flow experiment was started on the fj.rst ex­
travehicular activity and completed on the second extravehicular activitv. 
A minor problem was experienced in removing two Boyd bolts that fasten 
the heat flow experiment components to the stmpallet and problems were 
encountered in drilling the holes for two probes and empla~ing the sec­
ond probe. Refer to sections 4.11 and 14.4.1 for further d:l.scussion. 
The electronbs box was placed about 9 met~rs ( 30 feet) north-northeast 
of the central station. The first probe hole was drilled about 4 meters 
( 12 feet) east of the electron~.cs box anti the second, about 4. 5 D&eters 
(15 fee+.) west of the box. The first hole was drilled to a depth of about 
172 centimeters (70 inches) and probe 1 was emplaced during the tirst ex­
travehicular activity, but the d.-rilHng of the second hole and emplace!Dent 
of probe 2 was deferred because of time constraints. Drilli·,!g was resumed 
at the second hole during the second extravehicular activity and a hole 
depth of about 172 centimeters (70 inches) was again achieved; however, 
damage to a bore stem section (sec. 14 .'• .1) prevent~d probe 2 from reach­
ing the bottom of the hole. The first heat flow experiment probe extends 
from a poillt 47 centimeters (19 i.nches) belov the surface to a point 152 
centimeters (62 inches) below the surface. Because of the d~ to the 
bore stem in the other hole, the second probe extends from the surface to 
105 centimeters (43 inches) below the surta~e (see fig. 4-6). 

The expt>l"''hoent was turned on at 1947 G.m.t., July 31, and valid tem­
perature data were :received f'rom all senators. Because of the ahulow em­
placement of probe 2, high near-surface temperature gradhnts will keep 
the di tterential thermometers on the upper section ott-scale during most 
ot a lunar d&.y-night cycle. The lower section ot probe 2 and both the up­
per and lower sections ot probe 1 are returning valid data on subsurtt.ce 
temperatures. Sensors ou thea~ sections that are shallower than 80 centi­
meters (32 inches) are seeing the ettects ot the- diurr•u cycle of JSurtace 
temperature, but these variations are well within the rmr. ot measurement. 
Lunar surtace temperatures are being obtained from t1 ve ut the eisht ther­
mocouples in the probe cables that are Just above or on the lunar surface 
because ot the shallow emplacement. 

Data tor the reference thermometer sampled with the probe 2 thermo­
couple measurement vent ott-a~ale high at 1027 G.m.t., August ·r; however, 
the data from this reference thermometer is also sampled vi th t.he probe 1 
thermocouple measurement, and is valid. Therefore, no data have bf'f!n lost. 
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Plug----n 

B•t----111110 

152 em 
1&2 m.l 

l 
Actual emplacement of probe 1 

Six·"~re-stem string 

I 
274 em 
<112 in.) 

Actual emplacement 294 em 
of probe 2 <120 in.) 

Probe I I 
Plug~[l~ 
B•t----1..a 

Des1red emplacement 

Figure 4-6.- Heat flow experiment bore-stem and probe emplacP.ment. 

4. 7 SUPR.\THERMAL ION DETECTOR EXPERIMENT 

The suprathP.rmal ion detector experiment was deployed an~ aligned ap­
proximately 17 meters (55 feet) east-northeast of the Apollo luna~ surface 
experiment package central station. Some difficulty was encountered dur­
ing deployment when the universal handling tool did not properly interface 
with the experiment receptacle and, as a result, the ~nstrument was drop­
~ed. The instrument ~as initially turned on near the end of the first 
extravehictlar activity and operated nor·~ly, returning good scientific 
data. After about 30 minutes or operat~ on the instrument wa.s commanded 
to 11 standby" to allow outgassing. The dust cover was retloved by ground 
c·Jmma.nd prior to the- second extravehicular activit~·· Subsequent~.-, the 
instrument was commanded on for five periods of appro~mately 30 minutes 
each to observe the effects of: (1) depressurization for the second ex­
travehicular activit~·, (2) depressurization for the third extravehit.~ar 
acti~~ty, (3) depressurization for equipment jettisoninc, (4) ascent, and 
(5) lJnar module ascent stagr. impact. During some of this time simulta­
neous ~bservations of intense magnetosheath ion fluxes were nade by all 
three s,.prathermal ion detector instruments now on the moon. The high 
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vo:Ltage was commanded off prior ·.-o the hotter part or the f'irst lunar day 
to allow further outgassing and was commanded back on shortly before lu­
nar sunset. 

4. 8 COLD CATHODE GAGE EXPERIMENT 

The cold cathode gage experiment was deployed about u. 3 meter ( 1 foot ) 
northeast of the supra thermal ion dete~tor experiment. The instrument was 
turned on and the seal was commanded open 3 minutes prior to the end of the 
first extravehicular activity. Upon initial turn-on, the gage indicated 
full-scale, and during the first half hour, the output became slightly less 
than full-scale. Subsequently, the high voltage was coJIII18llded off to allow 
outgassing. 

The experiment was operated f'1 ve more times simultaneously with the 
suprathermal ion detector experiment for periods of approximately 30 min­
utes each. The purpose of the operations was to observe the effects of 
the lunar module depressurizations for the second and third extravehicu­
lar activities and equipment Jettison, the effects of the lunar module 
ascent from the lunar surface, and lunar module ascent stage impact. In 
each of the three depressurizations, the output of the experiment was 
driven to full-scale for approximately 30 seconds. The response to the 
lunar module depressurizations was very similar to that obtained during 
the Apollo 14 mission. The lunar module ascent resulted in the longest 
full-scale output (approximately 85 seconds). The exhaust from the lu­
nar module ascent was detected for approximately 17 minutes. 

The high voltage was turned off until Just prior to the first lunar 
sunset to permit additional instrument outgassing. As the instrument and 
the lunar surface cooled during lunar night , the output of the gage gradu­
ally decreased to 10-12 torr. This value is very near that observed on 
the Apollo 14 gage during lunu night. Two gas clouds of unknown o:t"idn 
were observed at the Apollo 15 site at 0400 and 1930 G.m.t. on August 15; 
these m~ be associated with Apollo 15 hardware left on the lunar surface. 

4.9 LAS:Jm RANGING RETRO-REFLECTOR EXPERIMENT 

The laser ransing retro-reflector was deployed during the first ex­
travehicular acti'lity approximately 43 meters (140 teet) west-southwest 
of' the Apollo lunar s\u-f'ace e-xperiment packase central station. Levelins 
and alignment wor6 accomplished with no difficulty. The McDonald Observ­
atory team initially acquired a return signal from the Apollo 15 instru­
ment August 3, 1971, when atmspheric conditions first permitted ranging. 
Based on success~ acq-uisition on every attempt, and the receipt ot four 
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to five consecutive returns during a number of operations, the return sig­
nal strength appears higher than returns trom the Apollo ll and 14 retro­
reflectors (fig. 4-5). No degradation of the retro-reflector appears to 
have resulted from lunar module ascent engine firing. 

4.10 SOLAR WIND COMPOSITION EXPERIMENT 

The solar wind composition experiment, a specially prepared aluminum 
foil designed to entrap noble gas particles, was deployed at the end of 
the first extravehicular period and retrieved near the end of the third 
extravehicular period. The experiment was deployed approximately 15 me­
ters (50 feet) southwest of the lunar mdule for a total foil exposure 
time of 41 hours and 8 minutes. Upon retrieval, the foil could not read­
ily be rolled up mechanically and had to be rolled manually. This prob­
lem has been experienced on previous missions but does not affect the 
experiment. The returned hardware showed that the edge of the foil had 
rolled onto the reel-handle, which caused enough friction to stop the 
mechanical wind-up. Good data on the abundance of the isotopes of helium 
and neon in the solar wind have already been obtained. 

4 .11 LUNAR SURFACE DRILL OPERATION 

The lunar surface drill, used for the first time on the lunar sur­
face, provided a means for one crewman to emplace the heat flow experi­
ment probes below the lunar surface and collect a subsurface core. For 
the heat flow experiment, the bore stems used in drilling remained in 
posi~ion in the lunar soil and functioned as an encasement to preclude 
cave-in of unconsolidated matedal. The subsurface core was obtained by 
drillito~g six core stems into the lunar soil. The stems were then removed 
and capped for return to earth. 

The performance of the drill power-head and the core stem was good. 
However, :tull depth penetration with the bore stems was a problem and ex­
traction of the core stems trom the hole was difticult (see sec. 14.4.1). 
The two bore stem holes were drilled to a depth ot about 172 centimeters 
(70 inches) instead ot the desired 294 centimeters (120 inches), with one 
ot the bore stem strinfs probably sustaining damace at a point slightly 
above the first joint about 105 centimeters ( 43 inches) below the surface] 
(see tig. 4-6). 
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4.12 LUNAR GEOLOGY 

4.12.1 Landing Site 

The lunar module landed on an undulating cratered plai~ adjacent to 
the high and steep-sloped Apennine Mountains (:fig. 4-7). Most of the 
craters in the vicinity of the landing site are subdued and are rimless 
or have low raised rims. Rock f'ragmente and boulders are abundant along 
the rim of Hadley~ille and around a few of the fresher craters. 

Pisure 4-T.- Lunar moclule on Hadley Plain • 



' ! 
·: 

' ' 

4-16 

4.12.2 Extravehicular Traverses 

Areas visited during the extravehicular activities that are defined 
on pho·t;ogeologic maps were the mare surface of Palus Putredinis; the Ap­
ennine Mountain Front; Hadley RUle; and a cluster of secondary craters. 

The standup extravehicular activity provided the geologic and terrain 
setting for later traverse updating, and allowed the crew to familiarize 
themselves with landmarks. Good photographs were obtained of the landing 
site and the Hadley Delta area by using the 60-mm and 500-mm focal-length 
lenses. Figure 4-8 is typical of the photographs obtained. 

Figure 4-8. - Mount Hadley Delta and St. George Crater. 
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On the first extravehicular traverse, station 1 and 2 tasks were per­
formed as planned. Refer to figures 4-1 and 4-2 for locations of stations 
on actual and planned traverse routes. The radial sample was collected at 
Elbow crater (station 1). Documented samples and a comprehensive sample, 
including a double-core, were collected near St. George crater (station 2). 
Station 3 on the planned traverse was not visited because of time con­
straints. 

The traverse time allowed during the second extravehicular activity 
was shortened because or the time required to complete the Apollo lunar 
surface experiment package site tasks that were not completed during the 
first extravehicular activity. Therefore, the planned traverse to the 
east along the front was shortened and only three stations along the 
trent, 6, 6a, and 7 (Spur Crater), were visited. Several documented sam­
ples were collected at stations 6 and 6a, and a single core was collected 
at station 6. Documented samples and a comprehensive sample were collected 
at station 7. The planned stop at station 4 (Dune crater) was accomplished 
on the return from the front. 

The start of the third extravehicular activity was delayed and, as 
a result, was shortened from 6 to 4 1/2 hours. The shortening or the ex­
travehicular periQd, plus the time required to remove the deep core sam­
ple from its hole, req·..Ured that the traverse to the North Complex and 
mare station 14 be omitted. However, the premission-planned traverse to 
stations 9 and 10 at Hadley Rille was made. A sample was collected from 
the upper portion or a bedrock ledge exposed near station 9a. Documented 
samples were collected at stations 9 and 9a, and a rake sample and a dou­
ble core were collected at station 9a. 

4.12.3 Summary of Geology 

-
Samples were collected that appear to be representative of the Ap-

ennine Front, the mare in the vicinity of the landing site, bedrock from 
the rim of Hadley Rille, and a possible ray associated with Aristillus 
or Autolycus. Some breccias were collected that appear similar to those 
collected on Apollo l4; others appear to be indurated regolith. Abundant 
glass, found as coatings on the rock surfaces and ln fractures, is asso­
ciated with the breccias. Also collected were basaltic rocks ranging 
trom vesicular and scoriaceous to dense with phenocrysts greater than a 
centimeter long. 

I.qered bedrock ledges are exposed in the upper parts of Hadley Rille. 
These sre probably a cross-section of mare t.Lows and possibly bedded pyro­
clastic materials. At least some of the samples from station 9a (fig. 4-1) 
are probably representative of the upper part of the mare stratigraphic 
sequence. 
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Planar structures in the Apennine Front occur in different orienta­
tions from one mountain to the next, which suggests rotation of large 
blocks along the faults that are shown on the p~emission maps. The faults 
and associated rotation were probably caused by the impact event that pro­
duced the Imbrium Basin. 

4 .12.4 Equipment 

The equipment used during the F.' ,logy portion of the extravehicular 
activities performed well with the · Jlowing exceptions: 

a. Excessive time was require for tL~ gnomon to damp. 

b. Sample return container 2 did not l:i~rt. · : .:..>perly bec-ause part of 
a collection bag was caught in the seal area betloreen the knife edge and 
the indium seal. 

c. The Lunar Module Pilot's camera did not advance film properly 
near the end of the second extravehicular activity. The camera failed 
again during the third extravehicular activity after six pictures had 
been taken. (See section 14.5.4 for fUrther discussion.) 

d. Problems with the drilling were experienced as described in 
section 14.4.1. 

e. The polarizing filter for the Hasselblad electric data camera 
could not be installed because of excessive dust in the bayonet fitting. 

f. Both retractable tethers (yo-yo's) failed (sec. 14.5.7). 

g. The tongs were difficult to operate during the third extravehicu­
lar activity; however, a backup pair was supplied for such a contingency 
and these operated satisfactorily. 

4.12.5 Photography 

A total of 1152 photographs was taken on the lunar surface with the 
60-mm and 500-mm :focal-length cameras. At least one 360-degree 60-mm pan­
orama was taken at every station except stations 3 and 4. Apollo 15 was 
the first mission using the 500-mm focal length lens mounted on the 70-mm 
Haaselblad electric data camera hand-held by a ~rewman. Good photography 
was obtained of distant photographic targets such as the Apennine Front 
and across and inside Hadley Rille. 
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4.13 SOIL MECHUICS EXPERIMENT 

The soil mechanics experiment provided data on the physical character­
istics and mechanical properties of the lunar surface and subsurface soil. 
Activities during Apollo 15 unique to the soil mechanics experiment were 
performed during a compressed timeline at station 8 {fig. 4-1) near the 
end of the second extravehicular activity with only one crewm.ember avail­
able to do the work instead of two as scheduled. The Lunar Module Pilot 
excavated the soil mechanics trench, exposing a vertical face to an esti­
mated depth of a little more than 1 foot without apparent difficulty. The 
vertical face exposed a fine-grained, cohesive, gray material with small 
white fragments and larger fragments of glass. Stratification was not ob­
served. Diggi~g of the trench was followed by six of seven planned meas­
urements using the self-recording penetrometer. These tests consisted of 
four cone penetration resistance tests and two plate load tests. No time 
was available for the detailed planned photographic documentat~.on ..: f these 
activities, nor was the television camera on the lunar roving vehicle in 
a suitable position to provide a high degree of detail. 

Data from the penetrometer tests were intended to provide quantita­
ti~ information on the physical properties of the lunar soil to depths 
up to 74 centimeters { 30 inches) • The data, now under study, will prob­
ably not p~vide the quantitative detail on physical properties origi­
ally anticipated because of the following reasons: {1) The ~oil struc­
ture at. the site had greater penetration resistance than had been antic­
ipated; {2) A particularly resistant layer was encountered at a depth of 
only a few centimeters; {3) The lunar surface plate on the penetrometer 
failed to stay in the proper position during four of the tests because 
the friction between the reference plate bushing and the shaft was less 
than had been anticipated. 

The average depth of lunar roving vehicle tracks was on the order of 
1 centimeter {1/2 inch), in agreement with predictions based on terres­
trial wheel/soil interaction tests perfbrmed on simulated lunar soil. 
Figure 4-9 illustrates vehicle tracks, footprints, and excavated areas. 

The large number of photographs and the numerous observations made 
by the crew concerning the interactions between the lunar surface and 
{1) the crew, {2) the lunar module, (3) the lunar roving vehicle, and 
( 4) the experiment packages and handtools will be of value to the soil 
mechanics experiment. The core tubes, which were modified for this mis­
sion, performed satisfactorily. 
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Figure 4-9.- L~ roving vehicle tracks and crewman's footprints 
with excavated areas in the foreground. 

4 .14 LUBAR GRA VI'l'Y MEASUREM!lr.r 

Accelerometer data telemetered to earth between lunar module touch­
down and inertial measurement unit paverclown were obtained to cletermine 
the observed lunar gravity. Bineteen •asurements were taken durins tour 
operating periods. The time apans and sequence ot the perioda vero: 658 
seconds, 21t0 seconds, 12 seconds, and 269 ,.r-onda. Lunar sravi ty at the 
landins s.t te will be calculated trom the reduced data. 
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5. 0 IBFLIGHT SCIENCE AND PHOTOGRAPHY 

The inf'lisht experiments and photographic tasks conducted during the 
Apollo 15 mission are discussed in this eection. The discussion is con­
cerned primarily with experiment hardware performance and data acquisition 
operations. In instances where preliminary scientitic findings were avail­
able at the time of' report preparation, they are included, but more com­
plete information on scientif'ic results will be found in reference 2. 

The experiments located in the scientif'ic instrument module bay of' 
the: servi~e module ( flg. 5-l) consisted of a g&lllll& ray spectrometer, an 
X-ray spectrometer, an alpha-particle spectrometer, a mass spectrometer; 
and a sUbsatellite which is the vehicle tor a particle shadows/boundary 
layer experiment, an S-band transponder experiment, and a magnetometer 
experimen·t. The subsatell:lte (tig. 5-2) was launched successtull.y' just 
prior to transearth injection on A~t 4 at approximately 2100 G.m.t., 
and was inserted into a 76.3-by-55.1-mile lunar orbit with an inclination 
of' minus 28.7 degrees. The three subsatelllte experiments are expected 
to acquire data f'or a period exceed111g 1 year. At the time of' launch, 
the moon was in the magnetosheath (transition) region of' the earth's mag­
netosphere (rig. 5-3), one of' several data collecting regions of' scien­
tific interest. All subsatellite experiments are turned ott while the 
battery is being recharged after each tracking revolution. Both the mag­
netometer and particle shadows/boundary layer experiments are acquiring 
data on all revolutions except those when the battery is being charged. 

other inf'lisht experiments consisted of' ultraviolet photography of' 
the earth and moon, photography of' the Gegenschein f'rom lunar orbit, an 
S-band transronder experiment using the coiiiiii&Dd and service module and 
lunar module S-band coJIIIIIUllication systems, a down-link bistatic radar 
experiment using both the S-band and VHF collllWlications systems of the 
coJIIII&nd and service module Gnd an Apollo window meteroid experiment. 

Photographic tasks that were deaipated as detailed objecti vea rather 
than experiments are also discussed. The;y are the service module orbital 
photography employing the panoramic camera, the mapping camera, and the 
laser altimeter; and coiiii&Dd module photograpey of' lunar surface areas 
and astronomical sUbjects. A brief' description ot the equipment used f'or 
these experiments and photographic tasks is given in appendix A. 
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Figure 5-1.- Command and service module as viewed trom 11mar 
module during rendezvous. 
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Figure 5-2.- SUbsatellite shortly after launch. 

5.1 <WiotA-RAY JPECTROME'l'ER EXPERIMElft' 

The gUID&-rf¥ apectra.ter Wall operated in lunar orbit tor over 90 
hours. The inatr\llent vaa operatet\ in the minimwn-background mode tor 
prime data collectiCil approxiJD&tely 65 percent ot this time. The remain­
der ot the time, it vaa opertt"";ed in vario\18 non-minilll'UIIl-background modes 
to determine the ett~cta ot background radiation rtourcea on the prime data. 
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Figure 5-3.- Earth's MagnetosDhere 

Posit1011 of moon at time 
of subsatellite launch 
!August 4, 1971> 

The instrumer.t was also operated for approxirrately 50 hours during trans­
earth fligl.t obtaining background data necessary for analysis of the lunar 
data, arod to acquire data from gs.lactic sources. 

The instrlJI!lent &: well as the deployment boom performed well through­
out the mission. However, two anomalous conditions occurred vhich affected 
ir-::tr'UJ"'I~nt calibration. First, e. downward drift in the linE'-,:· -:;aj n of the 
pl.d,;. 1 '.iplier or pulse allalyzer was detected after the fh··'· boom E>xt~n­
·:;·· --,· ~!;.:•. · to un-iocking in lW'lar orbit) when several lines in the spectrum 
o~ \ .•: -.):Jllo lunar surface experiment pacltage fuel capsule WP.re us~d for 
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calibrations. The drift decreased in magnitude from an ir:.itial rate of 
1 percent per hour to 0.4 percent pe~ day and, eve1 ually, re~ched a fairly 
stable state. The second anomalous condition was noted about 2-3/4 hours 
after trans earth inje:::tion, whP.n sp~ci. rum zero shifted eight channels, 
co.using loss of the 0 .2'79-millici"-el tron-volt calibration reference. 
Crm.mencing at 246:56, the problem disappeared for approximately 25 hours, 
returning at 271:47 and remaining for the rest of transearth flight. These 
problems are discussed further in section 14.3.4. 

The preliminary data indicates variations in radioactivity as the 
spacecraft passed over different kinds of terrain. The western mare areas 
are generally the highest in radioactivity, with the eastern maria being 
somewhat lower. The highlands are the lowest in activity with a slightly 
lower level in the far-side highlands. The data further indicate a con­
tinuum level comparable to that predicted from Ranger 3 and Luna 10 data. 
Peaks due to potassium, thorium, oxygen, silicon, and iron have been iden­
tified. Detailed a"lalysis is expected to show the presence and distribu­
tion of uran:ium, magnesium, aluminum, and titanium. 

5.2 ~:-RAY FLUO~SCENCE EXPERIMENT 

All X-ray spectrometer objectives were achieved and no hardware prob­
lems were noted. About 90 hours of data were obtained from operation of 
the instrument in lunar orbit, and approximately 26 hours of data were 
acquired while in transearth flight. During this latter period, the in­
strument was pointed at six prP.selected locations to acquire data on pos­
si:>le variations in X-ra;y intensity. Two observations were coordinated 
with simultaneous ground-based observations. After 276 hours, the instru­
ment was left on to obtain data. for use in the search fo::r- new sources of 
X-ray emission and to improve spectral information on known sources. 

Near the end of transea.rth flight, an engineering test was con1ucted 
to determine if the gas-filled proportional counters would be damaged by 
dire~t impingement of dolar· X-rays. The experiment continued to operate 
satisfactorily after the test. 

The preliminary data .1hOWf> that the fluorescent X-ray flux was more 
intense than predicted; t~1a-c the concentration of aluminum in the highlands 
is about 50 percent gr~at~1 than in the maria; and that the ratio of ma.g­
nesium-to-a.lUI!linum in Mare Smithii and Mare r:hrisium is about 50 percent 
greater than in the higt lands between, and to the east and west of, the 
two maria. Analysis of the X-ray astronomy obqervations 1:~ade enroute to 
the earth has shown that the intensity in X-ray output of Scorpius X-1 
and Cygnus X-1 fluctuates with periods of several minutes. . 
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5. 3 ALPHA-PARI'ICLE SPEC"I'ROMETER EXPERIMENT 

All primary objectives of the alpha-particle experiment were achieved. 
The spectrometer was operated for approximately 8o hou:· s in lunar orbit to 
acquire prime data, and approximately 50 hours during transearth coast to 
acquire backgrou..'1.d data. 

Two of the ten detectors were intermittently noisy. The noise was at 
a very low rate (approximately 0.5 count per second) with occasional bursts 
at higher rates. Since the noise was generally restricted to one detector 
at a time, the loss of data is not expected to have a significant effect 
on the validity of the analysis. 

An engineering test was performed near the end of transearth flight 
(in conjunction with the test on the X-ray spectrometer). The open ex­
periment covers, which permitted direct sunlight impint,ement on the in­
strument, resulted in three of the ten detectors (including the two noisy 
detectors) showing some evidence of photosensitivity. 

The planned coverage ,Jf the lunar surface was obtained. The alpha 
particle sp'!Ctrometer did not detect any local areas of radon enhancement . 1 

The general radon evolution rate of the moon is three orders of magnitude -) 
less than that of earth. A refinemen+ of the data, in which summation of 
counts from successive orbital passes over the same area is made, will be 
required to make more definitive statements about the lunar distribution 
of radon isotopes. 

5. 4 MASS SPEC"I'ROMETER EXPERIMENT 

Thirty-three hours of prime lu."l.ar orbit data were collected with the 
command and service module minus X axis in the direction of travel, and 
7 hours of background data with the command and service module pointed in 
tr.e opposite direction. During transearth coast, approximately 48 hours 
of data were gathered, including waste water dumps! oxygen nurges, and 
boom-ret:.;:action tests. 

The 1nass spectrometer boom retract mE:chanism in 1;he scientific in­
strument m01ule stalled during five of twelve cycles. Data, supported by 
the Command Module Pilot's observations during extrave:t.icular activity, 
confirmed that the boom had retracted to within 1 inch of full retraction. 

1 An objec1;i ve of the experiment was t,o loeate craters or fissures by 
detecting alpha ps.rticles emitted by radon isotopes - daughter prod1.1cts of 
uranium and thorium . 



.. 

...... 

' ' .. 

! 
? 
~ 
~ 
1 

I 
f 
jt 

( 

5-7 

Each of the five cycles in which the boom did not fully retract was pre­
ceded by a period of cold soaking of the boom. Iu each instance, the boom 
would retract fully after warm-up. The boom was fully retracted for com­
mand module/servi.ce module separation. This anomaly is discussed fwther 
in s~ction 14.1.6. 

The instrument operated well, providing good data. Even though the 
boom retraction problem reRulted in failure to collect prime data during 
one schedul~d period, and real-time scheduling problems prevented instru­
ment operation for another scheduled period, an adequate amount of data 
was acquired. 

The mass srectrometer measured an unexpectedly large amount of gas at 
orbital altitude around the moo:1. This amount was an order of magnitude 
greater than that seen during transee.rth coast. Many gases were detected, 
including water vapor, carbon dioxide, and a variety of hydrocarbons. 
Data obtained during transearth coast indicate that a gaseous contamina­
tion cloud existed up to a distance of 4 feet fr~m the command and service 
module, out contamination was not detected a.t the maximum extension of 
the mass spectrometer (24 feet). 

5. 5 PARriCLE SHADOWS/BOUNDARY LAYEH EXPERIMENT 

'I'he d1~'t'ged-particle telescope detectors were turned on immediately 
after snbsatelli te launch and are operating normally. Proper operation 
of the proto:1 detection system was indicated · .. hen a large flux of protons 
in the 35 OJO- to 100 000-electron-volt range were observed near the mag­
netopause (fig. 5-3). Twenty-four hours after subsatellite launch, the 
electrostat1c analyzer detectors were turned on, and have operated nor­
mally with no evidence of high-voltage corona or arcing. 

When the moon is not in the earth's geomagnetic tail, the effect of 
the moon's shadow on the solar wind electrons is clearly detected. The 
variation in the shadow shape is rather large. With the moon in the 
earth's tail, a very tenuous plasma is seen. Within the plasma sheet, 
intensities increase with some flow of plasma from the earth's direction. 

5. 6 SUBSATELLITE MAGNETOMETER EXPERIMENT 

The magnetometer was turned on when telemetry from the subsatelli te 
wa.s acquired, and the instrument has performed satisfactorily. The ex­
periment has operated continuoUEly except for an 18-hour peric>d after the 
lunar eci.ipse of August 6, and periods when the power is turned off to 
enable the batteries to return to full charge. 
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The magnetometer is returning better-than-expected information in 
relation to detecting surface anomalies. The principal investigator is 
carrying out hand calculations on far-side date that indicate excellent 
repetitive information over the craters Gagarin, Korolev, and Van de 
Graaff. While in the solar wind, the magnetometer is mapping the signa­
ture of the diamagnetic cavity behind the moon. Ju; the subsatelli te 
crosses the terminator, variations in the solar magnetic field by factors 
of two to three are detected by the magnetometer. These ma.Y be caused 
by interaction of the solar wind with local magnetic regions near the 
limb. More carefUl long-term analysis is required to confirm this pre­
liminary finding. 

5 . 7 S-BAND TRANSPONDER li:XPERIMENT 

5. 7.1 Commend and Service Module /Lunar Module 

Good gravitational profile data along the spacecraft lunar ground 
tracks were obtained. The anticipated degradation of the data caused by 
changes in spacecraft position from uncoupled attitude control engine fir-
ings was not significant. Indications f.l.re that the gross shapes of mascons -) 
in Serenitatis, Crisium, and Smythii can be established. This complements 
the Apollo 14 results on Nectaris. Detailed gravity profiles of the Ap-
ennines and Procellarum regions were a:' .. so obtained. 

5. 7. 2 Subsat~lli te 

The initial data contained a high level of noise caused by a wobble 
about the spin axis. The wobble was inherent in the subsatelli te deploy-­
ment and was subsequently removed by the onboard wobble damper. 

The subsatelli te S-band transpc,nd~r is working well, and is being 
operated every twelfth lunar revolution. The tracking data shows that 
the perilune variation is following !>ret'light predictions and is expected 
to confinn the p~dicted orbital lifetime {greater than 1 yera.r). The sub­
satellite transponder has shown at least one new mas con in the region of 
the crater Ht:mboldt on the eastern lunar near side. Repeated overflights 
of the lunar near side from varying altitudes as the subsatellitP. orbit 
decays will 'oe necessary before an accurate grav5. tational map can be made 
and large anomalies defined. 

,•'' 
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5.8 DOWN-LINK BISTATIC RADAR OBSERVATIONS OF THE MOON 

The experiment data consists of records of both frequencies (S-band 
and VHF) during the front-side passes on lunar revolutions 17 and 28. 
During these dual-frequency periods, signals were b~unced off the moon 
and received at Goldstone (210-:rt dish antenna for S-band) and at Stan­
ford University (150-:rt dish antenna for VHF). On revolutions 53 through 
57 (the crew sleep period), only the VHF frequency was reflected from the 
moon to the earth. 

The experiment results will require considerable data processing. 
Determination of the bulk dielectric constant and near-surface roughness 
along the spacecra:rt track appears possible with the present data. S-band 
data from revolution 17 are not usable because of incorrect spacecra:rt at­
titude. However, VHF data from revolution 17 appear to be of high quality. 
The attitude error was discovered and corrected in time for revolution 28, 
and all the data for that revolution are of excellent q"Uali ty. The VHF 
experiment conducted during revolutions 53 through 57 provided high qual­
ity data. Apollo 15 data may be correlated with data obtained from the 
Apollo 14 bistatic radar experiment since the spacecraft groundtracks of 
Apollo 15 du=ing both S-band/VHF operation and VHF-only operation inter­
sect the Apollo 14 groundtrack during S-band/VHF operation. 

5.9 APOLLO WINDOW METEOROID EXPERIMENT 

The command oodule side and hatch windows were scarmed at a magnifi­
cation of 20X prior to flight to determine the general background of chips, 
scratches and other defects. Postflight, the windows will again be scanned 
at ?OX (and higher magnifications for areas of interest) to map all visible 
defects. Possible meteoroid craters will be identified to determine the 
meteoroid cratering flux of particles :·-.sponsible for the degradation of 
glass surfaces exposed to the space en~ronment. 

5.10 l.iLTnAVIOLET PHCYI'OGRAPHY - EARI'H AND MOON 

Ultraviolet photographs were obtained while in earth and lunar orbit, 
and during trans lunar and trans earth coast. ThE' following table lists the 
ultraviolet photography sequences performed on Apollo 15. Each sequence 
consisted of t.wo exposures without the use of a filter and two exposures 
each with a 2600-angstrom filter, a 3750-angstrom filter, and a 4000- to 
6000-angstrom visual-range filter. In addition, some color-film exposures 
were obtained, as planned, ~ith the visual-range filter. These are noted 
in the last colllm!". of table 5-I. PreHminary examination shows that the 
exposures were excellent 

I 
i 

I 
j ' 

I •' r 



5-10 

TABLE 5-I.- ULTRAVIOLET PHOTOGRAPHY 

Location of Spacecraft SUb,1e~t Ultraviolet Color 

Earth orbit Earth limb 8 1 

Translunar coast 
(~ 60 000 n. mi.) Earth disc 8 1 

Translunar coast 
(~ 60 000 n. mi.) Moon 8 (a) 

Transluner coast 
( ~ 120 000 n. mi • ) E~h disc 8 1 

Translunar coast 
(~ 180 000 n. mi.) Earth disc 8 1 

Lunar orbit Earth and 8 (a) 
lunar horizon 

Lunar orbit Earth 8 1 

Lunar orbit Mare f~reas blO (a) 

Lunar orbit Terra area blO (a) . 
Transearth coast Earth disc a 1 
(~ 160 000 n. mi.) 

Transearth coast Earth disc 8 1 
(~ 120 000 n. mi.) 

Transearth coast Earth d.tsc 8 1 
(~ 60 000 n. mi.) 

Transearth coast Moon/calibratior: 8 (a) 
(~ 60 000 n. mi.) 

~o color exposures planned. 

bFour exposures taken with the 4000- to 6000-angstrom filter. 
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5 .11 GEGENSCHEIN FROM LUNAR ORBIT 

Photography of the Gegenschein and Moulton Point regions from lunar 
orbit was perforned twice, as planned, during revolutions 46 and 60, and 
at least six exposures were obtained during each sequence. However, the 
photographs are unusable because incorrect signs were used in premission 
calculations of spacecraft attitudes. Ground-bas~d photography in support 
of the inflight photogra~hy was performed during the mission at the Hal­
eakala Observatory, Maui, Hawaii, and after the mission at the McDonald 
Observatory, Fort Davis, Texas. 

The camera sys+.em used for the Gegenschein experiment and other as­
tronomy tasks performed well. A comparison of preflight and postflight 
calibration exposures with the faintest brightness observed in the Apollo 
15 exposures (of the Milky We¥) demonstrates that this camera system is 
very satisfacto17 for the Gegenschein experiment, now scheduled for the 
Apollo 16 mission. 

5.12 SERVICE MODULE ORBITAL PHCTOGRAPHY 

5.12.1 Panoramic Camera 

The panoramic camera was carried on Apollo 15 to obtain high-reEolu­
tion panoramic photographs of th~ lunar surface. The areas photographed 
included the Hadley Rille landing site (figs. 4-1 and 4-2), several areas 
being conside~ed as the Apollo 17 landing site, the Apollo 15 lunar module 
ascent stage impact point, near-terminator areas, and 0ther areas of gen­
eral coverage. Anomalous operation of the velocity/altitude sensor (sec­
tion 14.3.1) was indicated on the first panoramic camera pass on revolu­
tion 4 and :;ubsequent passes; however, good photography was obtained over 
all critical areas. 

The delay in lunar module jettison caused cancellation of photographic 
passes planned for revolutions 58 and 59. These passes were rescheduled 
for revolutions 6o and 63, ?ut side lap with adjacent areas photographed on 
revolutions 33 and 38 was decreased. 

All the imagery is of very high quality. Examination of the filr 
shows that less than 1 percent of the total filru e:;,.posed was st!riou:-· ·, ·' 
graded by the velocity /a.lti tude sensor malfunction. 
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5.12.2 Mapping Camera 

The mapping camera. was carried aboard the Apollo 15 service module 
to obtain high-quality metric photographs of the lunar surface. Mapping 
camera. operation wa.s desired during all panoramic camera. passes and on se­
lected dark-side passes to assist in analysis of data. from the laser alti­
meter. The camera. functioned normally and, esse:·ntially, the entire area. 
overflown in daylight was photographed. However, the laser altimeter 
failed (see the following section) and all schec .. uled dark-side mapping 
activities subsequent to revolution 38 were deleted. A problem with the 
mapping camera. deployment mechanism was also experienC'~d. The camera. ex­
tension and retractio!";. cycles varied from 2 to 4 minutes a.s compared to 
about 1 1/2 minutes required prior to flight. A(ter the last deployment, 
the camera. did not completely retract. This anorhaly is discussed further 
in section 14.3.3. 

The mapping camera was turned vff dur.i ng tile·; panoramic camera. pass 
over the landing site on revolution 50 in a test to determine if the 
velocity/altitude sensor anomaly might be rela.ted'to the mapping camera. 
operation. This resulted in a. minor loss of coverage. Also, the photo­
graphic pass planned for revolution 58 was deferred until revolution 60 
because of the delay in lunar module jettison. The consequence of this 
was a. decrease in sidela.p below the desired 55 percent. 

Approximately 6 hours of mapping camera. operating time remained a.t 
tra~sea.rth injection. About 1 1/2 hours of this were dxpended photo­
graphing the receding moon, a.nd 3 1/2 hours were USfld photographing se­
lected star fields with the stellar camera. a.ssociat(d with the mapping 
camera.. 

Image quality is excellent throughout the entir;~ sequence of 3400 
frames. The entire portion of the lunar surface Whi<~h was overflown by 
Apollo 15 in daylight has been covered by excellent stereoscopic photog­
raphy which is as well suited to detailed analysis a~nd geologic interpre­
tation a.s it is to mapping. 

5.12.3 Laser Alt!rneter 

The laser altimeter wa.s flown to accuraC.ely measure lunar topogruphic 
elevations in support of mapping and panoramic camera photcgraphy, and in­
flight experiments. The altimeter wa~ designed to supply a synchronized 
altitude measurement for each mapping camera exposure on light-side photo­
graphy, a.nd independent altitude measurements on the dark side to permit 
correlation of topogra.pt.ic profil~s with gravl. ty anomalies obtained from 
spacecraft tracking data. 
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Operation of the altimeter was nominal through revolution 24, but im­
pT'oper operation was noted on the next operation (revolution 27), The per­
f':)rmance ot the altimeter became progressively worse until, on revol·.<ticn 38, 
the altimeter ceased to operate (sec. 14.3.2). Consequently, the altimeter 
was not operated on subsequent dark-side passes, although operation on light­
side mapping camera passes WP..s continued. On revolution 63, an attempt was 
made to revive the altimeter through a switching operation by the Command 
Module Pilot, but the effort was not successful. 

Approximately 50 percent ot the planned altimeter telemetry data were 
actually obtained before the :tnst:. UI!lent failed. The data from the early 
orbits have been correlated witl: S-band transponder data for the front­
side pass, and show the shape of the gravity anomalies u related to mare 
basins. The coJLplete circumlunar laser altimete!" data show that, relative 
to the mean lunar radius, the average lunar far side is about 2 kilometers 
(1.1 mile) high and the verage near side is about 2 kilometers ~ow. 

5 .13 COMMAND MODULE PHlJI'OGRAPHY 

While in lunar orbit, photographs were taken from the command module 
of lunar surface sites of scientific interest, and of specific portions 
of the lunar surface in earthshine and near the terminator. Also, while 
in lunar orbit, photographs were taken of low-light-level astronomical 
subjects including the solar corona, the zodiacal light, lunar libration 
point Ltt, and of the moon as it entered and exited the earth's umbra dur­
ing lunar eclipse. During ~.ranslunar and trans earth coast, photographs 
were taken of a. contamination test and star fields were photographed 
through the commsnd module sextant. 

In accomplishing some of the tasks, the crewman obtained extra. fra.'lles 
and some with longer exposures than 1-equired. This will enhance the value 
of the total data desired. The only 16-11111 data acquisition camera maga­
zine contaJ.ning verJ-high-speed black-and-vhi te film was lost. About .35-
pel·cent ot the magtUine had been exposed during lunar orbital flight and 
transearth coast for solar corona and sextant star field photography. 
The most prob~.ble cause of the loss of the JUgazine vas that it floated 
through the it,\tch during the CoDDDand Module Pilot's extravehicular acti v­
ity. This r·~quired a substitution of a slower black-and-white film maga­
zine to· the final sextant star field photography and real-time update 
for contamination photography but, because premiss ion-planned exposure 
settings were used with the much slower film, the sextant star field 
photographs are not clear. 

Photographs were obtained of 21 of 23 specific lunar surface targets, 
the solar corona, the moon during lunar eclipse as it entered and exited 
the earth's umbra, star fields through the CODIII&nd module sextant, lunar 
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libration region L4 , and specific areas of the lunar surface in earth­
shine and in low light levels near the termin~tor. Near-terminator strip 
photography scheduled on revolution 58, and 2 Jf the 23 lunar surface 
targets scheduled on revolutions 58 and 59 were deleted because of the 
del~ in lunar module jettison due to problems dur_ng tunnel venting op­
erations ond subsequetit extension of the crew's sleep period. Based on 
preliminary examinatioo of the dim-light photography, it appears the:.t 
excellent qual.i ty imagery was obtained of the solar corona, the zodi.acal 
light and the ll.mar surface in earthshine. 

5.14 V!SUAL OBSERVATIONS FRUM LUNAR ORBIT 

Visual observations from lunar orbit was an objective implemented 
for the first time on this mission. The Command lobdule Pilot was asked 
to make &."ld record observationtl of special lunar surface areas. Emphasis 
was to be placed on characteristics difficult to record on film, but which 
could be delineated by the eye, such as subtle color differences between 
surface units. All of the scheduled targets were observed and the results 
relayed. These results are documented in reference 2. Significant ob­
servations were as follows: 

a. Fields of cinder cones were discovered on the southeast rim of 
Mare Serenitatis (Littrow area) (llld the southwest rim of the same mare 
basin (Sulpicius Galles area). 

b. A landslide or rock glacier was delineated on the northwest rim 
of the crater Tsiolkovsky on the 1\mar farside (fig. 4-5). 

c. A rf!¥-excluded zone around the crater Procl\W on the \test rim of 
Mare Crisium wss interpreted as being caused by the p1·csence of a fault 
system at the west rim of the crater. 

d. L81Yers on the interior walls of several craters .,ere found and 
were interpr~ted as volcanic collapse craters, or "caldera", in the maria . 

., 
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6.0 COMMAND AND SERVICE MODULE PERFOflMANCE 

6.1 STRUCTURAL AND MECHANIC.\!. SYSTEM3 

Command module accelerometer data indicated a sustain~d 5-hertz longi­
tudinal oscillation of 0.35g peak-to-peak amplitude prior to first stage 
center engine cutoff. Similar oscillations have occurred on previous 
Apollo flights bnd are within acceptable structural design limits. Oscil­
lations measured during see;ond and third stage boost were les::: than 0 .05g 
peak amplitude in any directir1 and were not structurally signifi~Ant. 

Translunar docking lo1.ds were higher than thosE' of previous missions 
(see ., cC • 7 . 1 ) . 

Ma.in parachute deployment for ea..ooth landing, beginnillg at approxi­
mately 10 500 feet, was normal. However, at approximately 6000 feet, one 
of the three main parachutes was observed to have collapsed. Details Gf 
this anomaly are reported in se~tion 14 .1.9. 

6. 2. ELECTRICAL POWER AND FUEL. CE;W.S 

The e:Lectrical power system batteries and :fueJ. cells perform~d satis­
factorily throughout the mission, 

The entry, auxiliary, anrl pyrotechnic batteries performed ncrmally. 
Entry batteri~s A and B were .:harged nine t · mes d1U'inK flight (battery A -
4 times; battery B - 5 times), r.oad sharir; and Vl'•ltage deli very were 
satisfactory during each of the se1vice propulsion :irings. The batteri~s 
were near the fully charged level at entry. 

The fuel cells were activated 59 hours prior to lau•·•ch Wld the system 
was contigu:red with fuel cell 2 en main bus A. fuel cells 1. and 3 were on 
open-circuit until 3.5 hours before li1~-off when fuel cells 1 and 2 were 
placed 011 main bus A and !\tel cell ::S on main bus B. This contigura.ti~n 
was mair.tained throughout the flig)'ot. Load varianc~ between fuel cells 
was a nominal 4 to 7 amperes dur!:~ flight, with the fuel cells supplying 
653 ki~vw3.t t·"hours of e.•~r~ at an average current and bUE voltage of 77 
amperes W'l~ 28.8 volt.s, respect! VE"ly, 
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6 . 3 CRYOGENIC S'IDRAGE 

The cryogenic storage ~~stem satisfactorily supplied reactants to 
the fuel cells and metabolic oxygen to the environmental control system 
throughout the mission. The quantities of o:x;ygen and hydrogen consumed 
as compared to preflight predictions are given in section 6 .ll. 3. 

The system supplied all demands including the extravehicular activity 
during tra.nseA.rt.h coast when the system supplied a flow rate of approxi­
mately 12.2 lb/hr and the pressure and heater temper""'tures remained with­
in the anticipated limits. 

6.4 COMMUNICATIONS 

Performance of the command and service mociule communications system 
was nominal throughout the mission, except that the Command Module Pilot's 
lightweight headset microphone was inoperative when the headset was removed 
from stowage. Inflight troubleshooting verified that the failure was in 
the microphone. Past history shows three microphone amplifier failurc.s 
out of approximately 300 uni t'3 in use. The headset was tra..'lsferred to the 
lunar module and jettisoned; therefore, the failure could r;ot be iaolated 
to a specific component. 

6. 5 INSTRUMENTATION 

The instrumentation performed normally with three exceptions. 

a. The service module reaction control system quad A fuel manifold 
pressure measurement was intermittently noisy (about 4 percent). However, 
there were other measurements for determining the manifold pressure. 

b. The central timing equipment timer was reset at 97 hours 53 min­
utes. A time correction was inserted by up-data link, and the timer con­
tinued to operate properly throughout the flight. The noise susceptibil­
ity of the reset line to the central timing equipment has been evident on 
other spacecraft. However, because of the ease of updating, the problem 
has not been considered significant enough to j~~tifY redesign. 

c. The first 20 feet of tape on the data recorder reproducer became 
degraded after about 100 dumps. This portion of the tape was not Ul:led 
for the remainder of the flight. This anomaly is discussed further in 
s~ction 14 .J .10. 
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6. 6 GUIDANCE, NAVIGATION, AND CONTROL 

Performance of the guidance, navigation, and the primary and backup 
control systems was good throughout the flight. The two anomalies exper­
ienced during the mission were minor in nature causing no loss of system 
capability. They were excessive attenuation of light through the scan­
ning telescope, and improper alignment of tbe roll axis when the gyro dis­
plS¥ alignment pushbutton was depressed. Descriptions of the anomalies 
and the corrective action being taken are included in se~tions 14.1.15 
and 14.1.16. 

The primary guidance system satisfactorily monitored the trajectories 
during launch and the translunar injection maneuver. The most probable 
velocity errors at insertion were minus 1.5, minus 41.5, and minus 10.8 
ft/sec in the X, Y, and Z platform axes, respectively. The errors we:re 
determined from data obtained from several sources: the Saturn guidance 
system, the command module guidance system, the Saturn guidance syst·~m 
data modified by tracking data, and command module platform realignments 
in earth orbit. 

Separation from the S-IVB and the transposition maneuver w~re nominal. 
During the docking sequence, the digital autopilot control mode was changed 
from "attitude hold" to "free" vhile a plus-X translation was being com­
manded in order to secure a positive capture latch indication. The body 
rates induced by contact and the plus-X thrusting were not nulled and re­
sulted in misalignment angles of minus 11.0, plus 2.2, and plus 1.6 degrees 
in pitch, yav and roll at the start of the retract sequence (see fig. 6-1). 
The resultant misalignrent caused a greater-than-normal structural loadinl!: 
in the docking interface (see sec. 7.1). 

Body rate transients of less than 0.1 deg/sec in all three axes vere 
caused by jettisoning of the scientific instrument module door and launch­
ing of the stibsatelli te. 

Accelerometer biases and gyro drift terms vere stable throughout the 
flight. The gyro drift terms vere updated only once, at 27:56. Table 6-I 
is a suu:ma.ry of preflight histories and inflight performance data of the 
inertial components. Table 6-II is a summary of inertial measurement unit 
realignments performed during the mission. Table 6-III Jummarizes signif­
icant control parameters for each of the service propulsion &ystem maneu­
vers. 

During lunar orbital operations betveen 84 and 95 hours, the command 
and service module maintained a period of local horizontal attitude hold 
vith the scientific instrument module tovard the lunar surface. The evap­
orator in the primary coolant loop vas turned off to prevent interference 
vith the inflight science activities. The resulting large temperature 
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TABLE 6-I.- INERTIAL COMPONENT CALIBRATION DATA 

Sample Sta.ndard No. or Countdown Flight Inflight 
Parameter mean deviation samples value load Performa.nce 

Accelerometers -
X -Scale factor error, ppm -412 36 6 -489 -430 -

Bias, em/sec 2 
0.83 0.05 6 0.77 0.86 +0.90 

Y -Scale factor error, ppm -170 25 6 -199 -200 -
Bias, em/sec 2 -0.09 0.03 6 -0.10 -0.09 -0.05 

Z - Scale factor error, ppm • -165 48 6 -l74 -180 -
Bias, em/ sec 2 

-0.27 0.09 6 -0.25 -0.24 -0.:?0 

Gyroscopes 

; X - Null bias drift, meru . 1.42 0.96 10 1.80 2.0 -0.1 

Acceleration drift, spin reference 
axis , meru/ g -7.80 1.22 6 -7 .o -7.0 -

Acceleration drift, input 
axis, meru/ g -10.25 2.44 6 -8.8 -12.0 -

Y - Null bias drift , meru -2.53 1.46 6 -3.2 -2.8 +0.2 

Acceleration drift, spin reference 
axis, meru/g 14.9~ 0.80 6 14.8 15.0 -

Acceleration drift, input 
axis, meru/ g -2.0 3.78 12 -6.8 -5.0 -

Z - Null bias drift, meru • -4.47 o. 38 6 -5.0 -4.6 +O.l 
Acceleratiun drift, spin reference 

-2 .o axis, meru/g -2.45 0.76 6 

I 
-1.9 -

Acceleration drift, input 
6 0 axis, meru/g 0 1.03 1.5 -

oscillations in the coolant loop gave some concern as to how these temp­
erature excursions would affect the guidance equipment. Since no direct 
guidance equipment telemetry measurements of coolant temperatures wer~ 
available, an analysis was performed using a thermal model of the coolant 
loop and a ground test was performed with non-flight guidance ~quipment. 
Both indicated that considerable temperature attenuation exists in the 
coolant loop and that temperatures experienced during the flight were 
within acceptable limits. As a result of the thermal analysis, the maxi­
mum temperature limits in the systems operational data book are being 
raised to 90° F, peak, and 75 ° F, average, over a 2-hour period. The 
effect of cot;,lant temperature oscillations upon accelerometer bias is 
shown in :figure 6-2. 

Cislunar midcourse navisation exercises were performed during the 
transearth phase to asain demonstrate the capability to navi~te to safe 
@ntry conditior.s in the absence of communications with earth. 

I 
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TABLE 6-II.- COfvMAND AND SERVICE MODULE PLATFORM ALIGNMENT SUMMARY 

Gyro torquing angle, Star angle Gyro drift , meru 
T~e. Prosr- Star used 

deg di rrerence • C0111111ents 
br:llin option• .leg 

X y z X y z 
00:~ 3 33 Antares, 41 D~ih -0.029 +0.021 -0.061 0.01 -1.5 +1. 7 +4.9 Launch orientfttion 
5:30 ~ 01 Alpherat2., 01 Menltar -0.102 -0.063 +0.166 0.01 +1.5 +0.9 +2.1 Launch orientation 
5:33 1 01 Alpheratz, 07 Mealr.ar -0.731 +0.431 +0.315 0.01 - - - Passive thermal control orientation 

11:15 3 14 Canopua , o4 Acbemar -0.096 -o.o88 +0.181 o.oo +~ .. 1 +1.1 +2.1 Passive thermal control orientation 
27:24 3 01 Alpheratz, 10 Mirfak -0.329 -0.256 -+0 -574 o.oc. +1.35 +1.1 +2.4 Passive thermal control orientation 
55:21 3 10 Mirfak, 20 DDoeea -0.021 -0.034 -0.016 0.01 +0.1 +0.1 +0.0 Passive thermal control orientation 
72:53 3 10 Martak, 20 DDoees +0.012 -0.051 +0.015 0.00 -0.1 +0.2 +0.1 Passive thermal control orientation 
75:15 3 36 Vega, k4 EDit +0.025 +0.011 +0.001 0.00 -0.7 +0.3 +0.3 Passive thermal control orientation 
75:19 1 36 Vega, 44 Eair -0.363 +0.601 +0.263 o.oo - - - Lunar orbit insertion orientation 
80:04 3 4o Altair, 42 Peaeoek -0.018 -J.Oo6 -0.004 o.oo +0.3 +0.1 -0.1 Lunar orbit insPrtion orientation 
8o:l0 1 37 lunlti , 45 F..albaut +0.738 +0.898 +0.497 o.oo - - - Landing site orientation 
82:olo 3 02 Diphda, lol ~ih -0.009 -0.007 +0.000 o.oo -0.3 +0.2 o.o Landing site ori~ntation 
83:56 3 37 lunlti , lo2 Peacock +0.005 +0.004 +0.002 o.oo -0.2 -0.1 -0.1 Landing site orientation 
95:113 3 25 Acrux, 26 Spiea +0.022 -0.032 +0.038 0.01 -0.1 +0.2 +0.2 Landing site orientation 
97:39 3 41 ~ih. lo2 Peacock +0.010 -0.009 -0.025 0.01 -0.4 +0.3 -0.2 Landing site orientation 

103:01 3 01 Alpherat:r., l!lo EDit +0.023 -0.005 +0.009 0.00 +0.3 +0.1 +0.1 Landing site orientation 
105:12 3 34 Atria, 115 Fc.alhaut +0.012 -o.o11 +0.023 0.01 -0.2 +0.1 +0.3 Landing site orientation 
109:01 3 olo Achemar, lo2 Peaeoek +0.015 -o.oo4 -0.014 0.00 -0.3 +0.1 -0.2 Landing site orientation 
119:05 2 01 Alpherat:r., 36 Vega -0.028 -0.058 +0.012 0.01 +0.2 +0.4 +0.1 Landing site orientation 
126:113 3 02 Diphda, olo Aebernar +0.050 -0.007 +0.017 0.01 -o ... +0.1 +0.1 Landing site orientation 
130:311 3 02 Diphda, olo Aebernar +0.016 -0.005 -0.011 0.01 -0.3 +0.1 -0.3 Landing site orientation 
1loo:lo9 3 01 Alpberat:r., 36 Vega -o.oo4 -0.050 +0.041 0.01 0.0 +0.3 +0.3 Landing site orientation 
152:116 3 41 ~ib, 43 Deneb +0.028 -o.O)l 0.000 0.01 -0.2 +0.2 o.o Landing site orientation 
162:19 3 01 Alpheratz, 05 Polaris -0.014 -o.o44 +0.016 0.02 +0.1 +0.3 +0.1 Landing site orientation 
161o:::.6 3 lol ~ib, lo3 Deneb +0.050 -0.011 +0.005 0.01 -0.2 +o.l 0.0 Landing site orientation 
161o:22 1 41 D~ih, 1<3 Deneb -0.641 +0.186 -0.042 o.oo - - - Plane change orientation 
166:09 1 41 ~ib, 43 Deneb +0.125 -0.810 -0.730 o.oo - - - Lunar orbit orientation 
170:o6 3 01 Alpherat%., 44 EDit -0.006 -0.011 -0.017 o.oo +0.1 -0.3 -0.3 Lunar orbit orientation 
193:52 3 o6 Ac-, 45 Fc.alhaut +0.018 -0.081 -0.003 0.02 -0.1 +0.2 o.o Lunar orbit orientativn 
202:00 3 01 Alpheratz, 4o Altair +0.001 -0.047 -0.005 0.01 -0.1 +0.4 o.o Lunar orbit orientation 
211:52 3 34 Atria, lo5 Fc.alhaut +0.029 -0.025 +0.018 0.01 -0.2 +0.2 +0.1 Lunar orbit orientation 
217:28 3 o6 Ac-, 45 F..albaut +0.018 -0.027 -0.009 0.01 -0.2 +0.2 -0.1 Lunar orbit orientation 
219:31 1 o6 Ac~, lo5 Fc.al.heat -o.lo7lo +0.308 +O.lo33 o.oo - - - Transeartb injection orientation 
221:27 3 03 lari , 11 Aldebaran +0.021 +0.004 +0.024 0.01 -0.1 -0.1 +0.8 Transearth injection orientation 
226:11 3 11 Aldebaran, 16 Proqon -0.015 -0.027 +0.004 o.oo +0.2 +0.4 +0.1 Transearth injection orientation 
226:1lo 1 11 Aldebaran, 16 Proqon +O.loloo -0.522 -0.18o 0.02 - - - Passive thermal control orientation 
236:25 3 31 Aretarua, 33 Antares +0.019 -0.031 +0.027 0.02 -0.1 +0.2 +0.2 Passive thermal control orientation 
251:00 3 lol D~ib, lo3 Deneb -0.008 -0.067 +0.034 0.00 o.o +0.3 +0.2 Passive thermal control orientation 
262:57 3 30 Menltent, lo3 Alpheeea -0.011 -0.074 -0.021 0.00 0.0 +0.2 -0.1 Passive thermal control orientation 
267:36 3 05 Polaris, 11 Aldebaran -0.005 -o.oo6 +0.019 o.oo +0.1 +0.1 +0.3 Passive thermal control orientation 
271:55 3 23 Denebola, 32 Alpheeca +0.029 -0.016 +0.001 0.01 -0.4 +0.3 0.0 Passive tber.al control orientation 
288:56 3 41 ~ib, 43 Deneb -0.020 -0.087 +0.055 o.oo +0.1 +0.3 +0.2 Passive ther.al control orientation 
291:01 3 01 Alpherat%., 10 Mirfak -0.016 -0.019 -0.003 o.oo +0.05 +0.6 -0.1 Passive the~ control orientation 
293:21 1 01 Alpheratz, 10 Mirfak -0.776 +0-115 +0.563 o.oo - - - Entry orientation 
293:21 3 4o Altair, lo5 F....U.aut +O.Oo6 -0.010 +0.005 0.01 -0.2 +0.3 +0.1 Entry orientation 

•1 - Preferred; 2 - IC8inal; 3- REPSJMAT; 4 - Landing site. 
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Figure 6-l. - Rate and attitude error de 
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3:33:24 3:33:28 3:33:32 3:33:36 3:33:40 3:33:44 3:33:48 3:33:52 3:33:56 

Figure 6-l.- Rate and attitude l'rror data during transposition and docking sequence. 
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Separation from the service module, the maneuver to entry attitude, 
and sensing of 0.05g during entry were all nominal. The command module 
dynamic~ were seen to change suddenly when the parachute failure resulted 
in a decrease in lift (sec. 14.1.9). 

The guidance system controlled the vehicle attitude and lift vector 
during entry and, based on computer readouts, guided the spacecraft to 
landing coordinates of 26 degrees 7 minutes 48 seconds north latitude, 
and 158 degrees 7 minutes 12 seconds west longitude. 

Postflight testing of the entry monitor system scroll indicated that 
intermittent scribing occurred after drogue deployment. Chemical analy­
sis revealed an improper mixture of the phenolic resin and the encapsu­
lated dye which is used to coat the scroll. The trace that was scribed 
by the stylus was ;risible to the crew dur:f.ng entry but was r.ot visible 
postflight because the dye and :~esin did nc.\t develop properly. No hard­
ware changes will be made since only postflight testing of the scroll is 
affected. 

6.7 PROPULSION 

6.7.1 Reaction Control Systems 

Performance of the service module reaction control system was norma~ 
throughout the mission except that some service module propellant isola­
tion valves closed as on previous missions. Indications that val.•res were 
closed w~re reported by the crew followi•lg launch, S-IVB/ command and ser­
vice module separation, and scientific instrument module door jettison. 
In all cases, the valves were recycled open without incident. A more com­
plete discussion of this anomaly is given in section 14.1.1. 

The performance of the command module reaction control system was 
nominal throughout the mission. The effects of dumping raw fUel follow­
ing the propellant depletion tiri~ sequence and the association of this 
procedure with the parachute failure is discussed in section 14.1.9. 

6.7.2 Sftrvice Propulsion System 

Service propulsion system performance was satisfactory during each 
of t.he eight me.neuvers. The steady-state pressure data, gaging system 
data, and velocity differentials indicated essentially nominal perform­
ance. Engine ignition procedures tor lunar orbit insertion and trans­
earth injection were revised, however, because of a short which developed 
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in the ignition control circuitry on the downstream side of the bank A 
solenoid valve. A discussion of this malf\mction is given in section 
14.1.3. 

Previous flight results have shown the inflight mixture ratio t.o be 
significantly less than expected from engine acceptance test data. The 
service propulsion system engine was re-o .. 'ific~d to ;.ncrease the r..ixture 
ratio for this mission. Figure 6-3 shows t.he propellant unbalance for 
the two major engine firings compared with the predicted unbalance. The 
unbalance at the end of the transearth injectioil fir1 ng w-as very small 
and shows that the modifications to th~ en~ine were satisfactory. 

6. 8 ENVIRONMENTAL CONTROL AND CREW STATION 

6.8.1 Environmental Control System 

Performance of the environmental ~ontrol system was satisfactory, 
although several discrepancies required corrective action or minor 
changes to the planned operations. 

Wd.ter leakage at the chlorine injection port was note~ on two O':ca­
sions when the cap was remved for the daily chlorination. Retightening 
of the port septum-retention insert by tl·.e crew successfull;t stopped the 
leakage (sc~ sec. 14.1.2). The crew also noted the presence of gas in 
the water, e~pecially after heavy usage such as at the end of an eating 
period (see s.~c. 14.1.14 j. .Another problem "!'elateu to drinking water 
was that, on tYo occasions, at 13 1/2 hours or.d 2?7 hours, the potable 
water ~~nk failed to refill after use •hil~ the w~ste water tank accepted 
the normal :·ud. cell water production. Proper potable: tank filling re­
sumed after a waste water dump at 28 1/2 hours, but the tank failed to 
refill after meal preparation at 277 hours (see sec. 14 .1. 7) • 

Command module cabin pressure was increased prior to sleep periods 
again on this flight to assist i::1 measuring inflight cab_.: leakage. Esti­
mates of 0. 03 lb/hr during translunar coast and 0.01 lb/hr during trans­
earth coast were determdned trom cabir. pressure decay data. 

Noises were ~eard trom the cabin fanq that w~:re 'hel ~.eved to nave l'een 
caused by an object striking the fan blades. Cycling of the fans allo,..~d 

the fans to run normally (see sec. 14.1.13). 

Prior to crew transfer ~or lunar module housekeeping, difficulty vas 
experienced in obtaining proper lurar module/command module difftrentia1 
pressure gage readings. The difficulty resulted in insufficient lunar 
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module pressure decay at cabin pressure equalization. ~onseq•..1.ently, ex­
tra lunar module venting was required to obtain ajditional oxygen enrich­
ment and assure minimum oxygen concentration for later suited activities. 

Radiator outlet temperatures while in translunar coast and lunar or­
bit. were 10° to 15° F higher than preflight thermal .3tudies indicated they 
would be. During the flight, calculations using more accurate heat load 
inputs resultea in considerably closer predictions, although some degrada­
tion of radiator coating may have contributed to the higher-than-predicted 
temperatures. The radiator outlet temperatures were greater than on pre­
vious mi~sions because of the vehicle attitude and higher electrical loads 
required to support the scientific instrument module experiments. 

During preparations for lunar module jettison, after an apparently 
successful hatch integrity ch~ck, the differential pressure decreased be­
tween the command module cabin and tunnel, indicating the possibility of 
a command module hatch leak. Although a subsequent 10-minute check demon­
strated satisfactory hatch integrity, an inspection of both the lunar mod­
ule and command module hatch seals was made. No evidence of contamination 
or damage was found. The hatches were reinstalled and a successful hatch 
integrity check was performed. The crew had also experienced difficulty 
in obtaining an acceptable suit circuit integrity check during the lunar 
module jettison preparations. After being unable tv pressurize the suit 
loop more than 1 psi above cabin pressure, the crew doffed their helmets 
and gloves, and the Commander also unzipped his pressure garment assembly, 
unlocked and removed the liquid cooling garment connector, and installed 
a water connector plug. After rezipping the suit and donning helmet~ and 
gloves, a successful integrity check was completed. Subsequently, because 
of the hatch integrity problem previously mentioned, the suit integrity 
was again broken, and the suit check had to be repeated. This check was 
again unsatisfactory because one suit glove was not properly connected. 
After making the correct connection, a final suit circuit test was suc­
cessfully completed. The delay resulted in the lunar module being jetti­
soned one revolution later than planned. 

Droplets of water came from two of the three blue (supply) hoses when 
they were relocated for the transearth injection firing. Since cabin hu­
midity continued to be normal and no recurrence of the problem was ob­
served, most likely the condensation was an effect of the large primary 
coolant loop temperature transient on the suit circuit heat exchanger dur­
ing lunar orbit. 

During the period of the entry propellant depletion firing, cabin 
pressure continued to increase at a rate consistent with the ambient at­
mospheric e~try pressure. Manual closure of the cabin pressure relief 
valves at that time should have prevented any additional inflow. Since 
use of onboard gas supplies was not sufficient to accow1t for the change, 
apparently the manual val~e was not completely closed or abnormally high 
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leakage occurred. Postflight examdnation of the cabin pressure relief 
valves and the remote operating mechaniam was conducted, and no excess 
leakage waR indicated. 

While being used for postflight testing, the side-A shutoff valve on 
the main oxygen regulator toggle arm pivot pin was found sheared. No 
problem had been reported during the mission. This anomaly is discussed 
further in section 14.1.18. 

6.8.2 Crew Station/Equipment 

The performance of crew equipmen1; was satisfactory. Three items of 
equipment were reviewed as a result of problems experienced during the 
mission. 

The command module ultraviolet window filter was inspected to deter­
mine what action may be required to prevent surface scratching and improve 
the optical qualities of the filter. A change has been made to the filter 
material to improve the abrasive resistance and optical qualities. 

Lengthening of the Command Module Pilot restraint tether was investi­
gated to provide additional reach for the crewman. The current length is 
the maximum allowable to preclude loading of the oxygen umbilicals. 

The command module crewman optical alignment sight which came loose 
from its mount cluring landing has been inspected. This anomaly and the 
corrective action being taken ~re discussed in section 14.1.19. 

6.9 CONTROLS AND DISPLAYS 

The controls and displays performed normally with the following ex­
ceptions. 

Direct-current bus B and alternating-current ~us 2 undervoltage alarms 
occurred at approximately 33-3/4 hours; subsequently, an integral lighting 
circuit breaker was found open. Since the circuits fed by this breaker 
were not mission essential, the breaker was not reset. dee section 14.1.4 
for further discussion of this anomaly. 

At approximately 81-1/2 hours, the battery relay bus measurement read 
13.66 volts instead of the nominal 32 volts, as evidenced by backup meas­
urement readings. Movement of the panel 101 systems test meter switch 
caused the reading to return to normal. This ancmaly is discussed in 
section 14 .1. 5. l 

I 
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The mission timer on fanel 2 stopped at about 125 hours. After sev­
eral attempts, the timer was restarted, and it operated properly for the 
remainder of the mission. See section 14.1.8 for further discussion 
of this anomaly. 

During the crew debriefing, the Command Module Pilot stated that the 
~econds digit of the digital event timer located on panel 1 became ob­
scured by a powder-like substance that formed on the inside of the glass. 
For further discussion, see section 14.1.11. 

Another problem noted during postflight testing of the vehicle was 
that the battery charger main A circuit breaker on panel 5 could not be 
manually opened. Corrosion was found around the indicator sleeve of the 
breaker actuating knob. This anomaly is discussed in section 14.1.17. 

6.10 EXTRA VEHICULAR ACTIVITY EQUIPMENT 

The environmental control system and crew equipment performed suc­
cessfully throughout the transearth extravehicular activity. Operation 
of the new components, including the umbilical, suit control unit, pres­
sure control valve, oxygen control and communications panels, and the 
extravehicular activity warning system was entirely nominal. All checks 
and activities went smoothly, and the extravehicular portion lasted less 
than 40 minutes. Cabin pressure was restored as planned, using the three 
1-pound oxygen bottl~s from the rapid repressurization system and CMP-flow 
mode until J,O psia was reached, and then discharging the unused oxygen 
purge s~·stem to bring the pressure above 5.0 psia. Subsequent depletion 
of the residual 2000 psi in the oxygen purge system was accomplished by 
using it once to increase cabin pressure prior to a sleep period and on 
the following day, when the remainder was allowed to bleed into the cabin 
at a controlled rate. 

6.11 CONSUMABLES 

The command and service module consumable usage during the Apollo 15 
mission was well within the red line limits and, in all systems, was close 
to the prP.flight predicted values. 
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6.ll.l Service Propulsion Propellant 

Service propulsion propellant and heli'um loadings and consumption 
values ar~ listed in the following table. The loadings were calculated 
from gaging system readings and measured densities prior to lift-off. 

Propellant, lb 
Condition 

Fuel Oxidizer Total 

Loaded 15 664.0 25 035.6 40 699.6 

Consumed 14 965.0 23 918.6 38 883.6 

Remaining at end 699 1117.0 1816.0 
of transearth 
injection 

Usable at end of 553 822.0 1375 
transearth injection 

Helium, lb 
Condition 

Storage Bottles Propellant Tanks 

Loaded 85.5 5.4 

Consumed 65.6 -
Remaining at end of 19.9 71.0 

trans earth injection 
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6.11.2 Reaction Control System Propellant 

Se:rvice Module.- The propellant utilization and loading data for the 
service module reaction control system were as shown in the following 
table. Consumption was calculated from telemetered hell urn tank pressure 
histories and was based on pressure, volume, and temperature relation­
ships. 

Propellant, lb 
Condition 

Fuel Oxidizer Total 

Loaded 

Quad A 109.3 225.8 335.1 

Quad B 109.3 224.0 333.3 

Quad c 109.7 224.5 334.2 

Quad D 109.5 224.1 333.6 

Total 437.8 898.4 1336.2 

~sable loaded 1214 

Consumed 810 

Remaining at 
404 command module/ 

service module 
separation 

~sable loaded propellant is the amount loaded minus the amount 
trapped with corrections made for gaging system errors. 

) 

I 
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Command lvbdule.- The loading and utilization of command module reac­
tion control system propellant were as follows. Consumption was calcu­
lated from pressure, volume, and temperature relationships. 

Propellant, lb 
Condition 

Fuel Oxidizer Total 

Loaded 

System 1 44.2 77.6 121.8 

System 2 44.3 78.4 122.7 

Total 88.5 156.0 244.5 

~sable loaded 208 

b Consumed 

System 1 30 

System 2 30 

Total 60 

a,;sable loaded prr:·i>~llant is the amount loaded minus the amount 
trapped. 

,.
1Estimated by using pressure, volume, temperature, and engine firing 

time summation techniques. 

j 
! . 
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6.11.3 Cryogenics 

The total cryogenic hydrogen &ld oJcygen quanti ties available at lift-~ 

off and consumed were as follows. Consumption values were based on quan­
tity data transmitted by telemetry. 

Hydrogen, lb 
Condition 

Actual 

Available at lift-off 

Tank 1 27.4 

Tank 2 26.7 

Tank 3 26.4 

Total 8o .5 

Consumed 

Tank 1 20.6 

Tank 2 20.7 

Tank 3 18.3 

Total 59.6 

Remaining at command 
module/service mod-
ule separation 

Tank 1 6.8 

Tank 2 6.0 

Tank 3 8.1 

Total 20.9 

~ved off upper limits at 15 hours 

b Updated to lift-off values 

Planned 

b8o.5 

59.5 

8.5 
5.4 

7.1 

21.0 

Oxygen, lb 

Actual Planned 

313 

316 

&324 

953 b952 

176 

180 

206 

562 556 

137 138 

136 142 

118 116 

391 396 

·~. 
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6.11.4 Water 

The water quantities loaded, produced, wrd expelled during the mis­
sion are shown in the following table. 

Condition Quantity, lb 

Loaded (at lift-off) 

Potable tank 28.6 

Waste tank 27.6 

Produced inflight 

Fuel cells 520.5 

Lithium hydroxide 26.7 

Metabolic 26.0 

Dumped overboard 

Waste tank 420.5 

Potable tank 15.5 

Urine and flushing a102 .6 

Evaporator usage 8.0 

Water samples 1.5 

Remaining at command module/ 
service module separation 

Potable tank 31.0 

Waste tank 51.3 

~is is the quantity required to complete the water balance. Stan­
dard Operations Data Book values based on an average metabolic rate of 
467 Btu/hr per man indicate a urine and feces production of 87.3 lb. Water 
for flushing is estimated at 4.2 lb based on 50 cc per flush (40 urina­
nations). The diffP.rence between these standard values and the quantity 
required to complete the balance is ll.l lb and is considered as unre­
solved usage • 
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7. 0 LUNAR MODUlE PERFORMANCE 

7.1 STRUOI'URAL .AND MECHANICAL SYSTEM3 

The structural loads were within design values for all phases of the 
mission based on guidance and control data, cabin pressure measurements, 
canmand module acceleration data, photographs, and crew comnents. 

Translunar docking loads were higher than those of previous missions 
because of a pitch misalignment angle of 11 degrees between the command 
and service module and the lunar modul~ /S-IVB prior to docking probe re­
traction to the hard-docked configuration. The bending moment during 
translunar docking was computed to be 425 000 inch-pounds which approaches 
the design limit of 437 000 inch-pounds. 

The sequence films from tile onboard camera showed no evidence of 
large structural oscillations during lunar touchdown, and crew comments 
agree with this assessment. Landing on the lunar surface occur:-ed with 
estimated velocities of 6.8 tt/sec in the minus X direcdon, 1.2 ft/sec 
in the plus Y direction, and 0.6 tt/sec in the plus Z direction. The 
descent rate at probe contact was 0.5 tt/sec. Following probe contact, 
the descent engine was shut down while the footpads were still about 1.6 
feet above the surface, resulting in the 6.8 ft/sec velocity at footpad 
contact. Cauputer simulations indicate :i..O inch of stroke in each primary 
strut except the forward strut, for which a 3 .0-inch stroke is estimated. 
The simulations also indicate that the forward :footpad was o:f:f the surface 
in the :final rest position. The crew stated that the forward footpad was 
loose and rotated easily, confirming the computer results. 

At touchdown, the lunar module was located partially inside a small 
crater with the rim o:f the crater directly underneath the descent engine 
skirt. The descent engine skirt buckled during landing. This is accounted 
:for in the touchdcwn ~namic analysis, and was expected as the skirt length 
had been extended 10 inches over that of previous vehicles. This buckling 
was noted by the crew And contirmed by photographs of the damaged skirt 
(:fig. 7-1). The crew reported that there was a gap between the exit plane 
of the skirt and the lunar surface, indicating that buckling wu probably 
caused by a buildup of pressure inside the nozzle due to proximity to the 
lunar surface, and not due entirely to contact of the nozzle skirt with 
the lunar surface. The crew also reJX)rted t"at the buckling seemed to be 
uniform around the skirt periphery and that the exit plane heisbt above 
the surface was uniform. 

t 
J 

l 
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Figure 7-l.- Buckling of descent engine skirt. 

The vehicle contact velocity and attitude data at touchdown show that 
the landing was very stable in spite of the relatively high lunar surtace 
slope at the landing point. The plus-Z and plus-Y footpads contacted the 
lunar surtace nearly simultaneously, providing a nose-up pitch rate ot 17 
deg/sec and a roll rate to the lett ot 15 deg/sec. Final spacecraft set­
tling occurred 1.8 seconds later. The vehicle at-rest atUtudc, as deter­
mined tran the gimbal angles, was 6.9 degrees pitch up and 8.6 degrees 
roll to the lett, resulting in a vehicle tilt angle on the lunar surtace 
ot approximately ll degrees trom the horizontal (tig. 7-2). 

, 
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Figure 7-2.- Attitude of lunar module on lunar sU!'face. 

7.2 ELECTRICAL POWER 

The performance ot the electrical power 1Jistribution system and bat­
teries was satiatactory. Descent batt~&ry J~Bnasement vu pertormed as plan­
ned, all power switchovers were accomplished as requirrd, and parallel op­
eration ot the descent and ascent batteries was within acc6pt&bl~ limits. 
The d-e bus voltqe was maintained above 28.9 volts, and the mRXimum ob­
served current was 74 amperes, dul1.ng powered descent. Electrical pm.er 
used during the mission is given in section 7.9.6. 
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7,3 COMMUNICATIONS 

The steerable antenna exhibited random oscillation characteristics 
identical to those experienced on previous missions, and resulted in three 
instances of temporary loss of voice and data. Also at random times, 
small oscillations were noted and were damped out. The problems with the 
antenna are discussed in section 14.2.4. 

The lunar module did not receive VHF transmissions from the command 
module during the descent phase of the mission. The checklist erroneously 
configured the command module to transmit on 296.8 MHz and the lunar mod­
ule to receive on 259.7 MHz. 

With the exceptions noted above, all functions including voice, data, 
~d ranging of both the S-band and the VHF equipment operated satisfacto­
rily during all phases of the mission. 

7.4 RADAR 

The landing radar acquisition of slant range and velocity was normal. ) 
The acquired slant range of 42 000 feet increased to about 50 000 feet in 4 

approximately 10 seconds, The indication of range increase ~ay have been 
caused by blockage from a lunar mountain at initial acquisition. Velocity 
was acquired at an altitude of approximately 39 000 feet above the local 
terrain. Landing radar outputs were affected at an altitude of about 30 
feet by moving dust and debris. 

Rendezvous radar tracking operat.ior. during the rendezvous sequence 
was nominal. A lunar module guidance computer program was used after lu­
nar orbit insertion to point the rendezvous radar antenna at the command 
and service module, thus enabling acquisition at approximately 109 miles. 
Two problems were noted during the mission and are as follows: 

a. During the VHF ranging system/rend~zvous radar comparison test 
after undocking and separation, a range difference of 2400 feet existed 
Jetween the rendezvous radar and VHF ranging systems. This difference 
represents high-frequency ranging-tone cycle slippage in the rendezvous 
radar, probably caused by excessive phase shift. Range errors associated 
with cycle slippage, due to insufficient heater operation, have occurred 
during system checkout and have produced phase shifts. Downlink data at 
the time of the problem indicates that the rendezvous radar transponder 
heater was not in operation when the rendezvous radar checKout was first 
attempted; therefore, it is assumed that the phase shift was caused by 
low temperatures • 
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b. Acquisition with the rendezvous radar during ascent was unsuc­
cessful. The radar antenna was pre-positioned prior to lunar l~ft-off to 
an approximate lunar-module guidance-computer designated position for ac­
quisition following insertion. In this position, acquisition would have 
been accomplished when the command module came into the rer1dezvous radar 
antenna field of view. A review of lift-off tele'.i.sion data revealed 
rendezvous radar antenna movement during the first 2 seconds of flight. 
Analysis has also shown that expansion of the ascent engine plume, after 
being deflected from the descent stage structure, ~xerts sufficient pres­
sure on the antenna to overcome gimbal friction and move the antenna. 
Radar acquisition apparently was not accomplished because the radar an­
tenna moved. Rendezvous radar tracking during ascent is not required. 

7.5 CONTROLS AND DISPLAYS 

The controls and displays performed normally. The range/range-rate 
t1.pe meter glass was broken with abol:"t 20 percent of the glass missing; 
however, the meter operated satisfactory during the flight. Section 14.2.8 
contains a discussion of this anomaly. 

7.6 GUIDANCE, NAVIGATION, AND CONTROL 

Guidance, navigation, and control system performance was satisfactory 
throughout the mission except for two anomalies. There was a simultaneous 
indication of an abort guidance system warning light and master alarm on 
two occasions (sec. 14.2.6), and no line-of-sight rate information was dis­
played on the Commander's crosspointers during the rendezvous braking phase 
(sec. 14.2.7). Neither anomaly affected overall systems performance. 

The primary guidance system was activated at 98 hours 26 minutes, 
the canputer timing was synchronized to the command module computer, and 
the lunar module platform was aligned to the coJIIJilbnd module platform. The 
crew had difficulty seeing stars in the alignment optical telescope while 
performing the docked realignment of the lunar module platform, but this 
is normal because of reflected light from the command module structure. 
Table 7-I is a sumD18l"y of all platform realignments of the primary guid­
ance system, both in orbit and on the lunar surface. The calculated gyro 
drift rates compare well with the 1 sigma value of 2 meru and indicate good 
gyro performance. Accelerometer performance was equally good although 
shifts in the X- ~~.J Y-accelerometer bias of 0.39 and 0.46 cm/sec2, re­
spectively, were detected while on the lunar surface. The shift resulted 
from remving and reapplying power to the inertial measurement unit and is 
not unusual. Table 7-II is a S'Ullll!lal'Y of preflight inertial component cali­
bration data. 
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TABLE 7 -I.- LUNAR MODULE PLATFORM ALIGNMENT SUMMARY 

~~~ Type 
Alignment mode Star angle Gyre torquing angle, deg 

difference , 
alignment Option 

1 
Technique 2 Detent 3 Star Detent 3 Star deg X y z 

r-
98:57 Docked - - -- -- -- -- -- -- -- --
99:12 52 3 - 3 '~ Peacoc-k 1 37 Nunki 0.00 +0.171 -0.236 -0.663 

101:16 52 3 -- 2 41 Dabih 2 01 Alpheratt 0.01 -0.002 +0.076 -0.046 
103:00 52 3 - 2 41 Dabih 2 01 Alpheratt 0.01 -0.010 +0.023 -0.34 
105:07 57 3 1 -- -- -- -- 0.03 -O.Oll -0.041 -0.002 
105:23 57 3 2 

l 
3 03 Navi 6 12 Rigel 0.01 ·0.075 I +0.058 -0.060 

105:47 57 3 2 6 00 Plane+. 3 00 Planet 0.00 --O.OO!ll-0.021 j -0,033 
169:38 57 4 3 3 05 Polaris -- -- -- -0.083 -0.006 +0.028 
170:59 57 I 4 I 3 3 05 Polaris -- -- 0.03 +0.021 +0.012 -0.057 

1
1 - Pref'erred; 2 - llominal; 3 - REFS!oMAT; 4 - Landing site. 

2o - Stored attitude; 1 - REFSioi!AT + g; 2 - Two body; 3 - One body + g. 
31 - Left front; 2 .:. Front; 3 - Right front; 4 - Right rear; 5 - Rear; 6 - Left rear. 

" ~ 

j. > ,T>;<I: ~1:' ·"-1".."-~ •• >> -~ "-"'-"' '~"•'' !" 

Gyro drift, -ru 

X y z 

-- -- --
-- -- --

0.1 -2.!. -1.4 
0.4 -0.9 -1.3 
-- -- --

2.1 -1.6 -1.7 
-- -- --
-- -- --

-1.0 -0.6 -2.8 

....,'I 
I 
0\ 

~.-J 
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TABLE 7-II.- INERTIAL COMPONENT HISTORY - LUNAR MODULE 

Inflight performance 

Pil 
11~;"r I Sample Standard Countdown Flight 

Power-up Surface Lift-t.ff 
mean deviation value load 

to paver-up to to samples I 
surface lift-of'f rend("'ZVOUS i --

(a) Acceleraneters 

~: lirl l!d:i 7- ! 
Sl!al.a- --art·- (pta) 7 •• 7 7 • 7 5 -919 11,21 -98o -- -- -
-- ,...,._,z;;- - 7 7 7 7 7 • • • 7 7 5 L71 0704 L70 1,"(3 2709* 2.04•• 

y: Al<ad ,_, 
' 

~~~~Be.~-<PJIIll . 7 •• 7 7 • 5 -836 20.87 -990 -- -- --
' -- "--"-':-~) •• - • • • • • • • 7 • • 1,42 0703 L41 L41 L87* 1. 78 5 

;:.z It! lllJ ,_, 
llillane~·-(pta) ....... 5 -1354 37.02 -1430 -- -- --

I -- ..,.,_,~) --. . . . . . . . . . 5 L42 0.00 L42 L31 1.29 1.26•• 

(b) Gyroscopes 

-zx-apm 

I 

I 
llllll.llliiE riMftt ~) . . 7 • • • • 7 5 3.30 0.18 3.2 +0.9 -1,0 --
- '-ntliB!-- .......... 5 -5.44 0.39 -6.0 -- -- --i AIID\~,Yi •• - •••••••••• 5 6.76 1.43 5.0 -- -- --

'Y!-~ 
. au.n Wlia; Corf.ftt ~) • • • • • • • • 5 -1.94 1.21 -0.7 -1.6 -0.6 

I 
--

MIIRati-u/di--.- .. 7 ••••• 5 4.64 0.85 470 -- -- --
i AIID\~s) --· •••..•••• 10 -1,33 L76 -:?.0 -- -- --
! 
i Z::-Qpm 

.a --clmftt (6.,.ru) . . • . • . . . 5 0.96 0.43 1.4 -L5 -2.8 --_.....-.,.&l-- .. 7 ••••••• 5 -4.52 0.56 -470 -- -- --
Jllllo\.~a)· -.7. _ ••• 7 7 • 7 7 5 6734 1.56 770 -- -- --
-a.lf~l.Dooec!lianged to L90 and L75 

-af1L ~ :u.tiabanged to 2. o6 and 1.26 

• 

--:j 
I 

--:j 



After a nominal separation from the command module, the abort guid­
ance system was activated, initialized, and aligned to the primary guid­
ance system. Table 7-III is a summary of preflight and inflight perform­
ance of the abort guidance sys·cem accelerometers and gyros. 

TABLE 7-III.- ABORT GUIDANCE SYSTEM CALIBPATION HISTORY 

(a) Accelerometers 

~ Preflight performance Inflight performance .::;4 ·- r· 

I 
I 

Standard - Number of Mean of deviation Flight System Pre-
calibratiut'ls cc.li brat ions of load activation descent 

cal i.brations 
+ 

I I StatJ c bias, "~ 

12 -67 13.0 

12 +93 9.6 

12 -89 11.6 

I ~ 
L ___ z _ 

(!J) Gyros 

~~~i~t~~e-g/-hr---r------~-re-
Number of Mean 

fl.ght performance 

Standard 
of devi~tion 

calibrations calib rations of 

X 

y 

12 

12 

-0 

-0 

12 +0 

calibrations 

.12 

l 
0.14 

.93 0.04 

.06 0.03 

-48 

+107 

-84 

Flight 
load 

-0.02 

-0.90 

+0.07 

-62 -95 -92 I 
+124 103 71 

I -62 -100 -lOS 

Inflight performance 

Surface Surface System 
t..alihration calibration activation 

no, l no. 2 

·--
-0.21 -0.14 -0.12 

-0.81 -0.81 -0.78 

+0.15 +0.06 +O.OZ' 

----------··---

The powered descent to the lunar surface was initiated on time. Ta­
ble 7-IV is a sequence of significant events during descent. A landing 
site update to move the targeted landing point 853 meters (2800 feet) down­
range was made 95 seconds after ignition. The computer began accepting 
landing radar updates and oegan adjusting its estimate of altitude upward 
by 4800 feet. After enabling landlng radar updates, the primary guidance 
altitude flattened out for approximately 70 seconds (fig. 7-3). This re­
sulted from the initial estimate of the slope stored in the computer being 
1 degree; whereas, the true mare slope was zero. Convergence occurred 
rapidly once the lunar module was over the Apennine foothills where the 
computer-stored slope agreed more closely with the actual slope. Figure 
7-3 is a time history of altitude from the primary and abort guidance sy­
stems. Data indicate that 18 separate deflections of the hand controller 
were made for landing point redesignations during the approach phase pro­
grrun. The total effect of the redesignations moved the landing site coor­
dinates 338 meters (1110 feet) uprange and 409 meters (1341 feet) to the 
north. Touchdown disturbances were nominal despite the 11-degree slope 
upon which the landing occurred. Figure 7-4 is a time history of space­
craft rates and attitudes at touchdown. 
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TABLE 7-IV.- SEQUENCE OF EVENTS DURING POWERED DESCENT 

Elapsed time Time from 
from li :ft-off, ignition, Event 

hr:min: sec min: sec 

104:25:13.0 -04:56.4 Landing radar on 
104:30:02.0 -00:07.4 Ullage on 
104:30:09.4 00:00.0 Ignition 
104:30:35.9 00:26.5 Throttle to full throttle position 
104:31:44.2 01:34.8 Manual target update (N69) 
104:33:10.4 03:01.0 Yaw to face up 
104:33:26.2 03:16.8 Landing radar range data good 
104:33:38.2 03:28.8 Landing radar altitude data good 
104:33:50.2 03:40.8 Enable landing radar updates (V57) 
104:37:31.1 07:21.7 Throttle down 
104:39:32.2 09:22.8 Approach phase program selected (P64) 
104:39:39.0 09:29.6 Landing radar antenna to position 2 
104:39:40.0 09:30.6 First landing point redesignation 
104:40:13.0 10:03.6 Landing radar to low scale 
104:41:08.7 10:59.3 Select attitude hold mode 
104:41:10.2 11:00.8 Select landing phase program (P66) 
104:42:28.6 12:18:2 Engine shutdown 
104:42:29.3 I 12:19.9 Right side and forward foot pad contact 
104:42:31.1 12:21.7 Final spacecraft settling 

Performance during ascent was nominal. For the first time, acceler­
ometer blases were updated while on the lunar surface to correct for the 
small expected shi:fts experienced when the system was powered down. Since 
the lunar surface bias determination technique had not been totally proven, 
only half of the ~easured shi:ft in the X accelerometer bias was corrected. 
As a result, some bias error existed during ascent and contributed about 
2 ft/sec to the radial velocity er~or. Analysis is continuing to deter­
~ine the cause of the remainder of the radial velocity error and possible 
causes will be discussed in a supplement to this report. 
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Because the primary guidance system radial velocity was greater th.m 
that from the powered flight processor and the abort guidance system, the 
v-elocity residuals at engine shutdown were trimmed using the abort guid­
ance system soluti~ns. 

Altitude, Downrange I Radial 
Source velocity, velocity, feet ft/sec ft/sec 

Primary guidance system 60 647 5531 32 

Abort guidance system 59 417 5533 25 

Power flight processor 58 645 5534 22 

After trimming velocity residuals, ~, abort guidance system warning 
and master alarm occurred. They were reset by the crew and a computer 
self-test was performed successfully. System performance was nominal be­
fore, during, and after the warnings. See section 14.2.6 for further dis­
cussion of this anomaly. No vernier adjust maneuver was required, and 
the direct rendezvous was accomplished without incident. Table 7-V is a -) 
summary of rendezvous maneuver solutions. 

TABLE 7-V.- RENDEZVOUS SOLUTIONS 

Computed velocity change, ft/sec 
·-----··· 

Maneuver Local vertical coordinates CCIIIII'.and Lunar module Abort guiuance 
module g\lidance computer system 

computer 

Terminal t:.Vx -69.1 +70.3 +70.4 
phase t:.Vy -6.1 +5.9 +5.9 
initiation t:.Vz +16.1 -17.7 -19.1 

'J'otal 71.2 72.7 73.2 

First t:.Vx +1.5 

I 
-1.1 -1.5 

midcourse t:.Vy -0.2 o.o o.o 
correction t:.Vz +1.9 -1.1 -3.0 

Total 2.4 1.6 3.4 

Second t:.Vx +2.8 -0.8 -1.4 
midcourse t:.Vy -0.3 +0.6 +0.3 L correction t:.Vz +6.2 -2.6 -4.1 

Total 6.1\ 2.8 4.3 
'* 
j 
J 

J 
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The Commander reported that there were no line-of-eight rate data 
displayed on his crosspointers at a se-paration distance of 1500 feet. 
However, line-of-sight rates existed at this time beca~e thrusting upward 
and to the let't was required to null the line-of-sight rates. .A~so, the 
Command Module Pilot verified the presence of line-of-sight rates. Sec­
tion 14.2.7 contains a discussion of this anomaly. 

After a successful docking, the lunar module was configured for the 
deorbi t maneuver and jettisoned. The velocity ch8l'1ges observed at jett i­
son in the X, Y~ and Z axes ·w~ere minus 1.24, minus 0.01, and minus 0.05 
t't/sec, respectively. This is equivalent to a 206 lb-sec impulse. For 
comparison, the separation velocities obnerved at undocking prior to pow­
ered descent were minus 0.18, minus 0.02, and minus 0.04 t't/sec in the X, 
Y, and Z axes, respectively, or an impulse of 205 lb-se~. The close agree­
ment indicates the tunnel was completely vented and the impulse was due 
entirely to the separation springs. After jettison, the deorbit maneuver 
was accomplished Rnd performance was nominal. 

7. 7 PRCPULSION 

7. 7.1 Reaction Control System 

The reaction control system performed satinfactorily throughout the 
mission with no anomalies. Skillful use of the system by the crew ac­
counted for the propellant consumption being well belo'\l predicted levels. 
Section 7.9.3 contains a s~mnary of the consumables usage during the mi~­
sion. 

1.1.2 Descent Propulsion System 

Data analysis indicates that the descent propulsion system performed 
nominally during powered descent. The tot&l firing time was 739.2 secor.ds. 
The propellant quantity gaging system indicated about 1055 puunds of usable 
propellant remained at engine shutdown or about 103 seconds of hover time. 
The supercritical helium system operated nominally. The skir~ of the en­
gine was buckled during landing (sec. 7.1). Section 7.9.1 contains a sum­
mary of the descent propulsion system co.nsumables usage during the mission. 

l 
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Ascent Propulsion System 

The ascent propulsion system performance during the lunar ascent ma­
neuver and the terminal phase initiation maneuver was satisfactory. The 
total engine firing time for the two maneuvers was 433.6 seconds. The as­
cent propulsion system consumables usage is summarized in section 7.9.2. 

7. 8 ENVIRONMENTAL CONTROL SYSTEM 

The performance of the environmental control system was satisfactory 
throughout the mission. The waste management system functioned as ex­
pected; however, the urine receptacle valve was inadvertently left open 
for about 6 hours during the first lunar sleep period. This resulted in 
the loss of about 8 pounds of descent stage oxygen before the crew was 
awakened to close the valve. 

The overspeed of the water separator which occurred on Apollo 14 dur­
ing cabin-mode operation was not evident during this mission becaus~ cf a 
decrease in flow with the helmet and gloves off that resulted from a re­
configuration of valves and hose connections. The only off-nominal per~ 
formance of the water separator occurred following the cabin depressuriza- -) 
tion for the standup extravehicular activity when the speed decreased, 
causing a master alarm (see sec. 14.2.2). 

After the first extravehicular activity, a broken quick disconnect 
between the water bacteria filter and the water drink gun resulted in 
spillage of about 26 pounds of water into the cabin (see sec. 14.2.3). 
The water was cleaned up by the crew before the second extravehicular 
activity. 

Fluctuations in water/glycol pump differential pressure were noted 
following the cabin depressurizations for the standup extravehicular ac­
tivity and the second extravehicular activity (see sec. 14.2.1). Other­
wise, the heat transport system functioned normally. 

On Apollo 15, the suits were removed and dried tor more than 1 hour 
by connecting the oxygen umbilicals to the suits and allowing gas to flow 
through them. This was accomplished at the beginning of each rest period 
following the first two extravehicular activities. 
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7. 9 CONSUMABIES 

All lunar ~o~Yle consumables remained well within red-line limit£. 

7.9.1 Descent Propulsion System 

~~·opellant .- The descent propulsion syr.tem propellant :.oad quant-i ties 
sh01orn in the following table were calculated from known volumes and weights 
of offloarled propellants, temperatures, and densities prior to lift-off. 

Quantity , lb 
Condition 

Fuel Oxidizer TotP~ 

Lc·aded 7537.6 12 023.9 19 561.5 

Consumed 7058.3 11 315.0 18 373.3 

Remaining at engine cutoff: 

Total 479 70" 1188 

Usable 433 622 1055 
" 

Supercritical helium.- ~he quantities of supercritical helium we~ 
detennined by computations using pressure mee.sur~ments and the known vol­
ume of the tank. 

Quantity , lb 
Condit.1.on 

Actual Pr~dicted 

Loaded 51.2 51.2 

Constm~ed 43.1) &.44.9 

Remaining at lanciing 8.2 6.3 

8
Adjusted to account for lohger-than-predict.ed firing duration. 



\. 

7-16 ) 

7.9.2 k•c~nt Propulsion System 

Propellant.- The ascent propulsion system total propellant usage was 
approximately as predicted. The loaUings shown in the following table 
were determined from measured densities prior to launch and from weights 
of off-loaded propellants. 

Propellant mass , lb Predicted 
Condition quantity, 

Fuel Oxidizer Total 1b 

Loaded 2011.4 3225.6 5237.0 5242.9 

Total consumed 1893.4 3052.6 4946.0 a4870.8 

Remaining at lunar 118.0 173.0 

1 
291.0 372.1 

module jettison 

~he propellant req_uired for asc.c:nt was reduced by 51.5 lb to account 
for reaction control system consumption. 

Helium.- The q_uantities of ascent propulsion system helium were de­
termined by pressure measurements and the known volume of the tank. 

! Actual 
Condition q_uanti ty, 

1b 

Loaded 13.8 

Consumed 8.5 

RPmaining at ascent 5.3 
stage impact 

., 

;{ 

I 



r 

( 

( 
.. 

.• 

7-17 

7.9.3 Reaction Control System Propellant 

The reaction control system propellant consumption was calculated 
from telemetered helium tank pressure histories using the relationships 
between pressure, volume, and temperature. 

I Actual quantity, lb ! Predicted 
Condition quantity, 

Fuel Oxidizer Total lb 

Loaded 

System A 107.4 208.2 315.6 

System B 107.4 208.2 31).6 

Total 631.2 631.2 

Consumed to: 

Lunar landing 95 160 

Doe;king 210 283 

Impact 339 414 

Remaining o.t lunar 292.2 217.2 
impact 
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7.9.4 Oxygen 

The actual quAntit:.es of oxygen loadei and consumed are shown in the 
following table: 

Condition Actual Predicted 
quantity, lb quantity , lb 

Loaded (at li.ft-off) 

Descent ste.ge 

Tank 1 

I 
47. ~r 

Tank 2 47.1 

Ascent stage 

Tank 1 2.4 
T&nk 2 2.4 

Total 99.6 

Consumed 

Descent stage 

Tank 1 a26 .5 22.8 
Tank 2 a26 .3 22.2 

Ascent stage 

Tank 1 0 0 
Tank 2 0 0 

Total 52.8 45 .o 

Remaining in descent stage 
at lunar lit't-off 

Tank 1 21.2 24.9 
Tank 2 20.8 24.9 

Remaining at docking 
( ascent stage ) 

Tank 1 2.4 2.4 
Tank 2 2.4 2.4 

Total 4.8 4.8 

&.oxygen leakage through the urine receptacle resulted in greater than 
predicted descent-stage oxygen consumption. 

) 
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7.9.5 Water 

The act.ual. wd.ter quanti ties loaded and consumed, shown in the follow­
ing table, are based on telemetered data. 

Condition 

Loaded (at lift-off) 

Descent stage 
Tank 1 
Tank 2 

ft.s cent stage 
Tank 1 
Tank 2 

Total 

Consumed 

Descent stage (lunar lift-off) 
Tank l 
Tank 2 

Ascent stage (docking) 
Tank l 
Tank 2 

Total 

Ascent stage (impact) 
Tank l 
Tank 2 

cTotal consumed during flight 

Remaining in descent stage at 
lunar lift-off 

Tank l 
Tank 2 

Remaining in ascent stage at 
j mpact 

Tank l 
Tank 2 

•rotal 

Actual 
quantity, lb 

205.0 
206.0 

42.5 
42.5 

496.0 

a18o .4 
al89. 7 

6.1 
6.1 

382.3 

b 
b24.9 
23.5 

418.5 

24.6 
16.3 

17.6 
19.0 

36.6 

Predicted 
quantity, lb 

177.5 
178.5 

6.8 
6.8 

369.6 

17.3 
17.'3 

390.6 

27.5 
27.5 

25.2 
25.2 

50.4 

\Tater spillage in the cabin resulted in greater than predicted de­
scent-stage water consumption. 

bThe extended lunar orbit time before lunar module Jettison resulted 
in greater-than-predicted ascent stage '.later consumption. 

cBoth stages . 
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7.9.6 Electrical Power 

The total battery energy usage is given in the following table. 

Available power, Power consumed, ar.pere-hours 
Battery 

ampere-hours Actual Predicted 

Descent 2075 1479 1648 

Ascent 592 a455 387 

~unar module jettison occurred one revolution later than planned. 

J 
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8.0 LUNAR SURFACE OPERATIONAL EQUIPMENT 

8.1 EXTRAVEHICULAR MOBILITY UNIT 

Throughout the extravehicular activity, the new configuration of the 
pressure garment assemb~ provided good mobility and visibility, allowing 
the crew to perform their functions in an effective manner. 

Checkout of the Commander's portable life support system prior to the 
first extravehicular activity was normal. Portable life support system 
startup for the Lunar Module Pilot was normal until the feedwater was 
turned on. The feedwater pressure increased faster and higher than ex­
pected. A warning tone and, a short time later, a vent flow flag was ac­
tivated. The trouble was traced to a gas bubble trapped in the feedwater 
bladder during charging by the flight crew (fig. 8-1). The gas bubble 
caused high feedwater pressure. Until the feedwater pressure had decayed 
to the suit pressure level, the condensate stowage volume was blocked by 
the feedwater bladder. This resulted in the water separator becoming sat­
urated and allowing droplets of water to be carried over to the fan. This 
can reduce the fan speed, thereby activating the vent flow flag. Data con­
firmed the presence of current spikes which are a characteristic of water 
droplets hitting the fan. 

Subsequer!t to recharging the portable life support systems a:fter the 
first extravehicular activity, the problem associated with the Luna~ Module 
Pilot's water separator was found to have resulted from filling the porta­
ble life support system at a 30-degree tilt, and the unit was recharged 
therea:fter while in the ~roper upright position. 

Throughout the first extravehicular activity, the extravehicular 
mobility units maintained crew comfort as required. The feedwater was de­
pleted in the primary tank of both the Commander and Lunar Module Pilot, 
and the auxiliary tank activation and sublimator repressurization were 
normal. During this period, the sublimator gas-outlet temperature on the 
Commander's extravehicular mobility unit ran slightly higher than expected. 
A comparative analysis of the extravehicular mobility unit parameters in­
dicates that the condition was most likely caused by the cooling water 
flow running at a low-normal rate. 

The first extravehicular activity was terminated about one-half hour 
earl:ter than planned because of a higher-than-expected oxygen usage by 
the C?mmander. 

The communications check at the begi~ning of the second extravehicular 
activit;)' was initially unsuccessful for the V.mar M:>dule Pilot because his 
antenna w&s broken (sec. 14.5.6). The crewmen taped the antenna to thP. 
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TABLE 8-I.- LXTRAVEHICULAR MOBILITY UNIT CONSUMABLES 

Cond1tion 

First extravehicular activity 

Time, min 

bc•xygen, 1b 
Loaded 
Consumed 
Rema1n1ng 
Redline limit 

bFef•dwater, lb 

Loaded 
Consumed 
Rema1ning 
Redllne limit 

Battery, amp-hr 
Initial charge 
Consumed 
Remajnlng 
Redlin~ . .am1 t 

Second extrav~n icular activity 

Time, min 

b 1'xyg~n, J b 
Londed 
Consurred 
Remaining 
Redl ine limit 

bFeedvater, lb 
Loaded 
Consumed 
Remaining 
Red1ine limit 

E~t t ery , amp-hr 
Initial charge 
Consumed 
Hemaining 
Redlin• limit 

A~tual 

392 

1.80 
1.42 
0.38 
0.37 

1<.20 
9.27 
2.55 
0.91 

25.7 
18.6 
7.1 
3.1 

433 

1.75 
1.36 
0.39 
0.37 

12.50 
10,05 

2.45 
0.91 

25.7 
20.7 
5.0 
3.1 

Cormnander 

~r~dicled 

420 

1.734 
1.155 
0.579 

12.20 
8.60 
3.60 

25.7 
19.3 
6.4 

420 

1.671 
1.155 
0.516 

12.50 
9.2 
3. 3 

25.7 
19.3 
6.4 

Lunar Module Pilot 

Actual 

392 

1. 78 
1.35 
0.43 
0.37 

cl1.94 
9.40 
2. 54 
0.91 

25.7 
18.7 
7.0 
3.1 

433 

1.76 
1.12 
0.64 
0.37 

12.50 
8.61 
3.89 
0.91 

25.7 
20.5 
5.2 
3.1 

"!>red! cted 

4~0 

1.734 
1.155 
0.579 

12.20 
8.60 
3. 50 

25.7 
19.3 
6.4 

420 

1.671 
1.155 
0.516 

12.50 
9.2 
3. 3 

25.7 
19.3 
6.4 
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--------------------------+----------~----------~----------+------------; 
Third extravehicular activity 

Time, min 

boxygen, 1b 
Loaded 
Consumed 
R!!lllai:>ing 
Redli ne limit 

bFeedwater, l'o 
Loaded 
Consumed 
Remaining 
Re<oline lim! t 

290 

1.78 
1.02 
o. 76 
0,37 

12.50 
7.64 
4.86 
0.91 

360 

1.671 
1.056 
0.615 

12.5 
8.3 
4.2 

Note: Refer to the follow inc page for notes indicated by a, b, and c • 

290 

1.76 
0.77 
<1.9~ 

o. 37 

12.50 
6. 39 
6.ll 
0.91 

360 

1.671 
1.056 
0.615 

12.5 
8.3 
4.2 
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H~ttt>ry, amr-hr 
LC'n.ded 
:'nnsumed 
Pr.:maining 
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Cond1t1 r. 

r cr iod. 

l-Jrst •·xtravehicular activity 
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oxygen purge system in the stowed configuration and the communications 
check was successfully completed. In this configuration the limiting 
range is about 305 meters (1000 feet) between crewmen. The feedwater was 
depleted in the primary tank of both the Commander and the Lunar Module 
Pilot during the second extravehicular activity, and the auxiliary tank 
activation, the sublimator repressurization, and the sublimator gas-outlet 
temperature were normal • 
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During portable life support system activation for the third extra­
vehicular period, the sublimator gas-outlet temperature and feedwater 
pressure of the Lunar Module Pilot's extravehicular mobility unit were 
both reading lower than expected. At lunar module depressurization, these 
parameters began an upward trend which led to normal readings by the time 
the Lunar Module Pilot reached the lunar surface. 

Oxygen, feedwater, and power consumption of the extravehicular mobil­
ity units during the three extravehicular periods are shown in table 8-I. 
For the Commander's first and second extravehicular activities, and the 
Lunar Module Pilot's first extravehicular activity, the oxygen redline 
limits were approached, indicating that the crew workload was approaching 
the portable life support system capability. 

The only problems associated with the lunar module crew station equip­
ment during the mission was that the Lunar Module Pilot could not get water 
from the insuit drinking device during the first and second extravehicular 
activities (see sec. 14.5.5), and the Commander's insutt drinking device 
mouthpiece became displaced during the second extravehicular activity. 
However, neither insuit drinking device problem constrained the extrave­
hicular activities. The insuit drinking device was not used for the third 
extravehicular activity because of the short extravehicular activity time. 

8.2 LUNAR ROVING VEHICLE 

The lunar roving ~ehicle (fig. 8-2) performed well during the mission. 
During the three lunar surface extravehicular activities, the vehicle 
traveled 27.9 kilometers (l~.l miles) during 3 hours and 8 minutes of dri­
ving at an average speed of 9.2 kilometers (4.97 miles) per hour. A total 
of approximately 52 ampere-hours was consumed. Navigation errors were 
within expected toler&nces with small distance errors and no apparent gyro 
dri 't. The combined wander and wheel slip factor was within predicted 
lim1ts. 

The front-wheel steering was inoperative during the first extrave­
hicular activity, but operated normally for the second and third extra­
vehicular activities. Simultaneous tront- and rear-wheel steering was 
found to be more sensitive than desired, and difficulties were experi­
enced with the seat belts; but overall, the crew was very pleased with 
the vehicle's performance, particularly, the speed and hill-climbing 
capability. 
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Figure 8-2.- Lunar roving vehicle. 

8.2.1 Deplqyment 
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Both walking hinge latches were found unlatched during the predeplo,y­
ment inspection and were easily reset. Televised deployment operations 
showed that, when the deployment tapes were pulled, the vehicle bounced 
on the lunar surface in a manner similar to that seen during preflight 
1/6-weight vehicle deployment teats. The orientation ot the lunar module 
(6.9 degrees pitch up and 8.6 degrees roll to the lett, resulting in a 
tilt ot 11 degrees) required an addi tion&l hard pull on the depl,.,yment 
cable by the Lunar Module Pilot atter all tour wheels had contacted the ~ 
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surface. Two of the chassis hinge lock pins requil·ed. additional pressure 
to seat them properly. (This possibility had be,:!n. anticipated and correc­
tive acticn was incorporated in the checklist.) '1he deployment saddle and 
the Velcro seat tie·-down were difficult to release. 'The initial failure 
of the saddle tv release was partially attributed to the vehicle's having 
been moved sideways on the surface be~ore saddle release vas attempted. 
Section 14.6.1 discusseq thi~ problem further. 

5.2.2 Steering 

During preparations for the first traverse, th~ front wheels did not 
respond to steering commands. The Commander changed busses and observed 
the ammeter closely to find out if power was being applied to t~e front 
wheels in response to steering coDILlands. NC'l response wa1 .... seen. He then 
tried, without success, to ~anually for~e the front wheels to turn. The 
front wheel steering remained inoperative, thus the reeu· wheels were used 
for steering during the first trnverJe (see sec. 14.6.3). Little diffi­
culty was experienced in driving, except that attempts tv a.'toid nearby ob­
jects resulted in the rear "' ~els sliding into sm&:l craters and objects 
that the driver was trying tc avoid. In at least one slide, the vehicle 
rotated through 180 degrees. 

During checkout of the vehicle for the second traverse, th~ crew cy­
cled the forward steering power switch and circuit breaker, and found that 
the front wheel steering operated normally. In starting the second trav­
erse, the Commander first tried dual st~ering. Then, after the dual steer­
ing was found to be very sensitive, he tried front-wheel-onlt steering. 
However, this mode was discontinued because the rear ~neels tended t , 
w&nder. (It had been decided not to lock the rear wheels mechanicall; 
because of the prior problem with the front wheels.) Therefore, the dual 
steering mode was used for the remainder of the s~cond traverse and the 
e~tire third traverse. 

8.2.3 Electrical Power 

The lunar roving vehicle used l~ss power than predicted. The- Pl't1dic­
ted power consumption was bas~d on worst-case surface rou~hness and soil 
composition, but the actual sul•face condj tions were less severe. The causf! 
of an initial ampere-hour readir•g or 105 ampere-hours instead of 121 amper,!­
hours is not k~own. Subsequent r~ad~ngs, correlated ~~th ammeter readings, 
produce an estimated total power consumption of 52 ampere-hours of the 
242 ampere-hours available. Tne consumed electrical power corresponds to 
a rate of 1.87 ampere-·hours per kHnmeter. The preflight prediction of the 
usage rate was 3.67 ampere-h,..urs per kHometer. Except for the ampere-hour 
indicator readings '!Uld the !.,operative battery 2 volt/ammeter (sec. 14.6.2), 
the electric~ power syste~ operation was no~l during the traverses. 



'~ 

8-8 

After ascent, the video signal was lost from the lunar surface tele­
VlS10n camera. Postflight analysis and tests sh~ that this loss (sec­
tion 8.3) was probably caused by opening of the auxiliary power circuit 
breaker under combined electrical and thermal loads. This anomaly is dis­
cussed further in section 14.5.2. 

8.2.4 Navigation 

The vehicle navigation system operation wa~ normal. The odometer 
showei a total distance traveled of 27.9 kilometers (15.1 miles). The 
navigation system r•·ovided sufficient information to locate the lunar 
mouule at any time during all traverses. Evaluation indicates that tne 
gyro drift rate was eqsentially zero and the distance error at the maxi­
mum range of 5.0 kilo~eters (2.7 miles) was approximateLy 0.3 kilometer 
(0.16 mile). No traverse realignments were required. Closure errors for 
the three tr101verses were 0, 100, and '.00 meters, well within predictions. 

8.2.5 Therual 

The thermaJ control system, ;n general, performed satisfactorily. 
The drive motors remaiiied cool and battery temperatures were maintained 
within established limits. 

At the beginning of the second extravehicular activity, the battery 1 
c0ver had closed automaticall~- (>.S e:;cpected. Battery 2 apparently had not 
cooleQ down enough ru1d the cover w~s still open. It was closed manually 
before powering up the veh~.cle. When the vehicle was activated, bat·cery-1 
temperature was {-8° F and battery-2 temperature was 78° F. The difference 
was probably caused by .. ~1e difference in dust accumulation on the thermal 
TJli rro:·s. ·rhP.se temperatures are consistent with ~redi cted cool-down rates 
witi1 the covers open and warm-up rates wi ".;h the covers cloE. ed. During the 
second traverse, the battery-1 and battery-2 temperatures increased ·~o 
92° F anri 98° F, respectively. The battery covers were opened at the c-on­
clusion of the second extra'!ehicular activity period. 

At th~ beginning of the third extravehicular activity, both covers 
were ope~. Little battery cool-down had occurred - p~obably because of 
further dust accumulati~n on beth battery mirrors, althougn the battery 
~.:aYers 'h~td been closed for the traverses. Th~ covers must not have been 
clcsed t~eht enough against the Velcro edges to Keep dust off the mirror 
surfaces. Only a small amount of dust on the surface will preclude the 
n.esireu c~v]-down. At the conclusion of the traverse, bat'"'· /-1 and bat­
+e;, ·' temperatures had increased to 108° F BI!d 113° F, r.'"''·.;,,~ctively. 
.. ; r t· ·· an acceptable leve 1 .• 
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8.2.6 Crew Station 

The crew station was satisfactory except that the seat belts were dif­
ficult to fasten (sec. 14.6.4). l~elaunch belt adjustment did not properly 
account for the reduced gravity '• combination with the pressurized suits, 
and the belts were too short for ~unar surface operations. Additionally, 
the Commander's seat belt hook caught repeatedly on the ground support 
equipment electrical connector on the console post. 

8.3 EXTRAVEHICULAR COMMUNICATIONS EQU:PMENT 

The lunar communications relay unit operated normally during all lu­
nar surface extravehicular activities. The voice and data quality were 
good. 

Communications from the lunar roving vehicle while it was in motion 
or temporarily stopped were satisfactory except that the lack of manual 
realignment of the ~.ow-gain antenna to earth resulted in noisy down-link 
voice at one time when the lunar rovir1g vehicle was parked on a steep 
slo~e during the second extravehicular activity. 

Fixed-site television operation on the lunar roving vehicle was sat­
isfactory except for difficulty in using the antenna optical sight. With 
the lunar roving vehicle pointed in the down-sun direction, the sun we.£ 
directly in the crewmen's eyes when using the optical sight. The design 
concept was to orient the rotatable sight to a position where sun glare 
would be avoided. When the lunar roving v~hicle was parked north or south, 
the sun was 90 degrees to the side and no glare resulted. In those in­
stances when glare prevented the use of the optical sight, the lunar com­
munication relay unit automatic gain control meter was used. 

Lunar dust on the television camera lens caused a halo effect &ld sun 
reflected glints. Improvement in picture quality was restored periodically 
after the crew brushed the lens. 

The ground-command€1 tel.visi~n assembly operated successfully durine 
the three extravehiculrr ~~.~ivity periods and provided coverage of the lu­
nar lift-off. Good quality video signals were received while the camera 
was operating with the :·.m.ar module and the lunar communications relay unit. 
The elevation clutch began to slip during the second extravehicular period 
and the condition became worse during the third extravehicular period (sec­
tion 14.5.1). The crew, on several occasions, manually assisted the ele­
vation mechanism to regain an operative camera pitch angle. 
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The television camera was activated about 40 hours after the ascent 
from the lunar surface. After about 13 minutes of satisfactory operation, 
signals from the lunar communications rel~ unit were lost and all attempts 
to reactivate this system have failed. Refer to section 14.5.2 for a dis­
cussion of this anomaly. 
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!\polio 15 flight crew 

t;ommander David R. Scott, Command Module Pilot Alfred J. Worden, and Lunar Module 
Pilot James B. Irwin 
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9.0 PILOT'S REPORT 

This section contains a description of ~he Apollo 15 mission from 
the standpoint of the pilots. The actual sequence of activities was very 
similar to the preflight plan. The flight plan, as executed, is summari­
zed in figure 9-1, located at the end of this section. 

9.1 TRAINING 

The crew of Apollo 15 was able to concentrate their training time 
primarily on learning new operational techniques and becoming qualified 
in scientific aspects of the m~~sion because of the demonstrated relia­
bility and performance of Apollo hardware and because they had the exper­
ience of one complete training cycle as backup crew for Apollo 12. Ap­
proximately one-third of the crew's training time was applied to science. 
In addition, the crew participated in many phases of development and plan­
ning of the new operational and scientific techniques to be utilized in 
the accomplishment of the objectives of the Apollo 15 mission. 

Standard training for Apollo 15 included emphasis on the following 
new item3 developed for this mission: Scientific instrument module and 
associated extravehicular activity; lunar roving vehicle and associated 
equipment; A7L-B pressure garment assembly; concepts and equipment for 
expanded lunar geology inve1tigation; and major modifications to the com­
puter programs for the command module, lunar module, and abort guidance 
system. Because of the vast amount of new equipment programmed for lunar 
surface activity, considerable crew time and effort were devoted to devel­
opment of procedures in order to optimize the time de·roted to lunar sur­
face exploration. Excellent support was received, both in training and 
procedures development, throughout the 20 months of preparation for the 
flight. 

9.2 LAUNCH 

Countdown and launch preparations were well coordinated and timely. 
Significant eventt were generally completed approximately 20 minute& ahead 
of schedule. The crew was comfortable and the crew station was in excel­
lent condition. 

Igniti~n and lift-off were positive with the same overall vehicle 
vibration frequency throughout S-IC flight that has been ~oted on previous 
flights. Noise levels were lower than those the Commander hbd experienced 
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on Apollo 9, and communications were excellent throughout powered flight. 
S-IC staging was abrupt and vas accompanied by a 3- to 4-degree vehicle 
yaw, which vas corrected soon after S-II ignition. All other displayed 
and physiological cues were as reported on previous flights vi th the Ex­
ception of a very low-amplitude 10- to 12-hertz vehicle vibration during 
both S-II and S-IVB powered flight, and the lack of a perceptible cue to 
the progr8mmed shift in propellant utilization during S-II operation. 

9.3 EARTH ORBITAL OPERATIONS 

All systems checks during earth orbit were completed ahead of sched­
ule and in a satisfactory manner. Those checks included an alignment of 
the inertial measurement unit, an entry monitor system test, and basic 
checks of the environmental control and reaction control systems. The 
alignment was within the drift tolerance voiced up from the ground, and 
the entry monitor system test indicated an accelerometer bias of 0.01 ft/ 
sec. The reaction control system vas tested using minimum impulse to in­
sure proper operation. During postinsertion checks, the secondary isola­
tion valve for quad B vas found closed, but the va.l ve was reset satisfac-
torily. At about 1 hour, the quad D primary and secondary isolation ~ 
valves were also found closed and these were also reset. _1 

The systems preparations for translunar injection were completed ap­
proximately 20 minutes ahead of schedule, and updates were received in a 
timely ma..'lner. A new procedure was employed to align the flight director 
attitude indicator for translunar injection which would allow smooth man­
ual takeover at any time. Also, a new computer program was utilized which 
allowed computer monitoring and shutdown of the translunar injection burn 
if takeover had been required. 

9.4 TRANSLUN'R INJECTION 

All events in the translunar injection sequence were as ~xpected wit~ 
two exceptions. First, in repressurization of the S-IVB hydrogen tank, the 
increase in pressure was much slower than that experienceJ in preflight 
training; however, the ground confirmed that the repressurization cycle was 
nominal and f'ina."l pressure values were within the expected range. Second, 
an S-IVB propellant utilization shift vas manifested as a marked surge in 
thrust 1 minute after ignition. A low-amplitude vibration of about 10 to 
12 hertz was felt throughout the translunar injection maneuver. The S-IVB 
cutoff was 3 seconds early; however, the crew had been informed by Mission 
Control to expect this • 
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9.5 TRANSLUNAR FLIGHT OPERATIONS 

9.5.1 Transposition, Dockirg, and Extraction 

The transposition and docking were accomplished in a fashion that was 
slightly different from the checklist procedure. All of the procedures up 
to the point of separation were accomplished as prescribed. The separation 
was completed with the guidance and navigation system autopilot in control 
of the spacecraft attitude. After separation, however, attitude control 
was switched to the stabilization and control system. The manual attitude 
pitch switch was placed in ACCEL CMD and the spacer.raft was pitched 18o de­
grees at a rate of 2 deg/sec. After. completion of the 180-degree pitch 
maneuver, control of spacecraft attitude was returned to the guidance and 
navigation autopilot and an automatic maneuver was made to the docking at­
titude. While the automatic maneuver was being performed, forward thrust­
ing was accomplished for approximately 4 seconds to insure positive clos­
ing of the co!I'mand and service module and the S-IVB. The closing rate was 
approximately 0.1 ft/sec. On contact, there was no indication of probe 
capture latch engagement. Forward thrusting was applied for approximately 
1 to 2 seconds and the capture latch indication was then received. The 
probe was activated to the retract position and the two spacecraft were 
hard-docked. At the completion of the docking maneuver, the forward hatch 
was removed and the latches were checked. One latch was not locked onto 
the docking ring. That latch was recocked and latched manually. The lunar 
module umbilicals were then attached, and the hatch was replaced. Extrac­
tion of the lunar module from the S-IVB was nominal and, at its completion, 
an automatic maneuver was made to an attitude which allowed a view of sub­
sequent S-IVB maneuvers. 

9.5.2 Translunar Coast 

Spacecraft~~·- Shortly after the transposition and docking ma­
neuver, the service propulsion system thrust light on the entry monitor 
system panel was illuminated, indicating a possible electrical short in 
the service propulsion ignition system. A :'!!.ult isolation procedure was 
transmitted to the crew and the short was i ;elated to bank A of the ser­
vice propulsion system electrical circuitry. The first midcourse correc­
tion was utilized for further troubleshooting. Ignition was initiated by 
closing thP. pilot valve main A circuit breaker. Since this started the 
engine, the nature and location of the short allowed bank A to be manu­
ally controlled for subsequent maneuvers. A special procedure was then 
deve.l.oped for lunar orbit insertion and trans earth injection whereby the 
service propulsion system maneuvers would be initiated normally with bank 
B after which the pilot valve main A circuit breaker would be closed manu­
ally, turning on bank A. Prior to the termination of the firing, the 
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pilot valve main A circuit breaker would be opened and the firing would 
be terminated automatically on bank B. All other service propulsion !'lys­
tem maneuvers were to be accomplished using bank B only. 

Passive thermal control was employed to insure uniform surface heat­
ing as on previous flights. Because a new computer program was used to 
establish the spin rate, new procedures were developed for t~e initiation 
of passive thermal control. On the first two attempts, the pitch and yaw 
rates were not satisfactorily damped before starting the spin-up. However, 
passive thermal control was satisfactorily established on the third and 
all subsequent attempts. 

1m electrical short occurred in the a-c power system somewhere in the 
lower equipment b~ lighting circuitry, resulting in an opened circuit 
breaker on the electrical systems panel. No troubleshooting was performed 
to locate the short and the circuit breaker was left open. The affected 
lights in the lower equipment bay and on the entry monitor system scroll 
were out for the remainder of the mission. Rheostats for the operable 
lights in the lower equipment b~ were taped in the positions in which 
they were found and they remained that w~ for the remainder of the flight. 

During a chlorination cycle, a water leak was discovered on the water 

1 

panel around the chlorine injector port. The leak appeared as a ball of ) 
water around the port. The water was absorbed by towels until information 
was received from Mission Control indicating that the insert in the open 
end of the chlorine injector port was possibly loose. Tools were obtained 
from the tool kit, the port was tightened, and the leak subsided. 

The first entry into the lunar module was maue on schedule and all 
planned eq·uipment was transferred. The comnand and service modul«~ oxygen 
hose was not used. During the inspection, the tunnel misalignment was 
found to be less than 1 degreel. Also, the range/range-rate tapemeter 
glass was f.::>und broken. The command module vacuum cleaner was used to 
clean up mt:st of the glass fragments. 1m additional entry into the lu­
nar module was made at shout 57 hours at the request of Mission Contra: 
so that additional data on the batteries could be obtained. The vacuum 
cleaner and lunar module cabin fans were used to gather addi tione.l glass. 
No loose object was found that could account for glass breakage. 

Simulated cislunar midcourse navigation sightings were acct..mplished 
during translunar coast for horizon calibration and on-the-jcb trl:l.i.niY'~ 
The midcourse navigation exercises were valuable f'rom the standpoin :·. 
they allowed the Command Module Pilot to calibrate his eye to a. hod <.v.: 
for subsequent use in all transearth coast sightings. 

lplus or minus 10 degrees is allowed. 
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Scien·::e anti photography.- All science operations during translunar 
coast were completed as scheduled. These operations included such things 
as sextant photography of star patterns and ultraviolet photography of the 
earth and moon. The ultraviolet photography was completed as prescribed, 
requiring specific spacecraft attitudes and special operations associated 
with command module window 5. A removable filter had been installed to 
protect the crew :from ultraviolet radiation. This filter required removal 
to allow the ultraviolet photography. Because of the handling, the filter 
became increasingly scratched during the flight. 

9.5.3 Scientific Instrument Module Door Jettisoning 

The scientific instrument module door was jettisoned af'ter the sec­
ond midcourse correction and prior to lunar orbit insertion. To prepare 
for this, the crew donned their pressu~e garments~ performed a pressure 
integrity check, and maneuvered the spacecraft to the proper attitude. 
Jettisoning of the door was felt as a very light "thud" in the command 
module. The only abnormal indication we.s the closing of the service mod­
ule reaction control system B secondary propellant isolation valve, which 
was res.et with no difficulty. The door was first observed from co11111and 
module window 5 at a distance of about 50 feet and on a trajectory 90 de­
grees from the longitudinal axis of the spacecraft. Door jettison was 
accomplished without difficulty a.,d with much less reaction than had been 
anticipated. 

9.6 LUNAR ORBIT OPERATlONS PRIOR TO DESC'E~JT 

9.6.1 Lunar Orbit Insertion 

All checks for lunar orbit insertion were completed as scheduled in 
the flight plan, and all systems were verit'ied as acceptable for lunar or­
bit operations. The maneuver to the lunar orbit insertion attitude \lfas 
verified by a sextant star che.~k. Subsequently, the service propulsion 
system thrusting program was activated and the velocities and angles were 
verified by the ground. All co11111ands from the ground were recei wd in a 
timely manner. The firing was accomplished as ".escribed in section 9.5.2. 
The maneuver was initiated with very small transients, tbe attitude excur­
sions were never greater than approJ:imately 1 degree, and the gimbal posi­
tion indications shuwed a very smooth anc.. posi ti ".'\!! response to the shirt 
in the center of gravity. The maneuver waa terminated by the guidanc'l: and 
navigation system with zero residuals. The descent orbit initiation maneu­
ver was ~ccomplished using service propulsion system bam; B alene. This 
maneuver, as in the lunar orbit i.'lsertion maneuver, was preceded by sys­
tems checks which were all nominal, and the maneuver was nominal. A sub­
sequent descent orbit insertion trim maneuver that had been anticipated 
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and scheduled prior to flight was, in fact, required before undocking be­
cause of perturbations in the orbit up to that point. It was a very small 
maneuver of approximately 3 rt/sec &ld was accomplished using the reaction 
control system maneuver program. All pre-maneuver checks were completed 
nominally and the maneuver was performed satisfactorily. 

9.6.2 Lunar Module Activation, Undocking and Separation 

On ~he d~ scheduled for landing, entry into the lunar module was 
about 40 minutes early. Final closure of the suit zippers was accomplished 
in the lunar mdule. One pr"".cedural change was made in order to purge the 
suit umbilical hoses: Both suit isolation valves were placed in the FLOW 
position for 15 seconds, then in the DISCONNECT position, after which the 
suit gas diverter valve was placed in the CABIN position. Checklist func­
tions were generally performed 10 minutes ahead of schedule. 

As noted in earlier flights, stars were difficult to see through the 
alignment optical telescope while docked with the command module. However, 
the results of a two-star sighting using the cursor-spiral technique indi­
cated platform realignment could be achieved with the optics. 

1 

The suit loop integrity check was unsuccessful on the first attempt. · ) 
The checklist procedure was followed, but there was obviously a leak be-
cause the pressure drop was approximstely 1 psi in 30 seconds. The valve 
detents were checked, the regulator was rechecked, and then another in-
tegrity check was made. This time, the pressure drop was acceptable at 
0.1 psi in 1 minute. 

The time allowed to accompl.i.sh the required functions for powered de­
scent is mor-: than sufficient. This became apparent when a number of un­
&lticipated events occurred. Condensate had formed on the l~,&r module 
windows and the heaters had to be activated in order to clear them. Un­
docking was delnyed for approximately 40 minutes because the command mod­
ule/lua~r modul~ power transfer umbilical connections were not ~lectrically 
engaged. A ~es~ent engine throttle check had to be redone because the de­
scent engine control assembly circuit breaker was in the open position dur­
ing the f.' rl:it check. The timeline was r"!gained by the time of the scheduled 
guidance ,.•nd navigation system platform realignment and the pace was very 
lehurely a.s the time for powered descent initiation approached; the crew 
eve·· had time to eat lunch. The rendezvous radar self-test was normal but, 
after separation, the range indicated by the rendezvous radar was approxi­
mately twice that indicated by VHF ranging (see sec. 7.4). 
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9. 7 POWERED DESCENT AND LANDING 

The angle of the final descent traJectory atter high gate was in­
creased from 14 degrees to 25 degrees for Apollc 15. This afforded im­
proved dispersion c0nditions during the braking phase over the Apennine 
Mountains, better visibility after pi tchover, and more precise control 
of manual landing site redesignations. 

After recelv~ng final uplir~s from the Manned Space Flight Network, 
the powered descent program was celled up in the lunar module guid811ce 
computer 10 minutes prior to ignition. The landing radar circuit breaker 
was closed 5 minutes prior to ignition, as planned, and all events were 
nominal through the first minute of powered flight. Automatic ullage and 
ignition were clearly evident by physiological cues. A correction was 
manually entered into the computer to move the targeted landing site about 
953 meters (2800 feet) west (downrange) just prior to ignition plus 2 min­
utes. The indicated quantity of onboard fuel was 2 percent low at this 
time, but this was considered acceptable by ground control. Three minutes 
after ignition, the spacecraft was yawed to the planned inplane face-up 
attitude. Immediately thereafter, at approximately 43 000 feet altitude, 
lr.nding radar data became ac~~eptable and computer updates were initiated. 
Landing radar data were solid throughout the remainder of powered flight. 

Throttle recovery occurred on time, and manual attitude hold was eval­
uated with the following expected results: positive response, considerahle 
reaction control system activity, and rapid return to smooth automatic guid­
ance at the completion of the check. Predicted pi tchover time (high gate) 
was checked in the computer, and conformed to the preflight nominal time 
of 9 minutes 22 seconds. 

At an altitude of approximately 9000 feet, the upper fourth of Hadley 
'Delta Mountain (11 000 feet high) was visible out of the left window. The 
r~eling of slow, forward, noating motion was experienced and, because of 
the relative position and motion with respect to the mountain, an impres­
sion of a downrange overshoot was experienced. At about 8000 feet alti-
. tude, ground control informed the crew that the e;cpected landing site was 
to be approximately 915 meters (3000 feet) south of the targeted site. 

Pitchover occurred on time and the only post ti ve recognizable lunar 
surface feature was Hadley PJ.lle. Topographic relief was much leso than 
had been anticipated from the enhL"lced 20-~r.eter ( 65-foot) resolution pho­
tography and the ass'=>ciated prefiight lunar terrain models. Shat.:rp land­
mark recognition fr.:1t u:··s within the Plain of Hadley were almost non­
existent; h<NeVE"r rhP couth Cluster was soon identified. Based upon the 
apparent position n:lati ve to this feature, plus the 915-zneter IIlias dis­
tance to the south given by ground control, several landing point rcdesig­
nations were made to the right (north). 

• • 
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At an al ti "';ude ot approximately 5000 teet, a pair of subdued craters, 
which appeared to be Salyut and its northerly adjacent neighbor, were iden­
tified. Uprange landing point redesignations were made so that th2. landing 
could be made in the correct area northwest of sa: . .(ut Cr&.ter. The touch­
do~ point was selected from an altitude of 2000 teet and the lunar module 
was ma.neuvered to land on what appeared to be a smooth level surface. The 
low-gate phase (manual control) of the trajectory was manually ~elected 
and confirmed at an altitude of 400 teet. Descent rate reduction was ini· 
tiated at a height of atout 200 teet, ~d visual reference was maintained 
by watching several fragments on the lunar surface which were located 30 
to 40 meters (100 to 130 feet) west of the selected site. A trace o; 
blowing surface dust was observed at a. height of 130 teet with only a 
slight incre~.,. down to 60 teet. Beginning at this altitude, out-of-the­
window visibility wdS completely ~bscured by dust until after touchdown. 

Tapemeter altitude and altitude rate data readings, provided orally 
by the Lunar l..fodule Pilot, appeared to be consistent with the visual ob­
servations throughout the terminal phase of the landing. Surts.ce feat­
ures and texture became well defined at an altitude of approximately 
1000 f~et and, based on preflight experience with visual simulator dis­
plays, desce:"lt rat"!s appeared completely nominal and comfortable. Sen­
sations after manual takeover at 400 teat were almost i~..''t~lcfll with 
thoe'· experienced in lunar landing training vehicle operatior>s. The com- J 
bination of visUAl simulations and lunar lar.ding training vehicle flying 
provided excellent training for the manual ,ortion of the lunar landing. 
Comfort and confidence existed throughout this phase. 

Additional manual maneuvering south and west could easily have been 
made below 400 reet; however, because of increased surface mobility af­
forded by the lunar rcving vehicle, .:1. landing allywr.ere yjthi.n the 3-sigma 
<lispersion ellipse was considered a precise land;.r s. and .:•.ddi tioual ma­
neuvering within this ellips~, other than fbr terrain obst~cle avoidance, 
vas cons:l.dered unnecessary. 

The engine stop button vas activated shortly after the con•act lights 
were illuminated to preclude excessive ~reasure bulldup within ~he no:zle 
of the descent engine (which had been extend~d 10 ineh~s since Apollo 14). 
Touchdown was firm but only slightly more 8() than nominal lunar landing 
training vehicle landings. Roll and pi t.ct rates were evid< 1t at touchdown 
as the rf!ar and lett toot pads came to re!lt in a shallow B'.lbdued crater 
which W&B not visible during ti,~ tinal phase of the landing. Tht'> post­
touchdown events -..ere nominal; no ·'Purioua reaction control system tirincs 
oce~ar~d, and permission tor ti • ..;; lunar 11tay was voiced by houston in a 
timely manner • 
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9.8 LUNAR SURFACE OPERATIONS 

9.8.1 Luner Module Cabin Activity 

Standup extravehicular activity.- This operation went very smoothly. 
No problem was encountered in removing and stowing the drogue. There was 
no direct sunlight on the lunar module panels as observations were made 
and pictures taken from the high vantage point. The base of the Apennine 
Front at Hadley Delta, as well as the North Complex, was visible from this 
point, and because of the lack of obstacles, acceptable lunar roving ve­
hicle trafficability over all traverse routes was verified. 

The secondary water separator was selected during this period because 
of a caution light during primary separator operation. After the standup 
extravehicular activity, the primary separator was reselected. 

A pibture taken during the standup extravehicular activity which re­
veals the stratigraphy of Silver Spur is shown in figure 9-2. The sun 
angle during subsequent extravehicular activities did not allow this ob­
servation. 

Sleep.- The crew was ab.e to sleep fairly well. Noise was minimized 
by configuring the environmental control system in accordance with the 
checklist and by using earplugs. The temperature was ideal for sleeping 
in the constant-wear garment and sleeping bag, or in the constant-wear 
garment and coveralls. A wider hammock would improve the conditions for 
sleeping. A slight light leak through the stitching on the window shades 
interfered with getting to sleep. 

Extravehicular activity preparation and post-extravehicular activity.­
The times for preparation were consistently shorter than the times allowed 
on the checklist. The only difficulty encountered was movement in the ca~ 
bin when in the pressurized suits. Several areas presented obstacles: 
the forward corner on the data file, the portable life support system stow­
age handle, and the stowed water hose. The portable life support system 
recharge was accomplished during the eat period in order to save time and 
the Lunar Module Pilot had difficulty in turning the portable life support 
system water valve off. The suit was easy to don and doff in 1/6 earth 
gravity. The crew found that it was possible to lift themselves up, using 
the overhead bar, and place both feet in the suit simultaneously. 

Housekeeping.- When doffing the pressure garment assembly after lunar 
surface extravehicular operations, the Commander stood on the midsection 
step and the Lunar Z..1odule Pilot stood on his oxygen purge system to avoid 
the dirty floor. A jettison bag was placed over the legs of the suit to 
contain the dirt. 
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Figure 9-2.- SHYer Spur landmark. 

9. 8. 2 Lunar Geology 

The geological setting of the Hadley-Apennine landing site is such 
that a great variety of features and samples were expected. iack of high­
resolution photography of the site insured that variations in prefligl.t 
estimates of topographic relief, and surface debris and cratering could 
also be expected. In all cases, actual condi tiona exceeded expectations. 

In general, the mare surfece at Hadley is characterized by a hummocky 
l•mar terrain produced by a high density of rounded, subdued, low-rimmed 
craters of all sizes. The craters range in size up to several hundred 
met~ers in diameter and are poorly sorted. There is a notable absence of 
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large areas of fragmental debris or boulder fields. Unique, fresh, 1- tc 
2-meter-diameter, debris-filled craters, with glass-covered fragments in 
their central 10 percent, occurred on less than 1 percent of the mare 
surface. 

The large blocks comprising the Apennine Mountains have extremely 
rounded profiles with less than 0.1 percent exposed surfa.ce outcroppings 
or fresh young craters. However, ~assive units of well-organized uni­
formly parallel lineations appear within all blocks, each block having 
a different orientation within the Hadley area. Mount Hadley is the most 
dramatic of these blocks, where at least 200 lineations (fig. 9-3), dip­
ping approximately 30 degrees to the west-northwest, are exposed on its 

Figure 9-3.- Lineations visible on southwest slope of Mount Handley. 
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southwest slope. Discontinuous, linear, patterned ground is visible 
superimposed over these lineations. A more definitive exposure of these 
units was observed at Silver Spur (fig. 9-2) where an upper unit of r:.even 
60-meter (200-foot) thick layers is in contact with a lower section of some­
what thinner parallel layering having evidence of crossbedding and subhori­
zontal fractures. Also, three continuous, subhorizontal, non-uniform 
lineations are visible within, and unique to, the lower 10 percent of the 
Mount Hadley vertical profile. 

The most distinctive feature of Hadley Rille is the exposed layering 
within the bedrock on the upper 15 percent of the rille walls (fig. 9-4). 

Figure 9-4.- Exposed l~ering within the bedrock in Hadley Rille. 
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~Jo maJor units can be identified in this region; the upper 10 percent ap­
pears as poorly organized massive blocks with an apparent fracture orienta­
tion dipping approximately 45 degrees to the north. The lower 5 percent 
is a distinct horizontal unit exposed as discontinuous outcrops :partially 
covered with talus and fines. Each exposure is characterized by approxi­
mately 10 different multil~ered parallel horizontal bedding planes. The 
remainder of the slope is covered with talus, 20 to 30 percent of which 
is fragmental debris, with a suggestion of another massive unit with a 
heavY cover of fines at a level 40 percent downward from the top. The ex­
posure a at this level appear lighter in color and more rounded than the 
general talus debris. No significant collection of talus is apparent at 
any one level. The upper 10 percent of the eastern side of the rille is 
characterized by massive subangular blocks of fine-grained vesicular por­
phyritic basalt cont&ining up to 15 percent phenocrysts. This unit, as 
viewed toward the south, has the same character as the upper unit on the 
western wall. The bot~om of the rille is gently sloping and smooth with 
no evidence of flow in any direction. No accumulation of talus was evi­
dent on the bottom except for occasional boulders up to 2 meters (6.6 
feet in size • 

The maJor concentration of craters, depicted on preflight maps, is 
the South Cluster on the Hadley Plain. Because of the general lack of 
morphologic&l. features on the slopes of M::>unt Hadley and Hadley Delta, 
a linear cor..centration of craters up the slope of Hadley Delta, directly 
south of the Cluster, indicates that a sweep of secondary fragments from 
the north ~ have been the origin of the South Cluster. A buildup of 
debris on the southern rim of these craters was not evident, although the 
approximately 10-percent coverage of the surface by fragmental debris in 
the region of the South Cluster is unique within the Hadley region. 

Sampling was accomplished in the general vicinity of all preplanned 
locations with the exception of the North Complex, which was unfortunately 
excluded because of higher priorities of activities associated with lunar 
surface experiments. A great variety of samples we~ collected; some are 
obviously associated with their location, while others will require fw.·­
ther study to determine a relationship. The capability to identifY rock 
types at the time of collection was comparable to a terresterial exercise 
and .,.,as unhampered by the unique environment of the moon. Identifiable 
sample features include: anorthosite; basalts with vesicules of various 
sizes, distribution, and orientation; b&aalts with phenocrysts of various 
quantities, sizes, shapes, and orientation; olivine- and pyroxene-rich 
basalts; third-order breccias with a variety of well-defined clasts; 
rounded glass fragments; glass-filled fractures and glass-covered frag­
ments; and other surface features such as slickensi.des. 
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9.8.3 Lunar Surface Mobility Systems Performance 

Extravehicular mobility unit.- The mobility of the modified suit al­
lowed the lunar roving vehicle to be mounted easily. It was also possible 
to bend down on one knee to retrieve objects from the surface. 

The cooling performance of the portable life support system was ex­
cellent. The Ccmnander used maximum cool~.ng for tasks such as the drill­
ing operations. The Lunar Modl.-le Pilot n·ever used more than intermediate 
cooling. For the driving portion of the lunar surface exploration, min­
imum cooling was quite comfortable. During the first extravehicular ac­
tivity, the Lunar Module Pilot experienced several warning tones. The 
suspected cause was a bubble in the portable life support system water 
supply. When swi tchover to auxiliary water was required, ground control 
recommended minimum cooling, which was new information to the crew. The 
temperature in the suits gradually increased over the three extravehicular 
activities. 

The portable life support system straps were adjusted. during the pre­
flight crew compartment fit and function procedure. The Commander's straps 
worked fine. However, the Lunar Module Pilot's seemed short since the 
controls were located too high and too far to the left for him to reach. 
The Commander's portable life support system seemed loose at the end of 
the third extravehicular activity. 

Lunar roving vehicle.- The major hardware innov11tion for the lunar 
exploration phase of the Apollo 15 mission was the lunar roving vehicle 
(fig. 9-5.) Because of geological requirements during surface traverses, 
time was limited for evaluating the characteristics of the vehicle. How­
ever, during the traverses, a number of qualitative evaluations were made. 
The following text discusses the performance, and the stability end c.:>n­
trol of "Rover 1", as well as other operational considerations pertaining 
to the vehicle. 

The manual deployment technique worked very well. Simulations had 
demonstrated the effectiveness of this technique and, with several minor 
exceptions, it worked exactly as in preflight demonstrations. The first 
unexpected condition was noticed iDmedia.tely atter removing the thermal 
blanket when both walking hinges were found open. They were reset and 
the vehicle was deployed in a nominal manner. The support saddle, how­
ever, was difficult to remove after the vehicle was on the surface. No 
apparent cause was evident. Additionally, both lett front hinge pins were 
out of their normal detent positions; both were reset with the appropri­
ate tool. After removal of the support saddle, the rover was manual.ly 
positioned such that "forward" would be the initial driving mode. 

Front steering was inoperative during the first extravehicular ac­
tivity. All switches and circuit breakers were cycled a mDilber of times 
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Figure 9-5.- Commander seated on the lunar roving vehicle. 

during t:1e early portion of the first extravehicular activity with no ef­
fect on the steering. Subsequently, at the beginning of the second extra­
vehicular activity, cycling of the frcmt steering switch apparently en­
abled the front steering capability which was then utili zed throughout 
the remaining traverses. 

Mounting and dismounting the rover was comparable to preflight ex­
perience in 1/6-gravity simulations in the KC-135 aircraft. Little dif­
ficulty was enco'W'ltered. The normal mo'W'lting techniqu.e included grasping 
the staff near the console and, with a small hop, positioning the body in 
the seat. Final adjust:aent was made by sliding, while using the footrest 
and the back of the seat for leverage. It was determined early in the 
traverses that sane method of restraining the crew members to their seats 
was absolutely essential. In the case ot Rover 1, the seat belts worked 
adequately; hwever, excessive ti:ae and effort were required to attach 
the belts. The pressure suit interface with the rover was adequate in 
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all respects. None of the preflight problems of •.~isibili ty and suit pres­
sure points were encountered. 

The performance of the vehicle was excellent. The lunar terrain con­
ditions in general were very hummocky, having a smooth texture and only 
small areas of fragmental debris. A wide variety of craters was encount­
ered. Approximately 90 percent had smooth, subdued rims "fhich were, in 
general, level with the surrounding surface. Slopes up to approximately 
15 percent were encountered. The vehicle could be maneuvered through any 
region very effectively. The surface material varied from a thin powdered 
dust [which the bcots would penetrate to a depth of 5 to 8 centimeters 
(2 to 3 inches) on the slope of the Apennine Front] to a firm rille soil 
which was penetrated about 1 centimeter (one-quarter to one-half inch) by 
the boot. In all cases, the rover's performance was changed very little. 

The velocity of the rover on the level surf~ce reached a maximum of 
13 kilometers (7 miles) per hour. Driving directly upslope on the soft 
surface material at the Apennine Front, maximum velocities of 10 kilo­
meters (5.4 miles) per hour were maintained. Comparable velocities could 
be maintained obliquely on the slopes unless crater avoidance became nec­
essary. Under these conditions, the downhill wheel tended to dig in and 
the speed was reduced for safety. 

Acceleration was normally smooth with very little wheel slippage, 
although some soil could be observed impacting on the rear part of the 
fenders as the vehicle was accelerated with maximum throttle. During a 
"Lunar Grand Prix", a roostertail was noted above, behind, and over the 
front of the rover during the acceleration phase. This was approximately 
3 meters (10 feet) high and went some 3 meters forward of the rover. No 
debris was noted forward or above the vehicle during constant velocity 
motion. Traction of the w·ire wheels was excelJ cnt uphill, downhill, and 
during acceleration. A speed of 10 kilometers per hour coru.d be attained 
in approximately three vehicle lengths with very little wheel slip. Brak­
ing was positive except at the high speeds. At any speed under 5 kilo­
meters (2.7 miles) per hour, braking appeared to occur in approximately 
the same distance as when using the 1-g trainer. From straight-line tra­
vel at velocities of approxi~ately 10 kilometers per hour on a level sur­
face, the vehicle could be stopped in a distance of approximately twice 
that experienced in the 1-g trainer. Braking was less effective if the 
vehicle was in a turn, especia.l.ly at higher velocities. 

Dust accumulation on the vehicle was considered minimal and only ·1ery 
small particulate matter accumulated over a long period of time. Larger 
particles appeared to be controlled very well by the fenders. The major­
ity of the dust accumulation occurred oo the lower horizontal surfaces 
such bS floorboards, seatpans, and the rear wheel area. Soil accumula­
tion within the wheels was not observed. Those particles which did pass 
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through the wire seemed to come out cleanly. Dust poaed no problem to 
visibility. 

Obstacle avoidance was commensuratP. with speed. Lateral skidding 
occurred during any hardover or maximum-rate turn above 5 kilometers per 
hour. Associated with the lateral skidding was a loss of braking effec­
tiveness. The sus pens ion bottomed out approximate~ y three times during 
the entire surface activity with no apparent ill ef'f t: ct. An angular 
30-centimeter (J-foot) high fragment was traversed by the left front wheel 
with no loss of controllability or steering, although the suspension did 
bottom out. A relatively straight-line traverse was easily maintained by 
selection of a point on the horizon for directional control, in spite of 
the necessity to maneuver around the smaller subdued craters. Fragmental 
debris was clearly visible and easy to avoid on the surface. The small, 
hummocky craters were the major problem in negotiating the traverse, and 
the avoidance of these craters seemed necessary to prevent controllability 
loss and bottoming of the suspension system. 

Vehicle tracks were prominent oo the surface and very little varia­
tion of depth occurred when the bearing on all four wheels was equal. On 
steep slop~s, vhere increased loads were carried by the Jownhill wheels, 
deeper tracks were encountered - perhaps up to 3 or 4 centimeters (an inch 
or two} in depth. There was no noticeable effect of driving on previously 
deposited tracks, although these effects were not specifically investigated. 
The chevron tread pattern left distinct and sharp imprints. In the soft, 
loose soil at the Apollo lunar surface experiment package site, one occur­
rence of wheel spin was corrected by manually moving the rover to a new 
surface. 

The general stability and control of the lunar roving vehicle was ex­
cellent. The vehicle was statically stable on any slopes encountered and 
the only problem associated with steep slopes was the tendency of the ve­
hicle to slide downslope when both crewmen were off the vehicle. The rover 
is eynamically stable in roll and pitch. There was no tendency for the ve­
hicle to roll even when traveling upslope or downslope, across contour 
lines or parallel to contour lines. However, qualitative evaluation indi­
cates that roll instability would be approached on the 15-degree slopes if 
the vehicle were traveling a contour line with one crewmember on the down­
hill side. Both long- and short-period pitch motions were experienced in 
response to vehicle motioo over the cratered, hWIIDocky terrain, and the 
motion introduced by individual wheel obstacles. The long-period mot~on 
was very similar to that encountered in the 1-g trainer, although more 
:!..ightl.y damped. The "floating" of the crewmembers in the 1/6-g tield was 
quite noticeable in comparison to 1-g simulations. Contributions ot short­
period motion of each wheel were \llnoticed and it was difficult to tell 
how many wheels were ott the ground at IUV one time. At one point during 
the "Lunar Grand Prix", all tour wheels were ott the ground, altho~ this 
was undetectable from the driver's seat • 
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Maneuvering was quite responsive at speeds below approximately 5 kilo­
meters per hour. At speeds on the order of 10 kilometers per hour. re­
sponse to turning was very poor until speed was reduced. The optimum tech­
nique for obstacle avoidance was to slow below 5 kilometers per hour and 
then apply turning correction. Hardover turns using any ste~ring mo:le at 
10 kilometers per hour would result in a breakout of the rear wheels and 
lateral skidding of the front wheels. This effect was magnified when only 
the rear wheels were used for steering. There was no tendency toward over­
tuxn instability due to steering or turning alone. There was or.e instance 
of breakout and lateral skidding of the rear wheels into a crater approxi­
mately 1/2 ~ter (1-1/2 feet) deep and 1-1/4 meters (4 feet) wide. This 
resulted in a rear wheel contacting the far wall of the crater and sub­
sequent lateral bounce. There was no subsequent roll instability or tend­
ency to turn over, even though visual motion cues indicated a roll insta­
bility might develop. 

The response and the handling qualities using the control stick are 
considered adequate. The hand controller was effective throughout the 
speed range, and directional control was considered excellent. Minor dif­
fi~ulty was experienced with feedback through the sui ted crewmember to the 
band controller during driving. However, this feedback could be improved 
by a more positive method of restraint in the seat. Maximum velocity on 
a level surface can be maintained by leaving the control stick il"' any 
throttle position and steering with small inputs left ~r right. A firm 
grip on the handle at all times is unnecessary. Directional control re­
sponse is excellent &I. though, because of the many ~namic links between 
the steering mechanism and the hand on the throt~le, considerable feed­
back through the pressure suit to the control stick exists. A light touch 
on the hand grip reduces the effect of this feedba--_lt. An increase in the 
lateral and breakout forcea in the directional hand controller should min­
imize feedback :f.nto the 'Steering. 

'!Vo steering modes were investigated. On the first extravehicular 
activity, where rear-wheel-only steering was available, th~ vehicle had 
a tendency to dig in with the front wheels and break out with the rear 
wheels with large, but less than hardover, directional corrections. On 
the second extravehicular activity, front-wheel-only ste~ring was attempted, 
but was abandoned because of the lack of rear wheel centering. Four-wheel 
steering was utilized for the remainder of the mission. It is felt that 
for the higher speeds, optimum steering would be obtained utilizing tront­
steerir:..~ provided the rear wheels are eenter-locked. For lower speeds 
and maximum obstacle avoid.ulce, four-wheel steering would be optimal. Any 
hardover failure of the steering mechanism would be recognized immediately 
and could be controlled safely by maximum braking. 

Forward visibility wu excellent throughout the range of condi tiona 
encountered with the exceptioo of driving toward the zero-phase directioo. 
Washout, under these conditiooa, IP.&de obstacle avoidance difficult. Up-sun ) 
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wa.'3 comparable to cross-sun if the opaque visor C)r. the lunar extravehicular 
visor assembly was lowered to a point which blocks the direct rays of the 
sun. In this condition, crater shadows and debris weT'e easily seen. Gen­
eral ltmar terrain features were detectable within 10 degrees of th~ zero 
phase region. Detection of features under high-sun conditions was somewh~t.t 

more difficult because of the lack of shadows, but with constant attention, 
10 to ll kilometers (5-1/2 to 6 miles) per hoUI coul1 be mfrintained. Tl.e 
problem encountered was recognizing the subtle, E~ubdued craters directly 
in the vehicle pach. In general, 1-meter (3 1/4-foot) craters were not 
detectable until the front wheels had approached to within 2 to 3 meters 
(6-1/2 to 10 feet). 

The reverse feature of the vehicle was utilized several times, and 
preflight-creveloped techniques worked we!.l. Only short distances were cov­
ered, and then only with a dismounted crewmember <:onfirming the general 
ccncti tion of the surface to be covered. 

The 1-g trainer provides adequate training for luna: roving vehicle 
operation on the lunar surface. Adaptation to lunar characteristics is 
rapid. Handling characteristics are quite natural after several minutes 
of driving. The major difference encountered with respect to preflight 
training vas the necessity to Pa.Y c-onst ~-nt attention to the lunar terrain 
in order to have adequate warning for obstacle avoidance if maxi· .um aver­
ag~ speeds were to be maintained. Handling characteristics of the actual 
lunar roving vehicle were similar to those of -~he 1-g trainer ~ith two 
exceptions: br!.k:lug requires approximately twice the distance, end steer­
ing is not respons.'.ve in the 8- to 10-kilometer (4- to 5 1/2-mile) per 
hour range vi th harioYer control inputs. Suspensi :Jn characteristics ap­
peared to be approxi~ately the same between the two vehicles and the 1/6-g 
suspension &i~ulation is considered to be an accurate rapresentation with 
the exception OI t&.e crewmembers' weight. 

The navigation system is accurate and a high degree of co~fidence 
was attained in a very short time. Displ~s are also adequate- for the 
lunar roving vehicle systems. 

Lunar coDJDunications rela.v unit.- The l.Wlar COilDDunications rela.r unit 
and associated equipnent operated well throughout the lunar surt'ace acti v­
iti es. The deployment techniques and procedures are good, an1 the opera­
tional constraints r.nJ actl vation overhead are :ninimum. Align::uent of the 
high-gain antenna vas the only diff:f.culty encountered, and thts was due to 
the very dim imege of the earth presented through the optica.l. 1ighting de­
vice. The use of signal streneth u indicated on the automatic gain con­
trol meter was an acceptable back-up alignment technique. 

' 
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9.8.4 Lunar Surface Science Equipment Performance 

Apollo lunar surface experiuent package.- The packages were manually 
removed from the scientific equipment ba.Y. During unstowing of equipment, 
the universal handling tools were difficult to remove from the stowed posi­
tion and the scientific eq_uipment ba.Y doors required cycling to the ~ly 
closed position. In deploying the central station, the strings which pull 
tre rear pins on the sun shield cover were broken, requiring the Lunar Mod­
ule Pilot to pull the pins with his fingers. Connection of the supra.ther­
mal ion detector experiment to the central station ·was very difficult. The 
task required the Lunar Module Pilot to use both hands and all the weight 
that he could bring to bear on the locking collar. Another difficulty was 
in the d~ployment of the suprathermal. ion detector experiment. Th~ uni­
versal handling tool was not locked, which caused the suprathermal ion 
detector experiment to fall off the tool when positioning the experiment. 

Emplacement of the heat flow experiment and collection of the deep 
core sample were Jiffic1.l.t and required far more time and effort than an­
ticipated. Operation of the hardware components was acceptable with the 
exception of the vise on the geology pallet. The vise was installed in­
correctly and was useless for separating the assembled stems. 

The primary cause of the working difficulties enco'l.mtered with the ) . 
lunar drill was the lack of knowledge of the regolith encountered at the 
Hadley site. Because of the hardness of the material 1 meter (3 1/4 feet) 
below the surface, the bore stems for drilling the holes for the heat flow 
experiment did not penetrate at the expected rates and did not excavate 
deep material to the surface. Because of the resulting high torque levels 
on the chuck-stem interface, the chuck bound to the stems and, in one case, 
re;:uired destruction of the stem to remove the chuck and drill. The deep 
core sample could not be extracted from the hard soil by normal methods 
and required both crewmen lifting on the drill handles to remove it. The 
exterior flutes contributed to this condition since the core stems were 
pulled into the lunar surface when the drill was activated. See section 
14.4.1 for further discussion. 

Soil mechanics.- The classic trench was easily dug in the vicinity 
of the e,ollo lunar surface experiment deployment site. Penetrometer meas­
urements were made at the trench and in the lunar roving vehicle tracks. 
The floor of the trench was a very hard resistent la.Yer. In making the 
penetrometer measurements, the trench side was collapsed by pushing on the 
nat plate positioned about 10 centimeters (4 inr.hes) : '"Om the trench wall. 
A problem with the penetrometer was that the ground plane would not sta;y in 
the extended position because of excessive spring force (see section 4.13). 

Geology tools.- The retractable tether a (yo-yo's) failed during the 
first extravehicular activity. These devices were used by the Commander 
to secure tongs and by the Lunar ltbdule Pilot to secure the extension 
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handle during the geology work. They would have been used to hold the 
universal handling tools during deployment of the Apollo lunar surface 
experiment package. Unfortunately, both yo-yo's ~ai.led before the experi­
ment package was deployed. Cord was used for the flight equipment instead 
of wire, as on the training equipment. The tongs, scoop, hammer, anu rake 
worked well, and the rake also functioned well as r. scoop. The newly de­
signed core tube worked well in that the sample was ccmpletely retained. 
Penetration of the surface with the cor~ tube was usually accomplished with 
a hard push; however, the hammer was required to obtain a double core. The 
locking and unlocking of the buddy secondary life support system bag at­
tached to the rear of the geology pallet was very difficult because the 
locking tab was hidden behind the bag. Sample return container 2 was not 
sealed because a portion of the collection bag was caught in the rear hinge. 

Cameras.- The film in the 16-mm data acquisition camera would not pull 
through the camera. Only one magazine worked on the 1 unar surface. Also, 
the Lunar Module Pilot's 70-mm Hasselblad electric data camera malfunc­
tioned at the end of the second extravehicular activity. An inspection in 
the lunar module cabin revealed excessive lunar material ':In the film drive. 
The camera failed again on the third extravehicular activity and was re­
turned to earth. These anomalies are discussed in ·ections 14.5.3 and 
14.5.4. 

9.9 LUNAR ORBITAL SOLO OPERATIONS 

9.9.1 r~euvers 

Solo manelNers.; in lunar orbit included circul.ari zation and a plane 
change. Both of these maneuvers were accomplished using service propul­
sion system bank B only because of the aforementioned circuit problem with 
bank A. The mcneuvers were nominal and were accomplished with residual 
velocities of an order that required no further maneuvering. 

9.9.2 dcience and Photography 

Scientific instrument module experiments.- The scientific instrument 
module was operated during the three d&iYS of lunar surface activity accord­
ing to carefully detailed preflight planning. Because of the complexity 
of the scientific instrument module, all operations during this period 
were to be accomplished without deviation from the flight plan. In the 
event that difficulties we~e encountered, items were to be dropped from 
the fiight plan. 
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Some flight difficulties were experienced with the scientific instru­
ment module operations. These difficulties were associated with the re­
traction of the mass spectrometer boom and with the extension and retrac­
tion of the mapping camera. The mass spectrometer boom extended normally 
but did not alWfiiVS indicate full retraction. It was suspected that the 
boom was retracting into the carriage, but not far enough to cause an in­
dication of full retraction. The monitoring, as well as the timing of 
the boom extensions and retractions, required an expenditure of time which 
had not been anticipated preflight. The mapping camera extended and re­
tracted more slowly than had been anticipated and it eventually failed 
in the extended position. This also required additional monitoring time 
on the part of the Command M:>dule Pilot. The mass spectrometer boom re­
traction problem is discussed in more detail ia section 14.1.6 and addi­
tional discussion en the mapping camera problem is given in section 14. 3. 3. 

The scientific instrument module bq activity was essentially a moni­
toring operation. Functions were performed at a prescribed time and re­
quired very careful attention to the details in the flight plan. One pro­
cedure that was used to assist in this monitoring activity was the uae of 
computer time on the displq keyboard in the lower equipment bq. The 
procedure required the initiation of an external delta-velocity program 
at a prescribed time. The clock in the computer would then count down to, 
and up from, that time. However, because of the calculations required by 
the computer during operation of this program, the spacecraft actually 
deviated out of the attitude control dead bands. Therefore, after the 
first dq in lunar orbit, the computer program was used for very short in­
tervals of time only. Consequently, the monitoring of the scientific in­
strument module bq became much more difficult because the timing of these 
events had to be accomplished using grotmd elapsed time, and not time rel­
ative to an ev-ent. Also complicating the monitorin~ was the fact that the 
lights in the lower 11quipnent bq could no longer illuminate the mission 
timer because of the previously described short in the a-c electrical system. 

All of the solo operations in lunar orbit were accomplished well 
within the capability of the Caumand Module Pilot with respect to the 
amount of work that had to be done in the time available. There were 
times w"len visual observation of the surface and hand-held photogi'aphy 
were accomplished in conjunction with the operation of the scientific 
instrument module bq. This posed no problem and was accomplished as 
prescribed. 

Command and service module photosraPhy·- The onboard photography was 
accomplished generally as prescribed in the f'light plan except that the 
operation was more detailed than had been anticipated prior to flight. 
Acquisition of all photographic targets was based on flight plan time. 
However, with additiontU. training just prior to flight, the Coumand Mod­
ule Pilot attained a sufficient degree of proficienc,y in target recogni­
tion and in the geology ot the lunar surtaee so that detailed flight plan 
times were not required. ' 
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The photography was accomplished using the settings prescribed in 
the flight plan and additional photographs were taken utili zing the set­
~ings based on sun angles that were listed in both the orbit monitor 
charts and by an orbit monitor wheel which was developed for that purpose. 
The photography from window 5 posed sane problems because of a Lexan fil­
ter installed inside of the spacecraft (since no ultraviolet filter ex­
isted within the window). The Lexan filter, at this time, was scratched 
and .. t did not appear that good photography could be taken through that 
window, so the filter was removed for the photography and then replaced. 

Visual observations.- In conjunction 'fith the photography, visual 
observations of selected surface features were made. These observations 
were designed to allow a l'oo:!tter understanding of large-scale geologic 
processes. Three areas of special interest were centered around the 
crater Tsiolkovsky, the Li ttrow area, and the Aristarchus Plateau. 

Tsiolkovsky is a large im~act crater centered at 128 degrees east 
latitude, and uniquely placed in the region between the large mare basins 
and the upland areas on the back side. It is a deep crater with a promi­
nent central peak and steep rim walls; the crater walls are cut by several 
faults. The smooth, dark crater floor resembles the mare surfaces visible 
on the moon's near side. There is much evidence of volcanic processes on 
the eastern side of the crater as shown by numerous lava flows originating 
along fault zones and filling minor craters around Tsiolkovsky. On the 
western side, there is a large rock avalanche that extends from the rim 
northwest into the subdued crater Fermi. 

The Li ttrow area was viewed because of distinct color banding extend­
ing out into !v.lare Sereni tat is. This banding appears to have been produced 
by volcanism in the form of flows or volcanic ash deposits. Within the 
darkest band, there were numerous small positive features believed to be 
cinder cones. These are the first well-documented cinder cones observed 
on the moon. 

'fl'e Aristarchus Plateau appears to be the most active volcanic area on 
the moon. There are many lava flows and rille-like features in the central 
plateau area. 

One of the ~steries about the rilles has been the rille termini. If 
these features were formed l:y lava flows, there would be delta-shaped flow , 
tongues formed at the outlets. Inflight observation resulted in the con­
clusion that if these delta-sl-.aped flow tongues ... ere present, they were 
covered by lava flows that inundated the rilles. 
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9.10 ASCENT, RENDEZVOUS AND DOCKING 

9.10.1 Ascent 

Ascent ignition was automatic, the programmed pitchover was smooth 
and positive, and the trajectory appeared nominal throughout the maneuver. 
Five minutes after lift-off', radar lock-on was attempted with negative re­
sults; 5 seconds of high slew in each direction also resulted in no sig­
nal strength. Approaching insertion, Houston advised of' a radial error 
in the primary guidance and navigation system and recommended an in-plane 
trim of the abort guidance system velocity residuals. At automatic pri­
mary guidance and navigation system shutdown, the abort guidance system 
indicated a residual velocity of' minus 3.5 ft/sec. This was trimmed to 
minus 2 ft/sec along the longitudinal axis. No vernier adjustment was re­
quired, and the ground advised that the terminal phase initiate maneuver 
would be off-nominal and that final approach would be from near horizon­
tal; these factors were due to the command and service module orbit. 

9.10.2 Rendezvous 

) 

Lunar module.- The abort guidance system warning light came on shortly _) 
after insertion. The light was reset normally and the abort guidance sys- _ 
tem self-test was satisfactory. After insertion, there was early confir-
mation of rendezvous radar, primary guidance and navigation system, and 
abort guidance system guidance data. Automatic updating was enal>led in 
both the primary guidance system and the abort gt:idance system. At final 
computation for terminal phase initiation, there were 26 marks in the pri-
mary guidance and navigation system, and 13 range marks and 13 range-rate 
marks in the abort guidance system. Another accelerometer bias update was 
made on the primary guidance system before terminal phase initiation. The 
primary guidance and navigation system solution was used. 

Nominal procedures were used for primary guidance and navigation sys­
tem midcourse corrections. For the abort guidance system, several range­
rate inputs were manually inserted to insure that there were sufficient 
marks to obtain good solutions. The te.~hnique used was to watch the mark 
counter until the range changed to a plus value, then the range rate was 
manually entered. The command and service module tracking light was not 
visible until 40 minutes after sunset at a range of approximately 18 miles. 

When approaching the last braking gate (1500 feet separation distance), 1.i 
the Commander was surprised to see that no line-of-sight rates were indi- ~ 
cated by the rendezvous radar crosspointers. (Refer to sec. 14.2.7 for j 
a discussion of' this anomaly.) Line of' site rates were verified by the J .. l 
Command Module Pilot. Thrusting lett and up approximately 4 ft/sec was 
required to null the line-of-site rates. The resulting out-of-plane an-
gle at station keeping was approximately 20 degrees. ~ 
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Command and service module.- The command and service module was pre­
pared for the rendezvous by deactivating all of the scientific instrument 
module bay experiments, retracting all of the booms, and closing the camera 
and experiment covers. All but four reaction control jets were activated 
3 hours before lunar module ascent initiation to allow proper ground track­
ing and orbit determination. On the rendezvous revolution itself, VHF con­
tat.-t was made just prior to ascent and the Manned Space Flight Network relay 
was ceacti vated. All communications with the lunar module were accompli­
shed using the VHF. Just prior to insertion, VHF ranging was activated. 
Several resets were required before the ranging was locked, and subsequently, 
lock was broken only once. 

After insertion, a lunar module state vector was uplinked from the 
ground and an automatic maneuver was made to the rendezvous tracking atti­
tude. The rendezvous was completed using a minimum-key-stroke (automatic 
sequencing) computer program. This program was new for this flight, and 
was designed to relieve the Command Module Pilot's workload. The computer 
automatically sequenced through the rendezvous maneuvers and tracking per­
iods. It was initiated at the pre-terminal phase initiation program and 
was terminated with the final rendezvous computer program, which maneu­
vered the command and service module to the desired tracking attitude 
just prior to docking. The program functioned as anticipated and allowed 
the Command M:>dule Pilot much greater time for optical tracking and. sys­
tems monitoring. 

There was sane difficulty at first in actually seeing the lunar module 
tracking light because the lunar module was not centered in the scanning 
telescope. After going into darkness, the light was observed at about 15 
degrees from the center of the telescope. After two marks were taken, the 
optics tracked the lunar module in the center of the sextant. A total of 
18 optical and 19 VHF marks were taken before the final solution was ini­
tiated. The maneuver to the terminal phase initiate attitude was a small 
maneuver of approximately 20 to 30 degrees in pitch. After the lunar 
module performed the terminal phase initiation maneuver, the actual ve­
locity changes were inserted into the computer. Ti1e command and service 
module then was maneuvered automatically to the tracking attitude. Ten 
optics and nine VHF marks were taken prior to the first midcourse correc­
tion and 18 optics and ll VHF marks were taken prior to ·he second mid­
course correction. All solutions were compared with the lunar module 
solutions and were within the prescribed limits. The lunar module sub­
sequently accomplished the maneuvers based on its own solutions. 



9.10.3 Docking and Crew Transfer 

Beginning at terminal phase finalization, the spacecraft was maneu­
vered to the crew-optical-alignment-sight tracking attitude to monitor the 
lunar module and to verify line-of-sight rates. The lunar module assumed 
a station keeping position with the command and service module and a ma­
neuver was initiated to allow photographs to be taken of the scientific 
instrument module bS¥. After this was accomplished, the spacecraft were 
maneuvered to the docking attitude. The docking was initiated and com­
pleted by the command and service module. Again, the closing rates were 
approximately 0,1 ft/sec, and the docking was completed by thrusting along 
the longitudinal axis on contact until capture latch engagement was indi·­
cated. After the capture latches were engaged and the attitudes were stP..­
bilized, the probe was retracted and a hard dock was accomplished. 

Several operations were initiated almost simultaneously after the deck­
ing. The scientific instrument module bay experiments were activated and 
operated throughout the time of transfer of equipment from the lunar module 
to the command and service module. The experiments operations hindered the 
transfer to some extent because the Command Module Pilot was required to 
monitor and observe the scientific inst~ument panel in the command and ser­
vice module. However, the transfer was successfully completed and all trans-
fer bags were stowed in the proper locations. The lunar module crew trans- -, 
ferred back into the command and service module and preparations were made 
for undocking. 

9.11 POST-DOCKING LUNAR ORBITAL OPERATIONS 

9.11.1 Lunar Module Jettison 

After all equipment was stowed, the crew donned their helmets and 
gloves and prepared the tunnel for lunar module jettison. Some difficulty 
was experienced with venting the pressure in the tunnel. The differential 
pressure across the tunnel hatch would not increase as expected, The hatch 
was r•emoved and the seals on both the lunar module hatch and the command 
modult~ hatch were checked. Both hatches were replaced and the differential 
pressure check was completed satisfactorily. A pressure suit integrity 
check was then accomplished; again, with some difficulty. The crew con­
sidered that the liquid cooled garment connector was responsible for the 
failure of one of the suits to pressurize properly, so a plug was inserted 
into the Commander's suit, After the plug was installed and the suits were 
rezipped, the suit circuit pressure integrity check was accomplished nor­
mally. 
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Because of the difficulty with the tunnel and with the suit circuit 
integrity check, the lunar module jettison was del~ed approximately one 
revolution, after which it was act:-,:nnplished normally. However, because 
of the difference in orbital. position from the planned position at the 
time of the lunar module jettision, the separation maneuver was recomputed 
to assure a positive separation distance. This was accomplished about 20 
minutes a:t'ter jettision and all subsequent events were nominal. 

9 .11. 2 Flight Plan Updating 

After rendezvous and with all three crewmen aboard the command and 
service module, the fiight plan was updated to utilize the full capability 
of the scientific instrument module b~. The flight plan changes were con­
siderable, but with one crewman free to copy the updates, the other two 
crewmen were available to monitor and perform the scientific instrument 
module activities. This meant that all three crewmen vere utilized a good 
percentage of the ti:u:e. The operation was performed satisfactorily and 
the real-time changing of the flight plan was accomplished without diffi­
culty. The philosophy that there would be no changes in the flight plan 
during the solo operations and that the flight plan would bP. subject to 
real-time change when all three crewmen were aboard was satisfactory. 

9.11.3 Mbr.euvers 

Prior to the trans earth injection maneuver, an orbital shaping maneu­
ver was performed to launch the subsatelli te into an orbit guaranteeing a 
long lifetime. This was a relatively short thrusting maneuver and was ac­
complished using service propulsion aystem bank B. The subsatellite was 
jettisoned as scheduled and it was observed approximately 15 to 20 feet 
awey from the spacecraft. All arms were extended and it was rotating 
with a coning angle of app1·oximately 10 degrees. 

The next maneuvar was the transearth injection maneuver which was 
accomplished without difficulty. The service propulsion system was again 
activated by the special procedure. Gimbal position indications were very 
smooth and there was very little attitude excursion. The maneuver was com­
pleted nominally. 

9.11.4 Command and Service Module Housekeeping 

Particular emphasis was placed on housekeeping throughout the flight 
in order to maintain organization within the coD111and module crew compart­
ment with the additional stowage requirements for the Apollo 15 mission. 
Normal cabin living activities required more time than antici}iated pre­
flight because of addi tiona.l. equipment, onboard stowage conditions, new 
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pressln'e suits, a strict adherence to nutrition schedules, and limitations 
on overboard dump periods. The most efficient manner of completing these 
activities was to perform all cleaning, dumping, canister change, and 
chlorination operations just prior to a rest period, exclusive of any sci­
entific instrument module activities. Similarly, an exclusive waking and 
eat period just after the rest period and prior to any other activities 
(such as scientific instrument module activation and flight plan updates) 
conforms to normal daily activities on earth and results in far more effi­
cient utilization of time during flight. 

9.12 TRANSEARI'H FLIGHT OPERATIONS 

9.12 .1 Trans earth Coast Extravehicular Activity 

Approximately 16 hours after the trans earth injection maneuver, the 
crew had completed preparations for an extravehi.cular ecti vi ty which was 
specifically planned to retrieve the panoramic and mapplng camera cassettes 
from the scientific instrument module. The preparation for the extravehic­
ular activity was accomplished in a nominal fashion and required approxima­
tely 5 1/2 hours. Preparation of the command module was partially accomp­
lished during the night preceding the extravehicular activity and was com­
pleted approximately 2 hours before the flight plan ti'l'l.le for the event. 
This allowed an unhurried, careful preparation of all equipment and re­
sulted in an ext rave hi cular activity that was accomplished on time and 
without difficulty. The final preparation associated with the extrave­
hicular activity involved the relocation of sane rock bags and containers, 
removal of the center couch, donning of pressure suits, suit integrity 
checks, and the donning of the special extravehicular activity umbilical 
rmd pressure suit equipaent by the Camnand Module Pilot. This was ac­
complittheatl satisfactorily per the checklist. The spacecraft was maneu­
vered to the extravehicular activity sun-angle attitude which allowed 
illumination of the scientific instrument module bay, while insuring that 
the sun did not shine directly int.o the command module hatch. In this 
attitude the S\Ul angle was low with rettp~ct to the scientific instrument 
module, but reflections in and around the module illuminated all of the 
equipment. After side hatch opening, the television and 16-mm cameras were 
installed oo the hatch to record the extravehicular activity. The 16-mm 
camera operated for only 3 or 4 frames and produced only one rect:."."ll!rable 
picture (fig. 9-6). The camera had apparently been turned on and then 
inadvertently turned ott &tter a three-second interval while set at a 
trame rate of ooe frame per second. The televbion camera operated prop­
erly. The CoDIIland Module Pilot proceeded to the scientific instrument 
module b~ in a fashion similar to that used dnring training. The opera­
tion required about 16 "linutes cd wu c ompletvd in an etticient manner 
even though an ott-nominal condi tioo existed in that the mapping camera 
was extended md could not be retracted. The panonmic ccera cusette 
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Figure 9-6.- Command Module Pilot moving toward scientific 
instrument module during transearth extravehicular activity 
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was returned to the hatch and was tethered inside the command module. 
The mapping camera cassette was returned on the seconn trip. Because of 
the difficulty with the mass spectrometer boom, and the mapping camera 
extension and retraction mechanism, a third trip was made to the scien­
tific instrument module to investigate these pieces of equipment. The 
spectrometer was observed to have retracted to the point of capture by 
the guide pins in the carriage but hall not retracted :f'ully. No external 
jamming of the mapping camera carriage was seen. One additional problem, 
associated with the panoramic camera, was investigated during the third 
trip. The panoramic camera velocity/altitude sensor malfunctioned dur­
ing lunar orbit operations. The sensor was examined and nothing was in 
the line of sight of the velocity/altitude sensor to account for the fail­
ure. Following the extravehicular act:l.vity, the Command Module Pilot in­
greased, the hatch was closed, and the command module was pressurized 
using the three 1-pound oxygen bottles from the rapid repressurization 
system, the Command Module Pilot's extravehicular umbilical flow, and the 
oxygen purge system. 
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9.12.2 Science and Photography 

The instruments in the scientific instrument module were operated 
duri.ng the transearth coast to obtain background data needed for inter­
pretation of data obtained in lunar orbit and to acquire information on 
celestial sources. These operations, at times, required specific atti­
tude pointing, and at other times, were accomplished during passive ther­
mal control periods. The operations, although accomplished in large part 
based upon real-time planning, p~sed no difficulty in adhering to the 
preflight-planned timeline. During transearth flight, ultraviolet photo­
graphs were taken of both the earth and the moon, star patterns were pho­
togr~phed through the sextant, and photographs were taken in an attempt 
to record the particulate matter around the spacecraft following a waste 
water dumping operation. 

9.12.3 Navigation 

During transearth flight, a large portion of time was devoted to 
cislunar midcourse navigation. This was done to demonstrate the capa­
bility to perform onboard navigation to achieve safe entry conditions 
in the event Manned Space Flight Network communications are lost. Cal­
ibrations having been accomplished on translunar coast, the midcourse ex­
ercises were performed, as closely as possible, according to the sched­
ule in the contingPncy checklist. This navigational exerciue was ac­
complished by main~;'J.ining a separate state vector stored in the command 
mo~u:e computer registers normally used for lunar module state vectors. 
:t was discovered that the navigation could, in fact, be performed on­
board to at least validate the state vector during a nominal transearth 
coast. The techniques for accomplishing the cislunar sightings were es­
sentially the same as had been used during trans lunar coast. The earth 
at this time appeared as a very thin crescent because of the earth-sun 
relationship, but the horizon vas easi~t discernible. Th~ sightings 
were taken with the spacecraft in minimum-impulse control, and all but 
the last set of sighting& were accomplished using uncoupled thrusters for 
attitude control. Low attitude rates were maintain~d and the sightings 
were easier than had been experienced preflight. The onboard state vec­
tor vas maintained until just prior to entry and it would have been sat­
isfactory in the event that a loss of communications had been experienced. 

~.13 ENTRY AND LANDING 

The preparation for entry was accomplished normally and the third 
midcourse correction w&a performed to insure that the target point vas 
acceptable. In p.',..{h-4 .~ion for service module separation, all !lystems 
wer~ check!d, ,·.M~, .J.C"'-"tl • the spacecraft was aceomplished as prescribed, 
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and the apacecraft was maneuvered to the service module jettison attitude. 
The jettison was accQmplished as planned. Entry was nominal, with the 
entry interface occurring at the proper time, The entry monitor system 
indicated 0.05g at the expected time and the entry monitor system, the 
guidance and navigation system, and the accelerometers we~e all in ~ree­
ment during entry. The lack of entry ~~nitor system background !ightinG 
did not affect observation of the scro~J. The ent~ was normal, but dur­
ing descent on the main parachutes, one of the parachutes partially ie­
flated. The main parachutes deployed normally at 10 000 feet, and check· 
list items were performed. However, following the reaction control system 
depletion firing, the partially-deflated parachute was observed. The con­
dition resulted in a higher rate of descent than with three fullv-inflated 
parachutes. Calls were received from the recovery team indicating that 
the situation was being observ~d by ground personnel. All checks sub­
sequent to this were made accordj.ng to the checklist and, because of the 
higher rate of descent, touchdown was accomplished a1out 32 seconds earlier 
than it would have with all parachutes ful]y inflated. The landing loads 
were higher than normal; however, it did not appear that the couch struts 
had stroked. The only internal indication of a hard landing was that the 
crew optical alignment sight was detached from its stowage bracket and 
fell to the aft bulkhead. 

All events after landing were normal. The p~rachutes were rel~ased 
and, because of the low wind condition, settled around the command module. 
ThP. recovery ship and forces were near the spacecraft at landing and re­
covery operations were normal. 
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10.0 BIOMEDICAL EVALUATION 

This se~tion is a summary of the Apollo 15 medical findings based on 
a preliminary analysis of the biomedical data. A total of 885 1/2 man­
hours of space flight experience was accumulated during the 12.3 days of 
flight. The flight crew health stabilization program for this mi8sion 
was similar to that for Apollo 14. Nine of the one hundred and sixty 
primary contact personnel were removed from primary contact duty because 
of iLlfectious iHness. This was the first 1 unar landing mission in which 
a postflight quarantine period was not required. The basis for the de­
cision to discontinue the quarantine was the absence of pathologic or 
toxic properties attributable to the lunar materi&ls returned on three 
previous lunar missions. The crewmen remained in good health throughout 
the Itission. 

10.1 BIOMEDICAL INSTRUMENTATION k,D PHYSIOLOGICAL DATA 

The Apullo 15 mission V.dS the fi~st en which sponge/pellet electrodes 
were used in the biobdrness. This type of biosensor was developed to re­
duce skin irritation experienced with the previous continuous-wear elec­
trodes. Only one crewman's bioharness was worn and monitored at a time 
during the translunar and transearth phases of the lu.ission. The wearing 
time w&s alternated between work-days and sleep periods for each crewman. 
Physiologica.l data were transmit-ted simultaneously from all three crewmen 
only during launch, -:xtrave •. icular activities, and entry. 

'rhe quality of data obtained with these new electrodes was good. Less 
skin irritation was seen at the biosensor sites than has been seen on pre­
vious ftpollo missions. The only biomedical instrumentation problem experi­
enced during the flight occurred approY.imately 65 seconds after lift-off 
wh~n ~~e impedance pneumograms (respiratory function) for all three crew­
men showed large baseline shifts which were caused by air trapped within 
the el~ctrodes sponge. At about 14 hours, the crewmen restored their im­
pedance pneumogram data by venting the electrodes. Preflight altitude 
c~amber tests had shown that venting the electrodes would restore the data. 

'i'he Comma.ndE"rs heart rates ranged from 81 to 98 beP.ts per minute dur­
in,: lunPr descent and 65 to 88 beats per minute during ascent (figs, 10-1 
ani 10-2). The me+abolic rates of the t1o lunar surface crewmen during 
the three lunar surface extravehiculm• periods are correlated with their 
heart rates as !'hown in figw.•es 10-3 through 10-5. The :-o.~'I!Jihander's aver­
p•c heart rates for the first, second, and third perio6E ~rP. 92, 84, anQ 
~:·1 :'~ats per minute, respectively; and the :L.unar Module ..:'ilot's average 
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heart rates for the three periods were 125, 107, and 105 beats per minute, 
respectively. A summary of the average metabolic rates and total produc­
tion during all extravehicular activity periods is presented in table 10-I. 

TABLE 10-I.- AVERAGE METABOLIC RATES AND METABOLIC PRODUCTION 
DURING EXTRAVEniCULAR ACTIVITIES 

Standup First Second Third Trans earth 
're"Wmen 

Btu/hr Btu/hr Total Btu Btu/hr Total Btu Btu/hr Total Btu Btu/hr 

,· 'r".!'1a.r.'jer 991 1091 1161 1002 1231 1031 4983 464 

L'.u-.~1r '1, Fill ie 
ll --,t - 916 6311 8G8 5831 810 3915 8 ~~. 

:·r·'"U'""a.rvi '·~G h1e 

.I"' - - - - - - - 940 

10.2 MEDICAL OBSERVATIONS 

10.2.1 Adaptation to Weightlessness 

Shortly after orbital insertion, each crewman experienced the typical 
fullness-of-the-head sensation that has been reported by all previous flight 
crews. The Commander adapted rapidly to weightlessness and uoted that on 
this flight, in contrast to his Apollo 9 experience, he felt completely at 
ease in the weightless state and was able to move his head rapidly ~d thout 
discomfort. 

The Command Module Pilot apparently experienced no difficulty in adapt­
ing to weightlessness; but the Lunar Modul~ Pilot ~eported that his sensa­
tion of head-fullness lasted 3 days. In addition, the Lunar Module Pilot 
experienced slight giddiness which precluded rapid head or body movements. 
This sensation disappeared shortly after landing on the lunar surface and 
did not recur on returning to the zero-gravity environment. 
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None of the crewmen experienced nausea, vomiting, or disorientation 
during any phase of the mission. An observation made by the crew was that 
their facial features were distorted because of the lack of gravity. The 
crew also reported the discomfort and soreness of the lower back muscles 
associated with postural changes during weightlessness. 

10.2.2 Medications 

Aspirin and nose drops were the only medications used during the mis­
sion. The Commander took a tot~l of 14 aspirin to relieve the pain he de­
veloped in his right shoulder ~fter the difficult deep core tube drilling 
opera~ion on the lunar surface. The Command Module Pilot used nose drops 
just prior to earth entry to prevent possible middle ear blockage. 

10.2.3 Sleep 

Very little shift of the crew's normal terrestrial sleep cycle oc­
curred during the translunar and transearth coast phases of this mission. 
As a result, all crewmen received an adequate amount of sleep auring these 
periods. 

Displacement of the terrestrial sleep cycle during the three lunar 
surface sleep periods ranged from 2 hours for the first sleep period to 
7 hours for the third sleep period. ~bis shift in the sleep cycle, in 
addition to the difference between the command module and lunar module 
sleep facilities, no doubt contributed to the lunar module cr~~en receiv­
ing less sleep on the lunar surface than was scheduled in the flight plan. 
However, the most significant factors causing loss of crew sleep were op­
eration&! probJ.euw. These included hardware malfunctions as well as in­
sufficient time in the flight plan to accomplish assigned tasks. During 
the first sleep period, the crewmen went to sleep one hour later than 
planned and had to arise one hour early to nx a cabin rJxygen leak. The 
crewmen again w~re an hour late in getting to sleep tor the second lunar 
Rurface sleep ~ri.)d, The final sleep period was ch8l'lged so that the be­
ginning of the p~ri~d was 2 1/2 hours later than originally planned. The 
period, wh.i ch had been planned to last 7 hours, was terminated after 6 1/2 
hours to b·::~in preparations for the final extravehicular activity. Length­
ening the wcrk days and reducing the planned sleep periods on the lunar 
surfa~e coupled with a signifir.ar.t alteration of the lunar module crewmen's 
circadian rhythm produced a sufficient fatigue l~vel to cause them to op­
erate on their physiological reserves until they returned to the command 
module. 

) 

) 
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10.2.~ Radiat~.on 

The Commander's personal radiation ~ osimeter failed to integrate U1e 
dosage properly after the first 24 hours of flight. In order to have func­
tional do~imeters on each lunar module cr~1 while on the lunar surface, 
the Command Module Pilot transferred his unit to the Commander prior to lu­
nar module intravehicula~ transfer. The final reading& from the personal 
radiation dosimeters yielded net integrated (uncorrected) values of 360 mil­
lirads for the Commander and 510 milli14 ads for the Lunar Module Pilot. The 
passive dosimeters worn continously by all crewmen during the entire mission 
yielded an average of 300 millirads at skin depth. This dosage is well be­
low the threshold of detectable medical effects. 

10.2.5 Visual Light Flash Phenomenon 

Three observation periods of approximately 1 hour were conducted dur­
ing translunar and transe~rth coast as well as during lunar orbit. The 
crew reported seeing the point 3ources of light noted by previous Apollo 
crews. ~he frequency of the light flashes ranged from once every 2 min­
utes to once every 5 minutes for each crewman. The frequency of light 
flashes was greater during translunar flight then transearth flight. 

10.2.6 Water 

The crew reported that the taste of the drinking water in botl-t the 
command mod~le and the lunar module was good. All scheduled inflight chlc· 
rinati~ns of che command module water system were re~orted accomplished. 
Preflight testing of the J.unar module potable water system iodine levels 
showed that use of tht: bacterial filter would be necessary to prevent bac­
terial contamination during the mission. The crew reported the sporadic 
occurrence of gas bubbles in the command module drinking w~ter, but this 
did not interfere with food hydration. 

The Commander consumed about 16 ounces of water d·..trinp: the first ex­
travehic..tlar activity; however, his insuit drinking device slipped under 
his neck rin6 on the second extravehicular activity and he was unable to 
obtain any water. The Lunar Module Pilot was never able to obtain drink­
ing water from his device. The insuit drinking devices were not used dur­
ing the third extravehicular activity (see sec. 14.5.5). 

Inflight water samples were taken on the first and last days of the 
flight to determi:\e the nickel ion concentration. Analysia v!' these two 
inflight water S1lll'tl:.~s revealed that the nickel ion concentration on the 
first day of fL. •,n~. rose from a prelaunch value of 0. 35 parts J-er million 
to 6.3 parts per million. On the last day of the flight, 2.7 parts per 



million of nickel ion concentration l:ere found. The latter was not a rep­
resentative sample beLause of the reported water system anomaly (section 
14.1.14) which occurred about 12 hours before the sample was t~•~n. This 
anomaly resulted in only a pcrtion, if any, of the chlorine/buffer/inhib·­
itor solution being injected into the potable water tan'~~ and, subsequently, 
the hot water heater. The nickel ion concentration is b[lieve~ to result 
from a chemical reaction between the purification inhibitors and the nickel 
brazing used in the hot water heater. Three postflight hot water port s.a.m­
ples taken 8 hours, 13 hours, and 17 days after recovery yielded nickel ion 
concentrations of 2.34, 2.02, and 0.34 parts per million, respectively. 
These data indicate that the postflight nickel ion concentration diminishes 
as a function of time when the water system is deactivated rather than in­
creases as previously presumed. Postfligh·..:. analysis of the command modulE' 
water showed no chlorine residual. 'l'ne level of nickel ions in the pota­
ble water is not considered to be injurious to the crewmen. 

10.2.7 Food 

The food system on this flight was similar to that of pre,·ious Apollo 
missions with the exception that additional food stowage space waE provided 
in both the comman1 and Jervice module and the lunar module to accommodate 
the extra food required for a 12.3-day lunar mission. Prior ~; rlip,ht, each J 
crewman e'<~luated rbouc 100 available foods and selectPd his menu. rhe food 
was arranged in meal packages for the first 10 days of flight. Menus and 
supplemental food for the remainder of the mission were selected in real 
time from the food pantry. 

The inflight menus were designed to provide approximately 2400 kiln­
calorii..'S rer man per day with 400 additional kilocalories in beverages and 
extra food supplied in the pantry. Thus '' total of 280C kilOC<\lcries were 
available for t-.1ach crewman on "1. daily ·basis. On 1 aunc!l .:iay, ea,~h crewman 
was also prvvided with a specially prepared and packaged frozen .~andwic:h, 
a rack age of bacon squares, and a 1)everage po,.:ner. These i terns we~!" stowed 
in a pocket of the pressure Ruits. 

Estimates of the crews' food consumption, based on the onboard foo~. 

log ru1d. the returned food, indicate that an average of 2801, 2372, and 
2568 kilocalories per day were con~umed by the Ccmmander, the Command Mod­
ule Pilot, and the Lunar Module Pilot, respectively. The crev c mmented 
favorably after the flight on the quality of th~ inflight food and the 
food ~ystems. The new insuit food 1~~~ were used by both lunar module 
cre\ltaE'n on the f::.rst and second extravel-).icular activities. They did not 
carry the food bar on the third ex1.1.>.vehicular activity. 



c 

( 

~ 
I 

·-., 
t 

(\ 

~ 

10-13 

10.3 PHYSICAL E~IINATIONS 

Each crewman received a cor·rehensive physical examination at 28, 13, 
and 5 days prior to la~~ch, wit~ brief examinations conducted daily during 
the last 5 days before launch. 

A comprehensive physical examination conducted shortly after landing 
showed that the crew was in good health. Body weight losses incurred by 
the Commander, Command Module Pilot, and Lunar Module Pilot during the mis­
sion were 2-3/4, 3, and 5-1/2 pounds, respectively. All crewmen suffered 
varying degrees of minor skin irritiation at the biosensor sites. The 
cause of this irritation was mechanical friction Tather than allergic re­
action. The skin irritation subsided within 48 hotu·s without medical 
treatment. 

The Commander had hemorrhages under the fingernails of the middle fin­
ger, ring finger, and thumb or his right hand and on t.he ring finger of his 
left hand. These hemorrhages were attributed to an insufficient pressure 
suit arm-length size causing the finger tips to be forced too far into the 
extravehicular gloves during hard-suit operations. The pressure suit fit 
was adjusted to suit the Commander's preference to increase his sensitiv­
ity of touch. The Commander's painfUl right shoulder was due to a muscu­
lar/ligament strain which responded rapidly to heat therapy. 

The time required by the crew to return to preflight baseline levels 
in lower body negative pressure measurement~ and bicycle ergometry tests 
was longer than for previous flights. Same individual variations in the 
return-to-baseline time occurred, but, in general, about 1 week was re­
quired for each crewman to reach his preflight baseline levels. 

Both the Commander and the Lunar Module Pilot had a cardiovascular 
response to the bicycle ergometry tests not observed in previous missions. 
This response was characterized by an almost normal response at low heart 
rate levels and a progressively degra.ied response at the higher heart rate 
levels. 

10. 4 BONE MINERAL MEASUREMENT 

The bone mineral measurement experiment (M-078) was conducted to deter­
mine the occurrence and degree of bone mineral changes in the Apollo crew­
men which might result from exposur~ to the weightless condition. This 
study employed a new ~d more precise method or estimating bone mineral by 
using an X-ray techniqu~ that utilizes an iodine isotope mono~energetic 
beam possessing predictable photon absorption characteristics. 
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Essentially, no changes were obset~ed in the mineral content of the 
radius, especially when the crew results are compared with the mineral 
changes seen in control subjects selected on the basis of availability, 
age, body build, weight, and sex. Immediate preflight and postflight 
values of radius bone and os calcis (heel) me~~urements are as follows: 

Change from preflight to 
postflight value, percent 

Subject 
Radius Os calcis 

Crewmen: 

Commander +0.5 -6.8 

Command Module Pilot -2.0 -7.9 

Lunar Module Pilot -0.7 -0.6 

Control subjects: 

A -0.9 -2.3 

B -0.2 -0.8 

c -2.1 -0.7 

The Commander regained his mineral content of these bones more rapidly 
than did the Command Module Pilot. Both were within baseline values at the 
end of 2 weeks. The magnitude of these losses and the variability observed 
in the postflight control subjects represent a loss of about 4 percent due 
to the weightlessness. 

The changes in os calcis mineral content observed in the Lunar Module 
Pilot and on Apollo 14 are in concert with the results observed in bed-rest 
subjects. The Apollo 15 results are consistent when compared with all pre­
vious postfight bone density measurements. 

10.5 APOLLO TIME AND MOTION STUDY 

Analysis of the time and motion data indicates that the crewm~n adapted 
readily and efficiently to the lunar surface environment. Changes in walk­
ing speed were noted during the first and second extravehicular activities 
as the crewmen gained experience and confidence in moving about the lunar 
surface. The walking speed for both crewmen under comparable conditions 
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increased from 1.0 ft/sec to 1.5 ft/sec during the first extravehicular ac­
tivity and from 1.5 ft/sec to 2.0 ft/sec during the second extravehicular 
activity. No further increase was observed on the third extravehicular ac­
tivity. 

The time to perform tasks on the lunar surface varied. On the aver­
age, tasks required 33 percent more time to perform on the lunar surface 
than on earth, However, some tasks took less time to perform on the lu­
nar surface than in a 1-g environment. 
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11.0 MISSION SUPPORT PERFORMANCE 

\ 11.1 FLIGHT CONTROL 
v 
'X ;:;, 
,.~, 

~ 

' I 

0 

Flight control provided satisfactory operational support for all re­
quired areas during the Apollo 15 mission. A number of the problems that 
were encountered are discussed elsewhere in this report. Only those prob­
lems that are uni~ue to flight control, or have operational considerations 
not previously hlentioned, are presented in this section. 

A radial velocity error in the launch vehicle guidance system at 
earth-orbit insertion necessitated a navigation update to minimize the 
subsequent planned midcourse correction. Without the update, a 32-ft/sec 
velocity change would have been required at 9 hours. After updating the 
state vector, the actual midcourse correction was approximately 5 ft/sec 
(See section 6.5.) 

As a result of the service propulsion system thrust light anomaly dis­
cussed previously, the crew was requested to deactivate both pilot valve 
circuit breakers immediately after the light was first observed. This meas­
ure was instituted to safeguard against an inadvertent firing until the 
problem could be thoroughly understood. To isolate the cause of the mal­
function, a test was conducted in conjunction with the first midcourse cor­
rection and the problem was resolved, including the development of work­
around procedures. The crew was instructed to power down the entry monitor 
system scroll in order to eliminate the nuisance factor of a constant fals~ 
light indication until the use of the entry monitor system was required. 

During the first period of scientific instrument module activity for 
film advancement, the ground station (Madrid) had a problem in locking onto 
the FM subcarrier. This was determined to be a site procedural problem. 
All sites were briefed on the problem and no subsequent problems were en­
countered. 

After lunar module ingress and the crew's description of the broken 
glass cover on the range/range rate tapemeter, ground tests were performed 
to verity that the tapemeter would function properly with the glass broken, 
exposing the inside of the instrument to the cabin atmosphere. A careful 
review of procedures was made to evaluate crew monitoring techniques dur­
ing descent. A technique was developed to use the abort guidance system 
for displaying raw landing radar altitude data should the tapemeter and 
the primary guidance and navigation system tail, but the technique was 
not voiced to the crew. 

At acquiei tion ot signal during the 12th lunar revolution, the lunar 
module crew reported that they had been unable to separate trom the cOJIIIII&nd 
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and service module and that the Command Module Pilot was investigating the 
probe umbilical integrity. An off-scale high docking probe temperature 
was indicative of a possible umbilical problem. The umbilicals were found 
to be the source of the problem, and the condition vas corrected. Mean­
while, the crew had been advised by Mission Control that undocki.ng and sep­
aration were not time critical. The separation was achieved about 36 min­
utes late. Landmark tracking was deleted during the umbilical integrity 
problem, but adequate data were later obtained when the command and ser­
vice module was in a higher orbit. 

During the sleep period after the standup extravehicular activity, 
the descent oxygen was being depleted at a rate about 1 pound/hour greater 
than expected. The oxygen quantity was not critical, but th~ descent ox­
ygen tank pressure was critical to allow a full portable life support sys­
tem recharge for the third extravehi t'l.tlar activity, The crew was awakened 
approximately 1 hour early to locate the leak. They found that the leak 
was caused by the urine receptacle device being inadvertently left open. 
The early completion of this task allowed preparations for the first ex­
travehicular activity to start about 20 minutes early. 

11. 2 NETWORK 

Adequate support was provided by the Mission Control Center and 
Manned Space Flight Network. Although a number of minor discrepancies 
and problems arose during the mission, there was no interruption of 
mission support. The most significant problem, in terms of potential 
impact, was an error in a command module computer delta-velocity return 
update. ~e error was not discovered until after the load had been trans­
mitted to the spacecraft. A different load was then generated and trans­
mitted to correct the data in the command module computer, A correction 
to the software will be made for the next mission. 

11.3 RECOVERY OPERATIONS 

The Department of Defense provided recovery support in accordance with 
the mission planning for Apollo 15. Ship support for the primary landing 
area in the Pacific Ocean was provided by the helicopter carrier USS Okinawa. 
Active air support consisted of five SH-3G helicopters from the Okinawa and 
two HC-130 rescue aircratt ataged from Hickam Air Force Base, Hawaii. Two 
of the helicopters, designated "Swim l" and "Swim 2", carried underwater 
demolition team personnel and the required recovery equipment. The third 
helicopter, designated "Recovery," carried the flight BurReon and was uti­
lized for the retrieval of the tlisht crew. The tourth helicopter, desig­
nated "Photo," served as a photographic platform tor both motion picture 
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photography and live television coverage. ThP fifth helicopter, designated 
"Relay," served as a col!Dllunications relay aircraft. The two HC-130 air­
craft, designated "Hawaii Rescue 1" and "Hawaii Rescue 2," were positioned 
to track the command module after it had exited from S-band blackout, as 
well as to provide pararescue capability had the command module landed up­
range or downrange of the target point. The inset in figure 11-1 indicates 
the relative positions of the recovery ship and HC-130 aircraft prior to 
landing. The recovery forces assigned to the Apollo 15 mission are shown 
in Table 11-I • 

TABLE 11-I.- APOLLO 15 RECOVERY SUPPORT 

Type Number Ship na:me/ Area supported aircraft staging base 

Ships 

AFT 1 uss Salinan Launch site area 
LCU 1 

LPD 1 uss Austin Launch abort area and West Atlantic 
earth-orbital r~covery zone 

LPH 1 uss Okinawa Deep-space secondary landing areas 
on the Mid-Pacific line and the 
primary end-of-ruiss:l.on landing area 

AO 1 USS Kawishiwi Provided refueling for USS Okinawa 

Aircraft 

HC-130 al Eglin Air Force Base Launch abort area, West Atlantic 
recovery zone, conUngency land.-
inp: area 

HC-130 al Pease Air Force Base Launch abort area 

HC-130 al LaJes Field, Azores Launch abort area, earth.-orbital 
contingency landing area, deep-
space abort landings 

HC-130 a2 Hickam Air Force Base Mid.-Pacific earth orbital recovery 
zone, deep-space second&r,y landing 
area and primary end-of-mission 
~ rJlding area 

HC-53C 3 Patrick Air Force Base Launch aite area to 1000 miles 
down range 

SH-3G 5 USS Okinawa Deep-apace secondary lauding area 
and primary end-ot-miaaion landing 
area 

&plus one backup 
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Figure 11-1.- End-of-mission recovery support. 
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11.3.1 Command Module Location and Retrieval 

Based upon a navigation satellite (SRN-9) fix obtained at 2046 G.m.t., 
August 7, the Okinawa's position at the time of command module landing 
was determined to be 26 degrees 12 minutes 54 seconds north latitude and 
158 degrees 13 minutes 12 seconds west longitude. The ship-based aircraft 
were initially positioned with respect to the target point as shown in 
figure 11-1, and they departed station to commence recovery operations 
after visual contact had been made with the command module. The Okinawa 
is shown in figure 11-1 as it was positioned at the time of command mod­
ule landing. 

Radar contact with the command module was first reported by the 
Okinawa at 2037 G .m. t, This was followed by an S-band reported by Hawaii 
Rescue 1 at 2038 G.m.t. and VHF recovery beacon C'\"mtact by the Okinawa at 
2041 G.m.t. At approximately the same time, all recovery force aircraft 
establ1shed VHF recovery beacon contacts. Shortly thereafter, two-w~v 
voice communication was established between the Apollo 15 crew and recov­
ery forces. 

Visual sighting of the command module occurred at 2041 G.m.t. by the 
Swim 2, Photo, and Relay helicopters. At the time of initial sighting, 
the command module was descending on three normal main parachutes. At 
least two pilots, in different aircraft, saw one main parachute stream 
at about 6000 feet. 

The command module with the two main parachutes properly inflated and 
one collapsed, landed at 2045:53 G.m.t., approximately 32 seconds earlier 
than predicted, and remained in the Stable I flotation attitude. The land­
ing point was calculated using the navigation satellite fix of the ship's 
position at spacecraft landing and a radar sighting which established that 
the command module was 6.6 miles didtant on a bearing of 145 degrees east 
of north. Based upon these data, the ~anding point coordinates were 26 de­
grees 7 minutes 30 seconds north latitude and 158 degrees 9 minu~es west 
longitude. 

After a visual inspecliion of the command module and assurance from 
the crew that they were all in good condition, the Swim 2 helicopter man­
aged to secure one of the main parachutes before dropping swimmers who 
installed the flotation collar on the command module. The Swim l heli­
copter dropped swimmers to secure a life raft to the forward heat shield. 
One main parachute and the heat shield were retrieved. 

The flight crew was delivered aboard the USS Okinswa by the recovery 
helicopter at 2125 G.m.t. No quarantine procedures were required for this 
misAion. Camand module retrieval took place at 26 degrees 7 minutes north 
latitude. 158 degrees 10 minutes 12 seconds west longUude at 2220 G.m.t. 
on Aucust 7. 
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The flight crew remained aboard the Okinawa until 1655 G.m.t., Au­
gust 8, and were then flown to Hickam Air Force Base, Hawaii. After a 
brief welcoming ceremony, a C-141 aircraft flew them to Ellington Air 
Force Base, Texas. 

The command module was offloaded at North Island Naval Air Station, 
San Diego, California, on August 17. It was deactivated Yld delivered to 
Downey, California, on August 20. 

The following page si•ows a chronological listing of events durinp; the 
recovery and postrecovery operations. 

11.3.2 Postrecovery Inspection 

Visual inspection of the command module in the recovery area revealed 
the following minor discrepancies: 

a.. One of the VHF-antenna ground planes was damaged. 

b. The 0-ring that seals the forward heat shi~ld cover to the tun­
nel was loose. 

c. The dock1ng ring was slightly damaged, as generally occurs. 

d. A section of the aft heat shield, approx1mately 12 inches by 
14 inches by 1/2-inch deep, was missing. (This generally occurs to some 
degree from the water impact.) 
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Event 

Radar contact by Okinava 
S-band contact by Hawaii Rescue 1 
VHF recovery beacon contact by Okinsva 
Visual contact 
Voice contact ~ith Apollo 15 crew 
Collllll&nd module landing 
Swi!lllllers depl~yed to couaand module 
Flotation collar installed and inflated 
Hatch opened for crew egress 
Flight crew in egress raft 
Flight crew aboard helicopter 
Flight crew aboard Okinawa 
Co~~~~~~and module &boar~ Okinawa 

Firat sample flight departed ship 
Firat sample flight arrived Hawaii 
Firat sample flight departed Hawaii 
First sample flight arrived Houston 
Flight crew depat"ted Okinawa 
Flight crew arrived Hawaii 
Flight crew departed Hawaii 
CoiiiiiiUld module arrived Hawaii 

Flight crew arrived Houston 

CoiiiiiiUld IIIOdule departed Havaii 

CoDD&nd moclule ani ved Borth Ialand, 
San Diego, California 

Pyrotechnic satins complete 

hel portion ot reaction control ayste11 
deactivated 

Oxidizer portion ot reaction control 
deactivated 

Co.and aoclule departed San Diego 
Co.and 1104u1• e.zoriwd Dollne)' 

Time, 
G.m.t. 

AUIW!t 7 I 1.211. 

2037 
20313 
204J. 
~041 
2043 
2046 
2052 
2100 
2lll 
2J.l2 
2120 
2125 
2220 

Ausust 8 I 1971 

0330 
0520 
0604 
1333 
1.655 
1710 
1746 
18oO 

~t 91 1971 

0219 

AUJW!t ll1 1911 

18oO 

AUJW!t ll1 1971 

0000 

0740 

Aucuat 18, 1211 

2330 

A\!4\l!t 19, 1271 

23~ 

Aupt 20, 1911 

0220 
1115 
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Time relative 
to landing, 
d~s:hr:min 

··0:00:09 
-0:00:08 
-0.00:05 
-0:00:05 
-0:00:03 
0:00:00 
0:00:06 
0:00:14 
0:00:25 
0:00:26 
0:00:34 
0:00:39 
0:01:34 

0:06:44 
0:08:34 
0:09:14 
0:16:43 
0:20:05 
0:20:20 
0:20:56 
0:21:10 

1:05:29 

3:21:10 

9:03::&.0 

9:10:)0 

11:02:40 

12:02:30 

12:05:30 
12:20:25 
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12.0 ASSESSMENT OF MISSION OBJECTIVES 

The four primary objecti ve1:1 (ref. 4) assigned to the Apollo 15 mis­
sion were: 

a. Perform selenological inspection, survey, and sampling of mate­
rials and surface features in a pre-selected area of the Hadley-Appenine 
region • 

b. Emplace and activate SU1"face experiments. 

c. Evaluate the capability of the Apollo equipment to provide ex­
tended lunar surface stay time, increased extravehicular operations, and 
surface mobility. 

d. Conduct inflight experiments and photographic tasks from lunar 
orbit. 

Twelve detailed objectives (derived from primary objectives) and 
twenty-four e~~eriments (listed in table 12-I and described in reference 5) 
were assigned to the mission. Preliminary indications are thut adequate 
data were obtained to succe~sfully complete all objectives. 

The Manned Spacecraft Center participated in two of nine approved 
operational tests. The two operational tests were: lunar gravity meas­
ureo;ue,~t (using th"! lunar module primary guidance system) and a lunar mod­
ule vo1ce and data relay test (a lunar modul- and Manned Space Flight 
Network test of voice and portable life support syst~m data from the Lu­
nar ~t:~dU.:e Pilot). Both tests were completed. 

'7ne other seven tests were performed for the DepartmEnt of Defense 
and the Kennedy Space Center. These tests are designated ,\S follows: 

a. Chapel Bell (classified Department of Defense test) 

b. Rad.~ skin tracking 

c. Ionospt.eric disturbance from missiles 

d. Acousc.ic measurement ,f mhsile exhaust nuise 

e. Arrrq acoustic test 

f. Long-foc~-length optical system 

g. Sonic boom measurement 
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TABLE 12-I.- DETAILED OBJECTIVES AND EXPERIMENTS 

Description 

Detailed Objectives 

Lunar roving vehicle evaluation 
Extravehicular communications with the lunar commu­

nications relay unit and ground controlled tele­
vision assembly 

Extravehicular mobility unit assessment on lunar 
surface 

Lunar module landing effects evaluation 
Service module orbital photographic tasks 
Command module photographic tasks 
Scientific instrument moiule thermal data 
Scientific instrument module inspection during 

extravehicular activity 
Scientific instrument module door jettison evaluation 
Lunar module descent engine performance 
Visual observations from lunar orbit 
Visual light flash phenomenon 

Experiments 

Contingency sample collection 
Passive seismic (S-031) 
Heat flow ( S-037) 
Lunar surface magnetometer (S-034) 
Solar wind spectrometer (S-035) 
Suprathermal ion detector (S-036) 
Cold cathode gage (S-058) 
Lunar dust detector (M-515) 
Lunar geology investigation (S-059) 
Laser ranging retro-reflector (S-078) 
S)il mechanics (S-200) 
Gamma-ray spectrometer (S-160) 
X-ray fluorescence (S-161) 
~pha particle spectrometer (S-162) 

Sub satellite: 
S-band transponder (S-164) 
Particle shadows/boundary layer (S-173) 
Magnetometer (S-174) 

Completed 

Yes 
Yes 

Yes 

Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 

) 
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TABLE 12-I.- DETAILED OBJECTIVES AND EXPERIMENTS (Concluded) 

Description Completed 

Experiments 

Mass spectrometer (S-165) Yes 
Down-link bistatic radar observations of Yes 

the moon ( S-170) 
Ultraviolet photography - earth and moon (S-177) Yes 
Gegenschein from lunar orbit (S-178) e,No 
S-band transponder (command and service module/ Yes 

lunar module) (S-164) 
Solar wind composition (S-080) Yes 
Apollo window meteoroid (S-176) Yes 
Bone mineral measurement (M-078) Yes 

aFourteen 35-mm photographs were scheduled for the Gegenschein 
from lunar orbit experiment. None of the photographs were ob­
tained because of an error in the spacecraft ph~tographic atti­
tudes used. The error was incurred during the analytical trans­
formation of the target coordinates to spacecraft attitudes. 
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13.0 LAUNCH PHASE SUMMARY 

13.1 WEATHER CONDITIONS 

Gentle to moderate southerly winds extended from the surface tc an 
altitude of 25 000 feet at launch time. The maximum wind was 37 knots 
at 45 000 feet. Broken thin cirrostratus clouds covered much of the sky 
at 25 000 feet, but no low or middle clouds were observed. Surface temp­
erature was 83° F and visibility was 10 miles. 

13.2 ATM)SPHERIC ELECTRICITY 

The Apollo 15 launch complex was struck by lightning on five differ­
~nt d~s during the checkout activities. In all, eleven separate strikes 
were recorded between June 14 and July 21, 1971. The direct damage in­
curred was limited to the command and service module ground support equip­
ment. 

Launch site lightning strikes have not been documented for programs 
other than Apollo and Gezrini. Incidents reported for these two programs 
are as follows : 

a. On August 17, 1964, a lightning strike occurred near, but not 
directly on, launch complex 19. The Gemini II vehicle was visually in­
spected and found to be free of lightning-type markings or burns. Later, 
some failed components were discovered which were believed to have re­
sulted from the lightning incident. 

b. The first Apollo strike occurred in Sep~ember 1964. The launch 
umbilical tower was struck on launch complex 34 while the S-I launch ve­
hicle was being prepared for flight. No failures were reported. 

c. The second, and final, Gemini incident was a strike near the 
launch complex 19 power facility during the Gemini V countdown on Au­
gust 19, 1965. No lightning-related damage was reported. 

d. At least one lightnina strike occurred on the mobile launcher 
for the AS-201 vehicle. This occurred sometime between August 9 and Au­
gust 27, 1965, at launch complex 39. Only the S-IB stage of the space 
vehicle could have been on the pad at the time and no lightninc damage 
was reported. 

e. At least two strikes were recorded on the mobile launcher tor 
the AS-500F vehicle at launch complex 3!,lA.. This was a non-tlisht facil­
ity test vehicle. The tirst incident occur1~d on M_, 27, 1966. On 
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June 21, 1966, magnetic recording links on the mobile launcher were ex­
runined and the reading indicated at least one strike had occurred between 
May 27 and June 21, 1966. During this time, the complete launch vehicle 
for the AS-202 mission was on launch pad 37B and the complete launch ve­
hicle for the AS-203 mission was on launch pad 34. No lightning activity 
associated with the latter two complexes was reported. 

f. On July 27, 1967, a lightning strike occurred at launch complex 
37B. The complete launch vehicle was on the pad at the time of the inci­
dent. Ground support equipment damage was found at a later date, which 
may have been caused by the lightning. 

g. The only other lightning strike reported prior to the Apollo 15 
prelaunch activities occurred during the launch phase of the Apollo 12 
mission. This occurrence is documented in reference 6. 

Existing weather data were examined for the May-through-July periods 
from 1966 to the launch of Apollo 15. Reported cloud-to-ground lightning 
strikes for a period of 90 days within the general vicinity of Cape Kennedy 
showed the daily average to be as follows: 

Daily average number of strikes 

Year 1966 1967 1968 1969 1970 1971 

Daily average 0.598 0.837 0.380 0.239 1.142 1.613 

Thunderstorms are more prevalent on the west side of the Indian River 
and remain west of the launch pad. During the summer of 1971, however, 
the west winds prevailed more frequently than the preceding several years, 
thus causing the thunderstorms to move east. The lightning density in 
conjunction with the general easterly movement of the storms contributed 
to the number of strikes being higher than in the past. 

13. 3 LAUNCH VEHICLE PERFORMANCE 

The eighth manned Saturn V Apollo space vehicle • AS-510, was launched 
on an azimuth 90 degrees east of north. A roll maneuver was initiated at 
12.2 seconds after lift-oft and thP vehicle was placed on a flignt azimuth 
of about 80 degrees. The trajectory parameters from launch throush trans­
lunar injection were nominal. Earth-parking-orbit insertion conditions 
were achieved 4.4 seconds earlier than planned. 
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The performance of the S-IC propulsion system was satisfactory and 
the specific impulse and mircure ratios were n~ar the predicted values. 
Four of the eight S-IC retromotors and all of the S-II stage ullage mo­
tors were removed for this flight; therefore, the S-IC/S-II separation 
sequence was revised. This sequence change extended the coast period 
between S-IC outboard engine cutoff and s ... n engine start command by one 
second. The S-IC/S-II separation sequence and S-II engine thrust build­
up performance was satisfactory. 

The S-II propulsion system performed normally. The specific impulse 
and mixture ratios were n.ear predicted values. This was the second S-II 
stage to incorporate a center-engine liquid-oxygen feedline accumulator 
as a longitudinal oscillation (POGO) suppression device. The operation 
of the accumulator system was effective in suppressing these types of 
oscillations. 

The S-IVB stage J-2 engine operated satisfactorily throughout the 
first and second firings and had normal start and cutoff transients. The 
firing time for the first S-IVB firing was 141.5 seconds, 3.8 seconds less 
than predicted. Approximately 2.6 seconds of the shorter firing time can 
be attributed to higher than predicted S-IVB performance. The remainder 
can be attributed to S-IC and S-II st98e performe.nces. The specific im­
pulse and engine mixture ratio were near the predicted values. 

Abnormal temperatures were noted in the turbine hot gas system be­
tween the first S-IVB firing engine cutoff and second firing engine start 
canmand. Most noticeable was the fuel turbine inlet temperature. During 
liquid eydrogen chilldown, this temperature decreased from +130° to -10° F 
at the time of the second engine start command. The oxidizer turbine in­
let temperature also indicated a small decrease. !n addition, the fuel 
turbine inlet temperature indicated an abnormally fast decrease after 
engine cutoff for the first firing. A possible cause of the decrease in 
turbine inlet temperature was a small leak past the gas generator fuel in­
let valve. 

The S-IVB firing time for translunar injection was 350.8 seconds. 
Upon completion of the spacecraft separation, transposition, docking, and 
extraction operations , the S-IVB evasive maneuver was performed and, sub­
sequently, the vehicle was placed on a trajectory to impact the lunar sur­
face in the vicinity ot the Apollo 14 landing site. Tbe s-IVB/instru­
mentation unit impacted the lunar surtace at l degree 31 minutes south 
latitude and ll degrees 49 minutea west longitude with a velocity ot 
8455 ft/sec. This impact point is approximately 146 kilometers (79 miles) 
fran the target ot 3 degrees 39 minutes south latitude and 7 degrees 35 
minutes west longitude. Although the impact location wu not w1 thin the 
preferred region, scientific data were obtained trca the impact. 
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The impact point projected from the first auxiliary propulsion sys­
tem maneuver was perturbed by unplanned attitude control thrusting that 
occurred to counteract forces resulting from a water leak in the subli­
mator. Following the second auxiliary propulsion system maneuver, the 
small and gradually decreasing unbalanced force from the sublimator water 
leak continued to act for a period of 5 hours and further perturbed the 
point of impact. 

The structural loads experienced during the S-IC boost phase were 
well below design v~ues. Thrust cutoff transients experienced were sim­
ilar to those of previ.ous flights. During S-IC stage boost, 4- to 5-
hertz oscillations were detected beginning at approximately 100 seconds. 
The maximum amplitude measured at the instrumentation unit was ±0.06g. 
Oscillations in the 4- to 5-hertz range have been observed on previous 
flights. The structural loads experienced during the S-IVB stage fir­
ings were well below design values. 

The guidance and navigation system provided satisfactory end condi­
tions for the earth parking ~rbit and translunar injection. The control 
system was different from that of Apollo 14 because of redesigned filters 
and a revised gain schedule. These changes were made to stabilize struc­
tural dynamics caused by vehicle mass and structural changes and to im­
prove wind and engine-out characteristics. 

The launch vehicle electrical systems and emergency detection system 
performed satisfactorily throughout all phases of flight. Operation of 
the batteries, power supplies, inverters, exploding bridge wire firing 
units, and switch selectors was normal. Vehicle pressure and thermal en­
vironments in general were similar to those experienced on earlier flights. 
The environmental control system performance was ~atisfactory. All data 
systems performed satisfactorily through the fligl'l.~;. 

More details of the launch vehicle operation and performance are 
given in reference 1. 
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14.0 ANOMALY SUMMARY 

This section contains a discussion of the significant anomalies that 
occurred during the Apollo 15 mission. The discussion is divided into six 
major areas: command and service modules; lunar module; scientific instru­
ment module experiments; Apollo lunar surface experiments package and as­
sociated equipment; government-furnished equipment; and the lunar roving 
vehicle. · 

14.1 COMMAND AND SERVICE MODULES 

14.1.1 Service Module Reaction Control System Propellant 
Isolation Valves Closed 

During postinsertion checks, the quad B secondary isolation valve 
talkback indicated that the valve was closed, and the switch was cycled 
to open it. SUbsequently, talkbacks indicated that both the primary and 
secondary valves for quad D were also closed, and these valves were re­
opened. At S-IVB separation (approximately 3 hours 22 minutes}, all the 
aforementioned valves closed and were reopened. Upon jettisoning of the 
scientific instrument module door, the quad B secondary valve closed and 
was reopened. 

This type of valve (a magnetic latching valve, shown in fig. 14-1) 
has, in previous missions, closed as a result of pyrotechnic shocks. 
Ground tests have shown that the valve will close at a shock level of ap­
proximately BOg sustained for 8 to 10 milliseconds. There were no indi­
cations of shock levels of the magnitude required to close the valve dur­
ing launch. 

Testing has shown that if a reversed voltage of 28 volts is applied 
to the valve, the latching voltage will drop to a point where the valve 
will no longer remain latched (magnet completely degaussed). In addition, 
at lower voltages with reversed polarity, the magnet would become partially 
degaussed. 

During acceptance testing of one valve for command and service module 
117, the latching voltage had changed from approximately 13 volts to 3 volts. 
Additional testing or the spacecraft 117 valve verified the low voltage con­
dition. Additionally, the valve stroke was proper, thereby eliminating con­
tamination as a possible cause of the problem. During the test, the valve 
was disconnected from spacecraft power (28 volts) and was being supplied 
power thrr.>ugh a variable power supply (approximately 20 volts, maxiiiNDl, 
applied to the valve). The valve was most likely subjected to a reversed 
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Figure 14-1.- Cross section ot reaction control 
system isolation valve. 

polarity at a voltage level which would partially degauss the magnet. This 
may have been the cause ot the valve closures during Apollo 15 launch phase. 
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A magnetic latching force test waa not performed on the valves after 
assembly into the system for the Apollo 15 command and service module, as 
on some previous spacecraft. A test will be performed on subsequent as­
semblies to verity that the valve latching forces are acceptable. 

This anomaly is closed. 

14.1.2 Water P&lel Chlorine Injection Port Leakage 

Minor leakage was noted from the chlorination injection port when the 
cap was removed to perform the prelaunch water chlorination. The cap was 
reinstalled and the leak ceased. A leak of' approximately 1 quart in 20 
minutes also was noted at the chlorine injection port as the crew removed 
the injection port cap for the third injection at about 61 hours. The 
crew tightened the septum retention insert (fig. 14-2) and satisfactorily 
stopped the leakage. Leakage recurred at about 204 1/2 hours and was cor­
rected. 

Postflight inspection and dimensional checks of the injection port 
assembly showed that all ~cmponents were within established tolerances. 

insert 

Cap 
Fitting to 
water panel 

Piaure 14-2.- Water penel cblorilut inJection port. 
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However, when the insert was ti.ghtened in accorc\ance with the drawing re­
quirements, the resulting septum compression was apparently insufficient 
to prevent the insert from loosening as a result of "O-ring drag" when 
the cap was r\Jmoved. This allowed water leakage past the relaxed septums. 

For fUture spacecraft, a shim will be installed under the insert 
shoulder to control the septum compression while allowing the installa­
tion torque to be increased to a range of 48 to 50 in-lb and, thus, pre­
elude insert backout. 

This anomaly is closed. 

14.1.3 Service Propulsion System Thrust Light On Entry Monitor System 

The service propulsion system thrust light located on the entry moni­
tor system panel was illuminated shortly after transposition and docking 
with no engine firing command present. Thi3 light indicated the presence 
of a short to ground in the service propulsion system ignition circuitry. 
Ignition would have occurred it the engine had been armed. 

) 

The short was isolated to the system A delta-V thrust switch which 

:: ~~~~~d b:t 
1~~~~ ~~e~;;r~=~~::t ~h:~:!t < ~J~t;:-~~ • th! :;~~~r- -) 

side ot the service propulsion system pilot valve solenoids. 

The delta-V thrust switch (:f'ig. 14-4) was shorted to ground both be­
fore and after removal of panel 1 trom the command module during post­
flight testing. After a change in panel position, the short-to-grolmd 
disappeared. The switch was then removed trom the panel and X-rqed. 
The X-rays showed a wire strand extending from the braid strap which was 
thought to have caused the grounding problem. Atter switch dissection, 
an internal inspection verified that a strand extended from the braid 
strap; however, it. did not appear to be long enough to cause a grolmd at 
any point within the switch (tig. 14-4). The bracket assemblies (pivot 
"brackets, pigtail braids, and movable contacts) and the plastic liner 
were removed from the switch. Microscopic examination revealed that a 
wire strand (approximately 0.055 inch long) was present on the flange on 
terminal 2 (tig. 14-5). The strand appeared to be attached, but was later 
moved quite easily. 

The bottom ot the plastic cue liner was examined, and showed no evi­
dence ot a scratch or deformation contormina to the shape of the vire 
strand. A sample wire strand vas placed on a teed-through flange ot a 
scrap switch unit, and the plutic cue liner vas pressed on u would oc­
cur during nc-rmal switch usembly. When the scrap switch wu disusembled 
an indentation in the plutic cue liner was readily apparent. This test 
indicated that the strand could not have been trapped between the cue 
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Figure 14-3.- Service propulsion system thrust light circuitry. 
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liner and the tlange surtace; there tore, it is postulated that it might 
have been enclosed in the cavity ot teed-through terminal 2 ( tig. 14-5). 
The maximum clearance between the interior ot the teed-throush terminal 
wall and the terminal itselt 11 0.040 ineh. A 0.055-inch-long wire strand 
could easily have bridged this cdstance, and yet is shol"t enouab to move 
quite treely within the teed-throuah tenainal cavity. In tact, the strand 
subsequently tell into the cavity. Examination ot the strand and cavity 
wall showed evidence ot arcing. The strand could not be detected on the 
X-rays beca~e that area was obscured by other poles in the svi tch. 

Most ot the switches on Apollo 16 and 17 spacecraft (3000 or 4000 s&­
ries) required tor crew satety or lllisaion success were screened accordina 
to the following procedures. 

a. Additional inspection points were employed during manufacturing. 

b. The switches were X-rqed prior to acceptance testing. 

' 
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Figure 14-5.- Disassembled service propulsion system thrust switch. 
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c. The acceptance vibration test was 3-axis random (4000 series) or 
single-axis sinusoidal (3000 series) test. 

d. The switches were X-r~ed after acceptance testing. 

The following switches for Apollo 16 were of an earlier series and 
have been replaced with 4000 series switches: 

a. Up telemetry data/back-up voice 

b. VHF rangine; 

c. Battery charger 

d. Thrust vector control servo power 

e. Postlanding ventilation 

f. Cre~ optical alignment sight power 

g. Optics power 

h. Inertial meas11rement unit power 

i. Rendezvous radar transponder power 

Switches required for crew safety and mission success for Apollo 17 
which had not been screened according to the aforementioned procedures 
will also be replaced. 

In addition, two science utility power switches are to be disabled 
and stowed, and two circuit breakers are to be added to provide series 
protection for the command and service module/lunar module final separa­
tion f'unction. 

This anomaly is closed. 

14.1.4 Integral Lighting Circuit Breaker Opened 

The a-c bus 2 and the d-e bus B under-voltage alarms occurred and, 
subsequently, the integral lighting circuit breaker opened. 

A short circuit sufficient to cause the circuit breaker to open would 
also cause the alarms. As a result of the problem, some displq keyboard 
lignts, the entry monitor system scroll lighting, and various other back­
lignting were not used for the remainder ot the mission. 
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Postflight testing of the vehicle disclosed that the short circuit 
was in the mission timer. The timer was removed from the vehicle and re­
turned to the vendor for further analysis. Teardown analysis revealed a 
shorted input filter capacitor. 

The capacitor is rated for 200-volt d-e applications and is ~eing 
used in an a-c application at voltages up to 115 volts. Since the die­
lectric in the ceramic capacitor is a piezolectric material (barium ti­
tanate) , the 400-cycle a-c voltage actually causes the materials in the 
capacitor to mechanically vibrate at that frequency. Over a period of 
time, the unit could break down because o±' mechanical fatigue, This mS\Y' 
have been the cause of failure of this capacitor. 

There are two mission timers on the command module and one on the 
lune.r module. The unit on the lunar module is separately fused. Fuses 
will be added to the units in the Apollo 16 and 17 command modules, Ap­
propriate action will be taken to correct the timer design and an inline 
change will be made on both the command module and lunar module. 

This anomaly is closed. 

14.1.5 Battery Relay Bus Measurement Anomaly 

At approximatley 81-1/2 hours, the battery relay bus voltage teleme­
try measurement read 13.66 volts instead of the nominal 32 volts, as evi­
denced by battery bus voltage measurements. The crew verified that the 
same low voltage reading was present on the panel 101 systems test meter. 
When the crew moved the systems test meter switch, the reading returned 
to normal. 

Postflight testing of the vehicle and all of the involved components 
revealed no anomalous condition which could have caused the problem but 
did isolate the problem to the instrumentation circuitry and verity tho.t 
the :functional operation of the bus was not impaired. Analysis indicates 
that the only way to duplicate the flight problem would be to connect a 
resistance of 2800 ohms from ground to the battery rele.y bus measurement 
circuit (fig, 14-6), No resistance near this magnitude was measured. during 
postflight testing. The most probable cause of the anomaly was that in­
sulation resistance at the output terndnal of the switch was lowered. be­
cause of humidity. 

This is the only time that a problem ot this type has occurred. dur­
ing the Apollo Program and. the probability ot recurrence is considered. 
to be very low. It the problem does occur again, other measurements are 
available tor the determination ot the battery relq bus voltage. 

This anomaly is closed.. 
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14.1.6 Mass Spectrometer Boom Talkback Indicated 
Halt-Barberpole On Retract 

The mass spectrometer boom did not tnlly retract on five ot twelve 
occasions. Data analysis, supported by the crew debriefing, indicates 
that the boom probably retracted to within about 1 inch of full retraction. 
Cold soaking ot the deployed boom and/or cable harness preceded each anom­
alous retraction. In each case, the boom retracted tully after warmup. 

The deploy/retract talkback indicator is normally gray when ott, when 
the be-om is fully retracted, or when it is tully extended. The indicator. 
is barberpole when the bo':)m is extending or retracting, and will show halt 
barberpole it the drive motor stalls. The crew noted this last condition 
on the incomplete retractions. 

An inflight test ot the Apollo 15 boom indicated that the problem was 
a function ot temperature. Testing and examination ot the Apollo 16 space­
cra.tt showed that the failure was possibly caused by pinching ot the cable 
harness during the last several inches ot boom retraction. The cable could 
have been pinched between the bell housing and rear H-trame bearing ( tig­
ure 14-T), or a cable harness loop vu jiiiiDitd by a boom alisument tinpr 
against the bell housing ( tig. 14-8) • 

) 

, 



I 

J~ 

''· 

Figure 14-7.- Bottom view of mass spectrometer 
deployment mechanism (experiment removed). 
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The mass spectrometer boom mechanism was qualified by similarity to 
the gamma ray boom mechanism. There are significant differences between 
the two designs and they are: 

a. When extended, the mass spectrometer boom is 1 toot 10 inches 
shorter than the gamma ray spectrometer boom. 

b. The mass spectrometer cable harness contains 6 more wires and, 
therefore, is larger in cross section than the gamma ra;y spectrometer 
cable. In addition, the harness coil diameter on the mass spectrometer 
is 1/2 inch larger ~6.7 inches compared to 6.2 inches). 

c. The mass spectrometer cable harness terminates with an in-line 
connector; whereas, the gamma ra;y spectrcmeter ha.rness terminates with 
a 90-degree connector. 
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lt,igure 14-8.- Side view of mass spectrometer 
deployment mechanism {experiment attached) • 

d. The mass spectrometer rear H-trame bearinss retract put the lip 
ot the bell housing; whereas, the retracted bearing position tor the guaa 
rq experiment boom is even with the bell housing lip. Therefore, the lip 
on the sides ot the mass spectrometer bell housing is relieved about 1/2 
inch tor bearing clearance. 

The ditterences between the two configurations are now considered to 
be significant enough to have required separate testing tor the mus spec­
trometer boom assembly. Accordingly, a delta qualification test will be 
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instituted and a thermal vacuum environmental acceptance test will be per­
formed on each night unit. 

Additional failure modes revealed during the testing of the Apollo lo 
unit are: 

a. Insufficient clearance between the spectrometer rear H-frame bear­
ings and the boom housing bearings in relation to the rail support beam 
shim retainers. This could have been significant on Apollo 15, had a jet­
tison been attempted. 

b. Misalignment between the right-hand guide rail forward floating 
section and the rigid rear section. 

If the boom does not retract to within approximately 12 inches of 
full retraction, it will be jettisoned prior to the next service propul­
sion system firing. Tests have shown that the boom will not buckle dur­
ing a service propulsion system firing when retracted to within 14.5 in­
ches of full retraction. 

Corrective actions for Apollo 16 are r.u; follows: 

a. A thermal vacuum test will be added to the acceptance test re­
quirements. 

b. The brackets supporting the service loop at the experiment end 
of the cable harness will be redesigned. 

c. The existing finger guides will be extended. 

d. The bell mouth housing will be extended. 

e. Lead-in ramps will be added to the inboard bearing housings. 

f. Rail support beam shim retainer movement will be corrected by 
using anti-roll pins in place of shim retainers. 

g. A proximity switch modification kit will be installed to show 
when the boom has reached to within about 1 foot of fUll retraction. 

This anomaly is closed. 

14 .1. 7 Potable Water Tank Failw:•e To Refill 

The potable water tank quantity began to decrease during meal prepa­
ration at approximately 277 hours and failed to refill for the remainder 
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of the flight. The waste water tank continued to fill normally and, ap­
parently, accepted fUel cell water for this perioc. A similar occurrence 
had been noted earlier, at 13 1/2 hours, when the potable tank quantity 
decreased as the crew used the water, and remained constant until a waste 
water dump was performed at 28 1/2 hours. This decrease had been attrib­
uted to a closed potable tank inlet valve until the crew verified in their 
debriP.fing that the valve had been open during this time. The amount of 
water drained from the tank verified that the tank instrumen~ation was 
read~ ••g correctly. 

During a postfl1ght fill operation, with the waste tank inlet valve 
closed, and water introduced at the hydrogen separator, both the potable 
and waste water tanks filled. 

The check valve between the fuel cell and waste tank dump leg (fig­
ure 14-9) was tested and found to leak excessively. A tear-down analysis 
of the check valve was performed and a piece of 300-series stainless steel 
wire (approximately 0.0085 by 0.14 inch) was found between the wnbrella 
and the seating surface (fig. 14-9). This contaminant could cause the um­
brella to leak and yet move around sufficiently to allow adequate seating 
at other times. The wire most probably came from a welder's cleaning 
brush and was introduced into the system during buildup. Safety wires 
and tag wires are of ~ larger diameter than the one found. The check 
valve at the potable water tank inlet is of a different configuration 
and is spring loaded closed. The 1-psi pressure required to open this 
valve is a large pressure drop compared to the other components at the 
low flow of 1-1/2 lb/hour, and would, therefore, cause the water to flow 
to the waste tank. 

The potable water tank inlet check valve was found to be contaminated 
with aluminum hydroxide, a corrosion product ot aluminum and the butter. 
The potable water tank inlet nozzle was clean and tree of corrosion. The 
check valve corrosion is not believed to have caused th~ problem, but could 
have contributed by increasing the crack pressure ot the valve. 

No corrective action is considered necessary since the contamination 
is considered to be an isolated case. It the problem should recur, the 
potable tank will start to till when the waste tank is fUll. 

This anomaly is closed. 

14.1.8 Mis~ion Timer Stopped 

The panel 2 mission timer stopped at 124:47:37. Several attempts to 
start the clock by cycling the start/stop/reset svitch trom the stop to the 
start position tailed (fig. 14-10). The timer was reset to 124:59:00 us­
ing the hours, minutes, and seconds switches, and the timer again tailed 
to stBJt when the switch was cycled. The switch was then placed in the 
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Figure 14-10.- Mission timer. 

reset position. The timer reset to all zeros aad started to count when 
the switch was placed in the start position. The timer was then set to 
the proper :mission time using the hours, minutes, and seconds switches 
and operated properl7 tor the remainder ot the mission. 

'l'be timer aDd all associated equipment were still operatins properly 
atter the t'ligbt. The1"18l., vacuum, aDd acceptaDce tests were performed 
and the cause ot the tailure could not be determined. Circuit aDalysis 
showed that the problea could be caused by one ot !"i ve integrated circuits 
on the mountina board circuitry. These suspect components were removed 
and tested with nepthe results. 

The taUure wu 110st probabl7 caused by aD intermittent problea with­
in a component which later cured i tselt. It the problem occura on a tu­
ture lllisaion aDd the timer will not restu-t, :mission time can be obtained 
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from the other timer in the command module, or trom mission control. The 
failure would be a nuisance to the crew. 

~his anomaly is closed. 

14.1.9 Main Parachute Collapse 

One of the three main parachutes vas deflated to approximately one­
fifth of its tu11 diameter at about 6000 feet altitude. The command mod­
ule descended in this configuration to landing. All three parachutes were 
disconnected and one good DILin parachute vas recovered. Photographs of 
the descending spacecraft indicate that two or three uf the six riser legs 
on the failed parachute were missing (fig. 14-11). 

Three areas that were considered as possible causes are: 

a. The forward heat shield, which vas in close proximity to the space­
craft flight path. 

b. A broken riser/suspension line connector lin~ which vas found on 
the recovered parachute (fig. 14-12). 

c. The command module reaction control system propellant firing and 
fuel dump. 

Onboard and photographic data indicate that the ~crward heat shield 
was about 720 teet below the spacecraft at the time of the failure. The 
failed link on the recovered parachute implies the possibility of a simi­
lar occurrence on the failed parachute. Based on parachute tov tests, 
however, more than one link would have had to fail to duplicate the flight 
problem. The tvc possible causes have been identified as hydrogen em­
brittlemrJnt or stress corrosion. 

The command module reaction control aystem depletion firing vas con­
sidered as a possible candidate because ot the k.novn susceptibility ot the 
parachute material (nylon) to damage from the oxidizer. Also because the 
oxidizer depletion occurred abcut 3 seconds prior to the anomaly, and tuel 
vas being expelled at the time the anomaly occurred (tig. 14-13). 11\lrther, 
the orientation ot the main parachutes over the co~~~and module placed the 
failed parachute in close proximity to the reaction control system roll 
engines. Testing ot a coJ!IDBI'.\d JDDdule reaction control system engine sim­
ulating the tuel (monoJ!'oll!thyl bydrazine) dwap mode through a hot engine re­
sulted in the tuel b11rning protusely; tberetore, the tuel dwap is con­
sidered to be the most likely cause of the anomaly. 

In order to eliminate critical processing operations from manufacture 
ot the connector linkl, the material val chaDpd troll 4130 to Inconel ns. 
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Pigure 14-11.- Parachute riser cleaa&e noted durin& ~al descent. 

lued on tbe low probabill 't7 ot contact and the Jlini!IIDD duaae ent:l.ci.pated 
aboQld contact occur, no correcti,.. action v!ll be imple: .·Jnted tor the tor­
ward beat shield. Correctiw actions tor the reaction coni~rol system in­
clude lendina with the propellants onboard tor a D~'rmal landint~, end bias­
iDe the propellant load to provide a alipt excess ot oxidizer. Thus, tor 
the lcn.-.-altitude abort land landiDc cue, burnina the propellants while on 
the parachutes vUl oubject the parachutes to sa. acceptable cxidi · lr clam­
• but v1ll el:lainate the 4azl&erous burninc fUel condition. In addition, 
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Figure 14-12.- Main parachute connector link failure • 
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the time delay which inhibits the rapid propellant dump may be changed 
from 42 to 61 eeconds. This could provide more assurance that the pro­
pellant will not have to be burned through the reaction control system 
engines in the event of a land landing. A detailed discussion of all 
analyses and tests is contained in a separate anomaly report (reference 7). 

This anomaly is open • 

14.1.10 Data Recorder Tape Deterioration 

At about 240 hours, after over 100 tape dumps had been completed, the 
ground was unable to recover the data contained on about the first 20 feet 
of tape. To alleviate the problem, that portion of the tape was not used 
again. 

An electrical and physical examination of the flight tape was con­
ducted. Observation of the bi-phase output of the 51.2 kilobit pulse code 
modulated output from the playback showed a complete deterioration of the 
waveform for the first 20 seconds (12-1/2 feet), together vith nunerous 
complete dropouts. Arter 20 seconds, the bi-phase signal gradually im­
proved to the point where, at 30 seconds, the signal appeared normal. The 
64 kilobit pulse code modulated output was similarly affected to a lesser 
degree. 

The first 30 feet of tape was scanned under magnifications ranging 
from 50X to 400X. Under 50X magnification, a distinct pattern of embedded 
particles could be observed (fig. 14-14). The deposits were quite heavy 
over the first 12 feet of tape, and gradually tapered out so that, at 20 
feet, very few particles could be observed. Under 400X magnification, in­
dividual flakes of deposited material were observed. The portion of fig­
ure 14-14 at 400X magnification shows a typical cluster of particles on 
the beginning portions of the tape. 

A 10-foot leader coated with a silver oxide compound is spliced to 
the beginning and end of the magnetic tape roll to activate the end-of­
reel sensors on the tape transport. There has been a history of this ma­
terial flaking off and affecting ta~! performance. Tape screening pro­
cedures were implemented by the manufacturer in 1968 to eliminate this 
problem. No further problems were encountered until Apollo 15. The re­
cording method for Apollo 14 and previous missions was considerably dif­
ferent than that for the Apollo 15 mission. Bit packing densities for 
the Apollo 15 mission tape approach 9000 bits per inch while those for 
the previous missions were only 800 bits per inch. Abnormalities in the 
tape would have considerably more effect with the higher packing denGity. 
The utilization of the Apollo 15 mission recorder is also considerably 
higher, allowing more time for deposits to build up. 
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Figure 14-14.- Recording tape photographed under 50 power and 
400 power magnification showing silver oxide deposits. 

An acceptance test (except tor environmental verification) with a new 
tape was conducted on the flight recorder and all parameters were within 
specification with little change in absolute values trom the pre-delivery 
test. 

Inspection on the magnetic heads under 20X magnification disclosed 
tour scratches, one ot which is shown in tigure 14-15. An overl~ was 
made ot the scratches with respect to the accumulation ot silver oxide on 
the tape; two ot the tour scratches aligned perfectly with the silver oxide 
accumulation. The scratches must have scraped loose the silver oxide on 
the leader. Operation ot the recorder would then distribute the silver 
oxide particles along the tape. During the manufacture ot the Apollo 16 
recorder, it was discovered that the heads were being scratched by han­
dling. The Apollo 15 recorder heads were probably also scratched during 
manufacture. The scratches would not have been detected during acceptance 
inspection since the,r are not visi~:e at the 7X ~tication used during 
that inspection. 

Removable head covers have been provided to protect the heads trom 
handling d&lll&ge when the recorder covers are not installed. These covers 
have been used since early in the buildup cycle ot the Apollo 16 and 17 
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Figure 14-15.- Data recorder/reproducer and scratches on head. 

data recorders. The recorder heads have been examined under 20X magnifi­
cation and no scratches were found. 

This anomaly is closed. 

14.1.11 Digital Event Timer Obscured 

The seconds digit of the digital event timer, located on panel 1, 
became obscured by a powder-like sUbstance that fbr.med on the inside of 
the glass. Posttlight analysis of the unit disclosed that the substance 
on the window was paint which had been scraped t.rom the number wheel by 
the idler sesr. 
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The idler gear is free to rotate on the shaft (fig. 14-16); however, 
the design allows the stainless-steel shaft to also ~otate. The stainless­
steel shaft bearing points are in the magnesium motor plate and the shaft 
rotation wears away the softer magnesium material. 

Inspection of the unit showed that the ~~gnesium bearing points had 
been elongated as shown in figure 14-17. Torque from the stepping motor 
applied to the idler gear not only resiilted in rot.ation of the shaft but 
also caused the shaft to tilt (fig. 11 ·17). The wearing eventually al­
lowed the shaft to tilt sufficiently ,~' cause th<l gear to rub against the 
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Figure 14-17.- Digital event timer mechanism. 

number wheel. When the timer counted down, the motor torque threw the 
gear teeth into the front edge of the counter wheel. Testing indicates 
that this bearing hole elongation occurs after approximately 500 hours 
running time (specification life is 1400 hours). 

A review of the history of the unit shows that it was built in 1966. 
Prior to installation in Apollo 15, +.he unit was modified because of fail­
ures on other timers. Brass shims (tig. 14-17) were installed to prevent 
the idler gear from rubbing on the number wheel. 

The analysis ot those tailures revealed that the idler gear was rub­
bing paint ott the number wheel and paint particles prevented the slip 
rings and brushes trom making good contact. A review ot drawing tolerances 
showed that an interference could occur and the addition ot the shims ap­
peared to be adequate corrective action. These failure analyses did not 
reveal the problem ot the elongation ot the bearing ~ints since it is not 
obvious until the timers are disassembled. 
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Units for future flights will be visually inspected by looking 
through the window for paint flakes and signs ot wear. 

This anomaly is closed. 

14.1.12 Crew Restraint Harness Came Ap~ 

The restraint harness on the right side of both the center and right 
crew ::ouches came apart during lunar orbit. The assemblies had become un­
screwed, but the crew was able to retrieve all the parts except one cap 
and reassemble the harnesses satisfactorily tor landing. The mating plug 
for the missing cap was held in place with tape. 

The plug-and-cap assembly (fig. 14-18) , which is part of the uni ver­
sa! assembly that attaches the restraint harness to the couch seatpan, 
separated. (There are a total ot six plug-and-cap assemblies on the crew 
couch, two per man.) The plug component (bolt) has a nylon insert in the 
threaded portion that acts as a locking device. Back-and-torth rotation 
ot the adjuster link can cause the plug-and-cap assembly to unscrew from 
each other. Checks on the four othe~ Apollo 15 assemblies shoved zero 
torque on two ot the units and minimum specification value (2.0 in-lb) on 

) 

the others. The loss ot torque is apparently due to cold flow ot the plas- :} 
tic self-locking pellet, causing a loss ot friction against the mating 
threads. 

A thread locking sealant will be used to p~vent the problem on fu­
ture missions. 

This anomaly is closed. 

14.1.13 Loose Object In Cabin Fans 

During portions ot the flight when the cabin fans (tig. 14-19) were 
activated, the crew heard sounds like an object striking the blades. Cy­
cling the tans several times allowed the object to be retained in a posi­
tion that precluded it trom interfering with fan operation. 

Inspection of the tans revealed considerable gouging on the leading 
edges of the blades ot both tans (tig. 14-19). No marks were found on 
the outlet de-swirl vanes ot either tan. Arter extensive examination, in­
cluding the lunar dust filter, a 1/4-inch washer was found in the ducting. 

Althougn the fan inlet is protected by screens in addition to the heat 
exchanger core, the outlet is relatively open and the washer could have 
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drifted in and out when the fans were not operating. The outlet was pro­
tected only during the limited time when the lunar dust filter was in­
stalled. The washer could also have been lett in the duct dur\ng assembly. 

No hardware changes are c~Jntemplated. Should the anomaly occur on 
a subs~ttuent flight, no detrimental effects wo..U.d result. 

This anomaly is closed. 

14.1.14 Scanning Telescope Vis~bility 

The crew r~ported that excessive attenue.tion of light through the 
scar~ing telescope existed throughout the !light. The telescope was ade­
quate to perform landmark tracking while in lunar or~it, but the crew was 
unable to ident.i ty constellations, e"."t'n though large numbers of' stars 
could be seen by looking out the spacecraft window. 

Visual observations through the telescope (tig. 14-20) were made at 
tt~ spacecraft manufacturer's facili1·., and no degradation ~ould be o~­
served. A luminescent transmittance test was performed on the telescope 
before removal from the spacecraft and transmi ttar>>:e was calculated to be 
25 percent. This compares with an acceptance tes~ value of 55 percent. 
The decrease is due to the entry environment and sea water contamination. 
~.e 30-pereent decrease agrees well with the expected results and is not 
significant as far as being able to see and recognize constellations is 
concerned. For comparison, the earth's atmosphere normally causes a 50-
percent :oss in star intensity; therefore, observing stars fro~ earth with 
a telescope with a 50-percent transmittance would be eqw. valent to observ­
ing stars rr~m a spac~ratt in t.light using a telescope with a 25-percent 
transmittance. 

The flight anomaly vas reproduced in the laboratory by placing the 
optical unit assembly, the removable eye piece, and the optics panel ir1 
a chamber wherein the environmental conditions that ttxisted in the cab1n 
during flight were duplicated. Condensation on the eyepiece window and, 
to a lesser extent, on th~ prisms in the removable ey~piece caused the 
trft.'l&mi t tance to decrease to about 4 percent. 

A heater will be added to the remo~&ble eyepiece to prevent fogging 
in the eyepiece assembly and on the eyepiece ~indow. 

This anomaly is closed. 
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Figure 14-20.- Scanning tele~cope assembly. 

14.1.15 Gyro Displ~ Coupler Roll A.1ignme~~ 

The crew reported that the roll axis did not align ~roperly w~en the 
'b"J;;, Jisplay alignment pushbutton ns pressed. The roll axis error was 
r·~, nulled, whereas, the pitch and yaw axes were. Only by dep1•essing the 
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align pushbutton for progressively longer r~riods, ~d eventually, by mov­
ing the roll-axis thumbwheel, could the roL .. error be r.ulled. 

For normal operation du~iug alignment, resolvers in the gyro display 
coupler electronics are campo. .. ~d to resolvers, one for each a,x.;_s, on the 
thumbwheels used to set desired attitude. The difference is an error sig­
nal. The error is displayed on the attitude error needles, and the signal 
is used to drive the resolvers to match the attitude set on the thumbwheels. 
The anomaly could have been caused by either of two failure modes. An in­
termittent open in the roll axis align loop or a low go.in problem in the 
electronics (fig. 14-21). 

The gyro display coupler and attitude set control panel were put into 
the hardware evaluator simulator and functionally tested at the systems 
level in the actual spacecrat't configuration in an attempt to repeat the 
flight problem. During this testing, an out-of-tolerance condition was 
observed on the attitude set control panel. This condition could have 
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Figure 14-21.- Simplified align loop. 
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caused a gain type problem and been the cause of the flight anomaly. The 
measured resistance of the thumb wheel resolvers increased from the nomi­
nal in all three axes by as much as 1000 ohms. Normally, this value does 
not vary by more than l ohm. In order for this condition to have been the 
cause of the anomaly, a resistance change in the roll axis would have had 
to be an order of magnitude larger than that measured postflight. The re­
sistance change is caused by contamination between the slip rings and the 
thumbwheel resolvers. As a result of the flight anomaly, several resolv­
ers were examined and contamination was detected. The corrective action 
is to wipe the resolvers clean by rotating them several hundred revolu­
tions. The attitude set control panels in Apollo 16 and 17 will be checked 
and the resolvers will be wiped clean, or will be replaced if necessary. 

The flight condition could also have been caused by either of two 
"golden-g" relays failing to close. Two failure modes have been deter­
mined. One failure mode is "normally open-failure tr close", and other, 
"normally closed - failure to open", both caused by contamination. 
"Golden-g" relays were the subject of an extensive review in 1966 and 
1967. Relays were classified as (1) critical, (2) of major importance, 
(3) of minor importance, and (4) having no effect. It was decided at 
that time to (l) make critical rel~s redundant, (2) improve screening 
tests, ar.d (3) take no corrective action for non-critical rel~s. Both 
of the suspect relays are of major importance in that eitner one would 
cause loss or the normal alignment capability of the backup attitude ref­
erence system. The attitude reference system could be aligned, but ex­
tensive work-around procedures would have to be used. 

Tests performed on the roll axis align enabling rel~ revealed con­
tamination which could have caused the flight anomaly. The rationale de­
veloped during the "golden-g" rel~ review is applicable at this time. 

This anom~y is closed. 

14.1.16 Unable To Open Circuit Breaker Supplying 
Main A Power To Battery Charger 

The circuit breaker tying the battery charger to main bus A could 
not be opened manually durin~ postflight testing. ~bis breaker was not 
required to be opened during the flight. 

A green residue on the aluminum indicator stem at the copper mount­
ing bushing jammed the stem ~.d prevented operation. Some of the residue 
was removed for chemical analysis. The rest of the residue was dissolved 
by the application of distilled water, thereby treeing the breaker. The 
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green residue was predominantly S()di um-copper car b. •nate hydrate. Traces 
of sodium chloride, and other metals were also present. These products 
would result from salt water corrosion. Salt water could have been in­
troduced by sea water splashing on the breaker after landing or by ,. ine 
or perspiration released in the cabin during flight. 

No corrective action is considered necessary. 

This anomaly is closed. 

14.1.17 Pivot Pin Failure On Main Oxygen Regulator Shutoff Valve 

The toggle-arm pivot pin for the side-A shutoff valve of the main 
oxygen regulator was found sheared during postflight testing. With the 
pin failed, the shutoff valve is inoperative in the closed position, thus 
preventing oxygen flow to the regulator. 

The pivot pin attaches the toggle arm to the cam holder and is re­
tained in place by the valve housing when properly assembled (fig. 14-22). 

Failure analysis showed that the ~ivot pin failed in single shear 
and bending. This failure resulted t'rom improper shimming which allowed 
the pivot pin to come out of one side of the cam holder as shown in fig­
ure 14-22. Analysis and testing has shown that the pin strength is ade­
quate in double shear, but will fail in single shear and bending with a 
force of about 70 pounds applied at the tip of the toggle arm when it is 
in the closed position. No marks were found on the toggle arm to indicate 
that it had been struck by some object. 

Inspection criteria to assure that valves now installed in other 
spacecraft are properly assembled have been developed from a study of 
adverse tolerance buildltps associated with the valve components. These 
criteria are that the lock nut does not protrude and the number of shims 
does not exceed cix (fig. 14-22). 

This anomaly is closed. 

14.1.18 Crew Optical Alignment Sight Fell Ott Stowage Mount 

The crew optical alignment sight f~ll from its stowage mount durlng 
landing because the locking pin which secures it was not engaged. 

Normally, when the sight is placed into the mount, the locking pin 
is raised automatically by a ramp and the pin is moved into the loc7.ing 
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Figure 14-22.- Oxygen regulator ahutott valve. 
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Crew optical alignment sight 

\ Direction of insertion 

Figure 14-23.- Crew optical alignment sight stowage. 

pin hole by spring action (fig. 14-23). Postfligh~ examination showed 
that the ramp had been gouged preventing ra.is i.ng of the pin by the ramp. 
The cause of the gouge is not known. 

The crew optical alignment sights for Apollo 16 and future spacecraft 
will be fit-checked to insure proper operation of the latching mechanism. 
Also, the Apollo Operations Handbook P.nd crew checklist are being revised 
to include verification oi the latching pin engagemer.t prior to entry. 

This anomaly is closed. 
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14.2 LUNAR MODULE 

14.2.1 Water/Glycol Pump Differential Pressure Fluctuations 

Variations were noted in the water/glycol pump differential pressure 
shortly after the cabin depressurizations for the standup extra~ehicular 
acti Yi ty and the second extravehicular activity. The variations were sim­
ilar on both occasions. The pressure differential decreased from about 
20 psid (normal) to about 15 psid, then increased to about 27 psid and re­
turned to normal (fig. 14-24). The total times for the cycles were 3 min­
utes during the standup extravehicular acti"Y'i ty and 10 minutes during the 
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second extravehicular activity. The pump discharge pressure remained rel­
atively stable throughout both periods. If pressure fluctuations had taken 
place in the heat transport system, both the pump discharge pressure and 
differential pressure should have varied together. 

After the second fluctuation occurred, water/glycol pump 2 was selec­
ted because of the erratic differential pressure. All parameters were nor­
mal d~ing pump 2 operation. The crew reselected pump 1 prior to egress 
for the second extravehicular activity, and it operated satisfactorily. 
Later, after docking, the pump was turned off momentarily and the pump dis­
charge pressure readout was verified as correct since it decreased to the 
accumulator pressure of 7.8 psia. 

The lunar moduL"' cabin humidity was high at the initial manning for 
descent because the command module cabin humidity was high. Furthermore, 
a water spill in the lunar module cabin after the first extravehicular ac­
tivity again produced high humidity. Consequently, water would have con­
densed on the cold 1/8-inch water/glycol sense lines between the pump as­
sembly and the pressure transducer (figs. 14-25 and 14-26), and the water 
would have frozen and sublimed at the next cabin depressurization. Since 
there is no :low in the sense lines, as little as 0.002 inch of condensed 
moisture on the outside of these lines would freeze the fluid and cause 
the fluctuations in the indicated differential pressure, but would not 
affect system operation. Consequently, no corrective action is required. 

This anomaly is closed. 

14.2.2 Water Sep~rator Speed Decrease 

The speed of water separator 1 decreased to below Boo rpm and tripped 
the master alarm during the cabin depressurization for the standup extra­
\ehicular activity. Separator 2 was selected and operated properly at ap­
proximately 2400 rpm. After approximately 1 hour of separator 2 operation, 
separator 1 was reselected and performed satisfactorily throughout the re­
mainder of th~ mission. 

Cabin atmosphere is cooled and passed through one of the water sepa­
rators (fig. 14-27) where condensed water is separated by centrifUgal force 
and picked up by a pitot tube. The water is then piped from tb~ pitot tuhe, 
through a check valve, i..o the water management system where it is u~·~!" 
the sublimator. 

Cabin humidity was high before the standup extravehicular activity 
and, bee;a'lSC the water a.nd structure were cold, the line between the water 
separa.tr:::: pi tot tubP. and the water management system was cold. Under thl!se 
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Figure 14-25.- Glycol pump sensing lines. 

conditions, water would condense on the outside ot the line (tig. 14-27) • 
and when the cli'bin was depressurized tor the standJ.p e.1etravehicula.r ac­
tivity, the water on the outsid"' ot the line would boil, treeze, and B"..lb­
lime, thereby treezing th,, water in the li.te. 

Analysis shows that as little as a 0. 01-inch film of water on the 
outside ot the line will treeze the line at cabin depre::~surization. Freez­
ing within the line will cause the separator to slow down and stall be­
cause ot excessive water. Separator 2 had not been used. Therefore, no 
water was in its outlet line to treeze. Consequently, it operated suc­
cesstully when activated. 
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Figure 14-26.- Water/glycol pressure measurements. 

Analysis and tests have shown that freezing of the line will not 
damage any spacecraft har·lware. If such freezing occurs, the oth~r sep­
arator· would be used. Therefore, no correcti'W' action is required. 

Th!s anomaly is closed. 

1~.2.3 Broken Water Gun/Bacteria Filter Quick Disconnect 

A water leak occurred at the quick disconnect between the bacteria 
filter and the we.ter gun (fig. 14-28) shortly atter the first extravehic­
ular activi~y. The l~ak was caused by the plastic portion of the discon­
nect being ·:.,roken and was stopped by reD)ving the filter. 

'~en the water gun/bacteria filter combination is properly stowed, 
the gun is held in a U-shaped boot (fig. 14-28). Both the gu:1 and filter 
are held in place by straps with the hose protruding above the liquid 
cooling assembly. Bending the hose can easily e~r.eed the ~orce required 
to break the quick disconnect between the bacteria filter and the wat~r 
gun if the filter is not strapped down. A test showed that a torque of 
204.6 inch-pounds caused a similar quick disconnect to break in halt. 
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Based on the torque value of 204.6 inch-pounds, a force of approximately 
27 pounds applied at the hose quick disconnect interface would break the 
disconnect between the filter and the water gun. 

The plastic parts will be replaced b,y steel inserts in all locations 
where the quick disconnects are used in the lun~· module and command mod­
ule. 

This anomaly is closed. 

14.2.4 Intermittent Steerable Antenna Operation 

Random oscillations occurred while the steerable antenna was in the 
auto-track mode. The oscillations were small, and damped without losing 
auto-track capability (fig. 14-29). The three times when the oscillations 
became divergent are shown in figure 14-30. 

a. 100:26 (revolution 12): This divergence occurred prior to sep­
aration and was not caused by vehicle blockage or reflections from the 
command and service rodule structure. 

b. J.OO: 41 ( revolution 12) : The 1 unar module maneuver, performed 
approximately 2 minutes after separation, caused the antenna to track in­
to vehicle blockage, which resulted in the antenna oscillation and loss 
of lock. 

c. 104:07 (revolution 14): Earth look angles for this time period 
indicate that the antenna was clear of any vehicle blockage. 

All oscillations indicated characteristics similar to the conditions 
experienced on Apollo 14 (fig. 14-31). After Apollo 14, one of the prime 
candidates considered as a possible cause was incidental amplitude modula­
tion on the uplink signal. A monitor capable of detecting very small val­
ues of incidental amplitude modulation was installed at the Manned Space 
Flight Network Madrid site for Apollo 15. The data from this monitor in­
dicated that no amplitude modulation ~xisted on the uplink at the frequen­
cies critical to antenna stability during the problem times. Consequently, 
incidental amplitude modulation has been elimir.ated as a possible cause of 
the antenna oscillations, and the problem must be in the spacecraft. 

There are two possible causes ot the problem in the spacecraft. The 
first is that electrical interference generated in some other spacecraft 
equipment is coupled into the antenna tracking loop •. A test performed on 
the Apollo 16 lunar module show~d that no significant noise is coupled 
into the tracking loop during operation of any other spacecraft equipment 
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Figure 14-29.- Damped antenna oscillations at random times. 
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Figure 14-31.- Ground-received signal strength showing spacecraft 
antenna osd.llation characteristics. 

in the ground environment. The second is that temperature or temperature 
gradients cause an intermittent condition in the antenna which results in 
the oscillations. The acceptance tests of the antennas do not include 
operation over the entire range of environmental temperatures; therefore, 
a special test is being conducted on a flight spare antenna .o determine 
its capability to operate over the entire range of temperatures and 
gradients. 

This anomaly is open. 
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14.2.5 Descent Engine Control Assembly Circuit Breaker Open 

The descent engine control assembly circuit breaker was found open 
during the engine throttle check after lunar module separation from the 
command and service module. The circuit breaker was closed and the check 
was successfully performed. 

If there was a short circuit condition, it is highly unlikely that 
the fault would have cleared at the instant the breaker opened. Thus, 
when the breaker was reset, it would have reopened. Data were reviewed 
for current surges large enough to trip the 20-ampere breaker, but none 
were found. The crew stated that they may have lett the circuit breaker 
open. This is the most probable cause of the anomaly. 

This anomaly is closed. 

14.2.6 Abort Guidance System Warning 

Abort guidance system warnings and master a.l.a.rms occurred right af­
ter insertion into lunar orbit and at acquisition of signal prior to lunar 
module deorbit. The first one was reset by the crew; the second persisted 
tmtil ltmar impact. Performance of the abort guidance system appeared nor­
mal before. during, and after the time of the alarms. 

Exceeding any of the following three conditions in the abort guidance 
system can cause the system warning light to illuminate. In each case, 
the warning light would reset a11tomatically when the out-of-tolerance con­
dition disappears. 

a. 28 ±2.8 volts de 

b. 12 ±1.2 volts de 

c • 400 ±15 bert z 

A fourth condition which could cause the warning light to illuminate is 
the receipt of a test-mode fail signal i'rom the computer. This condition 
requires manually resetting the warning light by placing the oxygen/water 
quantity monitor switch to the CW/RESET position. 

The condi tiona for generating a teat mode tail signal are as follows 
(none of these conditions was indicated in any ot the computer data). 

a. Computer restart: A restart would cause internal status indi­
cators to be reset and telemetry quantity "Vdx" to be set to a prestored 
constant (minus 8000 tt/sec). 
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puter memory and logic t,ests. 
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Computer routines perform sum checks of com­
Failure of these would set a self-test fail 

c. Program timing: If the computer program is executing any in­
struction (except a "delay" instruction) at the same time that a 20-mil­
lisecond timing pulse is generated, a test-mode fail will be generated. 
Computer routines running at the time of the varnin~ have a worst-case 
execution time of 18.425 milliseconds of the allova'ble 20 milliseconds; 
therefore, a timing problem should not have occurreo .• 

After the warning at ins~rtion, the crew read. out the contents of the 
computer self test address 412, but there vas no indication of a test~ode 
fail. The crew did not, however, reload all zeros into address 412 as is 
required to reset the flip-flop (fig. 14-32) which controls the test-mode 
fail output in the computer. Consequently, a second test-mode fail would 
not have caused an abort guidance system warning. The fact that a second 
warning did occur restricts the location of the failure to the output cir­
cuit of the computer, the signal conditioner electronics assembly, or the 
caution and warning system. 

The abort electronics assembly test mode fail output drives a buffer 
(fig. 14-32) in the signal conditioner electronics assembly which, in turn 
supplies the test mode fail signal to the caution and warning system. The 
test mode fail buffer is the only application in the lunar module where a 
transistor Sltpplies the input signal to the buffer and where the low side 
of the inrut to the buffer is not growtded. Tests have shown that some 
buffers feed back 10-kHz and 600-kHz signals to the buffer input lines. 
These signals are completely suppressed when the low side of the buffer 
input is grounded. 

With the noise signal voltages present, the test ~ode fail driver is 
more susceptible to electromagnetic interference. An analysis indicates 
that, with worst-case noise signals present, an induced voltage spike of 
only about 3.5 volts will cause the test mode fail driver to momentarily 
turn on and latch the caution and warning system master alarm and abort 
guidance system warning light on. 

For fut~e spacecraft, the low side of the input to the buffer will 
be grounded. 

This anomaly is closed • 
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14.2.7 No Crosapoint~r Indication 

There was no line-of-sight rate data on the Commander's crosspointers 
during the braking phase of r•E:ndezvous. The existence of line-of-sight 
rates was verified by observing the position of the command module rela­
tive to the lunar module. The scale switch was in the low position; how­
ever, none of the other switch positions was verified. The power fail 
light was off, indicating that the Commander's crosspointer circuit 
breaker was closed. 

The rate error monitor switch is used to select either rendezvous 
radar data or data selected by the mode select switch for display. The 
mode select switch selects velocities from the primary guidance system, 
the abort guidance system, or tbe landing radar for display. No telem­
etry data are available on the position of the rate error monitor cwitch 
and the mode select switch, and the Commander reported that he did not 
look at the flight director attitude indicator. 

Four possible conditions could have affected the display of radar 
antenna rate data (fig. 14-33). 

a. The rate error monitor switch could have been in the wrong posi­
tion. If the LDG RD/CMPTR position was selected, lateral velocity data 
from the a'bort guidance system would have been displayed, but only if the 
mcde select switch had been in the AGS position. However, lateral veloc­
ity at the time of the problem would have been near zero. If the mode 
select switch had been in the PGNS position no data would have been dis­
played. 

b. Conductive contamination between two contacts in the rate error 
monitor switch could have had the same effect on the crosspointer display 
as condition "a". The switch in this lunar module we.s X-r~e:d and screened 
before installation, and no contaminant was found; however, it should be 
pointed out that present screening techniques might not detect a single 
wire strand between two contacts. 

c. An open in the return line would cause loss of rate data to one 
or both meters, depending upon the location ot the open. The signal re­
turn lead from the Commander's meter in panel l is routed to panel 2 where 
it is connected to the signal return from the Lunar Module Pilot's meter 
and routed to the rendezvous radar. 

d. An open in the wire in the rendezvous radar electronics asserubly 
which connects 15 volts at 400 hertz to two velocity filters (one each tor 
shaft and trunnion rate) could cause the loss ot shaft and trunnion rate 
data to both sets of crosspointers. 
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The most probable failure h an open in the signal return line. Rate 
information could still be deduced from antenna position data which is 
displqed on the flight director attitude indicators. GroWld tests and 
checkout may not show this type of failure. If the open is temperature­
sensitive, a complete vehicle test involving ·1acuum, temperature, and 
temperature gradients would be required to insure that failures of this 
type would not occur in the flight environment. This type of testing is 
not practical at the vehicle level. Consequently. no corrective action 
is planned. 

This anomaly is closed. 

14.2.8 Broken Range/Range Rate Meter Window 

Sometime prior to ingress into the lunar ~odule, the window of the 
range/range-rate meter broke ( tig. 14-34). Upon ingress, the crew saw 
many glass particles floating in the spacecraft, presenting a hazardous 
situation. 

The window is an integral part of the meter case and is made of an­
nealed soda-lime glass 0.085-inch thick. The meter case is hermetically 
sealed and pressurized with helium to 14.7 psia at ambient temperature. 
At the maximum meter operating temperature and with the cabin at vacuum, 
the pressure differential can be as high as 16.1 psi. This pressure dif­
ferential is equivalent to a stress level of 6680 psi in the glass. 

Glass will break when there!' is a surface flaw large enough to grow 
at the stress levels present. The threshold flaw size in a dry environ­
ment is about the same as the critical flaw size and immediate breakage 
occurs. The critical flaw size remains the same in a humid environment, 
but the threshold flaw is much BJII&ller. For annealed soda-lime glass at 
a stress level of 6680 psi, the critical flaw depth is 0.0036 inch, and 
for a hUDdd environment, the threshold flaw depth is 0.000105 inch. 

A surface flaw deeper than the thr~~hold depth for the glass operat­
ing stress must have existed on the outside of the meter window at launch. 
The flaw started growing as the cabin depressurized during ~he launch 
phase, and finally grew large enough tor the glass to break. 

For tuture millions, an exterior glass doubler will be added to the 
window to reduce the maxiJIIUID operating stress to leea than 2000 psi. This 
will increase the threshold tlsw depth to 0.0036 inch and the critical flaw 
depth to 0.032 inch. This should prevent tuture fatigue failures since 
there are no reported fatigue failures in soda-lime glass at stresses be­
low 2000 psi. In addition, all similar glass applications in the lunar 
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module and command module were revif>wed an:\ -::hanges are being made. In 
the command module, transparent Teflon shields uill be installed on the: 

a. Flight director &ttitude indicators. 

b. Service propulsion system gimbal position and launch vehicle pro­
pellant tank pressure indicator. 

c. Sernce propulsion system oxidizer unbalance indicator, and the 
oxidizer and fuel quantity indicators. 

d. Entry monitor system roll indicator. 

In the first three above applications, the shields will be held in place 
with Velcro and will be installed only when the cabin is to be depressur­
ized. The shield on the entry roll monitor indicator will be permanently 
installed. 

In the lunar module, tape will be added to the flight director atti­
tude indicators and an exterior glass shield will be installed over the 
crosspointers to retain glass particles. The data entry and display as­
sembly window was previously taped to retain glass particles. 

This anomaly is closed 

14.3 SCIENTIFIC INSTRUMENT MODULE EXPERIMENTS 

14.3.1 Panoramic Camera Velocity/Altitude Sensor Erratic 

Telemetry received from the ftrst panoramic camera pa::~s on revolu­
tion 4 indicated that the velocity/Rltitude sensor (fig. 14-35) was not 
operating correctly. 

The velocity/altitude sensor measures the augular rate of travel of 
the spacecraft relative to the lunar surface. The sensor output is used 
to control the cycling rate of the camera, the forw"B.rd motion compensa­
tion, and the exposure. The sensor normally operated in the range of 45 
to 80 miles altituee. If, at any time, the indi~ated velocity/altitude 
is out of this range, the sensor automatically resets to the no~inal value 
of 60 miles. The sensor operated properly for brief periods of time, but 
would drift of'f-scale high (saturate), and then reset to the nominal value 
corresponding to a 60~ile altitude. 
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Figure 14-35.- Velocity/altitude sensor &Baembly. 
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Breadboard tests and circuit analyses of the velocity/altitude elec­
tronics (fig. 14-36) did not indicate failure. Tests were conducted in 
which endless belts of lunar scene photography from Apollo 8 and 15 were 
passed in front of velocity/altitude sensors. Sensors from the prototype 
and qualification units, and flight unit number 1 were used. By varying 
the illumination level, ser:t.sor performance somewhat similar to the Apollo 
15 anomaly could be obtained. 
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I Photodiode and 1 DC output 1 altitude _fl l I preamplifier t28V 
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t I I I I I I 
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Figure 14-36.- Velocity/altitude output circuitry. 
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The results of the tests, coupled with analyses of the basic sensor 
design, indicate that the problem is related to the optical signal-to-noise 
ratio. The remaining flight hardware will be modified to improve this ra­
tio. The optical signal will be enhanced by increasing the lens aperture 
from f/4.0 to f/3.5 and by deleting the infrared filter. The optical nolse 
(reflections) will be reduced by increasing the length of the lens hood and 
by repositioning the sensr,r so that the camera's forward plume shield will 
not be in the field of v .. r!W of the sensor, In addition, a manual override 
of the velocity/altitude sensor will be provided on the remaining flight 
units. B,y using a three-position switch, two preselected velocity/altitude 
ratios will be provided, as well as the automatic function. 

This anomaly is clos·ed. 

14.3.2 Loss of Laser Altimeter Altitude Data 

The laser altimeter exhibited two anomalous conditions during the 
mission: 

a. Altitude data became intermittent after revolution 24 as the re­
sult of a decrease in the laser output power. 

b. Beginning with revolution 38, the photomultiplier tube high-volt­
age power supply was held in the idling (minimum-voltage level) mode until 
after the laser fired, thereby causing the receiver to miss the return 
pulse from the lunar surface (fig. 14-37). No altitude data were obtained 
after this anomaly occurred. 

The photomultiplier tube power supply anomaly was duplicated when a 
relay which had been removed from a flight unit because it had an audible 
''buzz" was installed in the prototype altimeter. The relay serves no 
function in flight, but is a safety precaution for ground personnel work­
ing on the altimeter (fig. 14-38). The relay contacts close when the al­
timeter is turned off, discharging the high voltage stored in the pulse­
forming network capacitors. 

It is suspected that the audible "buzz" is accompanied by electro­
magnetic interference that is coupled into the video amplifier in the 
laser receiver (fig. 14-39). The video amplifier is a principal element 
in the automatic gain control circuit whlch controls the output of the 
photomultiplier tube power supply, The electromagr.~t:!.c interference from 
the relay can thereby result in the automatic gain control holding the 
power supply in the idling mode until the pulse forming network is dis­
charged in firing the laser. The relay and resistors that comprise the 
bleed-down circuit will be removed from the remaining flight altimeters. 
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Figure 14-38.- Pulse forming network bleed-down circuit. 

The cause of the low output power anomaly has not been isolated. A 
review of the manufacturing records has establi~hed that the flight unit 
was the same as the qualification unit with regard to parts, processes, 
and manufacturing methods. Investigations indicate that the fault most 
likely occurred in the laser module. 

An automatic power compensation circuit will be incorporated into the 
remaining flight units. The circuit will increase the pulse forming net­
work voltage by about 50 volts each tiree the laser power falls below an 
established threshold value as sensed by a photodiode. Design feasibility 
tests have been completed on a breadboard circuit. The results show that 
the circuit will maintain the power output at a level sufficient to pro­
vide proper ranging. 

This anomaly is closed. 
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Figure 14-39.- Laser receiver circuitry. 

14.3.3 Slow Deployment Of Mapping Camera 

The extension and retraction times of the deployment mechanism sub­
sequent to the first extend/retract cycle were two to three times longer 
than the preflight nominal time of approximately 1 minute 20 seconds. 
~so, the camera could not be fully retracted a~er the final deployment. 
During the transearth extravehicular activity, an insp~ction of the map­
ping camera and associated equipment showed no evidence of dragging or 
interference between the camera and the spacecraft structure, the camera 
covers, or the cabling. 

The first extend and retract cycle times were l minute 20 seconds and 
1 minute 17 seconds, respectively. The second retraction required 2 min­
utes 30 seconds and the thirc retraction and fourth extension required 
slightly more than 4 minutes. The second and third extensions occurred 
while the telemetry system was in the low-bit-rate mode; therefore, these 
deployment times are not obtainable. Subsequent extensions and retractions 
required 2 to 4 minutes. 
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Load tests show that a restraining force of 250 pounds would increase 
the deployment time to 1 minute 45 seconds. With one of the two extend/re­
tract mechanism motors operating, the 250-pound restraint would increase 
the deployment time to 2 minutes 25 seconds. 

Voltage tests show that 12 volts to the motors (28 volts de nominal 
rating) would result in deployment times of approximately 4 minutes. Had 
this occurred during the mission, however, the indicator which shows that 
power is applied to the motors would have displayed a partial barberpole 
during deployment operations. The barberpole indicator is connected in 
parallel with the motors and, since the position is voltage-dependent, it 
can be used to approximate the voltage levels to the motors. During the 
flight, a full barberpole indication was always observed. 

Apparently, the problem first occurred sometime between the first and 
second retractions. During this period, a 4-second service propulsion sys­
tem firing was performed for lunar orbit circularization. An evaluation of 
vibration test data indicates, however, that the circularization firing was 
probably not a factor in the anomaly. An investigation is being made to 
determine if there is mechanical interference between the camera and the 
reaction control system plume protection covers. 

This anomaly is open. 

14.3.4 Gamma Ray Spectrometer Calibration Shifts 

During the mission, the gamma ray spectrometer experienced a downward 
gain shift of approximately 30 percent, but this was compensated for by 
commanding the high-voltage step function from the command module. The 
drift decreased with time at an initial rate of 1 percent per hour and a 
final rate of 0.4 percent per day. Near the end of the mission, the gamma 
ray spectrometer was operating in a relatively stable state at 824.8 volts 
(high voltage step 6). (A step 4 voltage of 777.8 volts was the no,·ma). 
position in preflight operation.) The spectrometer to be flown on Apollo 16 
was aged at flux rates representative of those encountered in lunar oper­
ation. The unit has stabilized after having experienced a gain change of 
approximately 8 percent. 

After transearth injection, a temporary eight-channel zero reference 
shift was observed. This shift disappeared when the instrument was re­
powered after the trans earth extravehicular acti vi.ty, and subsequent in­
strument operation was normal for about 25 hours during transearth coast. 
Shortly ~efore entry, the offset shift reappeared and remained until the 
experiment was turned off. Normalization of the data during processing 
will compensate for this offset. 

.. 
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Figure 14-40.- Gamma ray spectrometer circuitry. 

•rests conducted with the qualification unit verified that the change 
in gain was due to aging effects of the photomultiplier tube in the gamma 
ray detector assembly as a result of high cosmic ray flux rates in lunar 
operation. The zero shlft appears to be associated with the run-down in­
hibit signal between the clock-gate module and the analog-to-digital con­
verter (fig. 14-40). Absence of this signal at a particular point in the 
analog-to-digital converter removes a 3-microsecond offset in the pulse 
height analyzer. The resulting effect is an overall eight-chan!1el offset 
in the spectrum. The qualifi~ation unit was partially disassP.mbled and 
tests showed that either an open or a shorted wire within tr.e pulse height 
analyzer can result in an eight-channel offset. An inspection of the cir­
cuit in the qualification unit disclosed no design defj~iency which would 
cause this type of failure. Since the eight channel zero offset does not 
significantly impact overall data quality, no corr12cti ve action is con­
templated. 

This anomaly is closed. 
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14.4 APOLLO LUNAR SURFACE EXPERIMENTS PACKAGE 
AND ASSOCIATED LUNAR SURFACE EQUIPMENT 

14.4 .1 Problems During Tht~ Lunar Surface Drilling Operations 

The Apollo lunar surface drill performed well during the lunar sur­
face activities; however, the following problems related to drilling oper­
ations were encountered: 

a. Penetration of the surface to the full depth with the bore stems 
was not achieved. 

b. Releasing the bore stems from the drill adapter was difficult. 

c. Bore stem damage occurred near the first joint. 

d. Removing core stems from the drilled hole it1 the lunar surface 
was difficult. 

e. Separation of core stem sections was difficult. 

14.4.1.1 Difficulty in penetrating the surface to the desired depth -) 
with the bore stems.- Although the average penetration rate for the two 
bore stem holes was reasonable (approximately 120 inches per minute for 
hole 1, and 18 inches per minute for hole 2), it was necessary to stop 
both holes at approximately 60 percent of the depth desired. 

The bore stem sections are made of a fiberglas3 and boron filament 
laminate, chosen for its optimum thermal characteristics as a casing for 
the heat flow experiment probe. The sections are approximately 21 inches 
long with tapered male and female joints. One-inch double-thread spiral 
lead flutes are provided on the exterior surface to transport the soil 
chips from the drilled hole to the surface. The depth of the flutes is 
0.050 inch for about 18 inches, but the flutea almost disappear at the 
joint area where the wall thickness must. follow the taper of the joint 
(fig. 14-41). As a result, the volume of chip flow to the surface is 
slowed considerably in looser soil formations, and stalled by the pack­
ing of the chips in high-density formations. 

In order to reduce the time required, prevent damage to bore stems, 
ani increase the probability of attaining the full depth, the following 
modifications and corrective actions are being implemented: 

a.. The bore stem joints will be changed from boron/fiberglass ta­
pered joints to threaded titanium inserts which provide continuous flutes 
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as do the core stems. The thread configuration also provides a more posi­
tive connection, precluding inadvertent separation of the joint in the 
hole. 

b. The length of the first (bottom) bore stem section will be in­
creased so that the 43-inch probe for the heat flow e:{;'>eriment is housed 
entirely in the boron/fiberglass material and the tit~ium joint is not 
in the probe region. 

c. The length of the remaining sections will be increased by a small 
amount, which will reduce the number of joints for the crew to mate as 
well as keep the titanium away from the experiment thermocouples. 

d. Crew training will include boring ~!d coring experience with a 
soil model typical of the Hadley Rille soil characteristics as well as 
models of less dense s0il. 

This anou~y is ~losed. 

14.4.1.2 D~fficulty in releasins.bore s~ems from drill adapter.­
Use of the normal procedure :!or releasing the lunar surface drill hea.c! 
from the bore stems was hampered by the bore stem~ turning freely in the 
lunar soil. 

In the bore stem drilling position, the key blocks are restrained 
inside, and the spindle drives against the shoulder of the dapter outer 
shell (fig. 14-42). The operational sequence to release the bore steo 
from the adapter includes the following steps: 

a. With the bore stem held stationary, the power head is rotated 
by hand 90 degrees counterclockwise. This moves the spindle and adapter 
shoulder about 1/4-inch apart and releases the spring-loaded key blocks 
outward. 

b. With the key blocks in the outward position, pulsing the ~wer 
luad transfers power from the spindle through the key blocks to tht! col­
let shoulder, th'.lS moving the collet about 1/4-inch, and releasing the 
bore stem. 

In development ground tests, tha soil friction usually kept the bore 
stem from turning in this operati,n. When there was insufficient friction 
from the s,.,il, the bore stem was grasped vi th the gloved hand. On Apollo 
15, the soil did not hold the bore stem, and the core-stem wrench was used 
to hold the bore stems for this operation. 
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The single-purpose core stem wrench is fitted to the 0.983-inch-dia­
meter titanium core stem, but the 1.088-inch throat will admit the 1.075-
inch-diameter bore stem. The softer bore stem (boron-fiberglass laminate) 
can be deformed and present some difficulty !.n wrench removal, with pos­
si"!:>le damage to the bore stem. A wrench to fit both bore and core stems 
will be provided. 

The t:'hange of the bore stem joint, discussed in the previous anomaly, 
will result in the elimination of the present bore stem drill adapter. 
The bore stem will thread into the power head spindle adapter in the seme 
manner as the core stems on Apollo 15 and a spindle thread reducer will 
be provided to fit the core stems. In addition, the training model8 and 
procedures ;dll by updated to re:flect equipment changes. 

This anomaly is closed. 

14.4.1.3 Bore stem damage near t~rst Joint.- The probe would not go 
to the bottom plug of the "bottom bore stem in hole 2, but stopped at a 
point about 6 inches above the first joint. Examination of photographs 
and heat flow probe data indicate that, near the end of the bore stem 
drilling operation, the first joint was separated when the drill w"d drill 

) 

string were moved vertically (up and down) in an attempt to improve ti1e 1 
drill penetration rate. Easier penetration (for approximate}y 6 inches) 
was reported by the c~ew, but it resulted from the bottom of the second 
section apparently performing more in a coring manner (fig. 14-~3) with 
the lunar soil entering the second section of the bore stem. 

The change from boron/fiberglass to threaded titanium in the bore 
stem joint will prevent a repetition of such a separation. 

This anomaly is closed. 

14.4.1.4 Difficulty in core stem removal from the drilled hole in 
the lunar surface.- Friction of the compacted soil in the drill flutes 
can build up substantial forces against core stem removal in a deep hole 
i.n some soil formations. This was illustrated in premiss ion and drill de­
velopment experiences. 

Interference from the compacted material in the drill flutes can be 
reduced and core stem removal eased by pulsing the power head when at the 
bottom of the hole without upward and downward motion of the drill stem. 
Ground tests have indicated that the best results are obtained when the 
power head is pulsed just befOre the power head is removed to add each 
core stem section. The tendency to auger, as rey)rted by the crew, is 
also reduced by pulsing the power head before each new core stem is added. 

- 1 
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To assure maximum core return and minimum core disturbance for this 
mission, and l<l'ithout having the benefit of some of the experience from 
later ground tests, the crew did not pulse the power head. In addition 1 

the core stem string was left in the ground for several hours before the 
crew returned for its final removal. The core stem otring was removed 
with considerable physical effort, but a very complete core was recovered. 

P. mechanical assist (modified jacking mechanism) will be mounttd on 
the treadle for easier core removal from difficult formations. Training 
and procedural changes will be implemented so that the drill motor will 
be pulsed before the addition of each core stem. 

This anomaly is closed. 
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14.4.1.5 Difficultl in separation of core stem sections.- The sec­
tions uf the core stem string could not ~e separated using the vise and 
wrench because the vise had been mounted on the pallet backward. The six­
section core stem string was removed from thP. core hole as a single unit 
and brought to the vise on the lunar roving vehicle. Three sections were 
separated individually with hand friction on one side of the joint and the 
wrench on the other side. The remaining three sections were returned to 
the earth in one piece. 

The configuration of the core stem vise is the same as that of the 
core stem wrench head. The vise is mounted on a bracket on the lunar rov­
ing vehicle aft chassis pallet, located on the right hand side of the ve­
hicle. The core stem wrench head is similar to the conventional pipe 
wrench he~d, with one fixed jaw and one pivoted jaw. The throat width is 
not adjustable and is designed to fit the outside diameter of the core stem. 

As mounted, the vise would hold the core stem so that the joint could 
be tightened by rotating the wrench on the adjoir"ing section. However, 
the vise would not hold in the opposite direction so that the joint could 
be loo~ened and separated (fig. 14-44). Working on the inboard side of the 
vise, the core stem could have been held properly for loosening; however, 
there is insufficient clearance on the inboard side of the vise for wrench 
rotation, and the distance to the other side of the lunar roving vehicle ~ 
is greater than the length of a core stem section. 

The installation drawing of the vise was in error and has been cor­
r~cted to aJsure correct orientation of the vise for Apollo 16. The train­
ing vise w~s installed backward from the erroneous drawing, but correct for 
loosening the stems. 

This anomaly is closed. 

14.4.2 Central Station Rear Curtain Retainer Removal Lanyard Broke 

To remove the retainer for the central station rear curtain, added 
for Apollo 15, it was necessary to remove t.wo retaining pins (fig.l4-45). 
The two pins, a universal handling tool fitting, and the curtain retainer 
are joined by a three-sect:ion lanyard. When the uniYersal handling tool 
was inserted in the fitting and raised to remove th~ first pin, that sec­
tion of the lanyard broke. When an effort was made to remove both pins 
simultaneously by inserting the handle under the lanyard joining the two 
pins, that part of the lanyard broke. The pins and retainer were then 
removed by r.and • 
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The Dacron lanyard is being changed from a 50-pound test rated ma­
terial to a 180-pound test rated material with acceptance pull tests be­
ing increased to 20 pounds for the entire system. 

Thiz anomaly is closed. 

14.4.3 Intermittent Lock of Universal Handling Tool 
In Suprathermal Ion Detector Fitting 

While carrying the suprathermal ion detector experiment from th~ sub­
pallet to the emplacement aite, the experiment fell off the universal han­
dling tool at least twice. The experiment sustained no visible damage and 
has been operating satisfactorily. 

The universal handling tool fitting on this experiment is in the high­
est location above the lunar surface of any of the fittings and presents an 
awkwar.d position of the tool for insertion, locking, and maintaining lock 
in the fitting (fig. 14-46). 

Corrective action j ncludes training procedures t.o avoid inadvertent 
tool-release triggering because of the position of th~ tool. TI1ere are 
no present plans for the suprathermal ion detector experiment to be car­
ried on future missions, &ld no other scheduled experiments have a simi­
larly located fitting. 

This anomaly is closed 

14 • 5 GOVERNMENT FURNISHED EQUIPMENT 

14.5.1 Television Control Unit Clutch Slippage 

During the second extravel,icular activity, the camera. could not be 
elevated as the unit approached the upper or lower limits of angular 
travel. The condition further deteriorated during the third extrav~hic­
ular activity. 

Elevation control is provided to the camera cradle through a friction 
clutch (fig. 14-47) which allows manual override of the ground-commanded 
camera positioning. 'l'he ca.mera.-cra.dle pivot point is approximately 3 in­
ches below the center of gravity of the cradle with the camera. mounted. 
As the ca.mera moves avay from the horizontal position, the unbalanced mo­
ment becomes progressively greater, and a higher torque load must be sup­
ported by the clutch mechanism • 
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The elastomer clutch-facing material provided tl1e required stable 
friction properties in the specification and qualification test tempera­
ture range (122° F, maximum). However, the maximum temperature on the 
television control unit during the third extravehicular activity has been 
calculated as approximately 180° F. Materials specifications show that 
the compressive strength of the elastomer degrades rapidly at this temper­
ature, and ground tests with flight unit 4 verify severely degraded per­
~0rmance with time at elevated temperature. 

The clutch is being changed to a metal-to-metal spring ring design 
in place of the elastomer d~sc. The clutch torque for Apollo 15 was set 
at 16 inch-pounds for ease of manual adjustment. For greater stability 
on Apollo 16, the new clutch is being built with a torque of 30 inch­
pounds, which is still comfortable for manual positioning and is within 
design limits of the system, including the gear train (35 inch-pounds). 

This anomaly is closed. 

14.5.2 Lunar Communications Relay Unit 
Dovnlirk Signal Lost 

The lunar com.unicl:l.tions relay unit downlink signal was lost about .., 
40 hours after lunar module ascP.nt. The unit operated on internal battery ~' 
power during the extravehicular traverses. Near the end of the third ex­
travehicular activity, it was manually switched to lunar roving vehicle 
power in preparation for viewing ascent and for continuing television ob­
servations. The power distribution from the lunar roving vehicle to the 
television system is shown in figure 14-48. The lunar communications re-
lay unit transmitter and television camera had been commanded on from the 
ground 13 minutes prior to the RF downlink-signal loss. The lunar communi­
cations relay unit status subcarrier had been commanded on 7 minutes prior 
to signal loss. The television camera wns stationary and a 1-second in­
cremental iris movement was occurring at the time of signal loss. 

The flight data (fig. 1~-49) shows that the automatic gain control 
measurement began to fall followed by the video signal decay. 'I'nis was 
followed by the decay of the lunar communications relay unit temperature 
measurement. The RF s:i.gnal level then decreased below the ground receiv­
er's threshold as indicated by complete signal loss. The overall l~ss of 
the downlink signal within 5 milliseconds is indicative of 28-volt d-e 
power loss. Decay of the temperature measure1nent is indicative of 16.5-
volt d-e power loss. The lunar communications relay unit de-to-de con­
verter (fig. 14-48) supplies both the 28-volt and 16.5-volt d-e power. 
To verify loss or 16.5-volt power, an uplink voice signal vas transmitted 
to key the VHF transmitter on. No signal vas received on the Stanford 
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150-foot VHF antenna which indicates that the VHF transmitter, powered 
from 16.5 volts de, was inoperative. 

In laboratory tests, the fault which duplicated the flight data was 
the opening of the lunar roving vehicle power line prior to the 440-micro­
farad capacitor (figs. 14-48 and 14-49). The tests show that thP decay 
Ume of the lunar communications relay unit 28-volt and 14-volt power is 
increased by discharging the 440-microfarad capacitor. Other induced 
faults resulted in shorter power decay times, ar'fecting the received sig­
nal accordingly. The temperature measurement output (see thermistor in 
fig. 14-1,8) is proportional to the decay in 14-volt power. Cons~quently, 
the 6-perce-.1t decay of the flight temperature measurement corresponds to 
a ~.4-volt decay. This characteristic was duplicated when the lunar rov­
ing vehicle power line was opened. The 28-volt power dec~ed to 21.8 
volts de as the 14-volt power decayed to 12.6 volts. The RF transmitter 
power at tnis voltage will be decreased by 6.4 dB, and accounts for the 
total signal loss at this time since the ground receiver would be below 
its operating threshold. 

The lunar roving vehicle power line has a 7.5-ampere circuit breaker 
forward of the 440-microfarad ca~acitor (fig. 14-48). Testing a 7.5-ampere 
circ,.lit breaker under elevated temperatures (180° F) and at vacuum condi­
tions showed that the current capacity is also dependent on the connect­
ing wire size because the wire provides a heat sink to the circuit breaker 
therm.....l element. The rover 7.5-ampere breaker used 20-gage connecting 
wire. Test results show that the breaker, with 20-gage connecting wire, 
at elevated temperatures and under vacuum conditions, will trip at 3.3 am­
peres. This corresponds to +,!'J.e calculated lunar coi!lLlunication relay unit 
load at the time of power failure. 

A 10-ampere circuit brea~er instead of the 7.5-ampere breaker and, 
in addition, a manual switch in the lunar rover circuit to override the 
circuit breaker after completion of vehicle activity are being provided 
for A:pollc 16. Also, the lunar communications relay unit is being modi­
fied so that its internal 7.5-ampere circuit breaker is bypassed when 
operating in the external power mode. 

This anomaly is closed. 

J.4. 5. 3 Lunar Surface 16-mm Camera Magazines Jammed 

The crew experienced film jams with the lunar surface 16-mm camera 
film magazines. Five out of eight magazines transferred to the lunar 
surface jammed, two were not used, and one successfully transported the 
film to comp:::..·-+;ion. 
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Analysi~ of the returned magazines indicated two factors contributing 
to jamming. 

a. The first magazine used had drive-spline damage and scratches on 
the front face, indicating that the installation in the camera was improper 
and that the magazine and camera were misaligned. Misalignment of the 
floating female spline of the camera with the male spline of the magazine 
caused metal to be removed from the brass male spline. In normal camera 
operation, the take-up claw advances one frame of film for each exposure 
while the metering sprocket replenishes the supply loop and removes a 
frame from the take-up loop, thus retaining the same amount of slack film 
in both loops. When the metering sprocket is not driven because of mis­
mating, the camera claw removes film from the supply loop, which is not 
being replenished, ~nd adds it to the take-up loop, resulting in the jammed 
condition shown in figure 14-50. Two other magazines had damaged drive 

Figure 14-50.- Lunar surface 16mm camera magazine. 
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splines, indic~ting that mismating occurred on at least three occasions. 
Lunar surface pictures which include the 16~ camera show that a strip of 
tape that is installed for latch stowage protection was not removed prior 
to installation of a magazine. Leaving the tape strip in place could have 
contributed to the camera/magazine mismating. 

b. During troubleshooting between extravehicular activities, the crew 
manually advanced the film through the aperture in all re~aining magazines. 
The amount of manual advancement varied from five to twenty-one frames in 
the jammed magazines. The film supply loop (fig. 14-50) normally contains 
three to five excess frames. The normal procedure is to inspect the mag­
azine for proper frame alignment in the aperture area, and manually ad­
vance the film not more than one frame, if required to obtain proper align­
ment. The exces~ive manual advance~ent depleted the film supply loops in 
all magazines. 

Hardware analysis, air-to-ground voice tapes, and crew debriefing in­
dicate that the lunar surface camera functioned properly, and the jammed 
magazines resulted fro~ procedural errors. Corrective actions are to i~­
sure adequate crew training through scheduled prelaunch briefings, stress 
malfunction procedures and corrective actions, and put a removal flag on 
the tape. 

This anomaly is closed. 

14.5.4 Lunar Module Pilot's 70-mm Camera 
Film Advance Stopped 

Near the end of the second extravehicular activity, the 70-mm camera 
ceased to advance film. The crew reported that the ~amera was again op­
erational after return to the lunar module. The camera was used again on 
the third extravehicular activity; however, after a short series of expo­
sures had been made, the failure recurred. The camera was used for addi­
tional photography during the transearth phase without recurrence of the 
problem. 

Postflight analygis of the hardware included operational testing, dis­
assembly and inspection, and measurement of battery charge. Operational 
testing with film loads indicated proper film advancement unti1 approxima­
tely 200 cycles had been accumulated, at which time the failure mode was 
duplicated several t~mes in succession. The film did not advance, al­
though the motor was running. Disassembly and examination of the drive 
mechanism showed that the two set screws in the drive pinion were slipping 
on the motor shaft. 
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Afte~ the la~t use of the camera during the mission, the crew had 
difficulty removing the magazine. This was caused by a rivet which had 
become detached from the camera :nagazine latch mec!'ianism. 

Corrective action is as follows: Flats will be ground on the motor 
shaft. A locking compound will be applied to the set screws when they are 
properly tor~ued against the flats. Also, epoxy will be applied to the 
tops of the screws to prevent them from backing off. 

This anomaly is closed. 

14.5.5 Difficult to Obtain Water From Insuit 
Drinking Device 

After satisfactory operation during the first extravehicular acti~­
ity, the mouthpiece of the insuit drinking device was displaced and the 
Commander was not able to obtain water during the second extravehicular 
activity. The Lu:1ar Module Pilot was not able to actuate the drink valve 
of the insuit drinking device during either the first or second extrave­
hicular activities. 

After each extravehicular activity, the insuit drinking device was -) 
removed from the suit and all of the water consumed, thus verifYing proper 
operation of the insuit drinking device drink valve. The problem was 
associated with the positioning of the insuit drinking device within the 
suit. 

Ground tests using suited subjects and other e~uipment configurations 
indicated that the existing e~uipment provides the optimum configuration. 
The tests also showed that personal experience is essential to obtaining 
optimum individual positioning. Crew training is to include more crew ex­
perience in making the position adjustments re~uired for the individual's 
needs. 

This anomaly is closed. 

14.5.6 Lunar Module Pilot Oxygen Purge System 
Antenna Was Damaged 

The crew reported that the Lunar Module Pilot's oxygen purge system 
antenna was broken off near the bottom during communications checkout prior 
to the second extravehicular activity. Previously, a notch had been ob­
served in the antenna blade (see fig. 14-51). 

) 
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Figu:·e 14-51.- Damaged antenna stowed on oxygen purge system. 
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Antennas broken in training have shown similar flexure breaks. Ob­
servation of the notch edges of the returned antenna indicates that the 
notch started as a partial break in flexure, follvwed by material being 
torn out the rest of the way. Test results of the returned antenna in­
dicated that the physical properties of the blade material were satis­
factory with no excessive brittleness. 

A flap which covers the entire antenn~ wi~l be added for Apollo 16 
to protect the antenna while the oxygen ~urge system is stowed and during 
uasuiting after extravehicular activities. The antenna will not be de­
ployed m1til after egress to prevent it from being damaged inside the 
cabin or during egress. 

This anomaly is clo~ed. 
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14.5.7 Retractable Tether Failure 

Both retractable tethers failed during lunar surface operations; the 
Commander's tether cord broke during the first extravehicular activity, 
and the tool clamp came off the end of the Lunar Module Pilot's tether. 
The Command~r carried the standard 3/8-pound pull tether which consists of 
a case, a negator spring wound reel-to-reel on two spools, and a 30-pound 
cord wound on a spool mounted to one of the spring spools (fig. 14-52). 
A tool clamp is attached to the external end of the cord. The Lunar Mod­
uJ.e Pilot carried the optional, somewhat larger, 1-pound pull tether of 
the same design. 

' 
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Figure 14-52.- Commander's tether (cover removed} • 
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Figure 14-53.- Lunar Module Pilot's retractable tether (cover removed). 

Disassembly of the Commander's tether showed that the spring had ex­
panded off the spool, snarled, and jammed agai.nst the case as the result 
of a no-load release of a slack cord (fig. 14-53). The cord had broken 
against a sharp edge of the spring when an attempt was made to extend the 
tether after the jam. The failure mode with the release of the slack cord 
is repeatable. Disassembly of the Lunar Module Pilot's tether showed that 
both the bowline and the figure-eight knot atta.ching the cord to the clamp 
had untied (fig. 14-53) and this allowed the cor.d to retract into the 
housing. Changing this knot to an improved clinch knot will provide a 
more secure and permanent attachment. Crew tralning will emphasize pro­
per use of the tethers. 

This anomaly is closed. 
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14.6 LUNAR ROVING VEHICLE 

14.6.1 Deployment Saddle Difficult To Release From Vehicle 

The lunar roving vehicle deployment saddle was difficult to release 
from the vehicle during the final stage of deployment operations. 

The causes of this problem are twofold and interrelated. 

a. The saddle-to-vehicle connection (fig. 14-54) has close-toler­
ance lnterfaces to provide the rigidity required to prevent release-pin 
distortion and permanent binding. This design requires the vehicle/sad­
dle interface to be completely free of stress to permit easy separation. 

b. The tilt of the lunar module to the rear and sideways, together 
with an uneven lunar surface, provided some stress preloading of the ve­
hicle/saddle interface, Attempts by the crew to improve the rover posi­
tion by moving and pulling on it may have aggravated this situation. The 
crew was aware that the interface had to be free of stress, and when this 
was accomplished, the sa&dle separated. 

Figure 14-54.- Sad~e/lunar roving vehicle interface. 
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Lunar module 

45° cable (slack) 

Telescopic ratchet 

Figure 14-55.- Lw1ar roving vehicle deployment. 

Ground tests have shown that if the partially deployed lunar roving 
vehicle resting on the surface but not yet detached from the saddle (fig­
ure 14-55) and lunar module, is rolled either to the left or right, the 
saddle/rover chassis interface will bind. The interface can be 1·eleased, 
and the saddle dropped to the ground by one crewman adjusting the roll 
back to zero while the other taps the saddle with a hand tool. The cor­
rective action is to insure adequate crew training. 

This anomaly is closed. 



.. 

14-86 

14.6.2 Volt/Ammeter Inoperative 

The lunar roving vehicle battery 2 volt/ammeter was inoperative upon 
vehicle activation, and remained inoperative throughout the traverses. 
Problems with the meter were experienced during its i:l.i tial development; 
however, after a more rigid acceptance test program was implemented, the 
earlier problems were cleared. The flight problem was not duplicated dur­
ing any of the ground tests. Since the instrument is not essential for 
the operation of the vehicle, no further action is being taken. 

This anomaJy i~ closed. 

14.6.3 Front Steering System Inoperative 

During initial lunar roving vehicle activation, the front steering 
was inoperative. Electrical checks were made which verified that elec­
trical power was being supplied to the front steering system. Unsuccess­
ful attempts were made to manually rotate the wheels about their steering 
axes and to detect steering motor stall current on the ammeter. The for­
ward steering circuit break~r and switch were cycled without any apparent 
effect. Consequently, the front steerin~ was switched off for thP fi~st 

\ 
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traverse. During preparations for the second traverse, the forward steer- ~) 
ing circuit breaker and switch were cycled and front steering was opera-
tive; however, the time that front steering capability was restored is 
unknow.1. Front-wheel wandering did not occur during the first trF~verse, 
indicating a mP.chanical problem. The steering continued to function prop-
erly for the second and third traverses. During the second traverse, the 
rear steering was turned off temporarily and wandering of the rear wheels 
occurred. 

The most likely cause of this anomaly is motor and/or gear train bind­
ing, as indicated by the ina.bil:tty to drive back through the link.age and 
gear train by manually pushing against the wheels. Electrical causes are 
possible, but less likely. 

The front steering system of the Apollo 16 lunar roving vehicle is 
currently being analyzed because of an intermittent failure of a similar 
nature. Manually pushing against the wheels would not always drive back 
through the linkage and gear train and the motor stalled at limit current 
fer 0.8 second during a test of this condition. 

This anomaly is open • 
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14.6.4 Lunar Roving Vehicle Seat Belt Problems 

The following seat belt problems were experienced throughout all 
traverses. 

a. The crew was trained to stow the belts, prior ~o egress, on the 
inboard handholds. However, during egress and ingress, the belt hooks 
would slip through the handholds to the floor area. Finding the belts 
after ingress was difficult because of their displacement from t~e proper 
sto~age location. 

b. The belts snagged rnpeatedly on the ground support equipment con­
nector on the console support structure when displaced from the proper 
stowage locations. 

c. The belts were h0t of sufficient length to secure the hooks to 
the outboard handholds easily. This resulted primarily from an unexpected 
decrease in suit contour conformance to the seated position in l/6g. Con­
sequently, the crewmen's laps were several inches higher than had been an­
ticipated. 

The main causes of these problems, in addition to insufficient belt 
length, were insufficient belt rigidity and lack of visibility of the sec­
uring operation. 

New, stiffer seatbelts with an over-center tightening m~chanism will 
be provided for Apollo 16 to eliminate au.justment after each ingress and 
to provide more tightening capability. 

This anomaly is closed. 
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15.0 CONCLUSIONS 

The Apollo 15 mission was the fourth lunar landing and resulted in 
the collection of a wealth of scientific information. The i~pollo system, 
in ~ddition to providing a means of transportation, excelled as an opera­
tional scientific facility. The following conclusions are drawn from the 
information in this report: 

1. The Apollo 15 mission demonstrated that. with the addition of 
consumables and the installation of scientifb instruments, the conunand 
and service module is ~~ effective means of gathering scientific data. 
Real-time data allowed participdtion by scientists with the crew i~ plan­
ning and making decisions to maximize t:den+.ific re;ults. 

2. The mission demonstrated that the modifiLd launch vehicle, spe.c.~­
craft and life support system configurations ca.n succe.:.sfully transport 
larger payloads and safely extend the time spent on the moon. 

3. The modified pressure garment and portable life support system 
provided better mobility and extended the 1· 1ar surface extravehi~ular 
time. 

4. The ground-controlled mobile television camera allowed greater 
real-time participation by earth-bound scientists and operations! per­
sonnel during lunar surface extravehicular activity. 

5. The practicality of the lunar roving vehicle was demonstrated 
by greatl~r increasing man's load carrying capability and range of ex­
ploration of the lunar surface. 

6. The lunar ~ommunications relay unit provided the capability for 
continuous communicat~.ons enroute to and at the extended ranges made pos­
sible by ·che lunar roving vehicle. 

7. Landing site visibility was improved by the use of a steeper 
landing trajectory. 

8. Apollo 15 demonstrate~ that the crew can operate to P. gr~ater 
degree as scientific observers and investigators and rely more on the 
ground support team for systems monitoring. 

9. The value of manned 5pace flight was furt:her demonstrated by -t:he 
unique capability of man to observe ~1d think creatively, as shown in the 
supplementation and redirection of many tasks :.y the crew to enhance sci­
entific data return. 

10. The mission emphacized that c~ew training equipment must be flight 
equipment cr have all the fidelity of flight equipment. 
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APPENDIX A - VEHICLE AND EQUIPMENT DESCRIPTION 

This section contains a discussion of changes to the spacecraft, the 
extravehicular systems, and the scientific equipment since Apollo 14. In 
addition, equipment used on Apollo 15 for the first time is described. 

The Apollo 15 command and service module (CSM-112) was of the block 
II configuration, but was modified tn carry out a greater range of lunar 
orbital sdence activities th!:tll had been programmed for E.~Y previous mis­
sion. '!'he lunar module ( LM-1.0) was modified to allow an increase in lu­
nar surface stay time and accommodate a larger sd.entific payload. The 
launch escape system a.>'ld the spacecraft/launch vehicle adapter were un­
char.6eG, The Saturn V launch v~nicle used for thjs mission was AS-510. 
The significant configuration changes for the launch vehi~le are given 
in reference 1. 

A.l. COMMAND AND SERVICE MODULES 

A.l.l Structure and Thermal Systems 

A scientifi.: instrument rnodul~ was installed in sector I of the ser­
vice mac:.ll(? (flg. ,\-1). 'Ihe moduJ~ cont..Lining instruments for the acqui­
sition of scientific data during lunar orbit was attachc:d with 1/4-inch 
beL,., to radial bt?a.ms 1 anJ 6, to the n,·r cr~·ogenic tank panel, and to 
-.. he aft bulkheaC. :)f the service module. The sides of the scienti fie in­
strument module were constructed of alumjnum stiffened sheet, and the 
shelves that supported the ir st,.uments were rnade of bonded aluminum sand­
wich. A door covered the module w1til about 4 1/2 hours prior to lunar 
orbit inscrt.i0n when i":. was pyrotechnically cut free and jettisoned i:1 
a direc-::ion r.ormfl.l to the X-axis of the spacecrb.rt \fig. A-2). Proter.­
tive covers and thermal blankets provided thermal control for individual 
instruments within the module. For additional thermal control, the in­
side surfaces of the module were coated with a material having an absorp­
tivit~-to-emissivity ratio of 0.3/0.85; the surfaces facing the radial 
b~ams, and the radia~. beams themselves, we1 e coated with a lllaterial hav­
ir g e.n absorp+.ivit~·-to-emissivity ratio of 0.05/0.4. The instruments are 
discussed in section A.4.2. 

Because of th ... requirement to retri.eve film cassettes from the sci­
entific instrument module during transearth coast, extravehicular activ­
ity handrails and h..w1dholds were installed along the sides of the m("'.• ,, 
and insidr: t~~ :·,rten::.i fie instr"LUr.ent module. A foot restraint was ·" ~ :..;,; 
a·~tacher~ ·~c ~.•f_ >~' ..:.ule structure (fig A-)). 

..,. 
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Mapping camera 

Extravehicular activity 
foot restraint 

Notes: 

Gamma-ray 
!ipeCtrometer 

Mass spectrometer and gamma ray spectrometer are shown partially deployed. 
Sc.me protective covers are not shown. 

Figure A-1.- Apollo 15 scientlfic iu!:>tru..,_ent module. 

A .1. 2 Cryogen:i •.: ::itorap:e 
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A third hydrogen tank was installed in sector I of the service mod­
ule, as planned for all J-type missions. The isolation valve between 
oxygen tank 2 and 3 was moved ft·om sector IV to the forward bulkhead to 
decrease its v~lnerability in the event of a catastrophic tank failure. 
All single-seat check valves in the hydrogen and oxygen lines were re-
pl~ced with double-seat valves having greater reliability. Thermal ~ 

' . 
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Figure A-2.- Scientific instrument ~odule door jettison. 

ExtravehiCUlar act:v1ty 
mDIHtonng systen1 

Figure A-3.- Command and service modul~ 
extravehicular activity configuration 
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switches formerly used in the hydrogen ~ank heater circuits inside the 
tanks were removed. 

A.l.3 Instrumentation 

A scientific data system was integrated with the existing telemetry 
system (fig. A-4) to provide the capability for processing, storing, and 
transmitting data from the scientific instrument module. The data pro­
cessor, located in the scientific instrument module, necessitated changes 
to the data storage equipment and the introduction of a data modulator 
and a tape recorder data conditioner. The data storage equipment was 
modified to have twice the recording time of the previous equipment, and 
was redesignated the data recorder reproducer. The tape recorder data 
conditioner was added to minimize flutter-induced jitter of recorded 
pulse-cod~-mod~lated Gata. 

A.l.4 Displays and Controls 

Switch S30 was deleted from panel 2 and its function was incorpo­
rated into switch S29 so that both cabin fans operated simultaneously. 
Toggle switch 8137 was added to panel 2 for hydrogen tank 3 fan motor ~ 
control. The pressure and quantity outputs of hydrogen tank 3 were con-
nected to meter displays through switches Sl38 and Sl39 on panel 2. Pa-
nels 181 and 230 were added to provide controls for the experi~ent equip-
ment in the scientific instrument module. Experiment cover controls were 
added to panel 278. Panel 603 (fig. A-5) was added to provide umbilical 
connections for extra\•ehicular activity. Panel 604 (fig. A-5) was added 
to provide an audio warning signal to the extravehicular crewman in the 
event of low suit pressure or low oxygen flow. 

A.l.5 Propulsion 

The diameter of the f-:.1el inlet ori..:'ice in the service propulsion 
system was decreased to improve the propellant mixture ratio. 

A.l.6 Environmental Control System 

Several oxygen components were added to accommodate the scheduled 
extravehicular activity for retrieval of data from the scientific instru­
ment module. The command module components consisted of a larger re­
strictor and filter for the higher flow rate, check valves to prevent 
backflow, connectors for the attachment of the umbilical, and a pressure 
F;age • 
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Figure A-4.- Scientifi~ data system block diagram. 
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Extravehicular activity 
monitoring system 

crewman 

Extravehicular 
umbilical--1--'l!!l"t-1! 

crewman 
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~ Panel 604 
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Figure A-5.- Extravehicular activity system and P.quipment 

A.l.7 Crew Provisions and Extravehicular System 

The Conunand Module Pilot's space suit WM basica.lly the same as the 
Apollo 14 lunar surface suits except that the wate! ~onnector and lunar 
module attach points had been removed. An umbilical assembly (fig. A-6) 
was furnished to serve a.s a tether and provide oxygen, communications, 
an~ electrocardiogram and respiration rate measurements for the extra­
vehicular crewman. An adapter plate mounted on the chest of the suit 
allowed attachment of an oxygen purge system (transferred from the lunar 
modQle). The purge valve was al~o brought from the lunar module to be 
used with the o~•gen purge system. A pressure control valve was pro­
vided to maintain suit pressure at 3.5 to 4.0 psia at a flow rate of 
10 to 12 lb/hr during the extravehicular activity. A suit control unit 
(fig. A-6) was connected to the suit end of the umbilical to r.1aintain the 
desired oxygen flow rate and activate the suit pressure alarm if an anom­
alous con~ition had been sensed. An 8-foot tether w~s furnished for ~se 
by the intravehicular crewman stationed at the hatch (fig. A-5). The 
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Figure A-6.- Extravehicular umbilical assembly. 

tether prevented forces from being applied to his oxygen umbilical. In 
addition, a therrr.al cover was furnished to protect his communications um­
bilical. 

An extravehicular activity monitor system was ~~rnished to allow 
television and 16-mm camera coverage of the extravehicular crewman's ac­
tivities. The components of the s~·stem consisted of a sleeve mount at­
tached to the side hatch handle and a 34-inch pole assembly to mount the 
came:..~as. 
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A.2 LUNAR MODULE 

A.2.1 Structure and Thermal Systems 

A number of structural changes were made to the lunar module in order 
to provide greater consumables storage capacity, permit stowage of a lunar 
roving vehicle, and allow a heavier load of scientific equipment to be car­
ried. The most significant structural changes were as follows: 

a. The descent stage propellant tanks and the openings for the tanks 
were enlarged. 

b. Two tanks and supporting structure were added in descent stage 
quadrant IV for storage of water and ga~~ous oxygen. 

c. The structure in descent stage quadrants I and III was modified 
to ar.commodate the lunar roving vehicle and its equipment pallet, respec·· 
tively. 

d. The descent stage beam panels, tank supports, lower diagonals, 
beam capstrips, and the ladder were strengthened structurally. 

e. Descent batteries 1 and 2 (previously located in quadrant IV) 
and descent batteries 3 and 4 (previously located in quadrant I) were _) 
moved to the minus Z outrigger. 

f. The size of the modular equipment stowage assembly was increased. 

Heaters, additional insulation and shielding were incorporated in 
quadrants I, III, and IV of the descent stage to protect equipment stowed 
in these areas. Insulation in th~ docking tunnel was increased, and 
shielding was added to reduce the heat leak to the cabin through the dock­
ing t'..U1nel. The fire-in-the-hole shield as well as the base heat shield 
were m~dified to accommodate changes in the descent propulsion system 
(par. A. 2. 4) • 

The ascent ;;tage reaction control system tanks were insulated, and 
the coating on the tank bay thermal shields was changed to a material with 
a lower absorptivity-to-emissivity ratio to compensate for the extended 
lunar stn.y time and higher sun angles. 

A.2.2 Electrical PowP.r 

In addition to the four descent tatterles (pe.r. A.2.1), a fifth bat­
tery (called the lunar battery) was provided to increase lunar stay time 
c~pability. The capacity of each battery was 415 ampere-hours compared 
w·ith 400 ampere-hours for previous miss ions. Other differences in the 
desrent batteries were as follow.!: 
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a. The battery reli~f valve, cell manifold relief valve and pres­
surizing port adapters were changed from nylon plastic to ABS plastic. 

b. The method for attaching the cell manifold to the manifold re­
lief valve adapter was changed to prevent leakage. 

A battery relay control assembl~' was added to route battery status 
information to the proper channels because of the electrical control I:'.S­

sembly sections shared by batteries 2, 3, and the lunar battery, and an 
interlock was added so that the lunar battery could not be switched to 
both buses at the same time. 

A.2.3 Instrumentation and Displays 

Water sensors were changed from quantity measuring devices to pres­
sure :~ansducers for greater reliability. Descent fuel and oxidizer tem­
perature sensors were changed from immersion to container-surface measure­
ments because the measurements would provide more useful data. Tempera­
ture sensors were added in the modular equipment stowage assembly to pro­
vide flight statistical data. Instrumentation was added, and controls 
and displays were changed on panel 14 because of the addition of tbe lu­
nar battery. 

A.2.4 Propulsion 

The descent propellant Jystem was modified to inc~ease the tank capa­
city 1200 pounds, and the engine performance and operating life were in­
creased. These changes involved: (1) increasing the length of the tanks, 
(2) changing material in the thrust chamber frcm an ablative silicon to an 
ablative quartz, (3) replacing the exit cone with a lightweight cone, and 
(4) increasing the nozzle extension 10 inches. Routing of pressurization 
lines was modified to accommodate the larger propellant tanks. Modifica­
tions to decrease the amount of unusable propellant consisted of deleting 
propellan~ balance lines between like tanks and adding trirn orifices to the 
tank discharge lines (one orifice is fixed and the ether is adjustahle). 

The oxidizer lunar dump valve installation was modified to be ider.­
tic9.1 to the Apollo 14 fuel lunar dump valve confi.~r.ation. Thus, bot.h 
valves were installed to reverse flow dire,:tion through them and an ori­
fice was added upstream of each valve. T~is change was made to insure 
that the valve would remain open with either l~quid or gas flow. 

In the reaction control system, a weight reductio~ of anproximately 
25 pounds resulted from the removal of the isolation valves from all en­
gines. 
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A.2.5 Environmental Control System 

Extended s .:ay time on the lunar surface required an increase in the 
supply of lithium hydroxide cartridges. The oxygen and water supply was 
increased for the same reason by adding a storage tank in the descent 
stage for each system. Check valves were added at the outlets of the 
original ~nd new tanks, and servicing quick disconnects and pressure 
transducers were added in association with the new tanks. 

A r.cw high pressure (ap!Jroximately 1400 psia) portable life suprort 
system recharge capability was incorporated in conjunr:tion with the added 
oxygen tank. The recharge a~sembly includes regnlators, overboard relief 
valves, an interstage disconnect, a shutoff valve, and a quick disconnect 
to mate with the portable life snpport system rechar~<:e hose. In addition, 
the recharge hose was lengthened by 10 inches to permit rechar~ing of the 
portable life support system befor~ it was doffed. 

Instead of providing stowed urine bags and a portable lif2 support 
system co~densate container as on Apollo 14, a 5-gallon tank was instal­
led in quadrant IV of the descent stage for both urine and portable life 
support system condensate. 

A.2.6 Crew Provisions and Cabin Stowage 

Neck ring dust covers wer~ provided to keep lunar dust out of the 
pressure garment assemblies when not being worn. Tool carriers, ~:~ttach­

&ble to the portable life support system, WP~e providee to facilitate 
carrying of geologicel tools, sample bags and rock bags. An adapter was 
stowed to permit the ~rewmen to connect the1r liquid cooling garments to 
the lunar module water supply aft.~r removal of their pressure garment 
assemblies. 

The ascent stage lower midsection and the lower left- and right-side 
consoles were modified to carry e.d:ii ~.ional lunar samples (each ~rea could 
carry a 40-pound bag). In o·:der ~o carry the 70-mm camera with 500-mm 
lens and 70-mm film magazines, a spedal multiplll·pose container was in­
stalled in the area behind tt~ engine cover. 

A. 3 T ''NAR SURFACE MOBILITY SYSTEMS 

A.3.1 Extravehic:llar Mobility Unit 

The pressure garment ass~mbly was changed to improve mobility and 
visibility, to permit easier donning and doffing, ar.d to improve it other­
wise. The chang~s were as follows: 
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a. Neck and waist joints were added. 

b. The wrist riPgs were enlarged. 

c. The shoulder area was modified. 

d. The t0rso zipper was moved. 

e. Gas connectors were repositioned. 

f. A manual override relief valve was added. 

g. The insui t drinking device was redesigned to hold 32 Oi..mces of 
water instead of R ounces. 

The portable life support system was modified to extend the lunar 
surface stay time capability. There were four major changes: 

a. An auxili~y water bottle was added. 

b. A larger battery was incorporated. 

c. A higher pressure oxy~en bottle vas used. 

d. Higher capacity lithium hydroxide ca=tridges were used. 

A.3.2 Lunar Ravin~ Vehicle 

The lunar roving vehicle (fig. A-?), used for the fir::t time on Apollo 
15, is a four-wheeled manually-controlled, electrically-powered vP.hicle 
thPt ca~ried the crew and their equipment over the lunar surface. The in­
creased mobility and ease of travel made possible by this vehicle permitted 
the crew to travel much greater distances than on previous lunar landing 
missions. The vehicle was designed to carry the two crewmen and a scien~e 
payload at a maximum velocity of about 16 kilometers per hour ( 8. 6 mi /hr) 
on a smooth, level surface, and at reduced velocities on slopes up to 25 
C.egr:::es. It can be operated from eithEr crewman's position, as the con­
trol and display ~onsole is located on the vehiclP. centerline. TI1e de­
ployed vehicle is approximately JO feet long, 7 feet wide ~~d 45 inches 
high. Its chassis is hinged such that the forward and aft section~ f,?ld 
back over ~he center portion, and each of the wheel suspen~ion systems 
rotates so that the folded vehicle will fit in quadrAnt I of the lunar 
modul~. The gross operational weight is approximately 1535 pounds of 
which 455 pounds is the weight of the vehicle itself. The remainder is 
the weight of the crew, their equipment, co~unications equipment, and 
the science payload. 

The wheels have open-mP.sh tL-"':s v' •,h chevron tread covering 50 per­
eent ct' the surfa~e ccnt&""t. ~·rE'a. ..,: ·.: tire inner frame prevents excessive 
deflection of the outer wirP. mesh L·ame under high impact load conditions. 
Each wheel is provided with a separate traction drive consisting of a har­
monic-drive reduction unit, drive mctor, and brake assembly. A decoupling 
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mechanism permits each wheel to be decoupled from the traction drive, al­
lowing any wheel to "free-w1 "'L" The traction drives are hermetically 
sealed to maintain a 7.5-psia internal pressure. An odometer on each 
traction drive transmits puls~s to the navigation signal processing unit 
at the rate of nine pulses per wteel revolution. Th2 harmonic drive re­
duces the motor speed at the rate of 80:1 l:l.I1d allovs continuous applica­
tion of torque to the wheels at all speeds without requiring gear shift­
ing. The drive motors are 1/4-horsepower direct-current, series, brush­
type motors which operate from a nominal input voltage of 36 Vdc. Speed 
control for the motors is furnished by pulse-width mod11lation from the 
drive controller electronic package. ~he motors are instr~~ented for 
thermal monitoring and the temperatures are displayed on the control and 
display panel. 

The chassis (fig. A-8) is suspended from each wheel by a pair of par­
allel triangular arms connected between the vehicle chassis and each trac­
tion drive. Loads are transmitted to the chassis through each suspension 

.8 
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Figure A-.-8 .- Lun6·.r roving vehicle 



A-14 

arm to a separate tension bar for each arm. Wheel vertical travel and 
rate of travel are limited by a linear damper connected between the chas­
sis and each traction drive. The deflection of the suspension system and 
tires combines to allow 14 inches of chassis ground clearance when the 
lunar roving vehicle is fully loaded and 17 inches when unloaded. 

Steering is accomplished by two electrically-driven rack ru1d pinion 
assemblies with each assembly steering a pair of wheels. Simultaneous use 
of both front and rear wheel steering results in a minimmn turning radius 
of 122 inches. Steering is controlled by moving the hand controller left 
or right from the nominal position. This operation energizes the sepa­
rate electric motors, and through a serve system, provides a steering an­
gle proportional to the position of the hand controller. The front and 
rear steering assemblies are electrically and mechanically independent of 
each other. In the event of a malfunction, steering linkage can be dis­
engaged, and the wheels centered and locked so that operations can con­
tinue using the remaining active steering assembly. 

Speed control is maintained by the hand controller. Forward move­
ment proportionately increases the forward speed. A neutral deadband 
exists for about the first 1.5 degrees of forward motion. A constant 
torque of about 6 inch-pounds is required to move the hand controller 
beyond the limit of the deadband. To operate the vehicle in reverse, 
the hand controller is pivoted rearward. However, before changing for­
ward or reverse directions, the vehicle must be brought to a full stop 
befm'e a commanded direction change can be made. Braking is initiated 
in either forward or reverse by pivoting the hand controller rearward 
about the brake pivot point. Each wheel is braked by conventional brake 
shoes driven by the mechanical rotation of a cam in response to the hand 
controller. 

The vehicle is powered by two silver-zinc batteries, each having a 
nominal voltage of 36 Vdc and a capacity of 120 ampere hours. During lu­
nar surface operations, both batteries are normally used simultaneously 
on an approximate equal load basis. These batteries are located on the 
forward chassis and are enclosed by a thermal blanket and dust covers. 
The batteries are monitored for temperature, volt~ge, output current, and 
rema1n1ng ampere hours on the control and display panel. Each batte~ is 
protected from excessive internal pressure by a relief valve set to open 
at 3.1 to 7 psi differential pressure. The circuitry was designed so that 
if one battery fails, the entire electrical load can be switched to the 
remaining battery. 

parts 
part. 
tance 

The control and display console is separated into two main functional 
-navigation on the upper part and monitoring controls on the lower 
Navigation displays include pitch, roll, speed, heading, total dis­

traveled, as well as the range and bearing back to the lunar module. 
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Heading is obtained from a sur-aligned directional gyro, speed and dis­
tance from wheel rotation counters, and range and bearing are computed 
from these inputs. Alignment of the directional gyro is accomplished by 
relaying pitch, roll and sun angle readings to earth where an initial head­
ing angle is calculated. The gyro is then adjusted by slewing with the 
torquing switch until the heading indicator :eadd the same as the calcu­
lated value. The displays utilize a radioluminescent material (promethium) 
that provides visibility under lunar shadow conditions. 

Thermal control devices are incorporated into the vehicle to main­
tain temperature sensitive components within the necessary temperature 
limits. They consist of special surface finishes, multilayer insulation, 
space radiators, surface mirrors, thermal straps, ani fusible mass heat 
sinks. The basic concept of thermal control for forward chassis compo­
nents is to store energy during operation, and transfer energy to deen 
space while the vehicle is parked between sorties. The space radiators 
are mounted on the top of the signal processing unit, the drive control 
electronics, and on batteries 1 and 2. 

A.3.3 Extravehicular Cow~unications 

Because the lunar roving vehicle takes the crew beyond the ran~e of 
reliable radio communications with the lunar module using the portable 
life support system communications equipmert, radio communications equip­
ment are provided on the lunar roving vehicle that operate indepenrently 
of the lunar module. This communi~ations equipment is capable of relay­
ing voice and telemetry data from t~e moon to the earth as well as trans­
mitting color television pictures. The equipment also provides the capa­
bility for reception of voice communications from the earth, relay of 
voice tc the crew, and ground-command control of the television camera. 
The lunar roving vehicle radio equipment, technically c~lled the lunar 
comm~nications relay unit, employs a VHF radio link between the lunar rev­
ving vehicle and earth. The color television camera with its positioning 
as~~mbly, technically called the ground commanded television assembly, is 
connected to the lunar communications relay unit by a cable which carries 
ground commands to the television control unit and returns the television 
pictures to the lunar communications relay unit for transmission to earth. 
The crewmen communicate directly with each other usjng their e:,travehicular 
communications systems. Three batteries per crewman are provided for the 
three traverses. However, a connection is made to the lunar roving vehicle 
power system when the communications equipment is placed on the vehicle to 
provide a backup power system for communications. A functional diagram of 
the lunar communications relay unit is shown in figure A-G. 

The lunar communications relay unit, and its S-band high-gain antenna 
are installed on the forward chassis of the lunar roving vehicle by the 
crew after vehicle deployment on the lunar surface. The S-band low-gain 
antenna is installed into the lunar roving vehicle Jeft inboard handhold. 

' 
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Figure A-9.- Lunar communications relay unit functional diagram. 

The lunar communications relay unit is thermally controlled by three means: 
thermal blankets regulate the exposed radiating surface and insulate the 
unit from external environment; secondary-surface radiating mirrors re­
flect undesired solar heat and emit undesired heat generated within the 
lunar communications relay unit; and change-of-phase wax packages absorb 
excess heat and stabilize the unit temperature through an absorption-dis­
charge cycle. 

A.4 EXPERIMENT EQUIPMENT 

A.4.1 Lunar Surface Science Equipment 

Descriptions of all of the Apollo 15 lunar surface science equipment 
may be found in previous Apollo mission repo~ts (references 8 through 11); 

) 
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therefore, descriptions are not repeated here. 1 Figure A-10 illustrates 
the Apollo lunar surface experiment packa.~e, and figure A·-11 shows the 
geological tools used on Apollo J). Tab:e A-I lists the lunar surface 
experiments and identifies the previous missions on which similar experi­
ments were deployed or conducted. 

TABLE A-I.- LUNAR SUR~'ACE SCIENCE EXPERIMENTS 

Previous Apollo 
Experimer.t Experiment missions on 

nwnber which deployed 
or conducted 

Apollo lunar surface exreriment package: 

(1) Fuel capsule for radiuisotope 12 and 14 
thermoelectric generator 

(2) Subpackage 1 : 

(a) Passive seisr;dc experiment S-031 12 and 14 
(b) Solar wind spectrometer experiment S-035 12 
(c) Lunar surface magnetometer experiment S-034 12 
(d) Central station for command control: 

Lunar dust detector M-515 12 and 14 

(3) Subpackage 2: 

(a) Suprathermal ion detector experiment S-036 12 and 14 
(b) Cold cathode g~ge experiment S-058 12 and 14 
(c) Heat flow experiment S-037 (a) 

Laser ranging retro-reflector experiment S-078 11 and 14 

Solar wind co~·pos i tion experiment S-080 11, 12, 
and 14 

Lunar field geology S-059 11, 12, 
and 14 

Lunar Jail mechan1cs S-200 ll, 12. 
ciJ'ld 14 

Contingency sample collection 11, 12, 
and 14 

~escribed in Apollo 13 !Hssion Report. 

1Although some changes have been made to science hardware since it 
was initially configured, the changes are not dP.scribed in this report. 
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Figure A-10.- Apollo lunar surface experiment package (array A-2) , 
.· . 
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A.4.2 Inflight Science Equipment 

Twelve experiments and sev~ral photographic activities utilized equip­
ment aboard the command and service modules during flight. Standard space­
craft equipment was used to perform some scientific tasks. However, most 
inflight science equipment was located in the scientific instrillment module 
in sector I of the service module. A view of the equipment in the scien­
tific instrument module, including some ca.mera equipment, is shown in fig­
ure A-1. All other cameras that were used for inflight·cxperiments or pho­
tograph;,. were located in the command module. The equipment used and the 
kinds of information desired from ~ach experiment and photographic activ­
ity are described in the following paragraphs. 

Gamma-ray spec!£ometer.- The gamma ray spectrometer experiment (S-160) 
was conducted while in lunar orbit to obtain data on the degree of chemical 
differentiation that the moon has undergone and the composition of the lu­
nar surface. The equipment •ras also operated during trans earth coast to 
provide calibration data on spacecraft and space background fluxes, and 
provide data on galactic gamma-ray fl~x. A gamma-ray detector, capable of 
measuring gamma radiation in the enerGY range from 200 000 to 10 million 
electron vlllts, was mounted on a 25-foot boom located in the scientific 
instrument module (fig. A-1). The boom could be fully extended or extenjed 
to two interme:Uate positions, retracted, or jettisoned by the crew using ) 
controls in the command module crew station. Controls were also provided 
to activate or deactivate the spectrometer, incrementally alter the sens:L-
tivity (gain) 0f the detector, and select either of two detector counting 
modes. 

X-Ray fluorescenc!'!.- The Y.-ray fluoresce'lc.:e experiment (S-161) equip­
ment consisted of an X-ray detector assembly capable of detecting X-rays 
in the energy range from 1000 to 6000 electron volts, a solar monitor, and 
an X-ray processor assembly. The X-ray detector assembly. located in the 
scientific instrument module (fig. A-1), detected X-rays reflected from the 
mean's surface or emitted by galactic X-ray sources. The solar monitor, 
mounted in sector IV of the service module (displaced 180° from the X-ray 
detector assembly), measured solar X-ray flux. The measurement of fluor­
escent X-ray flux from the lunar surface and the direct solar X-ray flux 
which produces the fluorescence was expected to yield information on the 
nature of the lunar surface material and the homogeneity of the upper few 
millimeters of the lunar surface. Deep space measurements were expected 
to provide information on galactic X-ray sources. Controls were provided 
in the command module crew station to activate and deactivate the experi­
ment, open the solar monitor door, and open and close the X-r~v detector 
~rotective cover. 
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Alpha )article spectrometer.- ~he alpha particle spectrometer experi­
ment (s-162 was designed to gather data to be considered along with the 
gamma-ray a~d X-ray data in mapping the lunar chemical composition. The 
types of information desired from this experiment were 'he gross rate of 
lunar surface radon evolution and localized sources of ' manced radon 
emission. In addition, transearth coast data were desired for background 
and engineering evaluation of the alpha-particle and X-ray spectrometers. 
The experiment equipment consisted of an alpha particle sensing assembly 
which could detect alpha particles in the en~r~ range from 3.5 million 
to 7.5 million electron volts, supporting electronics, and temperature 
monitors housed in the same enclosure as the X-ray fluorescence experi­
ment assembly (fig. A-1). Controls were provided in the command module 
crew station to deploy a shield protecting the experiment detectors from 
spacecraft contamination sources, and to activate and deacti V"! the experi­
ment. 

Mass spectrometer.- The mass spectrometer experiment (S-165) was con­
ducted to obtain data on the composition of the lunar ambient atmosphere 
as an aid in understanding the mechanisms of release of gases from the 
surface, as a tool to locate areas of volcanism, and as a means of deter­
mining the distribution of gases in the lunar atmosphere. The experiment 
assembly consisted of the mass spectrometer and its electronic components 
mounted on a 24-foot boom which was exten::led from the scientific instrument 
module (fig. A-1). The instrument was capable of measuring the abundance 
of particles in the 12- to 66-atomic-mass-unit range. A shelf-mounted 
shield to protect the spectrometer from spacecraft contamination sources 
when in its stowed position opened and closed automatically when the boom 
was extended and retracted. In addition to acquiring data whilt~ in lLlnar 
orbit, the spectrometer was to be operated at various intermediate boom 
positions for specified periods d':.lring trans earth coast to deter.!:i ne the 
concentration of constituents forming th~ command and service module con­
tamination "cloud." Ccmmand module crew station controls were provided 
to extend, retract, and jettison the boom; activate/deactivate the sptc­
trometer; select high and low spectrometer discrimination modes, and multi­
plier gains; and activate/deactivate th~ spectrometer ion source heaters 
and filaments • 

S-band transponder (command and service module/lunar module).- The 
co~and and service module and/or lunar module were tracked in lunar or­
bit using the S-band transponders and high-gain antenna that were normal 
vehicle equipment. The S-band Doppler resolver tracking data obtained 
will be used to help determine the distribution of mass along the lunar 
ground track. Tracking data were to be obtained from the docked command 
and service module/lunar module while in the 170- by 60-mile elliptical 
orbit, the 60-mile circular orbit, and the low-altitude portion,.of the 
60- by 8-mile elliptical orbit. Data were also to be obtained·~rom the 
undecked command and serv1ce module during the unpowered portions of the 
6o-mile circular orbit, and from the undecked lQ~ar module during unpow­
ered portions of flight. 
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Subsatelli te experiments.- The subsatellite, launched from the com·­
mand and service module 1uring lunar orbit, is the Post carrier for t~ree 
experiments for which data will be acquired over a planned one-year period. 
The experiments are: 

a. S-banj transponder (S-164) 

b. Particle shadows/boundary layer (S-173) 

c. Subsatellite magnetometer (S-174) 

The basic elements of the system, in addition to the subs~tellite it­
self, consisted 0f a mechanism to deploy and launch the subsatellite from 
the scientific instrument modtle, and a housing which enca~ed the subsat­
ellite and its deployment/launcher device 'fig. A-1). 

The subsatellite contains charged pa~ticle telescope detectors capa­
ble vf detecting electrons in the energy range from 20 000 to 320 000 elec­
tron volts and pro~ons in the energy range from 50 000 to 2.3 million elec­
tron volts. Spherical electrostatic analyzer detectors are used to detect 
electrons in selected energy bands from 580 to 15 000 electron volts. In 
addition, the subsatellite contains a biaxial fluxgate magnetometer which 
acquires data over a dynamic range of ±200 gammas, an o~tical solar aspect 
system for attitude determination, a data storage unit, an S-band communi­
cations system, and a power system. The primary power source consists of 
solar cells on the subsatelli te external surfaces. A rechargeable silver­
cadmium battery is the secor,dary source of power that sustains operation 
during passage of the subsatellite thro'..lgh shadow. rhe subsatelli te is 
hexagonal in shape, 30 inches in len~th, and weighs approximately 85 pounds. 
It has three equally-spaced booms mounted around its base that deployed 
automatically at launch to a length of 5 feet. Th~ magnetometer is mounted 
at the end of one boom. whereas, the only purpose of the other two booms 
is to achieve the desired spin-stabilization characteristics. The sub­
satellite is shown in figure A-12. 

Controls in the command module crew station were used for launching 
the subsatellite and retracting the deployment/launcher mechanism. The 
relative parting velocity was approximately 4 ft/sec and the subsatellite 
was spin-stabilized at approximately 12 revolutions per minute about a 
spin axis nearly perpendicular to the ecliptic plane. 

S-band transponder experiment: Tvo-way S-band Doppler tracking meas­
·~ements of the subsatellite are made to obtain lunar gravitational field 
data in addition to the data obtained from tracking the command and ser­
vice module and the lunar module. 

Particle shadows/boundary layer experiment: The charged particle de­
tectors, the electrostat~c analyzer detectors, and the subsatellite support 
systems are used to obtain data to study the formation and dynamics of the 

\ , 
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earth's magnetosphere, the interaction of plasmas vi th the moon, and the 
physics of solar flares. 

S~1bsate1lite magnetometer: The magn .... tometer and the subsatellite 
support systems are used to make magnetic field measurements in lwl&r or­
bit. These data will be used in studies of the physicAl and electrical 
properties of the moon and the interaction of plasmas with the moon. 

BistBtic radar.- This experiment, technically designated "Downlink 
Bistatic Radar Observations of the Moon" (S-170), vas conducted to provide 
fUndamental new information on the upper fP.w meters of th~ lunar crust, 
and to provide engineering and calibration data needed for similar experi­
mPnts planned for the future. While the command and service module was in 
lunar orb! t, S-b&nd and VHF signals were transmitted from th(; spacecraft, 
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reflected from the lunar surface, and recorded on the earth for subsequent 
analysis. The high-gain antenna. was preferred for S-bRnd, although a.n 
omniQirectiona.l antenna. was acceptable. The scimitar antenna. was used for 
VHF. The crew was required to maintain an attitude in which the antenna. 
was pointed toward the lunar surface during the time that bista.tic radar 
mea.sureme~ts were being made. 

Ultraviolet photography - Earth and Moon.- Ultraviolet photography 
(S-177) of the earth was obtained from earth orbit, from different points 
during tra.nslunar and tra.nsea.rth coast, and from lunar orbit to determine 
ultraviolet emission characteristics of the earth's atmosphere. A portion 
of the photographs taken from lunar orbit were of the lunar surface. These 
will be used to extend the wavelength range of ground-based colormet _ ~ 
work and sea.r~h for short-wavelength fluorescence. 

The photographs were taken with a. 70-mm Ha.sselbla.d electric ~amera 
and 105-mm ult.ra.violet transmitting lens. The camera was mounted on a 
bracket in the right-hand side window. Two ultraviolet band-pass filters 
(centered a.t 3750 and 2600 angstrom) and a. visual-range filter (4000 to 
6000 angstrom) were used. For each sequence of photographs requested, a 
minimum of four were to be taken using black-and-white film and the afore­
mentioned filt~rs, while one was to be taken using color film and a visual-
range filter. The crew was required to install the mounting bracket, mount ) 
and operate the camera., attacn the filter slide and lens, change filters, 
and record the exposure time. The crew was also requi~ed to maintain the 
proper spacecraft attitude and attitude rates fer each sequence. 

Ge ens~hein from lunar orbit.- The G~g~~schcin from lunar orbit ex­
periment S-178 re;~ired t.hree sequences of photographs to be taken from 
the command module while in the shadow of the moun - one in the direction 
of the antisolar vector, one in the direction of the Moulton point, and 
one midway between these two. A Nikon 35-rnm camera. and 55-mm lens were 
used to obtain the photographs. The camera was mounted in the right-hand 
rendezvous window on a fixed mounting bracket. Window shades and a dark­
ened spacecraft were required to minimize the effects of stray light from 
the spacecraft. The crew was required to maneuver the spacecraft to the 
proper attitude (the mission control center provided the proper space­
craft orientation for camera pointing), inhibit the reaction control sys­
tem engines after spacecraft attitude rates had b~~~ damped, operate the 
camera, and record the exposure time. 

Apollo window meteroid.- The Apollo window meteroid experiment (S-176) 
utilizes the command module windows as meteroid detectors and collectors. 
Data are obtained by high-magnification scanning of the wi~dows before 
and after the flight. 

) 
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Service module orbital photographic tasks.- These photographic tasks 
comprised a detailed objective which required the use of' the 24-inc:1 pano­
ramic camera assembly, the 3-inch mapping camera assembly, and the laser 
altimeter, all mounted in the scientific instrument module (fig. A-1). 

'l'wenty-four-inch panoramic camera: This camera was included to ob­
tain high-resolution (1- to 2-meters from an altitude of 60 miles) pano­
ramic photographs with stereoscopic and monoscopic coverage of the lunar 
surface. The photographs will aid in the correlation of other orbital 
science data. The camera assembly consisted of a roll frame assembly, 
a gimbal assembly to provide stereo coverage and forward motion compen­
sation, a main frame, a gaseous nitrogen pressure vessel to provide gas 
for certain bearings, an optics system, a film drive and control system, 
and a film cassette (that was required to be retrieved by an extravehicu­
lar crewman during transearth coast). The camera did not require deploy­
ment for operation. Controls were provided in the crew station to acti­
vate/deactivate camera heaters, supply/remove primary camera power, se­
lect operate/standby operation modes, supply film roller torque to pre­
vent slack in film during launch and maneuvers, activate a five-frame 
film advance cycle if the camera was not operated in a 24-hour period, 
increase/decrease the width of the exposure slit, and select the stereo 
or monoscopic mode of operation. 

Three-inch mapping camera: This camera was providen ta c"tta.i•-, high­
quality metric photo~raphR 0f the lunar surface and stellar photographs 
cxpos~u simultaneously with the metric photographs. The lunar surface 
photographs will aid in the correlation of experiment data with lunar 
surface features. The stellar photographs provide a reference to deter­
mine the laser altimeter pointing vector and the cartographic lens point­
ing vector. The resolution capability of the metric camera was approxi·· 
mately 20 meters from a distance of 60 miles. The metric and stellar 
camera subsystems were integrated into a single unit which was deployed 
on a rail-type mechanism in order to provide an unobstructed field of 
view for the stellar cdmer~. The system used the same gaseous nitrogen 
source as the panoramic camera to provide an inert pressurized atmosphere 
within the cameras to minimize potential static electrical corona dis­
charge which could expose film areas. In addition to the optics, the 
camera system included a film drive/exposure/takeup system and a remov­
able cassette (that was required to be retrieved by an extravehicular 
crewman during transearth coast). Controls were provided in the crew 
station to activate/deactivate camera heaters and functions, compensate 
for image motion and extend/retract the camera on its deployment rails. 

Laser altimeter: The laser altimeter w~s furnished to obtain data 
on the altitude of the command and service module above the lunar surface. 
These data, acquired with a 1-meter resolution, were to support mapplng 
and panoramic camera photography as well as other lunar orbital experi­
ments. The laser altimeter could operate in either of two modes: 
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a. When the mapping camera was operating, the altimeter automati­
cally emitted a laser pulse to correspond to mid-frame ranging for each 
film frame exposed. 

b. The altimeter could be decoupled from the mapping camera to al­
low independent ranging measurements (one every 20 seconds). 

Command module controls were provided to activate/deactivate the 
altime~er. 

Command module photographic tasks.- Photographs were to be obtained 
of: 

a. Lunar surface areas of high scientific interest and of specific 
portions of the lunar surface near the terminator. 

b. Diffused galactic light of celestial objects, solar corona, the 
lunar libration region, and the zodiacal light. 

c. The lunar surface to extend selenodetic control and mapping. 

d. The moon during lunar eclipse by the earth, and of a comet if 
appropriate trajectory and celestial conditions existed. 

These tasks i n'.r0l •:cd the us~ uf t.ne following operational came!"aS : 

a. A 16-mm data acquisition camera with an 18-mm lens. 

b. A 70-mm Hasselblad electric camera with 80-mm and 250-mm lenses. 

c. A 35-mm camera with a 55-mm lens. 

Crew participation was required to operate the cameras, change lenses 
and camera settings, record identification data, control the spacecraft 
attitude and attitude rates, and control cabin illumination. 

A.5 SUMMARY OF PHOTOGRAPHIC EQUIPMENT 

Nearly all experiments and detailed objectives require photography 
either as a primary data source or for validation purposes. Photographic 
equipment required for acquisition of data for experiments has been dis­
cussed in conjunction with the applicable experiments ill the preceding 
section. For convenience, this equipment is also summarized in table A-II 
along with photographic equipment required for other activities. 
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TABLE A-II.- PHOTOGRAPHIC EQUIPMENT 

1, ·tat1c rada .. 

~el'en::: ~he1r. fruiT' lunar orb1 t 

Ma:,s spectroreter 

'ubr.atelllt~ (launch) 

l,mar "W'l'ace 

A~·::lo Lunar S<.l!"face E:• ~erir'lents 
l'!lckap-!" 

L!!.::n•r rar11.nn,. retro-r .. fle::tot 

,_, .. n:- wtn"l col!'po:.ltton 

~-, l ~lech !i.fll cs 

lnf llp;ht 

·~ervu·~ module .: r~11 tal 
ph.:to,::raphlc taslts 

"r.mmand !T'odule ph;'to,.<raph~c 

tasks 

:;c~entl fie 1nstrUJt.,.nt module 
1nspect1vn dur1n,g; extra­
vehtcular actlVlty 

Cont1n,~~;ency sM~rle colleC'tlon 

Evaluation ?f lunar module 
l811dln,g; Rear perform:lnce 

Assesstnent of extravel'lC'UltLr 
mMeuverlnp; un1 t 

f.valuatton of lunar rcwinJo~; 

vehtr?le 

[•AC lt•-mm datil acquis1t1on CfUI'II'"rll 

Ht.C rc•-mm Huse1bl&d electrtc camera 

PC 

MC 

sc 
HEC 

Jo 

DAC 

DAC 

HEDC 

'!EDC 

HEDC 

IU:DC 
LFLC 

HE IX' 
LDAC 

PC 
MC 
sc 

f!iC 
HEC 
DAC 

Jo 

DAC 

DAC 

HEDC 

LDAC 

LtJA(: 
HEDC 

HEDr 7\)-mm Huaelblad electric data cameora (vi th reseau) 

24-in. 

3-in. 

3-in. 

10~-11!11 

(UV tra.nsmittinp:) 

55-""' 

18~mm 

75-rmn 

Nl-mm 

00-t!DTI 

6o-mm 

60-mm 
fjQO-m 

60-1!111 
10-1!111 

21.1-in. 
l-ln. 
3-in. 

:'S0-11111 
80-mm 
!8-mm 
55-mm 

!8-mm 

10-mrn 

hO-mm 

10-mrn 

10-1!111 
ho-mm 

LDAC Lunar surface lb-mm data acqulSition cM~era (battery oprrated) 
LFLC Lon,; focal len~h CM.f!ra (HEOC adapted for Ule with 500-11111 1ens) 

pr ~4-ln pancram.ic Cftl~W!ra 

M( 3-in mappin~ CIU!Iera 
~·c ~-in stellar camera 

br11m nomenclature 

l'FX Color rxtrr1or (SJ-l6A) 
HffX Hqrth-SPt"ed col(')r eoxtf"Tior '!"J-11:18) 
RW Bl.!lck Md white I 34011 1 ~4•)1 1r ~~0-lt4) 
LFIW Low-ftpeed black &lld white ()log) 
VlU!W \rery h1~~:h-apPed black & white (,'4A"-) 
II&-0 ._'ltraviolev (W) apf"ctrosc-opic 

BW ( ]401 I 

Ila-0, CEX {SD-~t R) 

VHBW ( 2405 I 
BW (50-164) 

CEX (SO- 368 I 

HCF:X (f',0-1h8) 

HCEX (SO-lbbl 

hW (34011 

RW (3401) 

""' • J4oJ I 

HCEX (Sil-lb8, BW ( )4Cl,' 
cr..x (so- ~68) 

LBW (34!41 
BW I 3400 I 
BW ( 3401) 

LBW (3414), CEX ~SC-~M/:) 
VHBW (.:485), l::EX (Srl-3b8) 
VHBW (?48ol 
VHBW I 24851 

CEX (SO-~h8J 

CEX (S0-368) 

HCEX (SO-lh81 

' 

CEX (SO- <68 I 

_j cEx r sn- ~h8) 
fiCEX (SO-lb81 
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A.6 MASS PROPERTIES 

Mass properties for the Apollo 15 mission are summarized in table A-III. 
These data represent the conditions as determined from postflight analyses 
of expendable loadings and usage during the flight. Variations in command 
and service modules and lunar module mass properties are determined for each 
significant mission phase from lift-off through landing. Expendables usage 
are based on reported real-time and postflight data as presented in other 
sections of this report. The weights and center-of-gravity of the individ­
ual modules (command, service, ascent stage, and descent stage) were meas­
ured prior to flight and inertia values calculated. All changes incorpora­
ted after the actual weighing were monitored, and the mass properties were 
updated. 

\ 
J 

I 
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TABLE A-III.- MASS PROPERTIES 

C.P,er at ll'aitr, fta.. *-tnt ot inertia• llua-tt2 Prod.uct or 1nert1•, 

llnnt Vol&l>t, lluc-tt2 
lb X y I Ixx Iyy Izz IXY Ixz Iyz 

Ca.t.D4 and 1errice *'l!ule/11111&1" 'D!14ul.e 

Lift-off 116 250 81,3,3 ~.u 2.5 73 372 1 237 791 1 238 171 3831 10 550 26oJ, 

Earth orbit inaertion 107 1.2 8o•.5 3.3 2.6 72 516 767 133 767 •51 6556 11 373 2592 

Tranapoa1t1on and dockinf{: 
C011111m1d • aerrice modulet 66 885 933.9 5.0 

'· 7 
36 330 8o 112 81 755 -2113 268 2261 

L~.m.ar IIOdule 36 220 1238.2 -o.6 0.8 25 832 26 126 27 068 -•n 176 -·38 

Total docked. 103 104 1040.8 3.0 ].3 62 401 575 970 578 639 -ll 318 -5562 1934 

Lunar orbit inaertion 102 589 1041.3 3.0 3.4 61 948 574 213 577 o6o -11 153 -5820 2058 

Descent orbit inaertion 76 278 1083.8 1.9 1.9 48 289 442 768 448 796 -87U -1239 -1023 

Separation 74 46o 1088.6 1.9 1.9 48 68!, I 432 115 .38 004 -7848 -1543 -1124 

COIIIII&nd and service module 31 716 944.0 3.8 3.3 21 281 6o 102 64 372 -2402 1349 -661 
..:ire~larization 

COIIIID&nd and ~erviee module 37 219 944,4 3.9 3.2 20 973 59 915 64 096 -24u6 1366 -620 
plL"le chance 

Pocking. 
Cc:aaan<1 • aervice modules 35 928 945.6 3.6 3.3 20 277 59 537 63 155 -?333 1357 -669 
bcent atace 5826 1165.3 4, 7 -2.4 3289 2301 2669 -114 -1 -317 

Total after doelr.tnc. 
Ascent at..,e manned .1 754 976.3 3.8 2.5 23 6o2 114 o62 118 015 -2197 3 -1053 
Ascent at11e Ul'lll&M.ed 41 732 97 •. 5 3. 7 2.5 23 490 110 396 114 339 -2479 215 -1049 

After ueent 1t .. e jetthon 36 1,07 91,6,3 3.8 3.0 20 375 59 488 63 084 -2199 1198 -700 

Orbit ahapins 36 252 946.4 3.9 3.0 20 267 ;9 399 63 016 -2208 1215 -663 

Subtatellite Jettiaon 36 019 946 7 3.8 3.0 20 151 59 314 62 820 -2192 1212 -678 

Tranaeart~ injection 35 899 946.8 3.8 3.1 20 057 59 175 62 728 -2174 1158 -652 

Tr-.naearth extravehicular 26 6o6 972.1 1.2 3.7 15 370 44 789 43 887 -740 845 -1209 
activity 

C~and. &nd •ervice module• 26 323 912 7 1.1 4.0 15 047 44 28i 43 433 -675 839 -1108 
prior to .. par&t1011. 

Arter ••puation · 
Service 1104ule 13 358 908.3 2,0 2.2 9092 14 650 14 375 ·372 548 -1076 
Caaand .odule 12 965 1039.1 0,1 5.9 5929 5300 4735 58 -398 -22 

Entry 12 953 1039.1 0.1 5.8 5922 5292 4734 58 -196 -21 

Main parachute deployaent 12 381 1037.6 0.1 6.0 ~111 4892 4n•, 59 -345 -18 

lV1d.in1 11 731 .... 1035.9 0.2 5.1 5533 4476 40')4 51 -320 -1 

-
LunaJ' .,dule -

Lunar BOdule at earth law'!ch 36 222 184.1 0.4 -1.0 25 837 27 317 26 091 98 515 

Separation 36 718 185.1 0.4 -o. 4 21 282 28 552 27 191 93 801 177 

Powered d.e•cent initiation 36 634 185.0 0.4 -o.4 27 231 28 411 27 030 97 8o6 167 

Lun•r land.in• 18 175 208.9 0.5 -o.6 15 592 16 6o2 17 875 79 C41 193 

Lunar l1 rt-of'f' 10 915 243.9 0.1 2 .e 6753 3404 5985 63 187 -32 

Orbit iu ... rt1on 5985 257.1 0.3 5.1 3368 2894 2120 58 100 ·33 

"'romn&l pba .. 1n1t1at1on 5965 257 .o 0.3 5.1 3359 2888 2109 58 101 -33 

Doeklnc 5826 256.6 0.3 5.3 3289 2860 2022 58 103 -29 

Jetthon 5325 255.'· 0.4 3. 3 3115 276o 1959 74 eo -4o 

"Poot u11.,. 

( 
'·. 
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APPENDIX B - SPACECRAFT HISTORIES 

The history of command and service module (CSM 112) operations at 
the manufacturer's facility, Downey, California, is shown in figure B-1, 
and the operatious at Kennedy Space Center, Florida, in figure B-2. 

The history of the lunar module (LM-10) at the manufacturer's facil­
ity, Bethpage, New York, is shown in figure B-3, and the operations a7 
Kennedy Space Center, Florida, in figure B-4. 
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1969 

August 

I 
I 
I ....... 

Command module 

Serv1ce module 

1970 1971 

January 

lnd1v1dual and 
• combmed systems 

checkout 

Modif1cat•ons and retest 

Integrated systems test • 

• Data rev1ew 

I Demate 

Final installatiOns and checkol!t-

Weight and balance I 
Preshiprl'ent inspection I 

Prepare for shipment and ship • 

Final installations and checkoL!t ... 

Preshipment mspection I 

L 
Prepare for shipment and ship • 

Figure B-1.- Checkout flow for command and service modules at contractor's faciiity. 
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-

January 

1971 

Receiving inspection, equipment installation, 
and checkout 

I I I Altitude chamber tests 

Scientific instrument module 
• installation, experiments 

installation, and retest 

Spacecraft/ launch vehicle assembly • 

Move space vehicle to launch complex I 

Subsystem tests on pad and flight readiness tests 

July 

Spacecraft propulsion leak checks and propellant loading Ill 

Countdown demonstration test • 

Couutdown. 

Launch 

Note: Command and service modules deli11ered 
to Ker.nedy Space Center on January 14, 1971. 

Figure B-2.- Command and service module che~kout histo~r at Ke~.nedy Space Center. 
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1969 1970 

December 

Manufacturing, cold flow I and preparations for subsystems testing 

-Mated subsystems testing 

Manufacturing, cold flow D, crew compartment 
fit a'ld function checks, c~nd JWeparations for 
final engineering and evaluation acceptance test 

Final engineering and evaluation acceptance test-

Cold flow m and modifications -

Mated retest II 
Cold flow nr, preparation for shipment, and ship-

Figure B~3.- Checkout flow for lunar module at contractor's facility • 
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1970 

November December January 

-··· I 
1971 

Receiving inspection, equipment installation, 
and checkout 

• • Altitude chamber tests 

I Experiment equ1pment installation 

.Lunar rover vehicle installation 

I Landing gear installation 

Install in launch vehicle/ spacecraft adapter I 
Systems verification and flight readiness tests 

Spacecraft propulsion leak checks and propellant loading .. 

July 

Countdown demonstration test • 

Note: Ascent stage delivered to Kennedy Space Center 
on November b, 1970; descent stage delivered 
on November 17, 1970. 

Countdown. 

Launch~ 

Figure B-4.- Lunar module checkout history at Kennedy Space Center. 
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~DIX C - POSTFLIGHT TESTING 

Postflight testing and inspect~ In of the command module and crew 
equipment for evaluation of the inC.lght performance and j n··restigation 
of the flight irregularities were conduct(:d at the contractor's ~nd ven­
dor's facilities and at the Manned Spacecraft Center in accordance Nith 
approved Apollo Spacecraft Hardware Utilization RequeGts (ASHUR's). The 
tests performed as a res~lt of inflight problems are described in table 
C-I and discussed in the appropriate systems performance sections of this 
report. Tests being conducted for ether purposes in accordance with other 
ASHUR's and the basic contract are not included. 



.. 
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TABLE C-I.- POSTFL1GHT TESTING SUMMARY - ---- -- -

I ASHTJR nu. Purpose I Test~ performed I lies'l1ts 

Environmental Cont.~.~ol 

- -
112003 Evaluate the potabl~ •ater supply for Perform analysis of \tater sample and con- Only atr was detected in one flight sample 
11203{ eAcess gas content. duct functional tests on gas separator and no gas was fvwld in U.1e other. The 

cartndge. gas separator operated satisfactorily. 

112021 Investigate water le&..:l:.f .... :"~om vater Perform visual inspect1on and d1mensional See sec. 14,1.2 
panel chlorination port. analy~is. 

112027 Determine the cause of discrtpant CM Perform leak check of valve, gage and 
Spacecraft and lab testing did not disclose 
any Malfunction, Since there wus a lack of 

tunnel delta pressure readings and po~- tubing. position indication, it is suspected that 
sible faulty valve operation. the valve may have been placed in some in-

ll203(\ Determine the cause of failure of the Perform visual inspection, functional tests 
terim position, 

potable water tank to refill. and failure analysis of check valve. s .. e sec, 14.1.7 

112035 Determdne the cause of noise 1n cabin Perform visual Inspection and ~lectr~cal See sec. 14,1.13 
fans. performance test. 

112036 Determine the cause of several water Analyze the co!!IIIWld modul.e lunar orbit Analyses indicate that water condensation 
droplets coming from the suit supply hose. temperature data and test separator resulted from the temperature transient in 

plate flow on the suit heat exchanger. the water/glycol circuit at the sui~ heat 
exchanger. I 

112507 Determine the cause of failure of th .. Perform failure analysis. 
See section 14,1.17 toggle arm p1vot ~in for the main oxygen 

I regulator shutoff valv~. 

Structures 

11?006 Determine why one main parachute col- Perform visual inspection, reaction control See sec. 14.1.9 
112019 lapsed d•.>ring descent. system electrical leak and 0perational 
112022 tests, riser cutt1ng test, and link strength '· 
112025 test. 
112512 
112514 
101557 

I CTH630 

I 
CTH628 Dete~ne why mass spectrometer boom Perform functional checkq to locate cause See sec. 14,1.6 

would not fully retract. of failure. 

Guidance and Navigation 

112043 1 Determine the cause of Intermittent entry Perform investigat1on and analysis. The analysis verified that the problem "as l monitor system scroll scribing after caused by an improper mix of scribecoat 
drogue parachute deployment. befor .. application to the scroll. 

-- --
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ASHUR no. 

112048 

112053 

112013 

112014 
CTH629 

112015 

112017 
112057 

112018 

112045 

112509 

112004 
112020 
112026 

TABLE C-I.- POSTFLIGHT TESTING SUMMARY - Continued 

Purpose Tests 1- erformed I 
Guidance and fiavigat1cn 

Determine why the roll axis did not align Perform physical inspection and conducw See sec, 11..1.15 
during & gyro display coupler alignment. electrical checks. 

Determine why visibility through the scan- Perform visual ir.spection and li~pt trans- See sec. 14.1.14 
ning telescope vas low. missibility testing. 

-
Electrical 

Determine vhy the battery relay bus mea- Perform continuity and power-on testir~g to See sec. 11..1.5 
surement read erroneously. isolate cause. 

Determine why circuit breaker 33 on A check cf the primary and second&ry cir- See sec. 14.1.4 
panel 226 opened during flight. cuits failed to locate the problem, and & 

115-Vac power-on test vas performed. 

Determine v1at caused the s~rvice pro- Perform continuity measurements to isolate See sec. 14.1.3 
pulsion system thrust light on the entry cause . 
.:>ni tor sy•;;tem to illuminate. 

Deter-~ne why t&pe deter· orated in data Perform a complete acceptance test, except See sec. 14.1.10 
recorder/reproducer. vibration, on the data recorder/reproducer. 

Physically and electrically examine the da .. a 
recorder/reproducer tape for deteriora~ion. 

De"t.ermine the cause of stoppage of the Inspect wiring and perform power testing See sec. 14.1.8 
panel 2 mission timer. vbile monitoring with an oscilloscope. Per-

form functiona:, vibration and thermal check 
at the vendort~. 

Determine the cause of the seconds window Perform phys>cal examinat_,n as to cause. See sec. 14.1.11 
on the digital event timer becoming 
obscured. 

Determine the cause of stuck battery Apply distilled water to area of corro&ion See sec, 14.1.16 
charger-main A circuit breaker ~uring and perform chemical analysis on corrosion 
postflight testing. sample. 

Crew Equipment 

Determine why the lu.-oar surface 16-mm Perform visual inspection and functional See sec. 11..5.3 
camera magazines J8111Ded. tests t0 verify failure mode. Conduct 

failure ~alysis. 

Results 

i 

0 
I 
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ASIRIR no. 

112005 

112008 
ll20l£ 
11202~ 

112051 

__ __,, 

TABLE C. I.- POSTFLIGHT TESTHTG SUMMARY - Concluded 

Purpose Tests performed I Results 

Crew !:quiJ'ment ---
Determine the cause of the lWlar module Perform operational tests, disassembly and 3ee sec, 14.~.4 
pilot's 70-mm camera film advance stoppage. inspection, ~~d battery charge measurement. 

Detenaine cause or co-.nder's personal Evaluate radiation dosage and perform ~ smaJl sliver scraped off the 10-volt 
radiation dosi~ter reading high. failure analysis. elPetr<'de apparently iL~"Ked erroneoill'1y 

high counts. 

DeteMDine the cause of the restraint Perform failure anu.lysis. 3ee sec, 14,1.12 
harness coming apart. 

i 

-· 
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APPENDIX D - DATA AVAILABILITY 

Tables D-I and D-II are summaries of the data made available for 
systems performance analyses and anomaly investigations. Table D-I lists 
the data for the command and service module, and table D-II, the lunar 
module. The follo~ing table contains the times that experimental data 
were made available to the principal investigator for scientific analyses. 

Time, hr:min Time, hr:min 

From To From To 

73:43 78:30 174:13 220:50 

79:00 82:20 222:18 223:00 

83:40 95:50 224:10 238:34 

105:30 165:00 245:57 271:30 

165:20 168:17 273:00 288:20 

For additional information regarding data availability, the status 
listing of all mission data in the Central Metric Data File, building 12, 
should be consulted. 
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TABLE D-I.- COMMAND AND SERVICE MODULE DATA AVAILABILITY 

Time, hr:min Data Bandpass Computer Oscil1o- r=-: Special Special Dou.rce plots Bilevels graph rus d plots 
(a) word tabs records recor 5 

or tabs 
programs 

Prom To or tabs 

-04:00 00:30 ALDS X X 
00:00 00:10 MIL X X X X X X X 
00:02 00:13 BDA X X X X X X 
00:10 00:18 BDA X X X 
00:23 01:29 BDA X X X 
01:26 01:35 GDS X 
01:33 01:44 MIL X 
01:40 01:52 VA!l X X X 
02:22 02:34 CRO X 
02:40 03:34 GDS X X X X X X 
03:50 oo:55 MSFN X X X 
04:18 08:10 GDS X X 
07:16 10:26 MSFN X X X 
08:09 11:58 GDS X 
ll:01 15:25 MSFN X X X 
1 'i: 34 31:21 MSFN X X X 
26:51 28:43 MAD X X X X X 
31:26 74:)4 MSFN X X X 
72:43 75:43 MAD X X X X 
74:54 78:30 MSFN X X X 
75:06 78:20 MAD X X X 
78:30 82:14 MSFN X X X 
78:30 79:16 GDS X X X 
79:12 80:12 MAD X 
80:11 32:25 GDS X X X 
82:14 87:22 t-EFN X X X 
82:30 88:10 GDS X X X X X X X 
87:22 90:32 MSFN X X X 
88:08 90:00 HSK X X X X X X 
90:20 96:30 HSK X X X X 
9G:52 9~:42 MSFN X X X X X 
9'i:'i6 99:26 MSFN X X X 
95:56 95:58 HSK X X X X X X 
96:30 97:23 MAD X X 
97:35 98:28 ACN X X X X 
98:25 99:24 MAD X X X 
99:26 102:40 MSFN X X X 
99:30 103:25 MAD X X X 

103:40 104:10 GDS X X X 
104:06 107:16 t-EFN X X X 
1J4:08 105:05 GDS X X 
:05:31 106:36 ACN X X X X 
106:05 107:24 GDS X X X 
107:16 111:04 t-EFN X X X 
107:22 108:05 HSK X X X X X 
108:00 110:02 GDS X X X X X 
111:05 114:09 t-EFN X X X 
lll: 14 112:00 GDS X X X 
113:26 114:08 HSK X X X 
114:13 116:00 HSK X X X 
115:37 119:29 t-Erll X X X 
11'5:10 119:08 HSK X X X 
119:00 123:00 t-EFN X X X 
119:15 121:0: HSK X X X X 
121:10 123:03 MAD X X X X 
123:04 127:00 MSFN X X X 
123:13 127:47 MAD X X X X X 
127:00 130:51 t-EFN X X X 
127:00 128:58 ~lAD X X X 
128:59 132:07 GDS X :-: X X X 
131:42 134:46 t-EFN X X X 
132·06 134:52 GDS X X 

l 

X 
134 46 137:15 t-EFN X X X 
135 38 136:50 GDS X X 
136 42 137 52 HSK X X X X 
137 46 141 07 t-f\FN X X X 
137 51 142 05 HSK X " X X X X 
141 37 142 39 t-EFN X X X 

1..---

.'!. 
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TABLE D-I.- COMMAND AND SERVICE MODULE DATA AVAILABILITY ~ Continued 

Time, hr:min Data I Bandpass Computer Oscillo- Brush Special Sp~ ial Source plots Bil.,vels vord tabs graph records plots programs 
From To 

(a) or tabs recorjs or tabs 

141:45 143 48 HSK X X X X X X 
143:31 146 41 MSFN X X X 
143:37 146 40 HSK X X X X X 
146:38 147 31 MAD X X X X X 
146:41 150 37 MSFN X X X 
147:08 151 22 MAD X X X X X 
151:10 155 19 MSFN X X X 
151:21 154 22 MAD X X X X X X 
153:30 156 09 GDS X X X 
155:19 158 23 MSFN X X X 
156:07 158 30 GDS X X X 
158:23 161 17 MSFN X X X 
156:40 162 39 GDS X X X X 
162:30 163 22 HSK X X X X X 
162:42 166 19 MSFN X X X 
163:12 166 22 HSK X X X X X 
166:19 171 28 MSF!i X X X 
166:20 172 27 HSK X X X X 
171:2G 175 01 MSFN X X X 
172:14 175 55 MAD X X X X X X 
175:01 179 10 MSFN X X X 
175:30 178 10 MAD X X X X 
17B:lo 179 20 GDS X X X X X 

( I 

179:10 183 09 MSFN X X X 
179:21 183 44 GDS y X X X X 
183:09 187 21 MSFN X X X 
183:43 186 01 GDS X X X 
185:57 187 59 HSK X X X 
187:30 191 33 MSFN X X X 
187:56 191 42 HSK X X X X X 
191:33 195 22 MSFN X X X 
191:41 195 07 HSK X X X X X 
194:52 198 50 MSFN X X X 
195:05 195 56 HSK X X X X 
195:50 199 35 MAD X X X X X 
199:09 202 53 MSFN l{ X X 
199:34 202 54 MAD X X X X X 
202:53 207 16 MSFN X X X 
202:53 207 40 GDS X X X 
207:16 210 51 MSFN X X X 
207:52 211 02 GDS X X X X 
210:51 214 36 MSFN X X X 
211:50 216 20 HSK X X X X X X 
215:35 219 30 MSFN X X X 
216:18 220 27 HSK X X X X X 
219:30 223 03 MSFN X X X 
220:12 221 26 HSK X X X X X 
221:28 222 45 MAD X X X X X 
223:03 226 54 MSFN X X X 
223:42 227 20 MAD X X X X X 
226:54 230 59 MSFN X X X 
227:20 228 20 MAD X X X X 
230:59 239 25 MSFN X X X 
236:43 239 51 HSK X X 
2)9:46 243 17 MSFN X X X 
239:48 243 20 HSK X X X X X 
243:17 246 23 MSFN X X X 
245:00 245 55 HSK X 
247:00 271 12 MSFN X X X 
268:13 271 30 HSK X 
271:12 275 12 MSFN X X X 
271:50 274 03 MAD X X X 
275:12 295 11 MSFN X X X 
291:40 292 08 HSK X X X X 

I 293:57 294 45 HSK X X X X X X X 
294:50 295 11 DSE X X X X X X X 

i t-
IK 
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TABLED-II.- LUNAR MODULE DATA AVAILABILITY 

I 

'fime, hr:min Data ·Bandpass 
Sourc:e plots Bilevels 

From To 
(a) or tabs 

-04:00 00:00 ALDS X 
34:21 34:49 MSFN X 
57:00 58:00 MSFN X 
98:24 99:19 MSFN X 
98:30 99:30 MAD X 
99:26 102:40 MSFN X 
99:33 104:15 MAD X 

104:06 107:16 MSFN X 
104:20 107:00 GDS X 
107:16 111:04 MSFN X 
108:30 109:35 GDS 
111:05 127:00 MSFN X 
123:20 12'7:20 MAD 
127:00 130:51 MSFN X 
129:14 131:12 GDS 
132:56 142: 39 MSFN X 
141:49 142:50 HSK X 
143:31 150:37 MSFN X 
150·~0 151:22 MAD 
151:10 155:19 MSFN X 
151:20 153:20 MAD 
155:19 166:19 MSFN X 
163:20 166:30 HSK X 
166:19 171:28 MSfN X 
166:30 171:28 HSK X 
171:28 175:01 MSFN X 
171:28 175:55 MAD X 
175:01 179:10 MSFN X 
175:54 177:37 MAD X 
178:58 179:20 GDS 
179:10 181: 35 MSFN X 
179:21 181:35 GDS X 

~at a sources; 

MS~ - Manned Space Flight Network 
MSPN station call letters and location; 

ACN - A~centio~ Island 
BD.I. - Bermuda l slnnds 
CRO - Carn&rvon (Australia) 
GDS - Goldstone (California) 
HSK - Honeysuckle (Canberra, Australia) 
MAD - Madrid (Spain) 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

MIL- Merrit Island (Florida) - launch area 
VAN - Vanguard (Atlantic Ocean) - ship 

Other: 

Oscillo-Computer 
graph word tabs 
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APPENDIX E - MISSION REPORT SUPPLEMEl7TS 

Table E-I contains a l1sting of all reports that supplement the 
Apollo 7 through Apollo 15 mission reports. The table indicates the 
present status of each report not yet completed and the publication date 
of those which have been published. 
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TP~LE E-I.- MISSION REPORT SUPPLEMENTS 

Supplement_! I 
number Title 

1 
2 
3 

4 
5 
6 

1 
2 

3 

4 

5 
6 

7 

1 
2 

3 

4 

5 

6 

7 

8 

9 

Apollo 1 

Trajectory Reconstruction and Analysis 
Communication System Performance 
Guidance, Navigation, and Control System 

Performance Analysis 
Reaction Control System Performance 
Cancelled 
Entry Postflight Analysis 

Apollo 8 

Trajectory Reconstruction and Analysis 
Guidance, Navigation, and Control System 

Performance Analysis 
Performance of Command and Service Module 

Reaction Control System 
Service Propulsion System Final Flight 

'Svaluation 
Ce.ncelled 
Analysis of Apollo 8 Photography and 

Visual Observations 
Entry Postflight Analysis 

Apollo 9 

Trajectory Reconstruction and Analysis 
Command and Service Module Guidance, Navi­

gation, and Control System Performance 
Lunar Module Abort Guidance System Perform­

ance Analysis 
Performance of Command and SP.rvice Module 

Reaction Control System 
Service Propulsion System Final Flight 

Evaluation 
Performance of Lunar Module Reaction Control 

System 
Ascent Propulsion System Final Flight 

Evaluation 
Descent Propulsion System Final Flight 

Evaluation 
Cancelled 

Publication 
date/status 

May 1969 
June 1969 
November 1969 

August 1969 

December 1969 

December 1969 
November 1969 

March 1970 

SepteMber 1970 

December 1969 

December 1969 

November 1969 
November 1969 

November 1969 

April 1970 

December 1969 

August 1970 

December 1970 

September 1970 

) 

) 
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TABLE E-I.- MISSION REPORT SUPPLEMENTS - Contin~ed 

Supplement Title Publication 
numbet' date/status 

10 Stroking Test Analysis December 1969 
11 Communications System Performance December 1969 
12 Entry Postflight Analysis December 1969 

Apollo 10 

1 Trajectory Reconstruction and Analys1 s March 1970 
2 Guidance, Navigation, and Control System December 1969 

Performance Analysis 
3 Performance of Comm~1d and Service Module August 1970 

Reaction Control System 
4 Service Propulsion System Final Flight September 1970 

Evaluation 
5 Performance of Lunar Module Reaction Control Au~st 1970 

System 
6 Ascent Propulsion System Final Flight January 1970 

Evaluation 

{- 1 Descent Propulsion System Final rlight January 1970 
Evaluation 

8 Cancelled 
9 Analysis of Apollo 10 Photography and Visual August 1971 

Observations 
10 Entry Postflight Analysis December 1969 
11 Communicatio~s System Performance December 1969 

Apollo 11 

1 Trajectory Reconstruction and Analysis May 1970 
2 Guidance, Navigation, and Control System September 1970 

Performance Analysus 
3 Performance of Comntand and Service Module Review 

Reaction Control System 
4 Service Propulsion System Final Flight October 1970 

Evaluation 
5 Performance of Lunar Module Reaction Control Review 

System 
6 Ascent Propulsion Syste~ Final Flight September 1970 

' Evaluation I 

~ 1 Descent Propulsion System Final Flight Septerr:ber 1970 
Evaluation 

8 Cancelle~. 

9 Apollo 11 ?re1iminary Science Report December 1969 

i 
10 CommunicBtiona System Performar.ce January 1970 :1 c 11 Entry Postfli~ht Analysis April 1970 

<.P 
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Supplement 
number 

1 
2 

3 

4 

5 

6 
7 

1 

2 

3 

1 

2 

3 

4 

5 

6 
7 
8 

TABLE E-I.- MISSION REPORT SUPPLEMENTS - Continued 

Title Publication 
Date/status 

Apollo 12 

Trajectory Reconstruction and Analysis September 1970 
Guidance, Navigation, and Control System September 1970 

Performance Analysis 
Service Propulsion System Final Flight Publication 

Evaluation 
Ascent Propulsion System Final Flight Publication 

Evaluation 
Descent Propulsion System Final Flight Publication 

!!:valuation 
Apollo 12 Preliminary Science Report July 1970 
Landing Site Selection Processes Final Review 

Apollo 13 

Guidance, Navigation and Control System September 1970 
Performance Analysis 

Descent Propulsion System final Flight October 1970 
Evaluation 

Entry Postflight Analysis Cancelled 

Apollo 14 
Guidance, Navigation, and Control System Publication 

Performance Analysis 
Cryogenic Storage System Performance Preparation 

Analysis 
Service Propulsion System Final Flight Publication 

Evaluation 
Ascent Propulsion System Final Flight Publlcation 

Evaluation 
Descent Propulsion System Final Flight Publico.tion 

Evaluation 
Apollo 14 Preliminary Science Rep,;,rt June 1911 
Analysis of Inflight Demonstrations Preparation 
Atmospheric Electricity Experiments on Preparation 

Apollo 13 and 14 Launches 

• 
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TABLE E-I.- MI3SION REPORT SUPPLEMENTS - Concluded 

Supplement Title Publication 
number Date/utat.!.;; 

Apollo 15 

1 Guidance, Navigation and Control System Preparation 
Performance Analysis 

2 Service Propulsion System Final Flight Preparation 
Evaluation 

3 Ascent Propulsion System Final Flig."lt Preparation 
Evaluatio:: 

4 Descent Propulsion System Final Fli~~t Prepa.rt:.tlon 
Evaluation 

I 5 Apollo 15 Preliminary Science ~eport Publication I 



Anorthosite 

Apocynthion 

A~olune 

Bow shock 

Breccia. 

Caldera. 

Circadian rhythm 

Cislunar 

Clast 

Comprehensive 
sample 

Contingency 
sample 

Densitometric 

Diamagnetic 
cavity 
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APPENDIX F - GLOSSARY 

A granular, textured igneous rock regarded as having 
solidified at considerable depth. It is composed 
almost entirely of a soda-lime feldspar. 

The point in the orbit of a moon satellite which is 
farthest from the moon. 

See a.pocynthion. 

The shock wave produced by the interaction of the solar 
wind with the earth's dipole magnetic field. It is 
also the outer boundary of the ~agnetosheath (transi­
tion region). 

A course-grained rock composed of angular fragments 
of pre-existing rok:.;:s in a fine-grained matrix. 

A broad crater-like basin surroundin~ a volcanic vent 
and having a diameter many times that of the vent. 

Relating to biological variations with a cycle of 
about 24 hours. 

PertaJning to the space between the earth and moon, 

A fragment of rock or mineral, commonly included in 
a larger rock. 

A !-kilogram collection of rocks representative of a 
given area.. Desired sample diameters ranp:e from a.p­
proximately 3/8 inch to 1 1/2 inches. 

Approximately 2 'dlograms of lunar material collected 
in the immediate vicinity of the lunar module during 
the early part of the first extravehicular period. 
This is done to increase the probab.ili ty of returning 
a. lunar sample to earth if early termination of extra­
vehicular operations ~s necessary. 

Relating to determining the degree of opacity of any 
translucent medium. 

An area having a magnetic permeability less than one. 
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Diurnal 

Documented sample 

Double core 
tube sample 

Earthshine 

Ecliptic 

Ergometry test 

Front 

Geomagnetic tail 

Gnomen 

Hummocky 

J-missions 

Kilocalorie 

Limb 

Lunar libration 
point L4 

Recurring daily. On earth, diurnal processes repeat 
themselves every 24 hours; on the moon, every 28 days. 

A sample that is photographed before being picked up, 
the area photogr~phed after sample removal, and a ref­
erence photograph taken to identifY the location. 

A sample obtained using two drive core tubes connected 
end to e~1d. 

Illumination of the moon's surface by sunlight re­
flected from the earth's surface and atmosphere. 

The plane defined by the earth's orbit about the stm. 

A test performed to measure muscular fatigue under 
controlled ~onditions. 

The outer slopes of a mountain range that rises above 
a plain or plateau. 

An elongation of the earth's magnetic field whereby 
it is drawn in the anti-solar direction to an unde­
termined distance. It is also called the magnetotail. 

A rod mounted on a tripod in such a wa;y· that it 1s 

free to swing in any direction and indicate the local 
vertical. 

Multiple low, rounded h:lls or knolls. 

A classification of Apollo lunar exploration missions 
for which provisions are made for extended lunar sur­
face stay time, surface vehicular mobility and com­
munications, and more extensive science data acquisi­
tion. 

An amount of food having an energy-producin~ value 
of one large calorie (equivalent to 1000 gram calories). 

The outer edge of the apparent disc of a celestial 
body, as the moon or earth, or a portion of the edge. 

A poi'lt in space which, from the Yiewnoint of an cio­
server on the earth, is about 60 degrees from the 
earth-moon axis in the direction of the moon's travel 
and on its orbital path. 

) 

) 



Lunati on 

Magnetos heath 

Magnetosphere 

Magnetospheric 
plasma 

Map;netotail 

Magnetopause 

Mare 

Mas cons 

Meru 
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The average period of revolution of the moon about 
the earth with respect to the sun. A period of 29 
days 12 hours 44 minutes 2.8 seconds. Also called 
a synodical month. 

The region between the solar wind bow shock and the 
earth's dipole magnetic field. It varies in size and, 
within the region, the solar wind is red11~ed o.nd. Lhe 
magnetic fj el d iz pc,orly defined. It is also called 
the transition region. 

The region of the earth's atmosphere where ionized 
gases contribute to the dynamics of the atmosphere 
and where the forces of the earth's magnetic field 
are predominant. 

Plasma evolved in the magnetosphere. 

See geomagnetic tail. 

The boundary between the map;netosheath (transition 
region) and the earth's dipole magnetic field. 

A large, dark, flat area on the lunar surface (lu­
nar sea). 

Large mass concentrations beneath the lunar surface. 
They are believed to be large bodies that have im­
pacted the lunar surface. 

Milli earth rate unit. One thousandtn of the earth's 
rotational rate. 

Metric photography Photography havi~g an anpropriate network of coordin­
ates or reference points to perMit accurate measure­
ments. 

Monoscopic 
photograph 

Morphological 

Moulton Point 

A sinp;le photograph of a given area. or subject ob­
tained with a camera having one lens system and 
shutter. 

Relating to the shapes and contours of objects or areas. 

A theoretical point on the sun-earth axis thou~ht to 
be located about 940 000 statute miles frorn the earth 
in the anti-solar direction. It is also designated as 
the 1 1 libration point of the earth. 
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Noble gases 

Olivine 

Pericynthion 

Perilune 

Phenocrysts 

Planar 

Plasma 

Plasma sheet 

Porphyritic 

Pyroclastic rocks 

Pyroxene 

Radial sample 

Radon 

Regolith 

Monatomic gases that are relatively inert. 

An igneous mineral that consists of a silicate of mag­
nesium and iron. 

The point in the orbit of a moon satellite that is 
nearest to the moon, or the point in the trajectory 
of a vehicle that is nearest to the moon. 

See pericynthion. 

Crystals in igneous rocks that are larger than the 
crystalline matrix in which they are imbedded. 

Two-dimensional. 

An electrically conductive gas comprised of neutral 
particles, ionized particles, and free electrons, but 
which as a whole, is electrically neutral. 

As used in this report, +~e term refers to a region 
in the center of the geomagnetic tail, approximately 
10 earth radii in width, in which there is a marked 
increase in particle flux. 

The texture of rocks which contain distinct crystals 
imbedded in a relatively fine-grained groundmass. 

Rocks formed by fragmentation as a result of volcanic 
action. 

A mineral occurring in short, thick, prismatic crystals, 
or in crystals of square cross section; often laminated, 
and varying in color from white to dark green or black 
(rarely blue). 

A sample consisting of material taken from a crater's 
ejecta field at a crater's rim, at a distance eaual 
to the crater's radius, and at a distance equal to 
the crater's diameter. · 

A radioactive gaseous element with atomic munber 86 
and atomic masses of 220 and 222. Formed by the radio­
active decay of radium. 

The surface layer of unsorted fragmented material on 
the earth or moon that overlies solid material. 

) 

.-) 
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Rille 

Scoriaceous 

Selenodetic 

Selenological 

Slikensides 

Solar corona 

Solar wind 

Spectrometric 

Stereoscopic 
photographs 

Talus 

Terminator 

Transition 
region 

Umbra. 

Vesicular 

Zodiac 
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A long, narrow valley on the moon's surface. 

Having the characteristics of rough, vesicular, cind­
ery, usually dark lava. 

Relating to the branch of applied mathematics that de­
termines by observation and measurement the positions 
of points on the moon's surface and the size and shape 
of the moon. 

Relating to the branch of astrono~v that deals with 
the moon. 

Smooth, grooved and polished surfa~es of rocks pro­
duced by frict~_on on fault planes and joint faces. 

The outer visible envelope of the sun. 

Streams of particles (plasma) emanating froM and flow­
ing approximately radially outward from the sun. 

Relating to the measurement of wavelengths of rays of 
a spectrum. 

Two photographs obtained of a given area or sub,1 ect 
from different angles so that the ima~es, when viewed 
through a stereoscope, appear as a three-dimensional 
reproduction of the area or subject photographed. 

An accumulated mass of angular rock debris on a hill­
side or at the foot of a mountain. 

The border between the illuminated and dark portions 
of the moon or planets. 

See magnetoshtath. 

The darkest portio~ of the shadow of: a large body 
such as the ear~:1 or moon wherein light is completely 
blocked. 

Containing small spherical cavities. 

nn im~inary belt that extends 8 degrees on either 
side of the ecliptic. It includes the paths of the 
moon and principal planets. 
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Zodiacal light A faint glow seen along the zodiac in the west after 
sunset and in the east before sunrise. 
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Figure 14-53.- Lunar Module Pilot's retractable tether (cover removed) • 

Disassembly ot the Commander's tether showed that the spring had ex­
panded off the spool, snarled, and ji.UIIIIIed against the case as the result 
ot a no-load release ot a slack cord (fig. 14-53). The cord had broken 
against a sharp edge of the spring when an attempt was made to extend the 
tether atter the jam. The tailure mode with the release ot the slack cord 
is repeatable. Disassembly ot the Lwtar Module Pilot's tether showed that 
both the bowline and the figure-eight knot attaching the cord to the clamp 
had untied (fig. 14-53) and this &l.lowed the cord to retract into the 
housing. Changing this knot to an improved clinch knot will provide a 
more secure and per-.nent attacm.nt. Crew training will emphasize pro­
per use of the tethers. 

This anomaly is closed • 

• 



14-84 

14.6 LUBAR ROVING VEHICLE 

14.6.1 Deployment Saddle Ditticult To Release From Vehicle 

The lunar roving vehicle deployment saddle was ditticult to release 
trom the vehicle during the final stage ot depl07JDent operations • 

The causes ot this problem are two told and interrelated. 

a. The saddle-to-vehicle connection (tis. 14-54) has close-toler­
ance interfaces to provide the rigidity required to prevent release-pin 
distortion and pe!'IIIUlent binding. This desisn requires the vehicle/sad­
dle interface to be completel)r tree ot stress to permit easy separation. 

b. The tilt ot the luns.r module to the rear and sidewa.ya, together 
with an uneven lunar surtace, provided SOJDe stress preloadinc ot the ve­
hicle/saddle intertaee. Attempts by the crew to improve the ro..er posi­
tion by' moving and pulling on it JI&Y' haft agra'ftted this situation. The 
crew was aware that the intertace had to be tree ot stress, and vben this 
was accomplished, the saddle separated. 

Telescopic tubes 

45• cable 
Cslack) Rover chassis 

Saddle release pin 

Saddle alignment 
pins C2) 

ripre 14-,...- S~e/lunar rovinc whicle illtertace. 

.. 
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TABLE 1-I.- MISSIOI REPORr SUPPLEMENTS - Concluded 

Title Publication 
Date/status 

Apollo 15 

Guidance, Ravigation 111d Control' System Preparatioo 
PertorJiliDce Analysis 

Service Propulsion S7stem Final Flight Preparation 
Evaluat i oo 

Ascent Propullioo System Final Flight Preparati oo 
Evaluation 

Descent Propulsion S7stem Final Flight Preparatioo 
Evaluation 

Apollo 15 Preliminar,y Science Report Publication 
Posttlisht Analysis ot the Extravehicular Publication 

Cozmunications System - lunar Module 
COIIDUDications Link 

Analysis ot Co•111d Module Color Preparation 
Television Camera 

.. 


	one of the three main parachutes failed

