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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 vere
made, the most significant being installation of 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
lunar surface, and the provision of a lunar roving wvehicle, 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
amount of new information concerning the moon and its characteristics,

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, Commender; Major
Alfred J. Worden, Command Module Pilot; and Lt. Col. James B. Irwin, Lu-
nar Module Pilot. The spacecraft/S-IVB combination was inserted into a
nominal earth parking orbit approximately 1l minutes L4 seconds after
lift-off. S~IVB restart for translunar injecticn was initiated during
the second revolution at about 2 hours and 50 minutes. The maneuver
placed the spacecraft/S-IVB combination on a translunar trajectory that
would allow return to an acceptable earth-entry corridor using the re-
action control system engines. Approximately 27 minutes after injJection
into the translunar trajectory, the command and service module was sepa-
rated from the S-IVB and docked with the lunar module. The lunar module
was extracted from the spacecraft/launch vehicle adapter. Shortly there-
after, the S-IVB tanks were vented and the suxiliary propulsion system
was fired to target the S~IVB for a lunar impact. The first spacecraft
midcourse correction was performed at sbout 28 hours 40 minutes with a
velocity change of 5.3 ft/sec. One other small midcourse correction was
performed during translunar flight.

The spacecraft was inserted into a lunar orbit of 170.1 by 57.7 mi-
les at approximately 78 hours 32 minutes. About 1 hour later, the impact
of the S-IVB stage was sensed by the Apollo 12 and 1k seismometers. The
impact point was about 146 kilometers (79 miles) from the planned point
and useful scientific data were obtained. The spacecraft was inserted
into a 58.5-by-9.6 mile orbit at about 82 hours k0 minutes and a trim ma-
neuver was performed later to adjust the perilune for powered descent.
Undocking and separation occurred at gbout 100 hours 39 minutes and, ap-
proximately 1 hour later, the command and service module was placed in a
near-circular orbit in preparation for the acquisition of scientific data.
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The lunar module touched down on the lunar surface about 550 meters
(1800 feet) from the planned target point at 104:42:29. 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 Photomsap,
Orbiter V site 26.1, First Edition, published by the U.S. Army Topographic
Command, April 1970). A hover time capability of sbout 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 extravehicular 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 the
crew drove the vehicle to Elbow Crater where they collected and documented
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 second extravehicular ac-
tivity, the lunar rover was checked out and prepared for 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 made at Spur
Crater and other points along the base of the front, as well as Dune Crater
on the return trip. The return route closely followed the outbound route.
Documented samples, a core sample, and s comprehensive sample were collec-
ted, and photographs were tsken. After reaching the lunar module, the crew
returned to the experiments package site where the Commander completed
drilling the second hole for the heat flow experiment and emplaced the
probe, During this period, the Lunar Module Pilot performed soil mechanics
tasks. Drilling was again performed by the Commander to obtain a deep core
sample, but the operation was terminated because of time constraints. The
crew then returned to the lunar module and deployed the United States flag.
The second extravehicular activity ended after about 7 hours 12 minutes.
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The crew spent almost 14 hours in the csbin following the second ex-
travehicular period. The third extravehicular activity began later than
originally planned to allow additional 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 deep core sample. Two core sections were disengaged, but
the drill send the remaining four sections could not be separated and were
left for later retrieval. The third geclogical traverse was in a westerly
direction and inecluded 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 package site to retrieve
the remaining sections of the deep core sample. One more section was sep-
arated and the remaining 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 sbout
5.1 kilometers (2.8 miles), and it lasted about L4 hours 50 minutes. The
total distance traveled with the lunar roving vehicle 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 surface, the Command Module Pilot
completed 34 lunar orbits operating scientific instrument module experi-
ments and camerss to obtain data concerning the lunar surface and the lu-
nar enviromnment. Some of the scientific tasks accomplished during this
time were the photographing of the sunlit lunar surface; gathering data
needed for mapping the bulk chemical composition 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 snd X-ray sources. Good-resolution panoramic and mapping camera
photographs were obtained during the mission.

After 66 hours 5L minutes 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 sbout 173 hours 36 minutes.

The lunar module was Jettisoned one revolution later than planned be-
cause of some difficulty with verifying the tunnel sealing and suit integ-
rity. Jettisoning occurred at sbout 179 hours 30 minutes and, sbout 1 1/2
hours later, the lunar module was deorbited with lunar impact occurring at
26 degrees 21 minutes north latitude and O degrees 15 minutes east longi-
tude, about 23 1/2 kilometers (12.7 miles) from the planned impact point
and about 93 kilometers (50 miles) west of the Apollo 15 landing site.

The impact was recorded by the Apollo 12, 14, and 15 seismic stations.



Before leaving lunar orbit, a subsatellite was deployed in an orbit
of approximately 76 by 55 miles, and all systems are operating as expected.
The trensearth injection maneuver was initiated at about 223 hours 49 min-
utes,

At about 242 hours, transearth coast extravehicular activity began.
Television coverage was provided while the Command Module Pilot retrieved
film cassettes and examined the scientific instrument module for abnorma-
lities. This extravehicular activity lasted approximately 38 minutes.
The total extravehicular time during the mission was 19 hours and 47 min-
utes.

A small midcourse correction of 5.6 ft/sec was performed at the sev-
enth midcourse correction opportunity. The command module was separated
from the service module as planned and a nominal entry followed with the
spacecraft being observed on the main 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 coordinates is 26 degrees
T minutes 48 seconds north latitude and 158 degrees 8 minutes 24 seconds
west longitude, sbout 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 command module onboard the recovery ship about 1 1/2 hours
after landing.



2.0 INTRODUCTION

The Apollo 15 mission was the fifteenth in the series using Apollo
flight hardware and achieved the fourth manned lunar landing. The 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
extended lunar surface stay time, increased extravehiculer operations,
and surface mobility; and conduct inflight experiments and photographic
tasks from lunar 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 preliminary scientific results
and lsunch vehicle performance are reported in greater detail in other
publications (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 anomsly investigations not completed by the time of pub-
lication will be reported individually.)

b. A description of the mission by the flight crew.
¢. A summary of science operations.

d. A summary of the operational support provided by the flight con-
trol, manned 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 through D, the configuration of the
spacecraft and the equipment sboard the spacecraft are identified, and
information is presented concerning spacecraft manufacturing and checkout
history, postflight testing, and data availability. A complete analysis
of all applicable data is not possible within the time frame of the prep-
aration of this report. Therefore, report supplements will be published
as necessary. Appendix E lists the reports and gives their status, either
published or in preparation.

Times, unless otherwise specified, are 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 messurement
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 trajlectory 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; tables 3-III and 3-IV
contain trajectory parameter information; and table 3-V is a summary of
maneuver data.,

3.1 LAUNCH AND TRANSLUNAR 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 pericynthion. 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
T9-mile pericynthion, one of 139 miles was achieved. Two midcourse cor-
rection maneuvers were performed in addition to the normal vehicle sepsa-
ration maneuvers to reach the -desired 68-mile pericynthion.

After command and service module/lunar module ejection, the S-IVB
performed an evesive maneuver. Then the S-IVB, using its auxiliary pro-
pulsion system, performed two maneuvers designed to impact it at the de-
sired luner 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, and the spacecraft was
lowered to an orbit having a 58.5-mile apocynthion and a 9.6-mile pericyn-
thion. This orbit gradually decayed, requiring a trim maneuver to adjust
the orbit for powered descent initiation.



TABLE 3-I.- SEQUENCE OF EVENTS

S5vent Elapsed time,
hr:min:sec.
Range zero - 13:34:00 G.m.t., July 26, 19T1
Lift-off - 13:34:00.6 G.m.t., July 26, 1971
Earth orbit insertion 00:11:hk
Translunar injection maneuver 02:50:03
S-IVB/Comnand and service module separation 03:22:27
Translunar docking 03:33:50
Spacecraft ejection ob:18:01
First midcourse correction/service propulsion 28:40:22
system test
Second midcourse correction 73:31:15
Scientific instrument module door jettison Tu:06:47
Lunar orbit insertion T8:31:47
S~IVB lunar impact 79:24:42
Descent orbit insertion B82:39:k49
Descent orbit trim 95:56:45
Lunar module undocking and separation 100:39:16
Circularization maneuver 101:38:59
Powered descent initiation 104:30:09
Lunar landing 10Lk:h2:29
Start standup extravehicular activity 106:42:49
End standup extravehicular activity 107:15:56
Start first extravehicular activity ) 119:39:17
Data from Apollo lunar surface experiment package 125:18:00
End first extravehicular activity 126:11:59
Start second extravehicular activity 1h2:1k4:48
End second extravehicular activity 1k9:27:02
Start third extravehicular activity 163:18:14
Command and service module plane change 165:11:33
End third extravehicular sctivity 168:08:04
Lunar ascent 171:37:23
Terminal phase initiate 172:29:40
Terminal phase finalize 173:11:07
Docking 173:36:26
Lunar module jettison 179:30:01
Lunar module deorbit maneuver 181:04:20
Lunar module impact 181:29:37
Orbit shaping meneuver 221:20:L48
Subsatellite launch 222:39:29
Transearth injection 223:48:46
Start transearth extravehiculer activity 2b1:57:12
End transearth extravehicular activity 242:36:19
Third midcourse correction 291:56:50
Command module/service module separation 29L:L3:56
Entry interface 294:58:55
Begin blackout 295:59:13
End blackout 295:02:31
Forward heat shield jettison 295:06:L5
Drogue deployment 295:06:46
Main parachute deployment 295:07:3k
Landing 295:11:53

85ee tadble 3-I1 for event definitions,
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TABLE 3-II.- DEFINITION OF EVENT TIMES

Event
Range zero
Lift-off

Barth orbit insertion
Translugar injection manuever

8-1VE/comuand module separation, translunexr
docking, spacecraft sjection, scientific instru-~
ment modyle door jettison, lunar module undocking
snd separation, docking, lunar module jJettiszon,
and subsatellite launch .

Second mideourse correcticn, lunar orbit insers
tion, deseent orbit insertion, circulerization ma-
neuver, powersd descent initiation, plene change,
lunar sscent, lunar module deorbit maneuver, shap-
ing maneuver, and transearth injection

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

8-IVE lunar impact

Lunar landing

Beginning of extravehicular activity

End of extravehiculer sctivity

Apollo lunar surface experiment packege first data
Terminal phase initiate

Terminal phase finalize

Lunar module impact

Command module/service module separation

Entry interface

Begin blackout

End blackout

Forward heet shield Jettison, drogue deployment,

and main parachute deployment

Earth landing

nitio
Final integral second before lift-off

Time of instrumentation unit umbilicel discommect as indl-
cated by lsunch vehicle telemetry

&«IVE engine cutoff time plus 10 seconds as indicated by
launch vehicle telemetry

Start tank discharge valve opening, allowing fuel to be
pumped to the S-IVE engine

The time of the event based on snalysis of spscecraft rate
and accelerometer data

The time the spacecraft computer commanded the engine on
a5 indicated in the computer word telemetry data

Engine ignition as indicated by the appropriate engine bi-
level telemetry measurement or other telemetry data

The time of loss of S-band transponder signal

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

The time cabin pressure reaches 3 psia during depressuri-
zation as indicated by telemetry dasta

The time cabin pressure reaches 3 psis during repressuri-
zation as indicated by telemetry date

The receipt of first deta considered valid from the Apollo
lunsr surface experiments packege telemetry

The time of stert of the terminal phase initiate maneuver
during the rendezvous sequence as calculated by the computer

The time during the rendezvous sequence when the first
braking meneuver ig performed es determined from telemetry
data

The time the final date point is transmitied from the lu-
nar module telemetry system

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

The time the command module reaches LOO 000 feet geodetic
altitude as indicated by the best estimate of tralectory

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

The time of aquisition of S-band communications following
blackout

The time of deployment as indicated by the relay actuations
via the telemetry system

The time the spacecraft was visually observed to touch the
water
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TABLE 3-III.- TRAJECTORY PARAMETERS
Space~fixed | Space-tixed Space~fixed
Event xegerence h 'Tim?, Lat;;ude, L«onthude‘ Alt;;ude, veloclty, flight-path | heading sngle,
ody ¥ iminsec 8 eg : ft/ses angle, deg | deg £ of N
Translunar phase
Translunar injection Earth 02:56:03.6 2h.9T N h2a3 v 173.0 35 582.8 7.48 73.19
Command and service module/8~1VB Earth 03:22:27.2 19 .96 62.50 W 4 028.0 24 587.0 h6.01 112.k9
separation

Docking Earth 03:33:49.5 12.22 N 5h,22 W 5 985.4 21 811.0 51.66 115.86
Command snd service module/lunar Earth 0k:18:01.2 5.61 K %87 W 12 826.9 16 ho2,2 61.45 114.20

module glection from §-IVB
First midcourse correction

Ignition Earth 28:40:21.9 13.3% 5 15.17 W nk 783.2 L gko.8 77.22 116.83

Cutoft Earth 28:40:22.7 13.3 8 19,18 W 114 T840 L 856 77.18 116.76
Second midcourse correction .

Ignition Moo 73:31:14.8 0.94 8 55,0 ¥ 12 618.4 3 963.1 «81.08 -139:68

futoff Moon T3:31:15.7 0.95 8 54.% W 1z 617.7 3 966.8 ~81.10 -1k0.00
Scientific instrument module Meon Th:06:k7.0 1.46 8 56.65 W 11 235.3 4 026.3 ~80.20 -139.9%

door Jettisan

lonar orbit phase

Lunar orbit insertion

Ignition HMoon 78:31:46.7 27.79 8 172.05 W 8.7 8 188.6 -8.93" -5k 45

Cutoft Hoon 7B:38:25.,1 21.03 8 160.08 £ Th.l 5 k07,5 2.17 ~50.45
Descent orbit insertion

Ignition Moon 25,265 | W0.TT W 55.3 5 4L.T 0.00 -8 .54

Cutoft Moon 25.37 8 151.07 W 54.9 5 285.0 0.02 -B0.95
Descent orbit insertion trim

Ignition Moon 55:56:44.7 | 25.10 § 155.32 W 56.4 5 276.9 0.23 -83.23

Cutoff Moon 95:57:15.1 12.58 8 143.20 E 506.1 5 314.8 ~1.08 -48. 85
Commsnd and service module/lunar Hoon 100:39:16.2 23.k9 K 33.58 E Tk S 553.6 ~0.53 ~86.48

module separstion
Command and service module

circularization

Ignition Moon 101:38:59.0 | 25.03 8 157T.78 ¥ 57.1 5 276.5 0.32 -83.60

Cutofs Moon 101:38:02.7 24,56 N 26.5 E 55.8 5 352.3 -0.36 -92.95
Powered descent initistion Moon 1048:30:09.4 24,83 N 22.50 B 5.8 5 560.2 -0.40 -4k, 80
Command and service module

plare change

Tgnition Moon 165:11:32.7 | k2 s 96.9% E 61.8 5 318.1 ¢.20 -k5 .52

Cutolf Moon 165:11:51.0 5.0k 8 96.00 B é2.0 5 318.8 0.01 -1 .83
Ascent Hoon 171:37:23.2 | 2868 N 16,0k W 54,8 5 357.1 0.32 -100.33
Terminal phase initiation Moon 172:29:40.0 18.02 8 150.83 W 34,2 5 368.8 0.11 «122 .40
Docking Moon 173:36:25.5 25,51 8 5.35 E 57.0 5 345.8 -0.33 ~T7.43
Lunar module Jettison Moon 179:30:01.4 24,13 N 7.89 E 57.5 5 342.1 -0.35 ~T1.87
lunar module mscent stage

drorbit

Ignition Moon 181:04:19.8 7.08 8 Th.19 B 61.5 5 318.9 0.01 ~kQ .91

Cutoff Moot 181:05:42.8 5.18 ¢ 70.37 B 61.8 5 156.0 -1.72 -k0,53
Lunar module ascent stage

impact Moon 181:29:37.0 6.20 N 0.28 B -0.3 5 561.8 ~3.26 -78.09
Shaping maneuver

Ignition Moon 221:20:48.0 23.21 N 87.71 ¥ 53.6 5 362.9 -0, 3k ~131.63

Cutoff Moon 221:20:51.4 | 23.15 N 87.90 W 53,7 5 379.2 1.3% ~131.72
Subgatellite launch Hoon 222:139:29.1 0.08 8 .23 W 62.6 5 331.9 «0,60 41,78
Transearth injection

Ignition Moon 223:48:45.8 14,34 5 167.97 ¥ 67.6 5 305.9 0.52 ~128.90

Catoff Moon 223:51:06.8 18.30 8 176.32 W 71,8 8 272.% kb3 ~129.08

Transearth cosst phase

Third midcourse correction

Ignition Earth 291:56 :45.9 38.43 8 102.6k E 25 190.3 11 994.6 68,47 103.11

Cutoff Earth 291:57:12.2 38.44 8 102,58 B 25 149.3 12 002.4% -68.49 103.09
Cormand module/service module

separation Earth 28k :h3:55.2 23.85 8 139.91 E 1 951.8 2% 001.7 «36 bk 56.65

Entry and landing phases

Entry Earth 29k:58:5k.7 .23 N 175,02 W 65.9 36 096.4 -6.51 52.06
Landing Earth 295:11:53.0 26.13 N 158,14 W

eSee Table 3-IV for trajectory parameter definitions.
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TABLE 3-IV.- DEFINITION OF TRAJECTORY AND ORBITAL PARAMETERS

Tralectory 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 ascending 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 1s 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
meridian and 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, ft 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 velocity
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
sbove the center of the earth, miles

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

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

The point of minimum orbital altitude sbove 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 reference body's equstorial plane, deg

The longitude at which the orbit plane crosses the ref-
erence body's equatorial plane going from the Southern
to the Northern Hemisphere, deg



TABLE 3-V,- MANEUVER SUMMARY

{a) Trensluner

Velocit: Resultant pericynthion conditions
Meneuver Syaten Jgnition time,| Piring time, changey
hriminisec sec P /sec' Altitude, | Veloclty, | Latitude, | Longltude, | Arrivel time,
milen ft/aec deg:min deg:min hriminisec
Translunar injection S-IVB 2350.02.8 350.8 10 lak,7 139 8033 23:05 8 173:15 E 78:31:21
First mideourse correcs Service propulsion 28:40:21.9 0.8 5.3 63 8279 23116 8 171:32 B 78:35:15
tion .
Second mideourse core Service propulsion T3:31:1h.8 0.9 5.4 68 8261 23:30 8 171:39 B 78:35:06
rectlon
(b} Tuner orbit
: Resultant orbit
Velocity
Ignition time, | Piring time,
Meneuver Systen hr:minisec sec ;:?:ﬁz * lapovynthion, | Perleynthion,
miles wiles
Lunar orbit insertion Service propulsion 78:31:46.7 3984 3000.1 170.1 5T.7T
Descent orbit insertion Service propulsion B2:39:49.1 2k, 5 213.9 58,5 9.6
Descent orbit insertion trim| Reaction control 95:561kb.7 18.9 3.2 60.3 8.8
Circulerization Service propulsion 101:38:59 1.7 £8.3 65.2 54,8
Povered descent initiation Lungr module descent 104:30:09.4 739.2 6813 - -
propulsion
Lunar orbit plane change Service propulsion 165:11:32.7 18.3 330.6 64,5 53.6
Ascent Lunar module sseent 171:37:23.2 %1 6059 k2.5 9.0
propulsion
Terminal phase injtiation Lupar module ascent 172:29:40 2.6 T2.7 k. 38,7
propulsion
Lunar module deorbit fanar module reaction 181:04:19.8 83 200.3 - -
control
Orbit shaping Service propulsion 221:20:48 3.k 66.4 T6.0 54,3
s
(e} Transearth
Resultant entry interface condltion
v yst Tgnition time, | Firing time, vzi:gi“-"
ent ystem hriomin:ges sec oy 8¢y | plight-path | Veloeity, | Latitude, | Longitude, | Arrival time
sec sngle, deg 4 /aen deg:min deg:min hrimin:ises
Transesrth injection | Service propulsion | 223:h8:45.8 1kl 3046.8 ~7.13 36 097 13:28 K 175:4% W 294:57:45
Third mideourse cor- | Service module 291:56:49.9 22.3 5.6 -6 .49 39 096 115 N 175 W 294 :58:55
rection reaction control

bit.

After lunar module separation, a circularization maneuver was per-

formed placing the command and service module in a 65.2-by-5L.8-mile or-
The command and service module remained in this orbit until about

6 hours prior to scheduled lunar 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.


http:deg:m.in

3.2.2 Descent

A landing site update of 853 meters (2800 feet) downrange was incor-
porated at about 2 minutes into the powered descent to correct for downe
range error. No ther updates were necessary. The crew made at least
seven site redesignations for a total change of 338 meters (1110 feet)
uprange and 409 meters (1341 feet) to the right. The landing point was
sbout 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
Edition, 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 L42.5-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 maneuver was 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 ILunar Module Deorbit

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 meneuver 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 latitude and O 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 l-ft/sec retrograde
separation maneuver after lunar module Jettisoning to minimize the possi-
bility of recontact but, because of the jettisoning delay, a 2-ft/sec
posigrade maneuver was performed.

3.2.5 Orbit-Shaping Maneuver and Subsatellite Launch

In preparation for launching the subsatellite Jjust prior to trans-
earth injection, an orbit-shaping maneuver was performed during the T3rd






3.3 TRANSEARTH AND ENTRY TRAJECTORY

The transearth injection meneuver was performed at 223 hours 49 min-
utes. On the transearth flight, no midcourse corrections were made until
about 3 hours prior to entry. A 5.6-ft/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 spacecraft into the earth's atmosphere were nominal.

The best estimate of the spacecraft landing point is 26 degrees T minutes
48 seconds north latitude and 158 degrees 8 minutes 24 seconds west long-
itude. :






4,0 LUNAR SURFACE SCIENCE

The following experiments associated with the Apollo lunar surface
experiment package are discussed in this section: suprathermal ion de-
tector, cold cathode gage, passive seismometer, lunar surface magneto-
meter, solar wind spectrometer, heat flow, and lunar dust detector.
Other experiments and activities discussed consist of a laser ranging
retro-reflector experiment, a solar wind composition experiment, 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 & deep core sample, is described. A comprehen-
sive discussion of the preliminary scientific results of this mission are
contained in reference 2. References to descriptions of the experiment
equipment are contained in Appendix A,

4.1 SUMMARY OF LUNAR SURFACE ACTIVITIES

Because of the variety of surface features, the Hadley-Apennine land-
ing site permitted extensive diversified geologic exploration and sampling.
During the approximately 67 hours on the surface, the crew conducted a
33-minute standup extravehicular activity as well as three extravehicular
activities for experiment operations and lunar roving vehicle traverses.
The timelines for the three extravehicular activity periods are contained
in table 4-I. The actual and planned traverse routes are shown in fig-
ures U4-1 and 4-2, which are asctual photographs of the lunar surface taken
with the panoramic camera.

The outbound route of the first extravehicular traverse was south-
west across the mare to the edge of Hadley Rille, south along the edge of
the rille to Elbow Crater (station 1, fig. 4-1); then along the edge of
the rille to an area near St. George Crater (station 2). The return route
was past Elbow Crater and directly across the mare to the lunar module,
After returning to the lunar module, the crew deployed the Apollo lunar
surface experiment package, the laser ranging retro-reflector, and the
solar wind composition experiment (fig. L4-3). The extravehicular activ-
ity was approximately 6 hours 33 minutes in duration and the traverse
covered a distance of 10.3 kilometers (5.6 miles).

The second extravehicular activity was southeast across the mare to
the Apennine front (stations 6 and 6a) northwest to Spur Crater (station
7) and north to the area of Dune Crater (station 4). The return was north
across the mare to the Apollo lunar surface experiment package site (sta-
tion 8) and then to the lunar module. The duration of the second extrave-
hicular activity was approximately T hours 12 minutes, and the distance
traveled was 12.5 kilometers (6.8 miles).



TABLE 4.I.- EXTRAVEHICULAR TRAVERSE EVENTS

Elapsed time,
hr:min:sec

Event

First Extravehicular Activity

119:39:17 Lunar module cabin depressurized.

119:5k 154 Television deployed.

120:00:05 Contingency sample collected.

120:18:31 Lunar roving vehicle offloaded.

120:31:33 Lunar roving vehicle deployed.

121:24:03 Lunar roving vehicle configured for traverse.

121:4k:55 Departed for station 1.

122:10:46 Arrived at station 1. Performed radial sampling,
gathered documented samples, and performed panoramic
photography .

122:22:36 Departed for station 2.

122:34: kY Arrived at station 2. Gathered samples, obtained a
double core tube sample and performed stereopanoramic
and 500-mm photography.

123:26:02 Departed for lunar module,

123:59:39 Arrived at lunar module. Offloaded and deployed Apollo
lunar surface experiment package, laser ranging retro-
reflector, and solar wind composition experiment.

126:11:59 Lunar module cabin repressurized.

Second Extravehicular Activity

1hk2:1h: 48 Lunar module cabin depressurized.

1L42:25:04 Prepared equipment for lunar roving vehicle traverse.

1hk3:10:43 Departed for station 6,

1Lk3:53:46 Arrived at station 6. Gathered samples, obtained a single
core tube sample, obtained a special environmental sample
from trench, and performed panorsmic and 500-mm photography
tasks.

1hk:58:49 Departed for station 6a.

1k5:01:11 Arrived at station 6a. GCathered samples and performed
panoramic photography tasks.

145:22:40 Departed for station 7.

145:26:25 Arrived at station 7. Gsthered selected samples, a compre~-
hensive soil sample, and performed penoramic photography.

146:16:09 Departed for station L.

146:28:59 Arrived at station 4. Gathered samples and performed
panoramic photography.

146:h5: 4L Departed for lunsar module.

147:08:09 Arrived at lunar module. Offloaded samples and configured

lunar roving vehicle for trip to station 8 (Apollo lunar
surface experiment package site).




TABLE L-I.- EXTRAVEHICULAR TRAVERSE EVENTS - Concluded

Elapsed time,

hr:min:sec Event

147:19:33 Departed for station 8.

1h7:21:15 Arrived at station 8. Gsthered comprehensive geologic
semple, gathered special environmental sample from trench,
drilled second heat flow hole and emplaced probe, drilled
deep core sample hole, and performed penetrometer experi-
ments.

1L48:31:08 Departed for luner module.

148:32:17 Arrived at lunar module., Deployed flag and began closeout,

1L9:27:02 Lunar module cabin repressurized.

Third Extravehicular Activity

163:18:14 Lunar module cabin depressurized.

164:04:13 Departed for Apollo lunar surface experiment package site.

164:09:00 Arrived at Apollo lunar surface experiment package site.
Recovered deep core sample and performed photographic
task of the lunar roving vehicle operation.

16L:48:05 Departed for station 9.

165:01:22 Arrived at station 9, Collected samples and performed pano-
ramic photography tasks.

165:16:50 Departed for station 9a,

165:19:26 Arrived at station 9a. Gathered extensive samples, obtained
a double core tube and performed photographic tasks including
500-mm and stereoscopic panoramic photography.

166:1k4:25 Departed for station 10,

166:16:45 Arrived at station 10. Gathered samples and performed 500-mm
and panoramic photography tasks.

166:28:L9 Departed for Apollo lunar surface experiment package site.

166:43:40 Arrived at Apollo lunar surface experiment package site.
Recovered drilled core sample and performed photographic tasks.

166:L5: 145 Arrived at lunar module. Began closeout procedures.

167:32:18 Departed for finel positioning of lunar roving vehicle to
obtain television coverage of ascent.

167:35:24 Lunar roving vehicle positioned.

168:08:0b Lunar module cabin repressurized.

The third extravehicular activity included a 5.l-kilometer (2.8-mile)
traverse.
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 U4 hours and 50 minutes.

The outbound trip was west to Scarp Crater (stations 9 and 9a)
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Figure 4-3.- Apollo lunar surface experiment deployment.

L.2 APOLLO LUNAR SURFACE 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 central 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 July 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 Tl .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 1 watt. The solid-state timer, used
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for the 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 centrel station 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 during
the eclipse. There was no indication of significant dust collection on
the instrument's solar cells as a result of the lunar module ascent.

The system continues to exhibit normal performsnce. Egquipment 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, 197l. 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 date from the experiment
is expected. Photographs of the instrument show the shroud skirt to be
raised up at several places (fig. L-L). 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 essentisl
for the location of natural lunar events. The first event to be recorded
on all three Apollo lunar surface experiment package stations waes the im-
pact of the lunar module ascent stage approximately 93 kilometers (50 miles)
west of the Apollo 15 station. The signal generated 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 asbout T minutes (fig. 4-5). The fact that this small source of energy
was detected at such great range strongly supports the hypothesis that
meteoroid impacts are being detected from the entire lunar surface.
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at all three stations and was located by trisngulation. Fourteen impact
events were recorded by the Apollo 12 and 1k stations during this period.
Signals were also recorded that were caused by events and activities as-
sociated with lunar surface operations, particularly the movements of the
lunar roving vehicle and the ascent from the lunar surface. The lunar
roving vehicle was detected at ranges up to 5 kilometers (2.7 miles) with
an accuracy within approximately 0.5 kilometer (0.27 mile). As in pre-
vious missions, numerous signals were also recorded from venting of gases
and thermal "popping" within the lunar module.

k. LUNAR SURFACE MAGNETOMETER EXPERIMENT

The lunar surface magnetometer was deployed approximately 15 meters
(48 feet) west-northwest of the Apollo lunar surface experiment package
central station. The experiment was initiaslly commanded on near the end
of the first extravehicular asctivity. All operations of the experiment
have been nominal. The electronics temperature has reached a high of
157° F at lunar noon, and a low of 41° F during lunar night. The instru-
ment is routinely commanded into a calibration mode every 18 hours by the
central station timer. The one~time site survey was succegsfully completed
on August 6. The remesnent magnetic field at the site is lower than that
measured at the Apollo 12 and 14 sites. The eddy current produced by the
interaction of the solar wind with the lunar surface has been measured.

4.5 SOLAR WIND SPECTROMETER EXPERIMENT

The solar wind spectrometer was deployed L4 meters (13 feet) north of
the Apollo lunar surface experiment package central station and was acti-
vated near the end of the first extravehicular activity. The instrument
recorded engineering and background data for approximately 2 earth days
before the seven dust covers were removed.

The instrument recorded normal magnetospheric plasma data until the
instrument passed into the geomagnetic tail of the earth. As expected,
the plasms level in the geomagnetic tail waes below the measurement thresh-
0ld of the instrument (and essentially no solar wind plasma was detected).
Upon emerging from the geomagnetic tail, the instrument was switched to
the extended-range mode with no operationsl problems. The instrument will
be left in this mode for correlation of data with the Apollo 12 solar wind
spectrometer which is also operating in the same mode. A comparison of
samples of simultaneous data from the two instruments has already demon-
strated differences in the electron and proton components of the solar
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wind plesma that strikes the surface of the moon at the two stations. The
solar plasma levels during the lunar night, as expected, were below the
measurement threshold of the instrument.

4.6 HEAT FLOW EXPERIMENT

Deployment of the heat flow experiment was started on the first ex-
travehicular activity and completed on the second extravehicular activity.
A minor problem was experienced in removing two Boyd bolts that fasten
the heat flow experiment components to the subpallet and problems were
encountered in drilling the holes for two probes and emplacing the sec-
ond probe. Refer to sections 4.11 and 1L4.L.1 for further discussion.

The electronics box was placed sbout 9 meters (30 feet) north-northeast
of the central station. The first probe hole was drilled sbout 4 meters
(12 feet) east of the electronics box and the second, about 4.5 meters

(15 feet) 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 first ex-
travehicular activity, but the drilling of the second hole and emplacement
of probe 2 was deferred because of time constraints. Drilling 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. 14.4.1) prevented probe 2 from reach-
ing the bottom of the hole. The first heat flow experiment probe extends
from a point 47 centimeters (19 inches) below the surface to a point 152
centimeters (62 inches) below the surface. Because of the damage to the
bore stem in the other hole, the second probe extends from the surface to
105 centimeters (43 inches) below the surface (see fig. 4-6).

The experiment was turned on at 1947 G.m.t., July 31, and valid tem-
perature data were received from all sensors. Because of the shallow em-
placement of probe 2, high near-surface temperature gradients will keep
the differential thermometers on the upper section off-scale during most
of a lunar day-night cycle. The lower section of probe 2 and both the up-
per and lower sections of probe 1 are returning valid data on subsurface
temperatures. Sensors on these sections that are shallower than 80 centi-
meters (32 inches) are seeing the effects of the diurnal cycle of surface
temperature, but these variations are well within the range of measurement.
Lunar surface temperatures are being obtained from five of the eight ther-
mocouples in the probe cables that are just above or on the lunar surface
because of the shallow emplacement,

Data for the reference thermometer sampled with the probe 2 thermo-
couple measurement went off-scale high at 1027 G.m.t., August T; however,
the data from this reference thermometer is also sampled with the probe 1
thermocouple measurement, and is valid. Therefore, no data have been lost.
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Figure L-6.- Heat flow experiment bore-stem and probe emplacement.

L.7 SUPRATHERMAL ION DETECTOR EXPERIMENT

The suprathermal ion detector experiment was deployed and aligned ap-
proximately 17 meters (55 feet) east-northeast of the Apollo lunar 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 instrument was drop-
ped. The instrument was initially turned on near the end of the first
extravehicular activity and operated normally, returning good scientific
data. After about 30 minutes of operation the instrument was commanded
to "standby" to allow outgassing. The dust cover was removed by ground
command prior to the second extravehicular activity. Subsequently, the
instrument was commanded on for five periods of approximately 30 minutes
each to observe the effects of: (1) depressurization for the second ex-
travehicular activity, (2) depressurization for the third extravehicular
activity, (3) depressurization for equipment jettisoning, (4) ascent, and
(5) lunar module ascent stage impact. During some of this time simulta-
neous observations of intense magnetosheath ion fluxes were made by all
three suprathermal ion detector instruments now on the moon. The high
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voltage was commanded off prior to the hotter part of the first 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 0.3 meter (1 foot)
northeast of the suprathermsl ion detector experiment. The instrument was
turned on and the seal was commsnded 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 ocutput became slightly less
than full-scale. Subsequently, the high voltage was commanded off to allow
outgassing.

The experiment was operated five 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 ccoled during lunar night, the output of the gage gradu-
ally decreased to 10712 torr. This value is very near that observed on
the Apollo 14 gage during lunar night. Two gas clouds of unknown origin
were observed at the Apollo 15 site at O4OO and 1930 G.m.t. on August 15;
these may be associated with Apollc 15 hardware left on the lunar surface.

4.9 LASER RANGING RETRO-REFLECTOR EXPERIMENT

The laser ranging retro-reflector was deployed during the first ex-
travehicular activity approximately 43 meters (140 feet) west-southwest
of the Apollo lunar surface experiment package central station. Leveling
and alignment were accomplished with no difficulty. The McDonald Observ-
atory team initially acquired a return signal from the Apollo 15 instru-
ment August 3, 1971, when atmospheric conditions first permitted ranging.
Based on successful acquisition on every attempt, and the receipt of four
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to five consecutive returns during a number of operations, the return sig-
nal strength appears higher than returns from the Apollo 11 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 sluminum
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 module for a totel 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
position in the lunar soil and functioned as an encasement to preclude
cave~in of unconsolidated material. The gubsurface core was obtained by
drilling 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, full depth penetration with the bore stems was a problem and ex~
traction of the core stems from the hole was difficult (see sec. 1h4.k.1).
The two bore stem holes were drilled to a depth of about 172 centimeters
(70 inches) instead of the desired 294 centimeters (120 inches), with one
of the bore stem strings probably sustaining damage at a point slightly
above the first jJoint [about 105 centimeters (43 inches) below the surface]
(see fig. 4-6).
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On the first extravehicular traverse, station 1 and 2 tesks were per-
formed as planned. Refer to figures L-1 and L-2 for locations of stations
on actual and planned traverse routes. The radisl 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 of 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
front, 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 of the ex-
travehicular period, plus the time required to remove the deep core sam-
ple from its hole, required 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 of 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 1k4; others appear to be indurated regolith. Abundant
glass, found as coatings on the rock surfaces and in fractures, is asso-
ciated with the breccias. Also collected were basaltic rocks ranging
from vesicular and scoriaceous to dense with phenccerysts greater than a
centimeter long.

Layered bedrock ledges are exposed in the upper parts of Hadley Rille,
These are probably a cross-section of mare flows 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 premission maps. The faults
and associated rotation were probably csused by the impact event that pro-
duced the Imbrium Basin.

L.12.4  Equipment

The equipment used during the geology portion of the extravehicular
activities performed well with the following exceptions:

a. Excessive time was required for the gnomon to damp.

b. Sample return container 2 did not seal properly because part of
a collection bag was caught in the seal area between the knife edge and
the indium seal.

¢. 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 1h.k4.1,

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. 1k.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 7T0-mm
Hasselblad electric data camera hand-held by & crewman. 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 MECHANICS EXPERIMENT

The soil mechsanics 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. L-1) near the
end of the second extravehicular activity with only one crewmenmber availe
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. OStratification was not ob-
served., Digging of the trench was followed by six of seven planned megs-
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 documentation of these
activities, nor was the television camera on the lunar roving vehicle in
g suitable position to provide a high degree of detail.

Data from the penetrometer tests were intended to provide guantita-
tive information on the physical properties of the lunar soil to depths
up to T4 centimeters (30 inches). The data, now under study, will prob-
ably not provide the gquantitative detail on physical properties origi-
ally anticipated because of the following reasons: (1) The soil struc-
ture at the site had greater penetration resistance than had been antic-
ipated; (2) A particulerly 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 performed on simulated lunar soil.
Figure L-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
mechanices experiment. The core tubes, which were modified for this mis-
sion, performed satisfactorily.






5.0 INFLIGHT SCIENCE AND PHOTOGRAPHY

The inflight experiments and photographic tasks conducted during the
Apollo 15 mission are discussed in this section. The discussion is con-
cerned primarily with experiment hardware performasnce and data acquisition
operations. In instances where preliminary scientific findings were avail-
able at the time of report prepsration, they are included, but more com-
plete information on scientific results will be found in reference 2,

~ The experiments located in the scientific instrument module bay of
the service module (fig. 5-1) consisted of a gamma ray spectrometer, an
X-ray spectrometer, an alpha-particle spectrometer, a mass spectrometer;
and a subsatellite which is the vehicle for a particle shadows/boundary
layer experiment, an S-band transponder experiment, and a magnetometer
experiment. The subsatellite (fig. 5-2) was launched successfully Jjust
prior to transearth injection on August 4 at approximately 2100 G.m.t.,
and was inserted into a 76.3-by-55.l-mile lunar orbit with an inclination
of minus 28.7 degrees. The three subsatellite experiments are expected
to acquire data for a period exceeding 1 year. At the time of launch,
the moon was in the magnetosheath (transition) region of the earth's mag-
netosphere (fig. 5-3), one of several data collecting regions of scien-
tific interest. All subsatellite experiments are turned off 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 inflight experiments consisted of ultraviolet photography of
the earth and moon, photography of the Gegenschein from lunar orbit, an
S-band transponder experiment using the command and service module and
lungr module S-band communication systems, a down-link bistatic radar
experiment using both the S-band and VHF communicetions systems of the
command and service module and an Apollo window meteroid experiment.

Photographic tasks that were designated as detailed objectives rather
than experiments are also discussed. They are the service module orbital
photogrephy employing the panoramic camera, the mapping camera, and the
laser altimeter; and command module photography of lunar surface areas
and astronomical subjects. A brief description of the equipment used for
these experiments and photographic tasks is given in appendix A.
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The instrument was alsoc operated for approximately 50 hours during trans-
earth flight obtaining background data necessary for analysis of the lunar
data, and to acquire data from galactic sources.

The instrument as well as the deployment boom performed well through-
out the mission. However, two anomalous conditions occurred which affected
instrument calibration, First, a downward drift in the linear gain of the
photomultiplier or pulse analyzer was detected after the first boom exten-
sion (prior to undocking in lunar orbit) when several lines in the spectrum
of the Apollo lunar surface experiment package fuel capsule were used for
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calibrations. The drift decreased in magnitude from an initial rate of

1 percent per hour to 0.4 percent per day and, eventually, reached a fairly
stable state. The second anomalous condition was noted sbout 2-3/b4 hours
after transearth injection, when spectrum zero shifted eight channels,
causing loss of the 0.279-million-electron-volt calibration reference.
Commencing 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.k,

The preliminary data indicates variations in radioactivity as the
spacecraft passed over different kinds of terrain. The western mare areas
are generelly the highest in radicactivity, 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 anslysis is expected to show the presence and distribu-
tion of uranium, magnesium, sluminum, and titanium.

5.2 X-RAY FLUORESCENCE EXPERIMENT

A1l 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 preselected locations to acquire data on pos-
sible variations in X-ray intensity. Two observations were coordinated
with similtaneous ground-based observations. After 276 hours, the instru-
ment was left on to obtain data for use in the search for new sources of
X-ray emission and to improve spectral information on known sources.

Near the end of transearth flight, an engineering test was conducted
to determine if the gas-~filled proportional counters would be damaged by
direct impingement of solar X-rays. The experiment continued to operate
satisfactorily after the test.

The preliminary data shows that the fluorescent X-ray flux was more
intense than predicted; that the concentration of aluminum in the highlands
is about 50 percent greater than in the maria; and that the ratio of mag-
nesium-to-~aluminum in Mare Smithii and Mare Chrisium is about 50 percent
greater than in the highlands between, and to the east and west of, the
two maria. Analysis of the X-ray astronomy cbservations made enroute to
the earth has shown that the intensity in X-rsy output of Scorpius X-1
and Cygnus X-1 fluctuates with periods of several minutes.



5.3 ALPHA-PARTICLE SPECTROMETER EXPERIMENT

All primary objectives of the alpha-particle experiment were achieved.
The spectrometer was operated for approximately 80 hours in lunar orbit to
acquire prime data, and approximately 50 hours during transearth coast to
acquire background data.

™o of the ten detectors were intermittently noisy. The noise was at
a very low rate (approximately 0.5 count per second) with cccasional 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, vhich permitted direct sunlight impingement on the in-
strument, resulted in three of the ten detectors (including the two noisy
detectors) showing some evidence of photosensitivity.

The planned coverage of the lunar surface was cbtained, The alpha
particle spectrometer did not detect any local aress of radon enhancement. !
The general radon evolution rate of the moon is three orders of magnitude
less than that of earth. A refinement of the data, in which summation of
counts from successive orbital passes over the same area is made, will be
regquired to make more definitive statements sbout the lunar distribution
of radon isotopes.

5.4 MASS SPECTROMETER EXPERIMENT

Thirty-three hours of prime lunar orbit data were collected with the
command and service module minus X axis in the direction of travel, and
T hours of background data with the command and service module pointed in
the opposite direction. During transearth coast, approximately 48 hours
of data were gathered, including waste water dumps, oxygen purges, and
beom-retraction tests,

The mass spectrometer boom retract mechanism in the scientific in-
strument module stalled during five of twelve cycles. Data, supported by
the Command Module Pilot's observations during extravehicular activity,
confirmed that the boom had retracted to within 1 inch of full retraction.

lan obJective of the experiment was to locate craters or fissures by
detecting alpha particles emitted by radon iscotopes — daughter products of
uranium and thorium.
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Each of the five cycles in which the boom did not fully retract was pre-
ceded by a period of cold soasking of the boom. In each instance, the boom
would retract fully after warm-up. The boom was fully retracted for com-
mand module/service module separation. This anomaly is discussed further
in section 14.1.6.

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

The mass spectrometer measured an unexpectedly large amount of gas at
orbital altitude around the moon. This amount was an order of magnitude
greater than that seen during transearth coast. Many gases were detected,
including water vapor, carbon dioxide, and a variety of hydrocarbons.

Data obtained during transearth coast indicate that a gaseocus contamina-
tion cloud existed up to a distance of 4 feet from the command and service
module, but contamination was not detected at the maximum extension of
the mass spectrometer (24 feet).

5.5 PARTICLE SHADOWS/BOUNDARY LAYER EXPERIMENT

The charged-particle telescope detectors were turned on immedistely
after subsatellite launch and are operating normally. Proper operation
of the proton detection system was indicated when a large flux of protons
in the 35 000~ to 100 000-electron-volt range were observed near the mag-
netopause (fig. 5-3). Twenty-four hours after subsatellite launch, the
electrostatic 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 subsatellite
was acquired, and the instrument has performed satisfactorily. The ex-
periment has operated continuously except for an 18-hour period after the
lunar eclipse 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 investigstor is
carrying out hand calculations on far-side date that indicste excellent
repetitive information over the craters Gagarin, Korclev, and Van de
Graaff. While in the solar wind, the magnetometer is mapping the signa-
ture of the diamegnetic cavity behind the moon. As the subsatellite
crosses the terminator, variations in the solar megnetic field by factors
of two to three are detected by the magnetometer. These may be caused
by intersction 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 BS-BAND TRANSPONDER EXPERIMENT

5.7.1 Command 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 are that the gross shapes of mascons
in Serenitsatis, Crisium, and Smythii can be established. This complements
the Apollo 1i4 results on Nectaris. Detailed gravity profiles of the Ap-
ennines and Procellarum regions were also obtained.

5.7.2 Subsatellite

The initial datas contained a high level of noise caused by a wobble
sbout the spin axis., The wobble was inherent in the subsatellite deploy-
ment and was subsequently removed by the onboard wobble damper.

The subsatellite S-band transponder is working well, and is being
operated every twelfth lunar revolution. The tracking data shows that
the perilune variation is following preflight predictions and is expected
to confirm the predicted orbital lifetime (greater then 1 year). The sub-
satellite transponder has shown at least one new mascon in the region of
the crater Humboldt on the eastern lunar near side. Repeated overflights
of the lunar near side from varying altitudes as the subsatellite orbit
decays will be necessary before an sasccurate gravitational 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 pericds, signals were bounced off the moon
and received at Goldstone (210-ft dish antenna for S-band) and at Stan-
ford University (150-ft 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 spacecraft track appears possible with the present data. S-band
data from revolution 17 are not usable because of incorrect spacecraft 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 quality. The VHF
experiment conducted during revolutions 53 through 5T provided high qual-
ity data. Apocllo 15 data may be correlated with data obtained from the
Apollo 14 bistatic radar experiment since the spacecraft groundtracks of
Apollo 15 during both S-band/VHF operation and VHF-only operation inter-
sect the Apollo 1k groundtrack during S-band/VHF operation.

5.9 APOLLO WINDOW METEOROID EXPERIMENT

The command module side and hatch windows were scanned 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 20X (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 responsible for the degradation of
glass surfaces exposed to the space environment.

5.10 ULTRAVIOLET PHOTOGRAPHY — EARTH AND MOON

Ultraviolet photographs were obtained while in earth and lunar orbit,
and during translunar and transearth coast. The following table lists the
ultraviolet photography sequences performed on Apollo 15. Each sequence
consisted of two 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, with the visual-range filter. These are noted
in the last column of table 5-I. Preliminary examination shows that the
exposures were excellent
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TABLE 5-I.~ ULTRAVIOLET PHOTOGRAPHY

(~ 60 000 n, mi.)

Location of Spacecraft Sub ject Ultraviolet Color
Earth orbit Earth 1limb 8 1
Translunar coast
(~ 60 000 n., mi.) Earth disc 8 1
Translunsr coast
(~ 60 000 n. mi.) Moon 8 (a)
Translunar coast
(~ 120 000 n, mi.) Earth disc 8 1
Translunar coast
{~ 180 000 n. mi.) Earth disc 8 1
Lunar orbit Earth and 8 (a)

lunsar horizon

Iunar orbit Earth 8 1
Lunar orbit Mare areas b1o (a)
Lunar orbit Terra area blO (a)
Transearth coast Earth disc 8 1
(~ 160 000 n. mi.)

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

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

Transearth coast Moon/ecalibration 8 (a)

®No 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 performed 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-based photography in support
of the inflight photography was performed during the mission at the Hal-
eakala Observatory, Maul, Hawaii, and after the mission at the McDonald
Observatory, Fort Davis, Texas.

The camera system 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 Way) demonstrates that this camera system is
very satisfactory for the Gegenschein experiment, now scheduled for the
Apollo 16 mission.

5.12 SERVICE MODULE ORBITAL PHOTOGRAPHY

5.12.1 Panoramic Camera

The panoramic camera was carried on Apollo 15 to obtain high-resolu-
tion panoramic photographs of the lunar surface. The areas photographed
included the Hadley Rille landing site (figs. L4-1 and 4-2), several areas
being considered as the Apollo 17 landing site, the Apollo 15 lunar module
ascent stage impact point, near-terminator areas, and other 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 subsequent 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 60 and 63, but sidelap with adjacent areas photographed on
revolutions 33 and 38 was decreased.

All the imagery is of very high quality. Examination of the film
shows that less than 1 percent of the total film exposed was seriously de-
graded by the velocity/altitude sensor malfunction.
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5.12.2 Mapping Camera

The mapping camera was carried sboard the Apollo 15 service module
to obtain high~-quality metric photographs of the lunar surface. Mapping
camera operation was 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, essentially, the entire aresa
overflown in daylight was photographed. However, the laser altimeter
failed (see the following section) and all scheduled dark-side mapping
activities subsequent to revolution 38 were deleted. A problem with the
mapping camera deployment mechanism was also experienced. The camera ex~
tension and retraction cycles varied from 2 to 4 minutes as compared to
about 1 1/2 minutes required prior tc flight. After the last deployment,
the camera did not completely retract. This anomaly is discussed further
in section 14.3.3.

The mapping camersa was turned off during the panoramic camera pass
over the landing site on revolution 50 in a test to determine if the
velocity/altitude sensor anomaly might be related 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 sidelap below the desired 55 percent.

Approximately 6 hours of mapping camera operating time remained at
transearth injection. About 1 1/2 hours of this were expended photo-
graphing the receding moon, and 3 1/2 hours were used photographing se-
lected star fields with the stellar camera associated with the mapping
camera,.

Image quality is excellent throughout the entire sequence of 3400
frames. The entire portion of the lunar surface which was overflown by
Apollo 15 in daylight has been covered by excellent stereoscopic photog-
raphy which is as well suited to detailed analysis and geologic interpre-
tation as it is to mapping.

5.12.3 Laser Altimeter

The laser altimeter was flown to accurately measure lunar topographic
elevations in support of mapping and panoramic camera photography, and in-
flight experiments. The altimeter was designed to supply a synchronized
altitude measurement for each mapping camera exposure on light-side photo-
graphy , and independent altitude measurements on the dark side to permit
correlation of topographic profiles with gravity anomalies obtained from
spacecraft tracking data.
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Operation of the altimeter was nominal through revolution 24, but im-
proper operation was noted on the next operation (revolution 27). The per-
formance of the altimeter became progressively worse until, on revolution 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 was 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 of the planned sltimeter telemetry .data-were
actually obtained before the instrument failed., The data from the early
orbits have been correlated with S-band transponder data for the front-
side pass, and show the shape of the gravity anomalies as related to mare
basins. The complete circumlunar laser altimeter data show that, relative
to the mean lunar radius, the average lunar far side is about 2 kilometers
(1.1 mile) high and the average near side is about 2 kilometers low.

5.13 COMMAND MODULE PHOTOGRAPHY

While in lunar orbit, photographs were tsken 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
sublects including the solar corona, the zcodiacal light, lunar libration
point Ly, and of the moon as it entered and exited the earth's umbra dur-
ing lunar eclipse. During translunar and transearth coast, photographs
were taken of a contamination test and star fields were photographed
through the command module sextant.

In accomplishing some of the tasks, the crewman cobtained extra frames
end some with longer exposures than required. This will enhance the value
of the total data desired. The only 16-mm data acquisition camera maga-
zine containing very-high-speed black-and-white film was lost. About 35~
percent of the magazine had been exposed during lunar orbital flight and
transearth coast for solar corona and sextant star field photography.

The most probable csuse of the loss of the magazine was that it floated
through the hatch during the Command Module Pilot's extravehicular asctiv-
ity. This required a substitution of a slower black-and-white film maga-
zine for the final sextant star field photography and real-time update
for contamination photography but, because premission-planned exposure
settings were used with the much slower film, the sextant star field
photographs are not clear,

Photogrephs 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 command module sextant, lunar
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libration region Ly, and specific areas of the lunar surface in earth-
shine and in low light levels near the terminstor., Near-terminator strip
photography scheduled on revolution 58, and 2 of the 23 lunar surface
targets scheduled on revolutions 58 and 59 were deleted because of the
delay in lunar module Jettison due to problems during tunnel venting op-
erations and subsequent extension of the crew's sleep period. Based on
preliminary examination of the dim-light photography, it appears that
excellent quality imagery was obtained of the solar corona, the zodiacal
light and the lunar surface in earthshine.

5.14 VISUAL OBSERVATIONS FROM LUNAR ORBIT

Visual observations from lunar orbit was an objective implemented
for the first time on this mission. The Command Module Pilot was asked
to make and record observations of special lunar surface areas, FEmphasis
was to be placed on cheracteristics 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
releyed. 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) and the southwest rim of the same mare
basin (Sulpicius Gallos area).

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

¢. A ray-excluded zone around the crater Proclus on the west rim of
Mare Crisium was interpreted as being caused by the presence of & fault
xsystem at the vest rim of the crater

Do dle La;yers on the interior walls of several craters were found a.nd
vere . 1nterpreted as volcanic: collapse craters, or "caldera", in the naria.
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6.0 COMMAND AND SERVICE MODULE PERFORMANCE

6.1 STRUCTURAL AND MECHANICAL SYSTEMS

Command module accelerometer data indicated a sustained 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 and are within acceptable structural design limits. Oscil-
lations measured during second and third stage boost were less than 0.05g
peak amplitude in any direction and were not structurally significant.

Translunar docking loads were higher than those of previous missions
(see sec. T.1).

Main parachute deployment for earth landing, beginning 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 of
this anomaly are reported in section 1k.1.9.

6.2 ELECTRICAL POWER AND FUEL CELLS

The electrical power system batteries and fuel cells performed satis-
factorily throughout the mission.

The entry, auxiliary, and pyrotechnic batteries performed normally.
Entry batteries A and B were charged nine times during flight (battery A -
L times; battery B - 5 times). Load sharing and voltage delivery were
satisfactory during each of the service propulsion firings. The batteries
vere near the fully charged level at entry.

The fuel cells were asctivated 59 hours prior to launch and the system
was configured with fuel cell 2 on main bus A. Fuel cells 1 and 3 were on
open-circuit until 3.5 hours before lift-off when fuel cells 1 and 2 were
placed on main bus A and fuel cell 3 on main bus B. This configuration
was meintained throughout the flight. Load variance between fuel cells
was & nominal 4 to 7 amperes during flight, with the fuel cells supplying
653 kilowatt-hours of energy at an average current and bus voltage of T7
amperes and 28.8 volts, respectively.



6.3 CRYOGENIC STORAGE

The cryogenic storage system satisfactorily supplied reactants to
the fuel cells and metabolic oxygen to the environmental control system
throughout the mission. The quantities of oxygen and hydrogen consumed
as compared to preflight predictions are given in section 6.11.3.

The system supplied all demands including the extravehicular activity
during transearth coast when the system supplied a flow rate of approxi-
mately 12.2 1lb/hr and the pressure and heater temperatures remained with-
in the anticipated limits.

6.4 COMMUNICATIONS

Performance of the command and service module 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 failures
out of approximately 300 units in use. The headset was transferred to the
lunar module and jettisoned; therefore, the failure could not be isolated
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 justify redesign.

¢. The first 20 feet of tape on the data recorder reproducer became
degraded after about 100 dumps. This portion of the tape was not used
for the remainder of the flight. This anomaly is discussed further in
section 14.1.10.



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 the roll axis when the gyro dis-
play alignment pushbutton was depressed. Descriptions of the anomalies
and the corrective action being taken are included in sections 14.1.15
and 14.1.16.

The primary guidance system satisfactorily monitored the trajectories
during launch and the translunar injection meneuver. 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 were
determined from data obtained from several sources: the Ssturn guidance
system, the command module guidance system, the Saturn guidance system
data modified by tracking data, and command module platform realignments
in earth orbit.

Separation from the S-IVB and the transposition maneuver were nominal.
During the docking sequence, the digital autopilot control mode was changed
from "attitude hold" to "free" while 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, yaw and roll at the start of the retract sequence (see fig. 6-1).
The resultant misalignment caused a greater-than-normal structural loading
in the docking interface (see sec. 7.1).

Body rate transients of less than 0.1 deg/sec in all three axes were
caused by Jettisoning of the scientific instrument module door and launch-
ing of the subsatellite.

Accelerometer biases and gyro drift terms were stable throughout the
flight. The gyro drift terms were updated only once, at 27:56. Table 6-I
is a summary of preflight histories and inflight performance data of the
inertial components. Table 6-II is a summary of inertial measurement wunit
realignments performed during the mission. Table 6-III1 summarizes signif-
icant control paremeters for each of the service propulsion system maneu-
vers.

During lunar orbital operations between 84 and 95 hours, the command
and service module maintained a period of local horizontal attitude hold
with the scientific instrument module toward the lunar surface. The evap-
orator in the primary coolant loop was turned off to prevent interference
with the inflight science activities. The resulting large temperature



TABLE 6-I.~ INERTIAL COMPONENT CALIBRATION DATA

. Semple | Standard No. of Countdown | Flight Inflight
Parameter mean deviation | samples value © load Performance
Accelerometers ]
X - Scale factor error, ppm . . . . . . -h2 36 6 -489 ~430 —_
Bias, em/see® L ..o 0.83 0.05 6 0.77 0.86 +0.90
Y - Scale factor error, Ppm . .« .+ « . o =170 25 6 -199 -200 —
Bias, cm/S€co o v v o v e e oo v -0.09 0.03 6 -0.10 ~0.09 -0.05
Z - Scale factor error, ppm . . . . . . -165 u8 6 1Tk -180 _—
Bias, om/SECe + o e v v e e e ~0.27 0.09 6 ~0.25 -0.2h -0.20
Gyroscopes
X - Bull bias drift, meru . . . . . . . 1.k2 0.96 10 1.80 2.0 -0.1
Acceleration drift, spin reference
axis, meru/g . . .« . . 0 0 . . -7.80 1,22 6 -T.0 -7.0 -
Acceleration drift, input
axis, meru/g . . . . . o 0 . . . -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 . . - .+ o 0 0 . . . 14,95 0.80 6 14.8 15.0 —
Acceleration drift, input
axis, meru/g . . . . . . . . . -2.0 3.78 12 -6.8 -5.0 —_
7 - Null bias drift, meru . . . « . . . =l U7 0.38 6 -5.0 -u.6 +0.1
Acceleration drift, spin reference
axis, meru/g . . . .« o s . o0 oo . 2,45 0.76 6 -1.9 2.0 —_
Acceleration drift, input .
axis, meru/g . . - . . 4 . . . . 0 1.03 6 1.5 0 —_

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 were
available, an analysis was performed using a thermal model of the coolant
loop and a ground test was performed with non-flight guidance equipment.
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 coolant temperature oscillations upon accelerometer bias is
shown in figure 6-2.

Cislunar midcourse navigation exercises were performed during the
transearth phase to again demonstrate the capability to navigate to safe
entry conditions in the absence of communications with earth.
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Separation from the service module, the maneuver to entry attitude,
end sensing of 0.05g during entry were all nominal. The command module
dynamics 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 1ift vector
during entry and, based on computer readouts, guided the spacecraft to
landing coordinates of 26 degrees T 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 visible to the crew during entry but was not visible
postflight because the dye and resin did not 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 normal
throughout the mission except that some service module propellent isola-
tion valves closed as on previous missions. Indications that valves were
closed were reported by the crew following 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 rew fuel follow-
ing the propellant depletion firing sequence and the association of this
procedure with the parachute failure is discussed in section 1k.1.9.

6.7.2 Service Propulsion System

Service propulsion system performance was satisfactory during each
of the eight maneuvers, The steady-state pressure data, gaging system
data, and velocity differentials indicated essentially nominal perform-
ance., Engine ignition procedures for 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
szlencid valve. A discussion of this malfunction is given in section
1 0103‘

Previous flight results have shown the inflight mixture ratio to be
significantly less than expected from engine acceptance test data. The
service propulsion system engine was re-orificed to increase the mixture
ratio for this mission. Figure 6-3 shows the propellant unbalance for
the two major engine firings compared with the predicted unbalance. The
unbalance at the end of the transearth injection firing was very small
and shows that the modifications to the engine were satisfactory.

6.8 ENVIRONMENTAL CONTROL AND CREW STATION

6.8.1 Environmental Control System

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

Water leakage at the chlorine injection port was noted on two occa-
sions when the cap was removed for the daily chlorination. Retightening
of the port septum-retention insert by the crew successfully stopped the
leakage (see sec. 14.1.2). The crew also noted the presence of gas in
the water, especially after heavy usage such as at the end of an eating
period (see sec. 14.1.14). Another problem related to drinking water
was that, on two occasions, at 13 1/2 hours and 277 hours, the potable
water tank failed to refill after use while the waste water tank accepted
the normsl fuel 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. 1L4.1.7).

Command module cabin pressure was increased prior to sleep periocds
again on this flight to assist in measuring inflight cabin leakage. Esti-
mates of 0.03 1b/hr during translunar coast and 0.01 lb/hr during trans-
earth coast were determined from cabin pressure decay data.

Noises were heard from the cabin fans that were believed to have been
caused by an object striking the fan blades. Cycling of the fans allowed
the fans to run normelly (see sec. 14.1.13).

Prior to crew transfer for lunar module housekeeping, difficulty was
experienced in obtaining proper lunar module/command module differential
pregsure gage readings. The difficulty resulted in insufficient lunar
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module pressure decay at cabin pressure equalization. Consequently, ex-
tra lunar module venting was required to obtain additional oxygen enrich-
ment and assure minimum oxygen concentration for later suited activities.

Rediastor outlet temperatures while in translunar coast and lunar or-
bit were 10° to 15° F higher than preflight thermal studies indicated they
would be. During the flight, caglculations using more accurate heat load
inputs resulted 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 missions 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 check, the differential pressure decreased be-
tween the commend module cebin and tunnel, indicating the possibility of
g 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 to 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 helmets and
gloves, a successful integrity check was completed. OSubsequently, 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 meking the correct connection, & 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 csbin 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 entry 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 account for the change,
apparently the manual valve was not completely closed or abnormally high
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leakage occurred. Postflight exemination of the cabin pressure relief
valves and the remote operating mechenism was conducted, and no excess
lesgkage was 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 anomely is discussed
further in section 14.1.18.

6.8.2 Crew Station/Equipment

The performance of crew egquipment was satisfactory. Three items of
equipment were reviewed as a resuli of problems experienced during the
mission,

The command module ultraviclet 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 toc improve the asbrasive 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 commend module crewman optical slignment sight which came loose
from its mount during landing has been inspected. This anomaly and the
corrective action being taken are 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 bus 2 undervoltage slarms
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 bresker was not reset. See section 1k.1l.h
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 anomaly is discussed in
section 1L4.1.S.
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The mission timer on panel 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
seconds 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 1h.1.11.

Another problem noted during postflight testing of the wvehicle was
that the battery charger main A circuit bresker 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 EXTRAVEHICULAR 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 nominsl. All checks
and activities went smoothly, and the extravehicular portion lasted less
than 40 minutes. Cabin pressure was restored as planned, using the three
l-pound oxygen bottles from the rapid repressurization system and CMP-flow
mode until 3.0 psia was reached, and then discharging the unused oxygen
purge system 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 cebin pressure prior to a sleep period and on
the following day, when the remsinder 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 preflight predicted values.
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6.11,1 Service Propulsion Propellant

Service propulsion propellant and helium loadings and consumption
values are listed in the following table. The loadings were calculated
from gaging system readings and measured densities prior to lift-off.

Propellant, 1lb
Condition
Fuel Oxidizer Total
loaded 15 664.0 25 035.6 Lo 699.6
Consumed 1L 965.0 23 918.6 38 883.6
Remaining at end 699 1117.0 1816.0
of transesarth
injection
Usable at end of 553 822.0 1375
transearth injection
Helium, 1b
Condition
Storage Bottles Propellant Tanks
Loaded 85.5 5.4
Consumed 65.6 -
Remaining at end of 19.9 71.0
transearth injection
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6.11.2 Reaction Control System Propellant

Service 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 helium tenk pressure
histories and was based on pressure, volume, and temperature relstion-
ships. :

Propellant, 1b
Condition
Fuel Oxidizer Total
Loaded
Quad A 109.3 225.8 335.1
Quad B 109.3 22k.0 333.3
Quad C 109.7 22L.5 334,2
Quad D 109.5 22Lh.1 333.6
Total 437.8 898.L 1336.2
8Usable loaded 121k
Consumed 810
Remaining at
command module/ Lok
service module
separation

&Usable loaded propellant is the amount loaded minus the amount
trapped with corrections made for gaging system errors.
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Command Module.- The loading and utilization of command module reac-
tion control system propellant were as follows. Consumption was celcu-
lated from pressure, volume, and temperature relationships.

Propellant, 1b
Condition
Fuel Oxidizer Total

Loaded

System 1 by 2 77.6 121.8

System 2 Lk, 3 78.4 122.7

Total 88.5 156 .0 24l .5
8Usable loaded 208
bConsumed

System 1 30

System 2 30

Total 60

8Usable loaded propellant is the amount loaded minus the amount
trapped.

bEstimaxed by using pressure, volume, temperature, and engine firing
time summation techniques.
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6.11.3 Cryogenics

The total cryogenic hydrogen and oxygeh quantities available at lift-
off and consumed were as follows. Consumption values were based on quan-
tity data transmitted by telemetry.

Hydrogen, 1b Oxygen, 1b
Condition
Actual Planned Actual \Planned

Available at lift-off

Tank 1 27.h 313

Tank 2 26.7 316

Tank 3 26 .4 830y

b b

Total 80.5 80.5 953 952
Consumed

Tank 1 20.6 176

Tank 2 20.7 180

Tank 3 - 18.3 206

Total 59.6 59.5 562 556
Remaining at command

module /service mod-

ule separation

Tank 1 6.8 8.5 137 138

Tank 2 6.0 5.4 136 1k2

Tank 3 8.1 7.1 118 116

Total 20.9 21.0 391 396

8Moved off upper limits at 15 hours

bUpdated to lift-off wvalues
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6.11.4 Water

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

Condition Quantity, 1b

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 b20.5
Potable tank 15.5
Urine and flushing %102.6
Evaporator usage 8.0
Water samples 1.5

Remaining at command module/
service module separation

Potable tank 3l1.0
Waste tank 51.3

®Mhis is the quantity required to complete the water balance, OStan-
dard Operations Data Book values based on an average metabolic rate of
L67 Btu/hr per man indicate a urine and feces production of 87.3 1b. Water
for flushing is estimated at 4.2 1b based on 50 cc per flush (40 urina-
nations). The difference between these standard values and the quantity
required to complete the balance is 11.1 1b and is considered as unre-
solved ussage.
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7.0 LUNAR MODULE PERFORMANCE

7.1 STRUCTURAL AND MECHANICAL SYSTEMS

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

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 module/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 the onboard camera showed no evidence of
large structural oscillations during lunar touchdown, and crew comments
agree with this assessment. Landing on the lunar surface occurred with
estimated velocities of 6.8 ft/sec in the minus X direction, 1.2 ft/sec
in the plus Y direction, and 0.6 ft/sec in the plus 2 direction. The
descent rate at probe contact was 0.5 ft/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. Computer simulations indicate 1.0 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 off 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 of the crater directly underneath the descent engine
skirt. The descent engine skirt buckled during landing. This is accounted
for in the touchdown dynamic 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 confirmed 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 was 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 reported that the buckling seemed to be
uniform around the skirt periphery and that the exit plane height above
the surface was uniform.
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7.3 COMMUNICATIONS

The steerable antenna exhibited random oscillation characteristies
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 1h4,2.k,

The lunar module did not receive VHF transmissions from the command
module during the descent phase of the mission. The checklist erroneocusly
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,
and 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 sbout 50 000 feet in
approximately 10 seconds. The indication of range increase may 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 sbout 30
feet by moving dust and debris.

Rendezvous radar tracking operation 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 ensbling acquisition at approximately 109 miles.
Two problems were noted during the mission and are as follows:

a. During the VHF ranging system/rendezvous radar comparison test
after undocking and separation, a range difference of 2400 feet existed
between 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 c¢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 lift-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 rendezvous radar
antenna field of view. A review of lift-off television 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, exerts 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.

T.5 CONTROLS AND DISPLAYS

The controls and displays performed normally. The range/range-rate
tape meter glass was broken with about 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 computer timing was synchronized to the commend module computer, and
the lunar module platform was aligned to the command 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.
Teable T-I is a summary of all platform realignments of the primsry 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- and Y-accelerometer bias of 0.39 and 0.46 cm/secz, re-
spectively, were detected while on the lunar surface. The shift resulted
from removing and reapplying power to the inertial measurement unit and is
not unusual. Table T-II is a summary of preflight inertial component cali-
bration data.
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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 T-III is & summary of preflight and inflight perform-
ance of the abort guidance system accelerometers and gyros.

TABLE T-III.- ABORT GUIDANCE SYSTEM CALIBRATION HISTORY

(a) Accelerometers

Preflight performance Inflight performsnce
Standard
5
tetic bles, ug Nurber of Mean of deviation Flight System Pre- Post=-
calibrations calibrations of load activation descent ascent
calibrations
X 12 ~&7 13,0 -48 -62 -95 ~92
Y 1z +93 9.6 +107 +121 103 71
Z 1z -89 11.6 -8k 62 ~100 ~108
() ayros
Preflight performance Inflight performance'
i Standard
Gyro arift, deg/hr Nunber of Mean of deviation Flight System il.x;faz? ix;facie
calibrations calibrations of load activation call rallon calibration
calibrations 1o o, 2
X 12 -(,12 0.1k -0,02 -0.21 -0, 1l ~0,12
Y 12 -0.93 0.04 -0.50 -0.81 -0, 81 -0,78
4 12 +0,06 0.03 +0.07 +0.15 +0,06 +0.02

The powered descent to the lunar surface was initiated on time.
ble 7-IV is a sequence of significant events during descent.
site update to move the targeted landing point 853 meters (2800 feet) down-

range was made 95 seconds after ignition.

Ta~

A landing

The computer began accepting

landing radar updates and began adjusting its estimate of altitude upward
by L4800 feet. After enabling landing 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
T-3 is a time history of altitude from the primary and asbort guidance sy-
stems. Data indicate that 18 separate deflections of the hand controller
were made for landing point redesignations during the approach phase pro-
gram. 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 ll-degree slope
upon which the landing occurred. Figure 7-4 is a time history of space-
craft rates and attitudes at touchdown.



TABLE T-IV.- SEQUENCE OF EVENTS DURING POWERED DESCENT

Elapsed time Time from
from lift-off, ignition, Event

hr:min: sec min:sec

104:25:13.0 -0k :56.L 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

10k4:33:26.2 03:16.8 Landing radar range data good
104:33:38.2 03:28.8 Landing radar sltitude data good
104:33:50.2 03:40.8 Enable landing radar updates (V5T)
104:37:31.1 07:21.7 Throttle down

10k4:39:32.2 09:22.8 Approach phase program selected (P6L)
104:39:39.0 09:29.6 Landing radar antenna to position 2
104:39:40.0 09:30.6 First landing point redesignation
104:4%0:13.0 10:03.6 Landing radar to low scale
104:41:08.7 10:59.3 Select attitude hold mode
10k:41:10.2 11:00.8 Select landing phase program (P66)
104:42:28.6 12:18:2 Engine shutdown

104:42:29.3 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 biases were updated while on the lunar surface to correct for the
small expected shifts experienced when the system was powered down. Since
the lunar surface bias determination technique had not been totally proven,
only half of the measured shift 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 error. Analysis is continuing to deter-
mine 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 than
that from the powered flight processor and the abort guidance system, the

velocity residuals at engine shutdown were trimmed using the abort guid-
ance system solutions.

Source Al;izgde, 5::22?2?? vzigziiy,
ft/sec ft/sec
Primary guidance system 60 64T 5531 32
Abort guidance system 59 k17 5533 25
Power flight processor 58 6L45 5534 22

After trimming velocity residuals, an abort guidance system warning
and master alarm occurred. They were reset by the crew and a computer
gelf-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

Camputed velocity change, ft/sec
Meneuver Local verticsl coordinates Cg;glirllg Lunar module Abort guidence
i t

computer guidance computer system
Terminal AVx -69,1 +70.3 +70.4
phase AVy -6.1 +5.9 +5.9
initiation AVz +16.1 -17.7 -19.1
Total T1.2 T2.7 3.2
First AVX +1.5 -1.1 ~1.5
midcourse AVy ~0.2 0.0 . 0.0
correction AVz +1.9 ~1.1 -3.0
Total 2.k 1.6 3.4
Second AV +2.8 ~-0.8 1.k
midcourse AVYy -0.3 +0.6 +0.3
correction AVz +6.2 2.6 -1
Total 6.8 2.8 4.3
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The Commsnder reported that there were no line-of-sight rate data
displayed on his crosspointers at a separation distance of 1500 feet.
However, line~of-sight rates existed at this time because thrusting upward
and to the left wes required to null the line-of-sight rates. Also, 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
deorbit maneuver and Jjettisoned. The velocity changes observed at jetti-
son in the X, Y, and Z axes were minus 1.24, minus 0.01, and minus 0.05
ft/sec, respectively. This is equivalent to a 206 lb-sec impulse. For
comparison, the separation velocities observed at undocking prior to pow-
ered descent were minus 0.18, minus 0.02, and minus 0.04 ft/sec in the X,
Y, and Z axes, respectively, or an impulse of 205 lb-sec. 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 and performance was nominal.

7.7 PROPULSION

7.7.1 Reaction Control System

The reaction control system performed satisfactorily throughout the
mission with no anomalies. Skillful use of the system by the crew ac-
counted for the propellant consumption being well below predicted levels,
Section 7.9.3 contains a summary of the consumables usage during the mis-
sion.

T.7.2 Descent Propulsion System

Data analysis indicates that the descent propulsion system performed
nominally during powered descent. The total firing time was 7T739.2 seconds.
The propellant quantity gaging system indicated about 1055 pounds of usable
propellant remained at engine shutdown or sbout 103 seconds of hover time.
The supercritical helium system operated nominally. The skirt of the en-
gine was buckled during landing (sec. 7.1). Section 7.9.1 contains a sum-
mary of the descent propulsion system consumables usage during the mission.
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T.7.3 Ascent Propulsion System

The ascent propulsion system performance during the lunaer ascent mae-
neuver and the terminal phase initiation maneuver wes satisfactory. The
total engine firing time for the two maneuvers was U433.6 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 because of a
decrease in flow with the helmet and gloves off that resulted from a rew~
configuration of valves and hose connections. The only off-nominal pere
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. 1L4.2.3),
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 for 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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T.9 CONSUMABIES
All lunar module consumables remained well within red-line limits.

T7.9.1 Descent Propulsion System

Propellant.- The descent propulsion system propellant load quantities
shown in the following table were calculated from known volumes and weights
of offloaded propellants, temperatures, and densities prior to lift-off.

Quantity, 1lb
Condition
Fuel Oxidizer Total
Loaded 7537.6 12 023.9 19 561.5
Consumed 7058.3 11 315.0 18 373.3
Remaining at engine cutoff:
Total 479 709 1188
Usable 433 622 1055

Supercritical helium.- The quantities of supercritical helium were
determined by computations using pressure measurements and the known vol-
ume of the tank.

Quantity, lb
Condition
Actual Predicted
Loaded 51.2 51.2
Consumed 43.0 849
Remaining at landing 8.2 6.3

a'Asdjusted to account for longer-than-predicted firing duration.
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T.9.2 Ascent Propulsion System

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

Propellant mass, 1b Predicted
Condition quantity,
Fuel Oxidizer Total 1b
Loaded 2011.4 3225.6 5237.0 5242.9
Total consumed 1893.4 3052.6 4946 .0 84870.8
Remaining at lunar 118.0 173.0 291.0 372.1
module Jettison

&The propellant required for ascent was reduced by 51.5 1b to account
for reaction control system consumption.

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

Actual
Condition quantity,
1b
Loaded 13.8
Consumed 8.5
Remaining at ascent 5.3
stage impact




T.9.3 Reaction Control System Propellant
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The reaction control system propellant consumption was calculated
from telemetered helium tank pressure histories using the relationships
between pressure, volume, and temperature.

impact

Actual quantity, 1b Predicted
Condition gquantity,
Fuel Oxidizer Total 1b
Loaded
System A 107.4 208.2 315.6
System B 107.4 208.2 315.6
Total 631.2 631.2
Consumed to:
Lunar landing 95 160
Docking 210 283
TImpact 339 L1y
Remaining at lunar 292.2 217.2
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7.9.4 Oxygen

The actual guantities of oxygen loaded and consumed are shown in the
following table:

- Actual , Predictéd
Condition quantity, 1b | quentity, 1b
Loaded (at lift-off)
Descent stage
Tank 1 L7.7
Tenk 2 47.1
Ascent stage
Tank 1 1 2.k
Tank 2 2.k
Total © 99,6
Consumed
Descent stage
Tank 1 326.5 22.8
Tank 2 * © 26,3 22.2
Ascent stage
Tank 1 0 0
Tank 2 0 0
Total 52.8 k5.0
Remaining in descent stage
at lunar lift-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 L.8 4.8

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



T.9.5 Water
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The actual water guantities loaded and consumed, shown in the follow—
ing table, are based on telemetered data.

Condition

Actual
gquantity, 1b

Predicted
guantity, 1b

Loaded (at lift-off)

Descent stage
Tank 1
Tank 2

Ascent stage
Tank 1
Tank 2

Total

Consumed

Tank 1
Tank 2

Ascent stage (docking)
Tank 1
Tank 2

Total

Ascent stage (impact)
Tank 1
Tank 2

“Total consumed during flight

Remaining in descent stage at
lunar lift-off
Tank 1
Tank 2

Remaining in ascent stage at
impact
Tank 1
Tank 2

Total

Descent stage {lunar 1ift-off)

17.6
19.0

36.6

177.5
178.5

6.8
6.8

369.6

17.3
17.3

390.6

25.2
25.2

50 .4

Mater 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 water consumption.

cBoth stages.
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7.9.6 Electrical Power

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

Bette Availsble power, Power consumed, ampere-hours
y ampere-hours Actual Predicted

Descent 2075 1479 1648

Ascent 592 8455 387

aLunar module

Jettison occurred one revolution lster then planned.
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8.0 LUNAR SURFACE OPERATIONAL EQUIPMENT

8.1 EXTRAVEHICULAR MOBILITY UNIT

Throughout the extravehicular sasctivity, the new configuration of the
pressure garment assembly 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 feedwsater
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.

Subsequent to recharging the portable life support systems after the
first extravehicular activity, the problem associated with the Lunar 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
thereafter while in the proper 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 ILunar 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 comparstive analysis of the extravehicular mobility unit parameters in-
dicates that the condition was most likely caused by the cooling water
flow running st a low-normal rate.

The first extravehicular activity was terminated about one-half hour
earlier than planned because of a higher-than-expected oxygen usage by
the Commander.

The communications check at the beginning of the second extravehicular
activity was initially unsuccessful for the Lunar Module Pilot because his
antenna was broken (sec. 14.5.6). The crewmen taped the antenna to the
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TABLE 8-I.- EXTRAVEHICULAR MOBILITY UNIT CONSUMABLES

Commander Lunar Module Pilot
Condition
Actual %predicted Actual %predicted
First extravehicular activity
Time, min 392 520 392 k20
bOxygen, 1t
Loaded 1.80 1.734 1.78 1.73h4
Consumed 1.k2 1.155 1.35 1.155
Remaining 0,38 0.579 0.43 0.579
Redline limit 0.37 0.37
b
Feedwater, 1b
Loaded 12.20 12.20 €11.9% 12.20
Consumed 5.27 8.60 9.ko 8,60
Remaining 2.55 3.60 2.54 3.50
Redline limit 0.91 0.91
Battery, amp-hr
Initial charge 25.7 25.7 25.7 25.7
Consumed 18.6 19.3 18,7 19.3
Remaining 7.1 6.4 7.0 6.4
Redline limit 3.1 3.1
Second extravehicular activity
Time, min 433 20 133 520
bOxygen, it
Loaded 1.75 1.671 1.76 1.671
Consumed 1.36 1.155 1.12 1.155
Remaining 0.39 0.516 0.6k 0.516
Redline limit 0.37 .37
L.
Feedwater, lb
Loaded 12.50 12.50 12,50 12.50
Consumed 10.05 9.2 8,61 9.2
Remaining 2.45 3.3 3.89 3.3
Redline limit 0.91 0.91
Battery, amp-hr
Initial charge 25.7 25.7 25.7 25.7
Consumed 20.7 19.3 20.5 19.3
Remaining 5.0 6.4 5,2 6.4
Rediine limit 3.1 3.1
Third extravehicular activity
Time, min 290 360 290 360
bOx;y'gen, ib
Loaded 1.78 1.671 1.76 1.671
Consumed 1.02 ©1.056 0.77 1.056
Remaining 0.76 0.615 0.99 0.615
Redline limit .37 0.37
3
Feedwater, 1b
Loaded 12.50 12.5 12.50 12.5
Consumed 7.64 8.3 £.39 8.3
Remaining 4,86 k.2 6.11 §.2
Redline limit 0.91 0.91

Note: Refer to the following page for notes indicated by a, t, and c.
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TABLE 8-I.- Concluded

Cammander Lunar Module Pilot
Condition
Actual Bpredicted Actual ®predicted
Battery, smp-hr

Loaded 25,7 25.7 25.7 25.7
Consumed 1h4.2 16.7 13.9 16.7
Remaining 11.5 9.0 11.8 9.0
Redline limit 2.6 2.6

NOTES

BThe following values were used in the preflight prediction calculations for both crewmen.

Oxygen lesk rate, Heat leak rate,
Period 1b/hr Btu/hr
First extravehicular activity 0.02 10
Second extravehicular activity 0.028 162
Third extravehicular activity 0.035 190
bThe following values were used for postflight calculations.
Commander Lunar Module Pilot
Period

Oxygen leak Heat leak Oxygen leak Heat leak

rate, 1b/hr rate, Btu/hr rate, lb/hr rate, Btu/hr
First extravehicular activity 0.029 8 .0155 8
Second extravehicular activity 0.031 1h2 .0210 142
Third extravehicular activity 0.031 176 .0210 176

CThe essumption is made that 0.26 1b of feedwater was displaced by air.

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 normsl readings by the time
the Lunar Module Pilot reached the lunar surface.

Oxygen, feedwster, 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 sctivities, and the
Lunsr 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 insuit 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 vehicle (fig. 8-2) performed well during the mission.
During the three lunar surface extravehicular activities, the vehicle
traveled 27.9 kilometers (15.1 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 spproximately 52 ampere~hours was consumed. Navigation errors were
within expected tolerances with small distance errors and no apparent gyro
drift. The combined wander and wheel slip factor was within predicted
limits.

The front-wheel steering was inoperative during the first extrave-
hicular activity, but operated normally for the second and third extra-
vehicular activities. Simultaneous front- 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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surface. Two of the chassis hinge lock pins required additional pressure
to seat them properly. (This possibility had been anticipated and correc-
tive action was incorporated in the checklist.) The deployment saddle and
the Velcro seat tie-down were difficult to release. The initial failure
of the saddle to release was partially attributed to the vehicle's having
been moved sideways on the surface before saddle release was attempted,
Section 1k.6.1 discusses this problem further.

8.2.2 Steering

During preparations for the first traverse, the 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 the front
wheels in response to steering commands. No response was seen. He then
tried, without success, to manually force the front wheels to turn. The
front wheel steering remained inoperative, thus the rear wheels were used
for steering during the first traverse (see sec. 1k.6.3). Little diffi-
culty was experienced in driving, except that attempts to avold nearby ob-
Jects resulted in the rear wheels sliding into small craters and objects
that the driver was trying to avoid. In at least one slide, the vehicle
rotated through 180 degrees.

During checkout of the vehicle for the second traverse, the crew cy-
cled the forward steering power switch and circuit bresker, and found that
the front wheel steering operated normally. In starting the second trav-
erse, the Commander first tried dusl steering. Then, after the dusl steer-
ing was found to be very sensitive, he tried front-wheel-only steering.
However, this mode was discontinued because the rear wheels tended to
wander. (It had been decided not to lock the rear wheels mechanically
because of the prior problem with the front wheels.) Therefore, the dual
steering mode was used for the remainder of the second traverse and the
entire third traverse.

8.2.3 Electrical Power

The lunar roving vehicle used less power than predicted. The predic-
ted power consumption was based on worst-case surface roughness and scil
composition, but the actusl surface conditions were less severe. The cause
of an initial ampere-hour reading of 105 ampere-~hours instead of 121 ampere-
hours is not known. Subsequent readings, correlated with ammeter readings,
produce an estimated total power consumption of 52 ampere-hours of the
242 ampere-hours availsble. The consumed electrical power corresponds to
a rate of 1.87 ampere-hours per kilometer. The preflight prediction of the
usage rate was 3.67 ampere-hours per kilometer. Except for the ampere-hour
indicator readings and the inoperative battery 2 volt/ammeter (sec. 1L4.6.2),
the electrical power system operation was normal during the traverses.
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After ascent, the video signal was lost from the lunar surface tele=-,
vision camera. Postflight asnalysis and tests show that this loss (sec-
tion 8.3) was probably caused by opening of the auxiliary power circuit
breeker 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 was normal. The odometer
showed a total distance traveled of 27.9 kilometers (15.1 miles). The
navigation system provided sufficient information to locate the lunar
module at any time during all traverses., Evaluation indicsates that the
gyro drift rate was essentially zero and the distance error at the maxi-
mum range of 5.0 kilometers (2.7 miles) was approximately 0.3 kilometer
(0.16 mile). No traverse realignments were required. Closure errors for
the three traverses were 0, 100, and 200 meters, well within predictions.

8.2.5 Thermal

The thermal control system, in general, performed satisfactorily.
The drive motors remained cool and battery temperatures were maintained
within established limits.

At the beginning of the second extravehicular activity, the battery 1
cover had closed automatically, as expected. Battery 2 apparently had not
cooled down enough and the cover was still open. It was closed manually
before powering up the vehicle. When the vehicle was activated, battery-1
temperature was 68° F and battery-2 temperature was 78° F. The difference
was probably caused by the difference in dust accumulation on the thermal
mirrors. These temperatures are consistent with predicted cool-down rates
with the covers open and warm-up rates with the covers closed. During the
second traverse, the battery-l and battery-2 temperatures increagsed to
92° ¥ and 98° F, respectively. The battery covers were opened at the con-
clusion of the second extravehicular activity period.

At the beginning of the third extravehicular activity, both covers
were open. Little battery cool-down had occurred - probably because of
further dust accumulation on both battery mirrors, although the battery
covers had been closed for the traverses. The covers mist not have been
closed tight enough against the Velcro edges to keep dust off the mirror
surfaces. Only a small amount of dust on the surface will preclude the
desired cool-down. At the conclusion of the traverse, battery-l1 and bat-
tery-2 temperatures had increased to 108° F and 113° F, respectively,
which is an acceptable level.



8.2.6 Crew Station

The crew station was satisfactory except that the seat belts were dif-
ficult to fasten (sec. 14.6.4). Prelaunch belt adjustment did not properly
account for the reduced gravity in combination with the pressurized suits,
and the belts were too short for lunar 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 EQUIPMENT

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 manusl
realignment of the low-gain antenna to earth resulted in noisy down~link
voice at one time when the lunar roving vehicle was parked on a steep
slope 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 was
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 vehicle 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 galin control meter was used.

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

The ground-commanded television assembly operated successfully during
the three extravehicular activity periods and provided coverage of the lu-
nar lift-off. Good quality video signals were received while the camera
was operating with the lunar 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 regaln an operative camera pitch angle.
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The television camera was activated sbout 40 hours after the ascent
from the lunar surface. After gbout 13 minutes of satisfactory operation,
signals from the luner communications relasy unit were lost and all attempts
to reactivate this system have failed. Refer to section 14.5.2 for a dis-
cussion of this anomsaly.









9.0 PILOT'S REPORT

This section contains a description of the Apocllo 15 mission from
the standpoint of the pilots. The actual sequence of sctivities 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 Apcllo 15 was able to concentrate their training time
primarily on learning new operational techniques and becoming qualified
in scientific aspects of the mission 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 sccomplishment of the objectives of the Apollo 15 mission.

Standard training for Apollo 15 included emphasis on the following
new items developed for this mission: Scientific instrument module and
associated extravehicular activity; lunar roving vehicle and associated
equipment; ATL-B pressure garment assembly; concepts and equipment for
expanded lunar geology investigation; and mejor 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, considersble crew time and effort were devoted to devel-
opment of procedures in order to optimize the time devoted to lunsr sur-
face exploration. Excellent support was received, both in training and
procedures development, throughout the 20 months of preparstion for the
flight.

9.2 LAUNCH

Countdown and launch preparations were well coordinated and timely.
Significant events were generally completed approximately 20 minutes shead
of schedule. The crew was comfortable and the crew station was in excel-
lent condition.

Ignition and lift-off were positive with the same overall wvehicle
vibration frequency throughout S-IC flight that has been noted on previous
flights. Noise levels were lower than those the Commander had experienced
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on Apollo 9, and communications were excellent throughout powered flight.
S-IC staging was abrupt and was accompanied by a 3- to h-degree vehicle
yaw, which was corrected soon after S-II ignition. All other displayed
and physioclogical cues were as reported on previous flights with the ex-
ception of a very low-amplitude 10- to 12-hertz vehicle vibration during
both 8-II and S5-IVB powered flight, and the lack of a perceptible cue to
the programmed shift in propellant utilization during S-II operation.

9.3 EARTH ORBITAL OPERATIONS

Al systems checks during earth orbit were completed shead 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 woiced up from the ground, and
the entry monitor system test indicated an accelerometer bias of 0.01 ft/
sec. The reaction control system was tested using minimum impulse to in-
sure proper operation., During postinsertion checks, the secondary isola-
tion valve for quad B was found closed, but the valve was reget satisfac-
torily. At about 1 hour, the quad D primary and secondary isolation
valves were also found closed and these were also reset.

The systems preparations for translunar injection were completed ap-
proximately 20 minutes shead of schedule, and updates were received in a
timely manner. 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 TRANSLUNAR INJECTION

All events in the translunar injection sequence were as expected with
two exceptions. First, in repressurization of the S-IVB hydrogen tank, the
increase in pressure was much slower than that experienced in preflight
training; however, the ground confirmed that the repressurization cycle was
nominal and final pressure values were within the expected range. Second,
an S8-IVB propellant utilization shift was manifested as a marked surge in
thrust 1 minute after ignition. A low-amplitude vibration of ebout 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.



9.5 TRANSLUNAR FLIGHT OPERATICNS

9.5.1 Transposition, Docking, 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, sttitude control
was switched to the stabilization and control system. The manual attitude
pitch switch was placed in ACCEL CMD and the spacecraft was pitched 180 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 meneuver was being performed, forward thrust-
ing was accomplished for approximately L seconds to insure positive clos~-
ing of the command 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
1l 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 manuelly. 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 sttitude which aellowed a view of sub-
sequent S-IVB maneuvers.

9.5.2 Translunar Coast

Spacecraft systems.- Shortly after the transposition and docking ma-
neuver, the service propulsion system thrust light on the entry monitor
system panel was illuminated, indicating & possible electrical short in
the service propulsion ignition system. A fault isolation procedure was
transmitted to the crew and the short was isclated 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 the pilot valve main A circuit bresker. Since this started the
engine, the nature and location of the short allowed bank A toc be manu-
ally controlled for subsegquent maneuvers. A special procedure was then
developed for lunar orbit insertion and transearth 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 sys-
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 progrem was used to
establish the spin rate, new procedures were developed for the 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.

An electrical short occurred in the a~c¢ power system somevwhere in the
lower equipment bey lighting circuitry, resulting in an opened circuit
breaker on the electrical systems panel. No troubleshooting was performed
to locate the short and the circuit breasker 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. BRheostats for the operable
lights in the lower equipment bay were taped in the positions in which
they were found and they remained that way for the remainder of the flight.

During a chlorination cycle, a water lesk was discovered on the water
panel around the chlorine injector port. The leak appeared as a bell 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 loocse. Tools were obtained
from the tool kit, the port was tightened, and the leak subsided.

The first entry into the lunar module was made on schedule and all
planned equipment was transferred. The command and service module 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 found broken. The command module vacuum cleaner was used to
clean up most of the glass fragments. An additional entry into the lu-
nar module was made at sbout 5T hours at the request of Mission Control
so that additiconal data on the batteries could be obtained. The vacuum
clesner and lunar module cabin fans were used to gather additional glass.
No loose object was found that could account for glass breakage.

Simulated cislunar midcourse navigation sightings were accomplished
during translunar coast for horizon calibration and on-the-job training.
The midcourse navigation exercises were valuable from the standpoint that
they allowed the Command Module Pilot to calibrate his eye to a horizon
for subseguent use in all transearth coast sightings.

lplus or minus 10 degrees is allowed.
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Science and photography.- All science operations during translunar
coast were completed as scheduled. These operationsg 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 ultravioclet radiation. This filter required removal
to allow the ultraviolet photography. Because of the handling, the filter
became incressingly scratched during the flight,

9.5.3 BScientific Instrument Module Door Jettisoning

The scientific instrument module door was Jettisocned after the sec-
ond midcourse correction and prior to lunar orbit insertion. To prepare
for this, the crew donned their pressure 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 indicgtion was the closing of the service mod-
ule reaction control system B secondary propellant isolation velve, which
was reset with no difficulty. The door was first observed from command
medule 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 and with much less reaction than had been
anticipated.

9.6 LUNAR ORBIT OPERATIONS PRIOR TO DESCENT

9.6.1 Iunar Orbit Insertion

All checks for lunar orbit insertion were completed as scheduled in
the flight plan, and all systems were verified as acceptable for lunar or-
bit operations. The maneuver to the lunar orbit insertion attitude was
verified by a sextant star check. Subsequently, the service propulsion
system thrusting program was activated and the velocities and angles were
verified by the ground. All commands from the ground were received in a
timely manner. The firing was accomplished as described in section 9.5.2.
The maneuver was initiated with very small transients, the attitude excur-
sions were never greater than apprcoximately 1 degree, and the gimbal posi-
tion indications showed a very smooth and positive response to the shift
in the center of gravity. The maneuver was terminated by the guidance and
navigation system with zero residusls. The descent orbit initistion maneu-
ver was accomplished using service propulsion system bank B alone. This
maneuver, & in the lunar orbit insertion 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 ft/sec and 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 the day scheduled for landing, entry into the lunar module was
about 40 minutes early. Final closure of the suit zippers was accomplished
in the lunar module. One procedural 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 shead 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.

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 approximately 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 accomplish the required functions for powered de-
scent is more than sufficient. This became apparent when a number of un-
anticipated events occurred. Condensate had formed on the lunar module
windows and the heaters had to be activated in order to clear them. Un-
docking was delayed for approximately 40 minutes because the command mod-
ule/lunar module power transfer umbilical connections were not electrically
engaged. A descent engine throttle check had to be redone because the de-
scent engine control assembly circuit breaker was in the open position dur-
ing the first check. The timeline was regained by the time of the scheduled
guidance and navigation system platform realignment and the pace was very
leisurely as the time for powered descent initiation approached; the crew
even 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. T.h).



9.7 POWERED DESCENT AND LANDING

The angle of the finsl descent trajectory after high gate was in-
cressed from 14 degrees to 25 degrees for Apollo 15. This afforded im-
proved dispersion conditions during the braking phase over the Apennine
Mountains, better visibility after pitchover, and more precise control
of manual landing site redesignations.

After receiving final uplinks from the Manned Space Flight Network,
the powered descent program was called up in the lunar module guidance
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
853 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 L3 000 feet altitude,
landing radar data became acceptable 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, considersble
reaction control system activity, and rapid return to smooth automatic guid-
ance at the completion of the check. Predicted pitchover 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 G000 feet, the upper fourth of Hadley
Delta Mountain (11 000 feet high) was visible out of the left window. The
feeling of slow, forward, floating 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 expected landing site was
to be approximately 915 meters (3000 feet) south of the targeted site.

Pitchover occurred on time and the only positive recognizable lunar
surface feature was Hadley Rille. Topographic relief was much legs than
had been anticipated from the enhanced 20-meter (65-foot) resolution pho-
tography and the associated preflight lunar terrain models. Sharp land-
mark recognition features within the Plain of Hadley were almost non-
existent; however the South Cluster was soon identified. Based upon the
apparent position relative to this feature, plus the 9l5-meter miss dis-
tance to the south given by ground control, seversal landing point redesig-
nations were made to the right {(north).



At an altitude of approximately 5000 feet, a pair of subdued craters,
which appeared to be Salyut and its northerly adjlacent neighbor, were iden-
tified. Uprange landing point redesignations were made so that the landing
could be made in the correct area northwest of Salyut Crater. The touch-
down point was selected from an altitude of 2000 feet and the lunar module
was maneuvered to land on what appeared to be a smooth level surface. The
low-gate phase (manual control) of the trajectory was manually selected
and confirmed at an altitude of 40O feet. Descent rate reduction was ini-
tiated at a height of asbout 200 feet, and 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 of
blowing surface dust was observed at a height of 130 feet with only a
slight increase down to 60 feet. Beginning at this altitude, out-of-the-
window vigibility was completely obscured by dust until after touchdown.

Tapemeter altitude and altitude rate data readings, provided orally
by the Lunar Module Pilot, appeared to be consistent with the visual ob-
servations throughout the terminal phase of the landing. Surface feat-
ures and texture became well defined at an altitude of approximately
1000 feet and, based on preflight experience with visual simulator dis-
plays, descent rates sppeasred completely nominal and comfortable. Sen-
sations after manual takeover at 40O feet were almost identical with
those experienced in lunar landing trasining vehicle operations. The com-
bination of visual simulations and lunar landing training vehicle flying
provided excellent training for the manual portion of the lunar landing.
Comfort snd confidence existed throughout this phase.

Additionsal manual maneuvering south and west could easily have been
made below 400 feet; however, because of increased surface mobility af-
forded by the lunar roving vehicle, a landing anywhere within the 3-sigma
dispersion ellipse was considered a precise landing, and additional ma-
neuvering within this ellipse, other than for terrain obstacle avoidance,
was considered unnecessary.

The engine stop bution was activated shortly safter the contact lights
were illuminated to preclude excessive pressure buildup within the nozzle
of the descent engine (which had been extended 10 inches since Apollo 1k).
Touchdown was firm but only slightly more so than nominal lunar landing
training vehicle landings. Roll and pitch rates were evident at touchdown
as the rear and left foot pads came to rest in a shallow subdued crater
which was not visible during the finel phase of the landing. The post-
touchdown events were nominal; no spurious reaction control system firings
occurred, and permission for the lunar stay was voiced by Houston in a
timely manner.



9.8 LUNAR SURFACE OPERATIONS

9.8.1 Lunar Module Cabin Actiyity

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 lunser module panels as observations were made
and plctures taken from the high vantage point. The base of the Apennine
Front at Hedley Delta, as well ag 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 picture tsken during the standup extravehicular activity which re-
veals the stratligraphy of Silver Spur is shown in figure 9-2. The sun
angle during subsequent extravehicular actlivities did not allow this ob~
servation,

Sleep.- The crew was able 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 ldeal 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 caw
bin when in the pressurized suits. Several areas presented obstacles:
the forward corner on the data file, the portaeble 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 porteble 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 1ift themselves up, using
the overhead bar, and place both feet in the sult simultaneously.

Housekeeping.~ When doffing the pressure garment assembly after lunar
surface extravehicular operations, the Commander stood on the midsection
step and the Lunar Module Pilot stood on his oxygen purge system to avold
the dirty floor. A Jettison bag was placed over the legs of the sult to
contain the dirt.
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Two majJor units cen 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 multilayered 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-
posures 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 containing 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 bottom of the rille is gently sloping and smooth with
no evidence of flow in any direction. No sccumulation 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
morphological features on the slopes of Mount Hadley and Hadley Delta,

a linear concentration of craters up the slope of Hadley Delta, directly
south of the Cluster, indicates that a sweep of secondary fragments from
the north may 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 1l0-percent coverasge 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 varliety of samples were collected; some are
obviously associated with their location, while others will require fur-
ther study to determine a relationship. The capability to identify rock
types at the time of collection was comparable to a terresterial exercise
and was unhampered by the unique environment of the moon. Identifiable
sample features include: anorthosite; basalts with vesicules of various
sizes, distribution, and orientation; basalts 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 slickensides.
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9.8.3 Lunar Surface Mobility Systems Performance

Extravehicular mobility wmit.- 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 Commender used maximum cooling for tasks such as the drill-
ing operations. The Lunar Module Pilot never used more than intermediate
cooling. For the driving portion of the lunar surface explorstion, min-
imum cocling was quite comfortable. During the first extravehicular ac-
tivity, the Iunar Module Pilot experienced several warning tones. The
suspected cause was & bubble in the portable life support system water
supply. When switchover to auxiliasry water was required, ground control
recommended minimum cooling, which was new information to the crew. The
temperature in the suits gradually incressed 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 sctivity.

Lunar roving vehicle.- The major hardware innovation 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 evaluastions were made.
The following text discusses the performance, and the stability and con-
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 immediately after removing the thermal
blanket when both walking hinges were found open. They were reset and
the vehicle was deployed in & nominal manner. The support saddle, how-
ever, was difficult to remove after the vehicle was on the surface. No
apparent cause was evident. Additionelly, both left 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 manually
positioned such that "forward" would be the initial driving mode.

Front steering was inoperative during the first extravehicular ac-
tivity. All switches and circuit breskers were cycled a number of times
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all respects. None of the preflight problems of visibility 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 which 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 boots 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 performence was changed very little.

The velocity of the rover on the level surface reached a maximum of
13 kilometers (T 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 cbserved 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 sbove the vehicle during constant velocity
motion. Traction of the wire wheels was excellent uphill, downhill, and
during acceleration. A speed of 10 kilometers per hour could be attained
in approximately three vehicle lengths with very little wheel slip. Brek-
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 l-g trainer. From straight-line tra-
vel at velocities of approximately 10 kilometers per hour on a level sur-
face, the vehicle could be stopped in a distance of approximately twice
that experienced in the l-g trainer. Braking was less effective if the
vehicle was in a turn, especially at higher velocities.

Dust accumulastion on the vehicle was considered minimal and only very
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 on the lower horizontal surfaces
such as floorboards, seatpans, and the rear wheel area. 8Soil 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 posed no problem to
visibility.

Obstacle avoidance was commensurate 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 brsking effec-
tiveness. The suspension bottomed out approximately three times during
the entire surface activity with no spparent ill effect. An angular
30-centimeter (1-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 essily 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,
humocky 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 on the surface and very little varia-
tion of depth occurred when the bearing on all four wheels was equal. On
steep slopes, where increased loads were carried by the downhill wheels,
deeper tracks were encountered - perhaps up to 3 or U 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 so0il at the Apollo lunar surface experiment packsasge site, one occur-
rence of wheel spin was corrected by manually moving the rover to & 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 dynamically 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 motion over the cratered, hummocky terrain, and the
motion introduced by individual wheel obstacles. The long-period motion
was very similar to that encountered in the l-g trainer, although more
lightly damped. The "floating”" of the crewmembers in the 1/6-g field was
quite noticeable in comparison to l-g simulations. Contributions of short-
period motion of each wheel were unnoticed and it was difficult to tell
how many wheels were off the ground st any one time. At one point during
the "ILunar Grand Prix", all four wheels were off the ground, although this
was undetectable from the driver's sesat.
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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-
nigue for obstacle avoidance was to slow below 5 kilometers per hour and
then apply turning correction. Hardover turns using any steering mode 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-
turn instability due to steering or turning alone. There was one instance
of breakout and lateral skidding of the rear wheels into & crater approxi-
mately 1/2 meter (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 & 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-
ficulty was experienced with feedback through the suited crewmember to the
hand 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 in any
throttle position and steering with small inputs left or right. A fimm
grip on the handle at all times is unnecessary. Directional control re-
sponse is excellent although, because of the many dynamic links between
the steering mechanism and the hand on the throttle, considerable feed-
back through the pressure suit to the control stick exists. A light touch
on the hand grip reduces the effect of this feedback. An increase in the
lateral and breakout forces in the directional hand controller should min-
imize feedback into the steering.

Two steering modes were investigated. On the first extravehicular
activity, where rear-wheel-only steering was available, the vehiecle 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 steering was sttempted,
but was abandoned becasuse 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 front-
steering provided the rear wheels are center-locked. For lower speeds
and maximum obstacle avoidance, four-wheel steering would be optimal. Any
hardover failure of the steering mechanism would be recognlzed immediately
and could be controlled safely by maximum braking.

Forward visibility was excellent throughout the range of conditions
encountered with the exception of driving toward the zero-phase direction,
Washout, under these conditions, made obstacle avoidance difficult. Up~sun
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was comparable to cross-sun if the opague visor on the lunar extravehicular
visor sssembly was lowered to a point which blocks the direct rays of the
sun. In this condition, crater shadows and debris were easily seen. Gen-
ersl lunar terrain features were detectable within 10 degrees of the zero
phase region. Detection of features under high-sun conditions was somewhat
more difficult because of the lack of shadows, but with constant attention,
10 to 11 kilometers (5-1/2 to 6 miles) per hour could be maintained. The
problem encountered was recognizing the subtle, subdued craters directly
in the vehicle path. In general, l-meter (3 1/L4-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-developed techniques worked well. Only short distances were cov-
ered, and then only with a dismounted crewmember confirming the general
condition of the surface to be covered.

The 1-g trainer provides adequate training for lunar 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 was the necessity to pay constant attention to the lunar terrsain
in order to have adequate warning for obstacle avoidance if maximum aver-
age speeds were to be maintained. Handling characteristics of the actusl
lunar roving vehicle were similar to those of the l-g trainer with two
exceptions: braking requires approximately twice the distance, and steer-
ing is not responsive in the 8- to 1l0-kilometer (4- to 5 1/2-mile) per
hour range with hardover control inputs. Suspension characteristics ap-
peared to be approximately the same between the two vehicles and the 1/6-g
suspension simulation is considered to be an accurate representation with
the exception of the crewmembers' weight.

The navigation system is accurate and a high degree of confidence
was attained in a very short time. Displsys are also adequate for the
lunar roving vehicle systems.

Lunar communications relay unit.- The lunar communications relsy unit
and associated equipment operated well throughout the lumar surface activ-
ities. The deployment techniques and procedures are good, and the opera-
tional constraints and activation overhead are minimum. Alignment of the
high-gain antenna was the only difficulty encountered, and this was due to
the very dim image of the earth presented through the optical sighting de-
vice. The use of signal strength as 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 Performence

Apollo lunar surface experiment package.- The packages were manually .
removed from the scientific equipment bay. During unstowing of equipment,
the universal handling tools were difficult to remove from the stowed posi-
tion and the scientific equipment bay doors required cycling to the fully
closed position. In deploying the central station, the strings which pull
the 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 suprather-
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 deployment of the suprathermal ion detector experiment. The 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 difficult 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 encountered with the
Junar 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/k 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,
required destruction of the stem to remove the chuck and drill. The deep
core sample could not be extracted from the hard scil by normsl methods
and reguired 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
1k 4.1 for further discussion.

Soil mechanics.- The classic trench was easily dug in the vicinity
of the Apollo 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 & very hard resistent layer. In msking the
penetrometer measurements, the trench side was collapsed by pushing on the
flat plate positioned about 10 centimeters (4 inches) from the trench wall.
A problem with the penetrometer was that the ground plane would not stay in
the extended position because of excessive spring force (see section 4.13).

Geology tools.~ The retractable tethers (yo-yo's) failed during the
first extravehicular activity. These devices were used by the Commander
to secure tongs and by the Lunar Module 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 failed 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, and rake
worked well, and the rake alsc functioned well as a scoop. The newly de~
signed core tube worked well in that the sample was completely retained.
Penetration of the surface with the core 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 lunar surface. Also,
the Lunar Module Pilot's TO-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 on the film drive.
The camera failed again on the third extravehicular activity and was re-
turneg to earth. These anomalies are discussed in sections 14.5.3 and
1k.5.4,

9.9 LUNAR ORBITAL SOLO OPERATIONS

9.9.1 Maneuvers

Solo maneuvers in lunar orbit included circularization 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 maneuvers were nominal and were accomplished with residual
velocities of an order that required no further maneuvering.

9.9.2 Science and Photography

Scientific instrument module experiments.- The scientific instrument
module was operated during the three days 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 were encountered, items were to be dropped from
the flight plan.
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Some flight difficulties were experienced with the scientific instru-~
ment module operations. These difficultles were associated with the re-
traction of the mass spectrometer boom and with the extension and retrac-
tion of the mapping camera. The masss spectrometer boom extended normally
but did not always indicate full retraction. It was suspected that the
boom was retracting into the carriasge, but not far enough to cause an in-
dication of full retraction. The monitoring, s 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 Module Pilot. The mass spectrometer boom re-
traction problem is discussed in more detail in section 14.1.6 and addi-
tional discussion on the mapping camera problem is given in section 1k.3.3.

The scientific instrument module bay 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 use of
computer time on the display keyboard in the lower equipment bay. 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 day 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 bay became much more difficult because the timing of these
events had to be accomplished using ground elapsed time, and not time rel-
ative to an event. Also complicating the monitoring was the fact that the
lights in the lower equipment bay could no longer illuminate the mission
timer because of the previocusly described short in the a~c¢ electrical system.

M1 of the solo operations in lunar orbit were accomplished well
within the capability of the Command Module Pilot with respect to the
amount of work that had to be done in the time available. There were
times when visual observation of the surface and hand-held photography
were accomplished in conJunction with the operation of the scientific
instrument module bay. This posed no problem and was accomplished as
prescribed.

Command and service module photography.~ The onboard photography was
accomplished generally as prescribed in the flight 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 additional training Just prior to flight, the Command Mod-
ule Pilot attained a sufficient degree of proficiency in target recogni-
tion and in the geology of the lunar surface so that detailed flight plan
times were not required.




9-23

The photography was accomplished using the settings prescribed in
the flight plan and additional photographs were taken utilizing the set-
tings based on sun angles that were listed in both the orbit moniter ,
charts and by an orbit monitor wheel which was developed for that purpose.
The photography from window 5 posed some 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 it 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 with the photography, visual
observations of selected surface feastures were made. These cobservations
were designed to allow a better understanding of large-scale geologic
processes, Three areas of special interest were centered around the
crater Tsiolkovsky, the Littrow area, and the Aristarchus Plateau.

Tsiolkovsky is a large impact 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 pesk and steep rim walls; the crater walls are cut by several
faults. The smooth, dark crsaster 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 lave 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 intc the subdued crater Fermi.

The Littrow ares was viewed because of distinet color banding extend-
ing out into Mare Serenitatis. 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.

The Aristarchus Plateau appesrs to be the most active volcanic area on
the moon. There are many lava flows and rille-like features in the central
platesu area.

One of the mysteries about the rilles has been the rille termini. If
these features were formed by lava flows, there would be delta-shaped flow
tongues formed at the outlets. Inflight observeation resulted in the con-
clusion that if these delta-shaped flow tongues were 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 1lift-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 sbort 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 approasch would be from near horizon-
tal; these factors were due to the commend 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 normelly and the abort guidance sys-
tem self-test was satisfactory. After insertion, there was early confir-
mation of rendezvous radar, primary guidasnce and navigation system, and
abort guidance system guidance data. Automatic updating was enabled in
both the primary guidance system and the abort guidance 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 technique used was to wateh the mark
counter until the range changed to a plus value, then the range rate was
manusally 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),
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
a discussion of this anomaly.) Line of site rates were verified by the
Command Module Pilot. Thrusting left and up spproximately L4 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 w&s 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-
tact was made Just prior to ascent and the Manned Space Flight Network relay
was deactivated. 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 subseguently,
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
asutomatically 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 Commend Module Pilot much grester time for optical tracking and sys-
tems monitoring.

There was same 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 actusl ve-
locity changes were inserted into the computer. The command and service
module then was maneuvered automatically to the tracking attitude. Ten
optics and nine VHF marks were tsken prior to the first midcourse correc-
tion and 18 optics and 11 VHF marks were taken prior to the second mid-
course correction. All solutions were compared with the lumar module
solutions and were within the prescribed limits. The lunar module sub-
sequently accomplished the maneuvers based on its own solutions.
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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 bay. 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. Agaln, 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 sta-
bilized, the probe was retracted and a hard dock was accomplished.

Several operations were initiated almost simultaneously after the dock-
ing. The scientific instrument module bay experiments were activated and
operated throughout the time of transfer of equipment from the luner module
to the commaend 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 instrument 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 removed and the seals on both the lunar module hatch and the command
module 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 delasyed approximately one
revolution, after which it was accomplished normally. However, because
of the difference in orbital position from the planned position at the
time of the lunar module jettision, the separation meneuver was recomputed
to assure a positive separation distance. This was accomplished about 20
minutes after 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 flight plan was updated to utilize the full capability
of the scientific instrument module bay. The flight plan chenges were con-
siderable, but with one crewman free to copy the updates, the cther two
crewnmen were available to monitor and perform the scientific instrument
module activities. This meant that all three crewmen were utilized a good
percentage of the time. The operation was performed satisfactorily and
the real-time changing of the flight plan was sccomplished 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 be subject to
real-time change when gll three crewmen were sboard was satisfactory.

9.11.3 Maneuvers

Prior to the transearth injection maneuver, an orbital shaping maneu-
ver was performed to lasunch the subsatellite into an orbit guaranteeing a
long lifetime. This was & relatively short thrusting maneuver and was ac-
complished using service propulsion system bank B. The subsatellite was
Jettisoned as scheduled and it was observed approximetely 15 to 20 feet
away from the spacecraft. All arms were extended and it was rotating
with a coning angle of epproximately 10 degrees,

The next maneuver 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 organizaetion within the command module crew comparte
ment with the additional stowage requirements for the Apollo 15 mission.
Normal cabin living activities required more time than anticipated pre-
flight because of additional equipment, onboard stowage conditions, new
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pressure suits, a strict adherence to nutrition schedules, and limitations
on overboard dump periocds. The most efficient manner of completing these
activities was to perform all cleaning, dumping, canister change, and
chlorinastion 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 sctivities
(such as scientific instrument module activation and flight plan updates)
conforms to normal deily sctivities on earth and results in far more effi-
cient utilization of time during flight.

9.12 TRANSEARTH FLIGHT OPERATIONS

9.12.1 Transearth Coast Extravehicular Activity

" Approximately 16 hours after the transearth injection maneuver, the
crew had completed preparations for an extravehicular activity which was
specifically planned to retrieve the panoramic and mapping camera cassettes
from the scientifiec instrument module. The preparation for the extravehic-
ular activity was accomplished in a nominal fashion and required aspproxima-
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 time for the event.
This allowed an unhurried, careful preparation of all equipment and re-
sulted in an extravehicular activity that was accomplished on time and
without difficulty. The final preparation associated with the extrave-
hicular activity involved the relocation of some 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
and pressure suit equipment by the Command Module Pilot. This was ac-
complished satisfactorily per the checklist. The spacecraft was maneu-
vered to the extravehicular activity sun-angle sttitude which allowed
illuminastion of the scientific instrument module bay, while insuring that
the sun did not shine directly into the command module hatch. In this
attitude the sun angle was low with respect 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 on the hatch to record the extravehicular activity. The 16-mm
camera operated for only 3 or 4 frames and produced only one recoversble
picture (fig. 9-6). The camera had apparently been turned on and then
inadvertently turned off after a three-second interval while set at a
frame rate of one frame per second. The television camera operated prop-
erly. The Command Module Pilot proceeded to the scientific instrument
module bay in a fashion similar to that used during training. The opera-
tion required sbout 16 minutes and was completed in an efficient manner
even though an off-nominal condition existed in that the mapping camera
was extended and could not be retracted. The panoramic camera cassette
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9.12.2 Science and Photography

The instruments in the scientific instrument module were operated
during the transearth coast to obtain background data needed for inter-
pretation of data cbtained in lunar orbit and to acquire information on
celestiel sources. These operations, at times, required specific atti-
tude pointing, and at other times, were accomplished during passive ther-
mel control periods. The operations, although accomplished in large part
based upon real-time planning, pesed no difficulty in adhering to the
preflight-planned timeline. During transesrth flight, ultraviolet photo-
graphs were taken of both the earth and the moon, star patterns were pho-
tographed through the sextant, and photographs were taken in an attempt
to record the particulate mgtter 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 contingency checklist. This navigational exercise was ac-
complished by maintaining a separate state vector stored in the command
module computer registers normelly used for lunar module state vectors.
It 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 translunar coast. The earth
at this time appeared as a very thin crescent because of the earth-sun
relationship, but the horizon was easily discernible. The sightings
were tsken with the spacecraft in minimum~-impulse control, and all but
the last set of sightings were accomplished using uncoupled thrusters for
attitude controcl. Low attitude rates were maintained and the sightings
were easier than had been experienced preflight. The onboard state vec~
tor was maintained until just prior to entry and it would have been sat-
isfactory in the event that a loss of communications had been experienced.

9.13 ENTRY AND LANDING

The preparation for entry was accomplished normally and the third
midcourse correction was performed to insure that the target point was
acceptable. In preparation for service module separation, all systems
were checked, chill-down of the spacecraft was accomplished as prescribed,
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and the spacecraft was maneuvered to the service module Jettison attitude.
The Jettison was accomplished as plenned. 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
guidence and navigation system, and the accelerometers were sll in esgree-
ment during entry. The lack of entry monitor system background lighting
did not affect observation of the scroll. The entry was normal, but dur-
ing descent on the main parachutes, one of the parachutes partially de~
flated. The main parachutes deployed normelly at 10 000 feet, end 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 fully-inflated
parachutes. Calls were received from the recovery team indicating that
the situation was being observed by ground personnel. All checks sub-
sequent to this were made according to the checklist and, because of the
higher rate of descent, touchdown was accomplished sbout 32 seconds earlier
than it would have with 811 parachutes fully inflated. The landing loads
were higher than normal; however, it did not appear that the couch struts
had stroked. The only internsal indication of a hard landing was that the
crew optical alignment sight was detached from its stowage bracket and
fell to the aft bulkhesad.

Al]l events after landing were normal. The parachutes were released
and, because of the low wind condition, settled around the command module.
The recovery ship and forces were near the spacecraft at landing and re-
covery coperations were normal.
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10,0 BIOMEDICAL EVALUATION

This section 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 stebilization program for this mission
was similar to that for Apollo 1k. Nine of the one hundred and sixty
primary contact persomnnel were removed from primary contact duty because
of infectious illness, This was the first lunar 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 materials returned on three
previous lunar missions. The crewmen remained in good health throughout
the mission.

10.1 BIOMEDICAL INSTRUMENTATION AND PHYSIOLOGICAL DATA

The Apollo 15 mission was the first on which sponge/pellet electrodes
were used in the bicharness. This type of biosensor was developed to re-
duce skin irritation experienced with the previous continuous-wear elec-
trodes. Only cone crewman's bioharness was worn and monitored st a time
during the translunar and transearth phases of the mission. The wearing
time was alternated between work-days and sleep pericds for each crewman.
Physiological data were transmitted simultanecusly from all three crewmen
only during launch, extravehicular activities, and entry.

The 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 Apollo missions. The only biomedical instrumentation problem experi-
enced during the flight occurred approximately 65 seconds after lift-off
when the impedance pneumograms (respiratory function) for all three crew-
men showed large baseline shifts which were caused by air trapped within
the electrodes sponge. At about 14 hours, the crewmen restored their im-
pedance pneumogram data by venting the electrodes. Preflight altitude
chamber tests had shown that venting the electrodes would restore the data.

The Commanders heart rates ranged from 81 to 98 beats per minute dur-
ing lunar descent and 65 to 88 beats per minute during ascent (figs. 10-1
and 10-2). The metabolic rates of the two lunar surface crewmen during
the three lunar surface extravehicular periods are correlated with their
heart rates as shown in figures 10-3 through 10-5. The Commander's aver-
age heart rates for the first, second, and third periods were 92, 84, and
85 beats per minute, respectively; and the Lunar Module Pilot'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 metaebolic rates and totsl produc-
tion during all extravehicular activity periods is presented in table 10-I.

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

Standup First Second Third Transearth
Crewmen
Btu/hr Btu/hr | Total Btu Btu/hr | Total Biu Etu/hr | Total Btu Btu/hr
Commander 997 1097 7167 1002 7231 1031 1983 Lo

Lunar Module

Pilot - 976 6377 808 5831 816 3915 a3k

Command Module
Pilot - - — - — - - glo

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 noted 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 without
discomfort.

The Command Module Pilot apparently experienced no difficulty in adapt-
ing to weightlessness; but the ILunar Module Pilot reported 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
crevw also reported the discomfort and soreness of the lower back muscles
assoclated with postural changes during weightlessness.

10.2.2 Medications

Aspirin and nose drops were the only medications used during the mig~
sion. The Commander took a total of 14 aspirin to relieve the pain he de~
veloped in his right shoulder after the difficult deep core tube drilling
operation on the lunar surface. The Commend 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 asnd transearth coast phases of this mission.
As a result, all crewmen received an adequate amount of sleep during these
periocds.

Displacement of the terrestrial sleep cycle during the three lunar
surface sleep periocds ranged from 2 hours for the first sleep period to
T hours for the third sleep period. This 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 crewmen 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-
erational problems. These included hardware malfunctions as well as ine
sufficient time in the flight plan to accomplish assigned tasks. During
the first sleep period, the c¢rewmen went to sleep one hour later than
planned and had to arise one hour early to fix a cabin oxygen leak. The
crewmen again were an hour late in getting to sleep for the second lunar
surface sleep period. The final sleep period was changed so that the be-
ginning of the period was 2 1/2 hours later than originally planned. The
period, which had been planned to last 7 hours, was terminated after 6 1/2
hours to begin preparations for the final extravehicular act1v1ty. "Length-
ening the work days and reducing the planned sleep periods on the lunar
surface coupled with a significant alteration of the lunar module crewmen's
circadian rhythm produced a sufficient fatigue level to cause them to op~-
erate on their phy31ological reserves until they returned to the command
module.
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10.2.4 Radiation

The Commander's personal radiation dosimeter failed to integrate the
dosage properly after the first 24 hours of flight. In order to have func-
tional dosimeters on each lunar module crewman while on the lunar surface,
the Command Module Pilot transferred his unit to the Commander prior to lu-
nar module intravehicular transfer. The final reasdings from the personal
radiation dosimeters yielded net integrated (uncorrected) values of 360 mil-
lirads for the Commender and 510 millirads for the Lunar Module Pilot. The
passive dosimeters worn continously by all crewmen during the entire mission
ylelded an sverage 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 transearth coast as well as during lunar orbit. The
crew reported seeing the point sources of light noted by previous Apollo
crews. The frequency of the light flashes ranged from once every 2 min-
utes to once every 5 minutes for each crewman. The freguency of light
flashes was gresater during translunar flight than transearth flight.

10.2.6 Water

The crew reported that the taste of the drinking water in both the
command module and the lunar module was good. All scheduled inflight chlo-
rinations of the command module water system were reported accomplished.
Preflight testing of the lunar module potable water system iodine levels
showed that use of the 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 water, but this
did not interfere with food hydration.

The Commander consumed sbout 16 ounces of water during the first ex-
travehicular activity; however, his insuit drinking device slipped under
his neck ring on the second extravehicular activity and he was unsble 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 dure
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 determine the nickel ion concentration. Analysis of these two
inflight water samples revealed that the nickel ion concentration on the
first day of flight rose from a prelaunch value of 0.35 parts per million
to 6.3 parts per million. On the last day of the flight, 2.7 parts per
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million of nickel ion concentration were found. The latter was not a rep-
resentative sample because of the reported water system anomaly (section
14.1.14) which occurred about 12 hours before the sample was taken. This
anomaly resulted in only a portion, if any, of the chlorine/buffer/inhib-
itor solution being injected into the potable water tank and, subsequently,
the hot water heater. The nickel ion concentration is believed 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 sam-
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. Postflight analysis of the commaend module
water showed no chlorine residual. The 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 previous Apollo
missions with the exception that additional food stowage space was provided
in both the command and service module and the lunar module to accommodate
the extra food required for a 12.3~day lunar mission. Prior to flight, each
crewman evaluated about 100 available foods and selected his menu. The 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 kilo-
calories per man per day with L0OO additional kilocalories in beverages and
extra food supplied in the pantry. Thus a total of 2800 kilocalories were
available for each crewman on a daily basis. On launch day, each crewman
was also provided with & specially prepared and packaged frozen sandwich,

a package of bacon squares, and a beverage powder. These items were stowed
in a pocket of the pressure suits.

Estimates of the crews' food consumption, based on the onboard food
log and the returned food, indicate that an average of 2801, 2372, and
2568 kilocalories per day were consumed by the Commander, the Command Mod-
ule Pilot, and the Lunar Module Pilot, respectively. The crew commented
favorably after the flight on the quality of the infllight food and the
food systems. The new insuit food bars were used by both lunar module
crewmen on the first and second extravehicular activities. They did not
carry the food bar on the third extravehicular activity.
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10.3 PHYSICAL EXAMINATIONS

Each crewman received a comprehensive physical examination at 28, 13,
and 5 days prior to launch, with brief examinations conducted dally during
the last 5 days before launch.

A comprehensive physical examination conducted shortly after landing
showed that the crew was in good heslth. 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 blosensor sites. The
cause of this irritation was mechanical friction rather than allergic re-
action. The skin irritation subsided within 48 hours without medical
treatment.

The Commander had hemorrhages under the fingernails of the middle fin-
ger, ring finger, and thumb of his right hand and on the 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
vas 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 measurements and bicycle ergometry tests
was longer than for previous flights. Some individusl varistions in the
return-to-~baseline time occurred, but, in genersl, 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 degraded 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 exposure to the weightless condition. This
study employed a new and more precise method of estimating bone mineral by
using an X-ray technique that utilizes an iodine isotope mono~energetic
beam possessing predictable photon absorption characteristics.
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Essentially, no changes were observed 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) measurements 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 crewmen 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 comparsble 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 l-g environment.
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11.0 MISSION SUPPORT PERFORMANCE

11.1 FLIGHT CONTROL

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 thls report. Only those prob-
lems that are unique to flight control, or have operational considerations
not previously mentioned, are presented in this section.

A radiel velocity error in the launch vehicle guidance system at
earth-orbit insertion necessitated s 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 anomsly dis-
cussed previously, the crew was requested to deasctivate both pilot valve
circuit breskers immedistely 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 male
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 nuisasnce factor of a constant false
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 verify 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 dure
ing descent. A technique was developed to use the asbort guidance system
for displaying rew landing radar altitude data should the tapemeter and
the primary guidance and navigation system fail, but the technique was
not voiced to the crew.

At acquisition of signal during the 12th lunar revolution, the lunsar
module crew reported that they had been unable to separate from the command
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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 was corrected. Mean-
while, the crew had been advised by Mission Control that undocking 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 the descent ox~
ygen tank pressure was critical to allow a full portable life support sys~
tem recharge for the third extravehicular 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 sbout 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 migssion, 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. The 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
ares in the Pacific Ocean was provided by the hellcopter carrier USS Okinawa.
Active air support consisted of five SH-3G helicopters from the Okinawa and
two HC~130 rescue aircraft staged from Hickam Air Force Base, Hawaii, Two
of the helicopters, designated "Swim 1" and "Swim 2", carried underwater
demolition team personnel and the required recovery equipment. The third
helicopter, designated "Recovery," carried the flight surgeon and was uti-
lized for the retrieval of the flight crew., The fourth helicopter, desig-
nated "Photo," served as a photographic platform for both motion picture
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The fifth helicopter, designated
served as a communications relsy alrcraft. ' The two HC-130 air-

craft, designated "Hawail 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.
in Table 11-I.

The recovery forces assigned to the Apcllo 15 mission are shown

TABLE 11-I.- APOLLO 15 RECOVERY SUPPCRT

Ship name/
Type Number aircraft staging base Area supported
Ships

AFT 1 USS Salinan Launch site area

LCU 1

LPD USS Austin Launch sgbort area and West Atlantic
earth-orbital recovery zone

LPH 1 USS Okinawa Deep~-space secondary landing areas
on the Mid-Pacific line and the
primary end-of-mission landing area

AO 1 USS Kawishiwi Provided refueling for USS Okinawa

Aireraft

HC-~130 & Eglin Air Force Base Launch sbort area, West Atlantic
recovery zone, contingency land~
ing area

HC-130 al Pease Air Force Base Launch sbort area

HC-130 & Lajes Field, Azores Launch abort area, earth-orbital
contingency landing area, deep-
space abort landings

HC-130 8y Hickam Air Force Base Mid~Pacific earth orbital recovery
zone, deep~space secondary landing
area and primary end-of-mission
landing srea

HC-53C 3 Patrick Air Force Base Launch site ares to 1000 miles
down range

SH-3G S 0S8 Okinswa Deep-gpace secondary landing area
and primery end-of-mission landing

“ area

8p1us one backup
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11.3.1 Command Module Location snd Retrieval

Based upon a navigation satellite (SRN-9) fix obtained at 2046 G.m.t.,
August T, 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 Okinaws
is shown in figure 11-1 as 1t 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 contact by the Okinawa at
2041 G.m.t. At approximately the same time, all recovery force aircraft
established VHF recovery beacon contacts. Shortly thereafter, two-way
voice communication was established between the Apollo 15 crew and recove
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 distant on a bearing of 145 degrees east
of north. Based upon these data, the landing point coordinates were 26 de-
grees T minutes 30 seconds north latitude and 158 degrees 9 minutes west
longitude.

After a visual inspection 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 dropplng swimmers who
installed the flotation collar on the command module. The Swim 1 heli-
copter dropped swimmers to secure a life raft to the forward heat shield.
One main parachute and the hesat shield were retrieved.

The flight crew was delivered aboard the USS Okinawa by the recovery
helicopter at 2125 G.m.t. No quarantine procedures were required for this
mission. Command module retrieval took place at 26 degrees T minutes north
latitude, 158 degrees 10 minutes 12 seconds west longitude at 2220 G.m.t.
on August T.
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The flight crew remained aboard the Okinawa untll 1655 G.m.t., Au~
gust 8, and were then flown to Hickam Air Force Base, Hawaii. After a
brief welcoming ceremony, a C-lil 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 and dellvered to
Dovmey, California, on August 20.

The following vage shows a chronological listing of events during 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~-antennsa ground planes was damaged,

b. The O~ring that seals the forward heat shield cover to the tun-
nel was loose.

¢. The doéking ring was slightly damaged, as generally occurs.

d. A section of the aft heat shield, spproximately 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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Time relative

Event Time, to landing,
G.m.t. =
days:hr:min
August 7, 1971
Radar contact by Okinawa 2037 -0:00:09
S-band contact by Hawaii Rescue 1 2038 -0:00:08
VHF recovery beacon contact by Okinawa 2041 ~0.00:05
Visual contact 2041 -0:00:05
Voice contact with Apolle 15 crew 2043 ~0:00:03
Command module landing 2046 0:00:00
Swimmers deployed tc command module 2052 0:00:06
Flotation collar installed and inflated 2100 0:00:1k
Hatch opened for crew egress 2111 0:00:25
Flight crew in egress raft 2112 0:00:26
Flight crew aboard helicopter 2120 0:00:34
Flight crew sboard Okinswa 2125 0:00:39
Command module aboard Okinawa 2220 0:01:34
August 8, 1971
First sample flight departed ship 0330 0:06:4L
First sample flight arrived Hawaii 0520 0:08:34
First sample flight departed Hawaii 0604 0:09:14
First sample flight arrived Houston 1333 0:16:43
Flight crew departed Okinawa 1655 0:20:05
Flight crew arrived Hawaii 1710 0:20:20
Flight crew departed Hawaii 1746 0:20:56
Command module arrived Hawaii 1800 0:21:10
August 9, 1971
Flight crew arrived Houston 0219 1:05:29
¥ August 11, 1971
" Command module departed Hawaii 1800 3:21:10
August 17, 1971
Command module arrived North Island, 0000 9:03:10
San Diego, California
Pyrotechnic safing complete 0Th0 $:10:50
’ August 18, 1971
Fuel portion of reaction control system 2330 11:02:40
deactivated
August 19, 1971
Oxidizer portion of reaction control 2320 12:02:30
deactivated
August 20, 1971
Command module departed San Diego 0220 12:05:30
Command module arrived Downey 1715 12:20:25
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12.0 ASSESSMENT OF MISSION OBJECTIVES

The four primary objectives (ref. 4) assigned to the Apollo 15 mis-
sion were:

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

b. Emplace and activate surface 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 experiments (listed in table 12-I and described in reference
were assigned to the mission. Preliminary indications are that adequate
data were obtained to successfully complete all objJectives.

The Manned Spacecraft Center participated in two of nine approved
operational tests. The two operational tests were: lunar gravity meas-
urement (using the lunar module primary guidance system) and a lunar mod-
ule voice and data relay test (a lunar module and Manned Space Flight
Network test of voice and portable life support system data from the Lu-
nar Module Pilot). Both tests were completed.

The other seven tests were performed for the Department of Defense
and the Kennedy Space Center. These tests are designated as follows:

a. Chapel Bell (classified Department of Defense test)
b. Radar skin tracking

¢. Ionospheric disturbance from missiles

d. Acoustic measurement of missile exhaust noise

e. Army acoustic test

. Long-focal-length optical system

g. Sonic boom measurement

5)
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TABLE 12-1.~ DETAILED OBJECTIVES AND EXPERIMENTS

Description Completed
Detailed Objectives

Lunar roving vehicle evaluation Yes
Extravehicular communications with the lunar commu- Yes

nications relay unit and ground controlled tele-

vision assembly
Extravehicular mobility unit assessment on lunar Yes

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

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

Experiments

Contingency sample collection Yes
Passive seismic (S-031) Yes
Heat flow (S-037) Yes
Lunar surface magnetometer (S-034) Yes
Solar wind spectrometer (S-035) \ Yes
Suprathermal ion detector (5-036) Yes
Cold cathode gage (S-058) Yes
Lunar dust detector (M-515) Yes
Lunar geology investigation (S5-059) Yes
Laser ranging retro-reflector (S-078) Yes
Soil mechanics (5-200) Yes
Gamma-ray spectrometer (S-160) Yes
X-ray fluorescence (S-161) Yes
Alpha particle spectrometer (S-162) Yes
Subsatellite:

S-band transponder (S-16L) Yes

Particle shadows/boundary layer (S-173) Yes

Magnetometer (S-1T7k4) Yes




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

12«3

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-17T) Yes
Gegenschein from lunar orbit (S-178) %Mo
S-band transponder (command and service module/ Yes
lunar module) (8-164)
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 photographic 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 to 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 ATMOSPHERIC ELECTRICITY

The Apollo 15 launch complex was struck by lightning on five differ-
ent days during the checkout activities. 1In 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 eguip-
ment.

Launch site lightning strikes have not been documented for programs
other than Apollo and Gemini. 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 IT 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 September 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 lightning 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 lightning damage
was reported.

e. At least two strikes were recorded on the mobile launcher for
the AS-500F vehicle at launch complex 39A. This was a non-flight facil-
ity test vehicle. The first incident occurred on Msy 27, 1966. On
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June 21, 1966, magnetic recording links on the mobile launcher were ex-
emined 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

end remsin 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 Apcllo 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-off and the vehicle was placed on a flight azimuth
of about 80 degrees. The trajectory parameters from launch through 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 mixture ratlos were near 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. Thls sequence change extended the coast period
between S-~IC outboard engine cutoff and S~IT engine start command by one
second. The S-IC/S~II separation sequence and S-II engine thrust build-
up performance was satlsfactory.

The S~II propulsion system performed normslly. The specific impulse
and mixture ratios were near 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 1L1.5 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 5~II stage performances. The specific im-
pulse and engine mixture ratio were near the predlcted 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
command. Most noticeable was the fuel turbine inlet temperature. During
1liquid hydrogen chilldown, this temperature decreased from +130° to -10° F
at the time of the second engine start command. The oxidlzer turbine in-
let temperature also indicated a small decrease. In addition, the fuel
turbine inlet temperature indicated an sbnormally 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 operatlions, 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 of the Apollo 14 landing site. The S~IVB/instru~
mentation unit impacted the lunar surface at 1 degree 31 minutes south
latitude and 11 degrees 49 minutes west longitude with a velocity of
8455 ft/sec. This impact point is approximately 146 kilometers (79 miles)
from the target of 3 degrees 39 minutes south latitude and 7 degrees 35
minutes west longitude. Although the impact location was not within the
preferred region, scientific data were obtained from the impsact.
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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 8-IC boost phase were
well below deslign values. Thrust cutoff transients experienced were sim-
iler to those of previous 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 L4~ to S5-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 navigastion system provided satisfactory end condi-
tions for the earth parking orbit and translunar injection. The control
system was different from that of Apollo 1l 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 satisfactory. All data
systems performed satisfactorily through the flight,

VMore 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., -

1.1 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 pyrotechniec shocks.
Ground tests have shown that the valve will close at a shock level of ap-
proximately 80g 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 of 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 through a variable power supply (approximately 20 volts, maximum,
applied to the valve). The valve was most likely subjected to a reversed
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Figure 1h-1.- Cross section of reaction control
system isolation valve.

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

This anomaly is closed.

14.1.2 Water Panel 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 lesk 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. 1L-2) and satisfactorily
stopped the leakage. Leskage recurred at sbout 204 1/2 hours and was cor-
rected.

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

retention
insert

Fitting to
water panel

Cap

Figure 14-2.- Water panel chlorine injection port.
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However, when the insert was tightened in accordance 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 removed. This allowed water leskage 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-1b and, thus, pre-
clude 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., This light indicated the presence
of a short to ground in the service propulsion system ignition circuitry.
Ignition would have occurred if the engine had been armed.

The short was isclated to the system A delta-V thrust switch which
was found to be intermittently shorted to ground (fig. 14-3). A test fir-
ing performed at 28:40:22 verified that the short existed on the ground
side of the service propulsion system pilot valve solenoids.

The delta-V thrust switch (fig. 14-4) was shorted to ground both be-
fore and after removal of panel 1 from the command module during post-
flight testing. After a change in panel position, the short-to-ground
disappeared. The switch was then removed from the panel and X-rayed.

The X-rays showed a wire strand extending from the braid strap which was
thought to have caused the grounding problem. After 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 ground at
any point within the switch (fig. 1b-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 (fig. 14-5). The strand appeared to be attached, but was later
moved gquite easily.

The bottom of the plastic case liner was examined, and showed no evi-
dence of a scratch or deformation conforming to the shape of the wire
strand. A sample wire strand was placed on a feed-through flange of a
scrap switch unit, and the plastic case liner was pressed on as would oc-
cur during normal switch assembly. When the scrap switch was disassembled
an indentation in the plastic case liner was readily apparent. This test
indicated that the strand could not have been trapped between the case
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liner and the flange surface; therefore, it is postulated that it might
have been enclosed in the cavity of feed-through terminal 2 (fig. 1L-5).
The maximum clearance between the interior of the feed-through terminal
wall and the terminal itself is 0.040 inch. A 0.055-inch-long wire strand
could easily have bridged this distance, and yet is short enough to move
quite freely within the feed-through terminal cavity. In fact, the strand
subsequently fell into the cavity. Examination of the strand and cavity
wall showed evidence of arcing. The strand could not be detected on the
X-rays because that area was obscured by other poles in the switch.

Most of the switches on Apollo 16 and 17 spacecraft (3000 or L4000 se-
ries) required for crew safety or mission success were screened according
to the following procedures.

a. Additional inspection points were employed during manufacturing.

b. The switches were X-rayed prior to acceptance testing.
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c¢. The acceptance vibration test was 3-axis random (LOOO series) or
single-axis sinusoidal (3000 series) test.

d. The switches were X-rayed after acceptance testing.

The following switches for Apollo 16 were of an earlier series and
have been replaced with L4000 series switches:

a. Up telemetry data/back-up voice

b. VHF ranging

¢. Battery charger

d. Thrust vector control servo power

e, Postlanding ventilation

f. Crew optical alignment sight power

g. Optics power

h., Inertial measurement 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 breskers are to be added to provide series
protection for the command and service module/lunar module final separa-

tion function.

This anomaly is closed.

14.1.4 Integral Lighting Circuit Breaker Opened

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

A short circuit sufficient to cause the circuit bresker to open would
also cause the alarms. As a result of the problem, some display keyboard
lights, the entry monitor system scroll lighting, and various other back-
lighting were not used for the remainder of the mission.
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Pogtflight testing of the wvehicle 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 snslysis revesled a
shorted input filter capacitor,

The capacitor is rated for 200-volt d-c¢ epplications and is being
used in an a-c application at voltages up to 115 volts. Since the die-
lectric in the ceramic capacitor is a plezolectric material (barium ti-
tanate)}, the 40O-cycle a-c voltage actually causes the materials in the
capacitor to mechanically vibrate at that frequency. Over a period of
time, the wnit could bresk down because of mechanical fatigue. This may
have been the cause of failure of this capacitor.

There are two mission timers on the command module and one on the
Junar module, The unit on the lumar 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 anomely is closed.

14.1.5 Battery Relay Bus Measurement Anomsaly

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
10 normal.

Postflight testing of the vehicle and sll of the involved components
revealed no anomelous condition which could have caused the problem but
did isolate the problem to the instrumentation circuitry and verify that
the functional operation of the bus was not impaired. Analysis indicates
thet the only way to duplicste the flight problem would be to connect a
resistance of 2800 ohms from ground to the battery relay bus measurement
circuit (fig. 14-6). No resistance near this magnitude was measured during
postflight testing. The most probable cause of the anomely was that ine
sulation resistance at the output terminal of the switch was lowered be-
cause of humidity.

This is the only time that a problem of this type has occurred dur~
ing the Apollo Program and the probabllity of recurrence is considered
to be very low. If the problem does occur agaln, other measurements are
availgble for the determination of the battery reley bus voltage.

This anomely is closed.
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14.1.6 Mass Spectrometer Boom Talkback Indicated
Half-Barberpcle On Retract

The mass spectrometer boom did not fully retract on five of 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 of the deployed boom and/or cable harness preceded each anom-
alous retraction. In each case, the boom retracted fully after warmup.

The deploy/retract talkback indicsator is normally gray when off, when
the boom is fully retracted, or when it is fully extended. The indicator
is barberpole when the boom is extending or retracting, and will show half
barberpole if the drive motor stalls. The crew noted this last condition
on the incomplete retractions.

An inflight test of the Apollo 15 boom indicated that the problem was
a function of temperature. Testing and examination of the Apollo 16 space-
craft showed that the failure was possibly caused by pinching of the cable
" harness during the last several inches of boom retraction. The cable could
have been pinched between the bell housing and rear H-frame bearing (fig-
ure 14-T), or a cable harness loop was Jammed by a boom alignment finger
against the bell housing (fig. 14-8).
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instituted and a thermsl vacuum environmental acceptance test will be per-
formed on each flight unit.

Additional failure modes revealed during the testing of the Apollo 16
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 as follows:

a. A thermeal 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.

¢. 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 Failure 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 period. A similar occurrence
had been noted earlier, st 13 1/2 hours, when the potable tank quantity
decreased as the crew used the water, and remsined constant until a waste
water dump was performed at 28 1/2 hours. This decrease had been attrib-
uted to a closed potsble tank inlet valve until the crew verified in their
debriefing that the valve had been open during this time. The amount of
water drained from the tank verified that the tank instrumentation was
reading correctly.

During a postfliight 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 1L-9) was tested and found to leask excessively. A tear-down analysis
of the check valve was performed and a piece of 300-series stainless steel
wire (approximately 0.0085 by 0.1lL4 inch) was found between the umbrella
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 a larger dismeter than the one found. The check
valve at the potable water tank inlet is of a different configuration
and is spring loaded closed. The l-psi pressure required to open this
velve is a large pressure drop compared to the other components at the
low flow of 1-1/2 1lb/hour, and would, therefore, cause the water to flow
to the waste tank.

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

No cofrective action is considered necessary since the contamination
is considered to be an isclated case. If the problem should recur, the
potable tank will start to f£ill when the waste tank is full.

This anomaly is closed.

14.,1.8 Mission Timer Stopped

The panel 2 mission timer stopped at 12L4:47:37. Several attempts to
start the clock by cycling the start/stop/reset switch from the stop to the
start position failed (fig. 14-10). The timer was reset to 124:59:00 us-
ing the hours, minutes, and seconds switches, and the timer again failed
to start when the switch was cycled. The switch was then placed in the
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from the other timer in the command module, or from mission control. The
failure would be a nuisance to the crew.

This anomaly is closed.

14,1.9 Main Parachute Collapse

One of the three main parachutes was deflated to approximately one-
fifth of its full diameter at about 6000 feet altitude. The command mod-
ule descended in this configuration to landing. All three parachutes were
disconnected and one good main parachute was recovered. Photographs of
the descending spacecraft indicate that two or three of 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 was in close proximity to the space-
craft flight path.

b. A broken riser/suspension line connector link which was found on
the recovered parachute (fig. 1k-12).

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

Onboard and photographic data indicate that the forward heat shield
was about 720 feet 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 tow tests,
however, more than one link would have had to fail to duplicate the flight
problem. The two possible causes have been identified as hydrogen em-
brittlement or stress corrosion.

The command module reaction control system depletion firing was con-
sidered as a possible candidate because of the known susceptibility of the
parachute material (nylon) to damage from the oxidizer. Also because the
oxidizer depletion occurred about 3 seconds prior to the anomaly, and fuel
was being expelled at the time the anomaly occurred (fig. 1k-13). Further,
the orientation of the main parachutes over the command module placed the
failed parachute in close proximity to the reaction control system roll
engines. Testing of a command module reaction control system engine sim-
ulating the fuel (monomethyl hydrazine) dump mode through a hot engine re-
sulted in the fuel burning profusely; therefore, the fuel dump is con-
sidered to be the most likely cause of the anomaly.

In order to eliminate critical processing operations from manufacture
of the connector links, the material was changed from 4130 to Inconel T18.
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the time delay which inhibits the rapid propellant dump may be changed
from 42 to 61 seconds. This could provide more assurance that the pro-
pellant will not have to be burned through the reaction contrcl 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 T).

This anomaly 1s 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 with numerous
complete dropouts. After 20 seconds, the bi-phase signsl gradually im-
proved to the point where, at 30 seconds, the signal appeared normal. The
6k 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 soc that, at 20
feet, very few particles could be observed. Under 400X magnification, in-
dividual flakes of deposited materisl were observed. The portion of fig-
ure 1k-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 tape 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 Apollc 1k 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 density.
The utilization of the Apollo 15 mission recorder is slso considersbly
higher, allowing more time for deposits to build up.
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The idler gear is free to rotate on the shaft (fig. 1k-16); however,
the design allows the stainless-steel shaft to also rotate. 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 magnesium bearing points had
been elongated as shown in figure 14-17. Torque from the stepping motor
applied to the idler gear not only resulted in rotation of the shaft but

also caused the shaft to tilt (fig. 14-17). The wearing eventually al-
lowed the shaft to tilt sufficiently to cause the gear to rub against the
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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, the unit was modified because of fail-
ures on other timers. Brass shims (fig. 14-17) were installed to prevent
the idler gear from rubbing on the number wheel.

The analysis of those failures revealed that the idler gear was rub-
bing paint off the number wheel and paint particles prevented the slip
rings and brushes from making good contact., A review of drawing tolerances
showed that an interference could occur and the addition of the shims ap-
peared to be adequate corrective action. These failure analyses did not
reveal the problem of the elongation of the bearing points 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 of wear.

This anomaly is closed.

14.1.12 Crew Restraint Harness Came Apart

The restraint harness on the right side of both the center and right
crew couches 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 for landing. The mating plug
for the missing cap was held in place with tape.

The plug-and-cap assembly (fig. 1Lk-18), which is part of the univer-
sal assembly that attaches the restraint harness to the couch seatpan,
separated. (There are a total of six plug-aﬂa—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-forth rotation
of the adjJuster link can cause the plug-and-cap assembly to unscrew from
each other. Checks on the four other Apcllo 15 assemblies showed zero
torque on two of the units and minimum specification value (2.0 in-1b) on
the others. The loss of torque is apparently due to cold flow of the plas-
tic self-locking pellet, causing a loss of friction against the mating
threads.

A thread locking sealant will be used to prevent the problem on fu-
ture missions,

This anomaly is closed.

14,1.13 Locse Object In Cabin Fans

During portions of the flight when the cabin fans (fig. 14-19) were
activated, the crew heard sounds like an object striking the blaedes. Cy-
cling the fans several times sllowed the cobjJect to be retained in a posi-
tion that precluded it from interfering with fan operation.

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

Although 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 left in the duct during assembly.

No hardware changes are contemplated. Should the anomaly occur on
a subsequent flight, no detrimental effects would result.

This anomaly is closed.

14.1.1% Scanning Telescope Visibility

The crew reported that excessive attenuation of light through the
scanning telescope existed throughout the flight. The telescope was ade-
quate to perform landmark tracking while in lunar orbit, but the crew was
unable to identify constellations, even though large numbers of stars
could be seen by looking out the spacecraft window.

Visual observations through the telescope (fig. 14-20) were made at
the spacecraft manufacturer's facility, and no degradation could be ob-
served. A luminescent transmittance test was performed on the telescope
before removal from the spacecraft and transmittance was calculated to be
25 percent. This compares with an acceptance test value of 55 percent.
The decrease is due to the entry environment and sea water contamination.
The 30-percent 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 loss in star intensity; therefore, observing stars from earth with
a telescope with a SO-percent transmittance would be equivalent to observ-
ing stars from a spacecraft in flight using a telescope with a 25-percent
transmittance.

The flight anomaly was reproduced in the laboratory by placing the
optical unit assembly, the removable eye piece, and the optics panel in
a chamber wherein the environmental conditions that existed in the cabin
during flight were duplicated. Condensation on the eyepiece window and,
to a lesser extent, on the prisms in the removable eyepiece caused the
transmittance to decrease to about 4 percent.

A heater will be added to the removable eyepiece to prevent fogging
in the eyepiece assembly and on the eyepiece window.

This anomaly is closed.
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14,1.15 Gyro Display Coupler Roll Alignment

The crew reported that the roll axis did not align properly when the
gyro display alignment pushbutton was pressed. The roll axis error was

not nulled, whereas, the pitch and yaw axes were, Only by depressing the
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align pushbutton for progressively longer periods, and eventually, by mov-
ing the roll-axis thumbwheel, could the roll error be nulled.

For normal operstion during alignment, resolvers in the gyro display
coupler electronics are compared to resolvers, one for each axis, 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 gain 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 spacecraft 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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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 wvalue does
not vary by more than 1 chm. 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 resclvers 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 to 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 (1) make critical relays redundant, (2) improve screening
tests, and (3) take no corrective action for non-critical relays. Both
of the suspect relays are of major importance in that either one would
cause loss of 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 relay revealed con-
tamination which could have caused the flight anomaly. The rationale de-
veloped during the "golden-g" relay review is applicable at this time.

This anomaly is closed.

14.1.16 Unsable 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 during postflight testing. This 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 and 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 freeing the breasker. The
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green residue was predominantly sodium-copper carbonate 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 bresker after landing or by urine
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. 1L-22).

Failure analysis showed that the pivot pin failed in single shear

and bending. This failure resulted from 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 con the toggle arm to indicate
that it had been struck by some object.

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

ih.l.lB Crew Optical Alignment Sight Fell Off Stowage Mount

The crew optical alignment sight fell from its stowage mount during
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 locking
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Figure 14-23.- Crew optical alignment sight stowage.

pin hole by spring action {fig. 14-23). Postflight examination showed
that the ramp had been gouged preventing raising 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 and crew checklist are being revised
to include verification of the latching pin engagement prior to entry.

This anomaly is closed.
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1L4.2 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 extravehicular
activity and the second extravehicular activity. The variations were sim-
ilar on both occasions. The pressure differential decreased from asbout
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 activity and 10 minutes during the
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{a} Glycol pump differential pressure variations during standup extravehicular activity.
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Figure 1L-24.- Glycol pump differential pressure variations
during extravehicular periods.
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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 during 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 module 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. 1L-25 and 14-26), and the water
would have frozen and sublimed at the next cabin depressurization. Since
there is no flow 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 Separator Speed Decrease

The speed of water separator 1 decreased to below 800 rpm and tripped
the master alarm during the cabin depressurization for the standup extra-
vehicular activity. Separator 2 was selected and operated properly at ap-
proximately 2L0O rpm. After approximately 1 hour of separator 2 operation,
separator 1 was reselected and performed satisfactorily throughout the re-
mainder of the mission.

Cabin atmosphere is cooled and passed through one of the water sepa-
rators (fig. 14-2T7) where condensed water is separated by centrifugal force
and picked up by a pitot tube. The water is then piped from the pitot tube,
through a check valve, to the water management system where it is used in
the sublimator.

Cabin humidity was high before the standup extravehicular activity
and, because the water and structure were cold, the line between the water
separator pitot tube and the water management system was cold. Under these
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Figure 1L-26.- Water/glycol pressure measurements.

Analysis and tests have shown that freezing of the line will not
damage any spacecraft hardware. If such freezing occurs, the other sep-
arator would be used. Therefore, no corrective action is required.

This anomaly is closed.

14,2.3 Broken Water Gun/Bacteria Filter Quick Disconnect

A water leak occurred at the quick disconnect between the bacteria
filter and the water gun (fig. 1L-28) shortly after the first extravehic-
ular activity. The leak was caused by the plastic portion of the discon-
nect being broken and was stopped by removing the filter,

When the water gun/bacteria filter combination is properly stowed,
the gun is held in a U-shaped boot (fig. 14-28). Both the gun and filter
are held in place by straps with the hose protruding above the liguid
cooling assembly. Bending the hose can easily exceed the force required
to break the quick disconnect between the bacteria filter and the water
gun if the filter is not strapped down. A test showed that a torgque of
20Lk.6 inch-pounds caused a similar quick disconnect to break in half.
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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 bresk the
disconnect between the filter and the water gun.

The plastic parts will be replaced by steel inserts in all locations
where the quick disconnects are used in the lunar 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 module structure.

b. 100:41 (revolution 12): The lunar 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 1L, one of the prime
candidates considered as a possible cause was incidental amplitude modulsa-
tion on the uplink signal. A monitor capsble 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 existed on the uplink at the frequen-
cies critical to antenna stability during the problem times., Consequently,
incidental amplitude modulation has been eliminated as a possible cause of
the antenna oscillations, and the problem must be in the spacecraft.

There are two possible causes of 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 showed that no significent noise is coupled
into the tracking loop during operation of any other spacecraft equipment
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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 to determine
its capability to operate over the entire range of temperatures and
gradients.

This anomaly is open.
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1L.2.5 Descent Engine Control Assembly Circuit Bresker Open

‘ The descent engine control assembly circuit bresker was found open
during the engine throtile check after lunar module separation from the
command and service module. The circuit breasker 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 breasker was reset, it would have reopened. Data were reviewed
for current surges large enough to trip the 20-ampere bresker, but none
were found. The crew stated that they may have left the circuit bresker
open. This is the most probasble cause of the anomaly.

This anomaly is closed.

14.2.6 Abort Guidance System Warning

Abort guidance system warnings and master alarms 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
until lunar 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 sutomatically when the out-of-tolerance con-
dition disappears. ’

a. 28 2.8 volts dc

b. 12 #1.2 volts de

c. 40O #15 hertz
A fourth condition which could cause the warning light to illuminate is
the receipt of a test-mode fail signal from the computer. This condition
requires manually resetting the warning light by placing the oxygen/water
quantity monitor switch to the CW/RESET position.

The conditions for generating a test mode fail signal are as follows
(none of these conditions was indicated in any of 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 ft/sec).
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b. Computer self test: Computer routines perform sum checks of com-
puter memory and logic tests. Failure of these would set a self-test fail
status bit.

¢. Program timing: If the computer program is executing any in-
struction (except a "delsy" instruction) at the same time that a 20-mil-
lisecond timing pulse is generated, a test-mode fail will be genersted.
Computer routines running at the time of the warning have a worst-case
execution time of 18.425 milliseconds of the allowable 20 milliseconds;
therefore, a timing problem should not have occurred.

After the warning at insertion, the crew read out the contents of the
computer self test address 412, but there was no indication of a test-mode
fail. The crew did not, however, reload all zeros into address Ul2 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 supplies the input signal to the buffer and where the low side
of the input to the buffer is not grounded. 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 mode fail driver is
more susceptible to electromagnetic interference. An analysis indicates
that, with worst-case noise signals present, an induced voltage spike of
only sbout 3.5 volts will csuse 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 future 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 Crosspointer Indication

There was no line-of-sight rate data on the Commander's crosspointers
during the braking phase of rendezvous. 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 Commender'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 the landing radar for display. No telem-
etry data are available on the position of the rate error monitor switch
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 abort guidance system would have been displayed, but only if the
mode 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 was X-rayed 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 of the open. The signal re-
turn lead from the Commander's meter in panel 1 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 assembly
which connects 15 volts at 40O hertz to two velocity filters (one each for
shaft and trunnion rate) could cause the loss of shaft and trunnion rate
data to both sets of crosspointers.
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The most probable failure is an open in the signal return line. Rate
informstion could still be deduced from antenna position data which is
displayed on the flight director attitude indicators. Ground tests and
checkout may not show this type of failure., If the open is tempersture-
sensitive, a complete vehicle test involving vacuum, 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 practicsal at the vehicle level, Consequently, no corrective action
is planned.

This enomaly is closed.

14,2.8 Broken Range/Range Rate Meter Window

Sometime prior to ingress into the lunar module, the window of the
range/range-rate meter broke (fig. 14-34). Upon ingress, the crew saw
many glass particles floasting 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
senled and pressurized with helium to 14.7 psia at ambient temperature.
At the maximum meter operating temperature and with the cabin at wvacuum,
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 breskage
occurs. The critical flaw size remains the same in a humid environment,
but the threshold flaw is much smaller. For annealed soda-lime glass at
a stress level of 6680 psi, the critical flaw depth is 0.0036 inch, and
for a humid environment, the threshold flaw depth is 0.000105 inch.

A surface flaw deeper than the threshold 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 the lsunch
phase, and finally grew large enough for the glass to break.

For future missions, an exterior glass doubler will be added to the
window to reduce the maximum operating stress to less than 2000 psi. This
will increase the threshold flaw depth to 0.0036 inch and the critical flaw
depth to 0.032 inch. This should prevent future 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 reviewed and changes are being made. In
the command module, transparent Teflon shields will be installed on the:

a, Flight director attitude indicators.

b. Bervice propulsion system gimbal position and launch vehicle pro-
pellant tank pressure indicator.

¢, BService 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 first panoramic camers pass on revolu-
tion 4 indicated that the velocity/altitude sensor (fig. 14-35) was not
operating correctly.

The velocity/altitude sensor measures the angular rate of travel of
the spacecraft relative to the lunar surface. The sensor output is used
to control the cyeling rate of the camera, the forward motion compensg-
tion, and the exposure. The sensor normally operates in the range of U5
to 80 miles altitude. If, at any time, the indicated velocity/altitude
is out of this range, the sensor automatically resets to the nominal value
of 60 miles. The sensor operated properly for brief periods of time, but
would drift off-scale high (saturate), and then reset to the nominal value
corresponding to a 60-mile altitude.
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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 Apolloc 8 and 15 were
passed in front of velocity/altitude sensors. Sensors from the prototype
and quelification units, and flight unit number 1 were used. By varying
the illumination level, sensor performance somewhat similar to the Apollo
15 anomaly could be obtained.

nominal command L

ST e — 1 [Velocity/altitude sensor ~electronics "axs?er?bi?'}
Velocity/ altitude 1 Nominal
| sensor head { |12v velocity/ |
l Photodiode and 1 DC output | : altitude & | ;
I preamplifier ! | 28V ‘
| ! | | High timit dc
I | l reference voltage 1 {
{ Optical system { | I
| [and grid I | Comparators . |
LAAAL | | Low limit dc >_> Logic |
A;):).arent ground — l reference voltage Qmmmmm :
motion . .
Velocity/ altitude " - |
d

Stereo gimbal tilt -
Forward motion
compensation DI —
scaling
Lens drive control
Film metering control
Lens, metering,
frame, exposure —
Framing control . scaling
Exposure control

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 £/4.0 to £/3.5 and by deleting the infrared filter. The optical noise
(reflections) will be reduced by increasing the length of the lens hood and
by repositioning the sensor so that the camera's forward plume shield will
not be in the field of view of the sensor. In addition, s manual override
of the velocity/altitude sensor will be provided on the remaining flight
units. By using a three-position switch, two preselected velocity/altitude
ratios will be provided, as well as the automatic function.

This anomaly is closed.

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
"puzz" 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.

- Tt 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 which controls the output of the
photomultiplier tube power supply. The electromagnetic 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 established that the flight unit
was the same as the gqualification unit with regard to parts, processes,

and manufacturing methods. Investigations indicate that the fault most
likely occurred in the laser module.

An automstic 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 time 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 meintain the power output at a level sufficient to pro-
vide proper ranging.

This anomaly is closed.
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Figure 1b4-39,- Laser receiver circuitry.

lh.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.
Also, the camera could not be fully retracted after the final deployment.
During the transearth extravehicular activity, an inspection 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 1 minute 20 seconds and
1 minute 17 seconds, respectively. The second retrasction required 2 min-
utes 30 seconds and the third retraction and fourth extension regquired
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 cbtainable., Subsequent extensions and retractions
required 2 to U4 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 dec 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 partisl 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 L-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 82k.8 volts
(high voltage step 6). (A step 4 voltage of 777.8 volts was the normal
position in preflight operation.) The spectrometer to be flown on Apollo 16
wag 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 transearth extravehicular activity, and subsequent in-
strument operation was normal for about 25 hours during transearth coast.
Shortly before 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.

Tests conducted with the qualification unit verified that the change
in gain was due to aging effects of the photomultiplier tube in the gamms
ray detector assembly as a result of high cosmic ray flux rates in lunar
operation. The zero shift 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-L0). 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-channel offset
in the spectrum. The qualification unit was partially disassembled and
tests showed that either an open or a shorted wire within the pulse height
analyzer can result in an eight-channel offset. An inspection of the cir-
cuit in the qualification unit disclosed no design deficiency which would
cause this type of failure. OSince the eight channel zero offset does not
significantly impact overall data quality, no corrective 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 The 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.
¢. DBore stem damage occurred near the first joint.

d. Removing core stems from the drilled hole in 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 fiberglass and boron filament
laminate, chosen for its optimum thermsl 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 flutes almost disappear at the
Joint area where the wall thickness must follow the taper of the Jjoint
(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,
and 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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Figure 14-41.- Congestion at bore stem joints.
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as do the core stems. The thread configurstion also provides a more posi-
tive connection, precluding insdvertent 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 experiment is housed
entirely in the boron/fiberglass material and the titanium joint is not
in the probe region.

¢. 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 and coring experience with a
soil model typical of the Hadley Rille soil characteristics as well as
models of less dense soil.

This anomaly is closed.

14.4.1.2 Difficulty in releasing bore stems from drill adapter.-
Use of the normal procedure for releasing the lunar surface drill head
from the bore stems was hampered by the bore stems turning freely in the
lunar socil.

In the bore stem drilling position, the key blocks are restrained
inside, and the spindle drives against the shoulder of the adapter outer
shell (fig. 1h-hk2). The operational sequence to release the bore stem
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/L-inch apart and releases the spring-loaded key blocks
outward.

b. With the key blocks in the outward position, pulsing the power
head transfers power from the spindle through the key blocks to the col-
let shoulder, thus moving the collet about 1/l-inch, and releasing the
bore stem,

In development ground tests, the soil friction usually kept the bore
stem from turning in this cperation. When there was insufficient friction
from the scil, the bore stem was grasped with the gloved hand. On Apocllo
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 in wrench removal, with pos-
sible damage to the bore stem. A wrench to fit both bore and core stems
will be provided.

The change 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 same
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 models and
procedures will by updated to reflect equipment changes.

This anomaly is closed.

14.4%.1.3 Bore stem damage near first 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 and drill
string were moved vertically (up snd down) in an attempt to improve the
drill penetration rate. Easier penetration (for approximately 6 inches)
was reported by the crew, but it resulted from the bottom of the second
section apparently performing more in a coring manner (fig. 14-43) with
the lunar soil entering the second section of the bore stem.

The change from boron/fiberglass to threaded titanium in the bore
stem jJoint will prevent a repetition of such a separsation.

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
in some soil formations. This was illustrated in premission 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 reported by the crew, is
also reduced by pulsing the power head before each new core stem is added,
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Fiﬂed with funar soil material
approximately to this point

Separated joint

Second bore
stem section

Bottom bore stem
section

Separated joint acting like an
open-end core drill for depth
of approximately six inches

Figure 1k-U3.~ Bore stem joint separation.

To assure maximum core return and minimum core disturbance for this
mission, and without having the benefit of some of the experience from
later ground tests, the crew did not pulse the power head. In addition,
the core stem string was left in the ground for seversl hours before the
crew returned for its final removal., The core stem string was removed
with considerable physical effort, but a very complete core was recovered.

A mechanical assist (modified jacking mechanism) will be mounted 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 Difficulty in separation of core stem sections.- The sec-
tions of the core stem string could not be 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 the 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 head, with one fixed Jaw and one pivoted Jaw. The throat width is
not adjustable and is designed to fit the cutside diameter of the core stem.

As mounted, the vise would hold the core stem so that the Jjoint could
be tightened by rotating the wrench on the adjoining section. However,
the vise would not hold in the opposite direction so that the joint could
be loosened and separated (fig. 1hk-kl4). 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 luner 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-
rected to assure correct orientation of the vise for Apollo 16. The train-
ing vise was 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 resr curtain, added
for Apollo 15, it was necessary to remove two retaining pins (fig.lk-L5).
The two pins, a universal handling tool fitting, and the curtain retainer
are joined by a three-section lanyard. When the universal handling tool
was inserted in the fitting and raised to remove the 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 Jjoining the two
pins, that part of the lanyard broke., The pins and retainer were then
removed by hand. '
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Vise grips stem

Pivoted jaw this direction

Grips this direction

(a) Correct vise installation - will only loosen joint.

Grips this direction
Core stem

Wrench

Note:
Vise reversed

Grips this
direction

(b) Incorrect vise installation - will only tighten joint.

Figure 1L-LL,- Installation of core stem vise on rover pallet.
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The Dacron lanyard is being changed from a SO-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.

This 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 the sub-
pallet to the emplacement site, 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
-awkward position of the tool for insertion, locking, and maintaining lock
in the fitting (fig. 1k-L6).

Corrective action includes training procedures to avoid inadvertent
tool~release triggering because of the position of the tool. There are
no present plans for the suprathermal ion detector experiment to be car-
ried on future missions, and 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 extravehicular 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 extravehic-
ular activity.

Elevation control is provided to the camera cradle through a friction
clutch (fig. 14-LT) which allows manual override of the ground-commanded
camera positioning. The camera-cradle pivot point is approximately 3 in-
ches below the center of gravity of the cradle with the camera mounted.

As the camera moves away 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 the required stable
friction properties in the specification and qualification test tempers-
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-
formance with time at elevated temperature.

The clutch is being changed to & metal-to-metal spring ring design
in place of the elastomer disc. 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
Downlink Signal Lost

The lunar communications relay unit downlink signal was lost about
40 hours after lunar module ascent. 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 1k-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 T minutes prior
to signal loss. The television camera was stationary and a l-second in-
cremental iris movement was occurring at the time of signal loss.

The flight data (fig. 1L-49) shows that the automatic gain control
measurement began to fall followed by the video signal decay. This was
followed by the decay of the lunar communications relay unit tempereture
measurement. The RF signal level then decreased below the ground receiv-
er's threshold as indicated by complete signal loss. The overall loss of
the downlink signal within 5 milliseconds is indicative of 28-volt d-c
power loss. Decay of the temperature measurement is indicative of 16.5-
volt d-¢ power loss. The lunar communications relay unit de-~to-dc con-
verter (fig. 14-48) supplies both the 28-volt and 16.5-volt d-c power.

To verify loss of 16.5-volt power, an uplink voice signal was transmitted
to key the VHF transmitter on. No signal was received on the Stanford
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150-foot VHF antenna which indicates that the VHF transmitter, powered
from 16.5 volts dc, 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 LLO-micro-
farad capacitor (figs. 14-L8 and 14-49). The tests show that the decay
time of the lunar communications relay unit 28-volt and 1lh-volt power is
increased by discharging the 44O-microfarad capacitor. Other induced
faults resulted in shorter power decay times, affecting the received sig-
nal accordingly. The temperature measurement output (see thermistor in
fig. 14-U48) is proportional to the decay in 1lh-volt power. Consequently,
the 6-percent decay of the flight temperature measurement corresponds to
a 1.h-volt decay. This characteristic was duplicated when the lunar rov-
ing vehicle power line was opened. The 28-volt power decayed to 21.8
volts dc as the 1lb-volt power decayed to 12.6 volts. The RF transmitter
power at this 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 T7.5-ampere circuit breaker
forward of the 4h40-microfarad capacitor (fig. 14-48). Testing a T.5-ampere
circuit 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
thermal element. The rover T.5-ampere breaker used 20-gage connecting
wire. Test results show that the bresker, with 20-gage connecting wire,
at elevated temperatures and under vacuum conditions, will trip at 3.3 am-
peres. This corresponds to the calculated lunar communication relay unit
load at the time of power failure.

A 10-ampere circuit breaker instead of the T.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 Apollo 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. A

This anomaly is closed.

14.5.3 Lunar Surface 16-mm Camers Magazines Jammed

The crew experienced film jams with the lunar surface 16-mm camera
film magezines. TFive out of eight magazines transferred to the lunar
surface Jammed, two were not used, and one successfully transported the
film to completion.
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Anelysis of the returned magazines indicated two factors contributing
to Jjamming.

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 camers
operation, the teke-up claw advances one frame of film for each exposure
vhile 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 cemers claw removes film from the supply loop, which is not
being replenished, and adds it to the take-up loop, resulting in the jammed
condition shown in figure 14-50. Two other magazines had damaged drive

Normal
Fil | supply loop Film take=up
Hm supp y /-CO(‘E
s -1\ 1 \
rd N
Pressure End-of-film
plate =] // metering arm
Aperture e ¢
Take-up | b il keeper
claw opening-/ —-—
. /)
Takey / \ _
M
loop Jammed film etering

sprocket

Figure 14-50,- Lunar surface 16mm camera magazine.
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splines, indicating that mismating occurred on at least three occasions.
Lunar surface pictures which include the 16-mm camera show that a strip of
tape that is installed for latch stowage protection was not removed prior
to instellation of & magazine, Leaving the tape strip in place could have
contributed to the camera/magazine mismating.

b. During troubleshooting between extravehicular activities, the crew
manuelly advanced the film through the aperture in all remaining 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 excessive manual advancement 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 from procedural errors. Corrective actions are to in-
sure adequate crew training through scheduled prelaunch briefings, stress
mal function procedures and corrective actions, and put a removal flag on
the tape.

This anomaly is closed.

14.5.4 ILunar Module Pilot's TO-mm Camera
Film Advance Stopped

Near the end of the second extravehicular activity, the T0-mm camera
ceased to advance film. The crew reported that the camera 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 analysis of the hardware included operational testing, dis-
assenbly and inspection, and measurement of battery charge. Operational
testing with film loads indicated proper film advancement until approxima-
tely 200 cycles had been accumulated, at which time the failure mode was
duplicated several times 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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After the last use of the camerea during the mission, the c¢rew had
difficulty removing the magazine. This was caused by a rivet which had
become detached from the camers magazine latch mechanism.

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 torqued 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 activ-
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 Lunar Module Pilot was not able to actuate the drink wvalve
of the insuit drinking device during either the first or second extrave-
hicular sctivities.

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 equipment configurations
indicated that the existing equipment 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 meking the position adjustments required 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. 1h4-51).
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Figure 14-51.- Damaged antenna stowed on oxygen purge system.

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, followed by material being
torn out the rest of the way. Test results of the returned antennsa in-
dicated that the physical properties of the blade material were satis-
factory with no excessive brittleness.

A flap which covers the entire antenna will be added for Apollo 16
to protect the antenna while the oxygen purge system is stowed and during
unsuiting after extravehicular activities. The entenna will not be de-
ployed until after egress to prevent it from being damaged inside the
cabin or during egress.

This anomaly is closed.
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14,6 ILUNAR ROVING VEHICLE

14.6.1 Deployment Saddle Difficult To Release From Vehicle

The lunar roving vehicle deployment saddle was difficult to release
from the wvehicle during the finel 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 interfaces to provide the rigidity required to prevent release-pin
distortion and permanent binding. This design requires the vehicle/sed-
dle interface to be completely free of stress to permit easy separation.

b. The tilt of the lunar module to the rear and sidewsys, 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 saddle separated,

Figure 14-54.- Saddle/lunar roving vehicle interface.
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Figure 14-55,- Lunar 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 released,
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.
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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 initial 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 teken.

This anomaly is 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 sttempts were made to manually rotate the wheels sbout their steering
axes and to detect steering motor stall current on the ammeter. The for-
ward steering circuit breaker and switch were cycled without any apparent
effect. Consequently, the front steering was switched off for the first
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 capsbility was restored is
unknown. Front-wheel wandering did not occur during the first traverse,
indicating a mechanical 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 inability to drive back through the linkage 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
for 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 to 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 the proper
stowage location.

b. The belts snagged repeatedly on the ground support equipment con-
nector on the console support structure when displaced from the proper
stowage locations.

¢. The belts were not 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 1/6g. 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 mechanism will
be provided for Apollo 16 to eliminate adjustment 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 Apollo system,
in addition 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 Apollc 15 mission demonstrated that, with the addition of
consumables and the installation of scientific instruments, the command
and service module is an effective means of gathering scientific data.
Real-time data allowed participation by scientists with the crew in plan-
ning and making decisions to maximize sclentific results.

2. The mission demonstrated that the mcdified launch vehicle, space-
craft and life support system configurations can successfully 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 lunar surface extravehicular
time,

L. The ground-controlled mobile television camera allowed greater
real-time participation by earth-bound scientists and operationsl per-
sonnel during lunar surface extravehicular activity.

5. The practicality of the lunar roving vehicle was demonstrated
by greatly increasing man's load carrying capability and range of ex~
ploration of the lunar surface.

6. The lunar communications relay unit provided the capability for
continuous communications enroute to and at the extended ranges made pos-
sible by the lunar roving vehicle.

7. Landing site visibility was improved by the use of a steeper
landing trajectory.

8. Apollo 15 demonstrated that the crew can operate to a greater
degree as scientific observers and investigators and rely more on the
ground support team for systems monitoring.

9. The value of manned space flight was further demonstrated by the
unique capability of man to observe and think creatively, as shown in the
supplementation and redirection of many tasks by the crew to enhance sci-
entific data return.

10. The mission emphasized that crew training equipment must be flight
equipment or have all the fidelity of flight equipment.






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 1k. 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
IT configuration, but was modified to carry out a greater range of lunar
orbital science activities than had been programmed for any previous mis-
sion. The lunar module (IM-10) was modified to allow an increase in lu-
nar surface stay time and accommodate a larger sclentific payload. The
launch escape system and the spacecraft/launch vehicle adapter were un~-
changed. The Saturn V launch vehicle used for this mission was AS-510.
The significant configuration changes for the launch vehicle are given
in reference 1.

A.1 COMMAND AND SERVICE MODULES

A.1l.1 Structure and Thermal Systems

A scientific instrument module was installed in sector I of the ser-
vice module (fig. A-~1). The module containing instruments for the acqui-
sition of scientific data during lunar orbit was attached with 1/k-inch
bolts to radial beams 1 and 6, to the new cryogenic tank panel, and to
the aft bulkhead of the service module., The sides of the scientific in-
strument module were constructed of aluminum stiffened sheet, and the
shelves that supported the instruments were made of bonded aluminum sand-
wich. A door covered the module until about 4 1/2 hours prior to lunar
orbit insertion when it was pyrotechnically cut free and jettisoned in
a direction normal to the X-axis of the spacecraft (fig. A-2). Protec-
tive covers and thermal blankets provided thermal control for individual
instruments within the module. For additicnal thermal controcl, the in-
side surfaces of the module were coated with a material having an absorp~
tivity-to-emissivity ratio of 0.3/0.85; the surfaces facing the radial
beams, and the radial beams themselves, were coated with a material hav-~
ing an absorptivity~to-emissivity ratio of 0.05/0.4. The instruments are
discussed in section A.k.2.

Because of the requirement to retrieve film cassettes from the sci-
entific instrument module during transearth coast, extravehicular activ-
ity handrails and handholds were installed along the sides of the module
and inside the scientific instrument module. A foot restraint was also
attached to the module structure (fig. A-3).
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A.1.2 Cryogenic Storage

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 from sector IV to the forward bulkhead to
decrease its vulnerability in the event of a catastrophic tank failure,
All single-seat check valves in the hydrogen and oxygen lines were re-
placed with double-seat valves having greater reliability. Thermal
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switches formerly used in the hydrogen tank heater circuits inside the
tanks were removed.

A.1.3 Instrumentation

A scientific data system was integrated with the existing telemetry
system (fig. A-L) 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~code-modulated data.

A.1.4k Displays and Controls

Switch 530 was deleted from panel 2 and its function was incorpo-
rated into switch 829 so that both cabin fans operated simultaneously.
Toggle switch S13T7 was added to panel 2 for hydrogen tank 3 fan motor
contreol. The pressure and quantity outputs of hydrogen tank 3 were con-
nected to meter displays through switches S138 and S139 on panel 2. Pa-
nels 181 and 230 were added to provide controls for the experiment equip-
ment in the scientific instrument module. ZExperiment cover controls were
added to panel 278. Panel 603 (fig. A-5) was added to provide umbilical
connections for extravehicular activity. Panel 60k (fig. A-5) was added
to provide an audioc warning signal to the extravehicular crewman in the
event of low suit pressure or low oxygen flow.

A.1.5 Propulsion

The diameter of the fuel inlet orifice in the service propulsion
system was decreased to improve the propellant mixture ratio.

A.1.6 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

gage.
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Figure A-~5.- Extravehicular activity system and equipment

A.1.T Crew Provisions and Extravehicular System

The Command Module Pilot's space suit was basically the same as the
Apollo 14 lunar surface suits except that the water connector and lunar
module attach points had been removed. An umbilical assembly (fig. A-6)
was furnished to serve as a tether and provide oxygen, communications,
and 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
module). The purge valve was also brought from the lunar module to be
used with the oxygen 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 1lb/hr during the extravehicular activity. A suit control unit
(fig. A-6) was connected to the suit end of the umbilical to maintain the
desired oxygen flow rate and activate the sult pressure alarm if an anom-
alous condition had been sensed. An 8-foot tether was furnished for use
by the intravehicular crewman stationed at the hatch {fig. A-5). The
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tether prevented forces from being applied to his oxygen umbilical. 1In
addition, a thermal cover was furnished to protect his communications um-

bilical.

An extravehicular activity monitor system was furnished to allow
television and 16-mm camera coverage of the extravehicular crewman's ac-
tivities, The components of the system consisted of a sleeve mount at-
tached to the side hatch handle and a 3l-inch pole assembly to mount the
cameras.
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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, permlt 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 gaseous oxygen.

¢. The structure in descent stage quadrants I and ITI was modified
to accommodate 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 gquadrant 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 those areas. Insulation in the docking tunnel was increased, and
shielding was added to reduce the heat leak to the cabin through the dock-
ing tunnel. The fire-in-the~hole shield as well as the base heat shield
were modified to accommodate changes in the descent propulsion system
(par. A.2.4).

The ascent stage 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 stay time and higher sun angles.

A.2.2 Electrical Power

In addition to the four descent batteries (par. A.2.1), a fifth bat-
tery (called the lunar battery) was provided to increase lunar stay time
capability. The capacity of each battery was 415 ampere~hours compared
with 400 ampere-hours for previous missions. Other differences in the
descent batteries were as follows:
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-a. The battery relief 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 leskage.

A battery relay control assembly was added to route battery status
information to the proper channels because of the electrical control as-
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 transducers 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 1L because of the addition of the lu-
nar battery.

A.2.4 Propulsion

The descent propellant system was modified to increase 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 from 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
propellant balance lines between like tanks and adding trim orifices to the
tank discharge lines (one orifice is fixed and the other is adjustable).

The oxidizer lunar dump valve installation was modified to be iden-
tical to the Apollo 1L fuel lunar dump valve configuration. Thus, both
valves were installed to reverse flow direction through them and an ori-
fice was added upstream of each valve. This change was made to insure
that the valve would remsin open with elther liquid or gas flow.

In the reaction control system, a weight reduction of approximately
25 pounds resulted from the removal of the isclation valves from all en-
gines.
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A.2.5 Environmental Control System

Extended stay 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 and new tanks, and servicing quick disconnects and pressure
transducers were added in asscciation with the new tanks.

A new high pressure (approximately 1400 psia) portable life support
system recharge capsbility was incorporated in conjunction with the added
oxygen tank. The recharge assembly includes regulators, overboard relief
valves, an interstage disconnect, a shutoff valve, and a quick disconnect
to mate with the portable life support system recharge hose. In addition,
the recharge hose was lengthened by 10 inches to permit recharging of the
portaeble life support system before it was doffed.

Instead of providing stowed urine bags and a portable life support
system condensate container as on Apollo 14, a S5-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 were provided to keep lunar dust out of the
pressure garment assemblies when not being worn. Tool carriers, attach-
able to the portable life support system, were provided to facilitate
carrying of geological tools, sample bags and rock bags. An adapter was
stowed to permit the crewmen to connect their liquid cooling garments to
the lunar module water supply after removal of their pressure garment
assemblies.

The ascent stage lower midsection and the lower left- and right-side
consocles were modified to carry additional lunar samples (each area could
carry a LO-pound bag). In order to carry the T0-mm camera with 500-mm
lens and 70-mm film magazines, a special multipurpose container was in-~
stalled in the area behind the engine cover.

A.3 LUNAR SURFACE MOBILITY SYSTEMS

A.3.1 Extravehicular Mobility Unit

The pressure garment assembly wds changed to improve mobility and
visibility, to permit easier donning and doffing, and to improve it other-
wise. The changes were as follows:
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a., Neck and waist Joints were added.

b. The wrist rings were enlarged.

c. The shoulder area was modified.

d. The torso zipper was moved.

e. Gas connectors were repositioned.

f. A manusal override relief valve was added.

g. The insuit drinking device was redesigned to hold 32 ounces of
water instead of 8 ounces.

The portable life support system was modified to extend the lunar
surface stay time ceapability. There were four major changes:

a. An suxiliary water bottle was added.
b. A larger battery was incorporated.
¢. A higher pressure oxygen bottle was used.

d. Higher capacity lithium hydroxide cartridges were used.

A.3.2 Lunar Roving Vehicle

The lunar roving vehicle (fig. A-T), used for the first time on Apollo
15, is a four~wheeled manually-controlled, electrically-powered vehicle
that carried 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 science
payload at a maximum velocity of about 16 kilometers per hour (8.6 mi/nr)
on a smooth, level surface, and at reduced velocities on slopes up to 25
degrees. It can be operated from either crewman's position, as the con-
trol and display console is located on the vehicle centerline. The de-
ployed vehicle is approximately 10 feet long, 7 feet wide and 45 inches
high. Its chassis is hinged such that the forward and aft sections fold
back over the center portion, and each of the wheel suspension systems
rotates so that the folded vehicle will fit in quadrant I of the lunar
module. 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, communicsastions equipment, and
the science payload.

The wheels have open-mesh tires with chevron tread covering 50 per-
cent of the surface contact area. The tire inner frame prevents excessive
deflection of the outer wire mesh frame under high impact load conditions.
Each wheel is provided with a separate traction drive consisting of a har-
monic~drive reduction unit, drive motor, 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-wheel." The traction drives are hermetically
sealed to maintain a 7.5-psia internal pressure. An odometer on each
traction drive transmlits pulses to the navigation signal processing unit
at the rate of nine pulses per wheel revolution. The harmonic drive re-
duces the motor speed at the rate of 80:1 and allows continuous applica-
tion of torque to the wheels at all speeds without requiring gear shift-
ing. The drive motors are l/h-horsepower direct-current, series, brush-
type motors which operate from a nominal input voltage of 36 Vdec. Speed
control for the motors is furnished by pulse-width modulation. from the
drive controller electronic package. The motors are instrumented for
thermal monitoring and the temperatures are displayed on the control and
displey 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

//—Directional ayre unit | ; !} '

X

Battery no. 2——-;U

Signal processing unit e It f4 Y
N steering
0 Forward ‘ motor
Battery no. 1 steering
motor
\-Dgive and
steering
control
Display and
control console Hand controller
Traction Footrest
! drives (4)
44.8
1 T
1:1 {loaded) 9
¥ 90 T
72
r 122

All dimensions are in inches

Figure A-8.~ Lunar roving vehicle
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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~
sls 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 1s fully lcoaded and 17 inches when unloaded.

Steering is accomplished by two electrically-driven rack and pinion
assemblies with each assembly steering a palr of wheels. Simultaneous use
of both front and rear wheel steering results in a minimum 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 servo 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 1s 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
before 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-~zine batteries, each having a
nominal voltage of 36 Vde and a capacity of 120 ampere hours. During lu-
nar surface operations, both batteries are normally used simultaneously
on an spproximate equal load basis. These batteries are located on the
forward chassis and are enclosed by a thermal blenket and dust covers.
The bhatteries are monitored for temperature, voltage, output current, and
remaining ampere hours on the control and displsy panel. Each battery is
protected from excessive internal pressure by a relief valve set to open
at 3.1 to 7 psi differential pressure. The clrcultry was designed so that
if one battery fails, the entire electrical load can be switched to the
remaining battery.

The control and display console is separated into two main functional
parts - navigation on the upper part and monitoring controls on the lower
part. Navigation displays include piteh, roll, speed, heading, total dis-
tance traveled, as well as the range and bearing back to the lunar module.
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Heading is obtained from a sun-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 initisl head-
ing angle is calculated. The gyro is then adjusted by slewing with the
torquing switch until the heading indicator reads 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 radiastors, surface mirrors, thermal straps, and 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 deep
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 Communications

Because the lunar roving vehicle takes the crew beyond the range of
reliable radio communications with the lunar module using the portable
life support system communications equipment, radio communications equip-
ment are provided on the lunar roving vehicle that operate independently
of the lunar module. This communications eguipment is capable of relay-
ing voice and telemetry data from the moon to the earth as well as trans-
mitting color television pictures. The equipment alsoc provides the capa-
bility for reception of veoice communications from the earth, relay of
voice to the crew, and ground-command control of the television camera.
The lunar roving vehicle radio equipment, technicelly called the lunar
communications relay unit, employs a VHF radic link between the lunar rov-
ving vehicle and earth. The color television camera with its positioning
assembly, technically called the ground commanded television assembly, is
connected to the lunar communicatiocns relay unit by a cable which carries
ground commands to the television control unit and returns the television
pictures to the lunar communications relasy unit for transmission to earth.
The crewmen communicate directly with each other using their extravehicular
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 flgure A-Q.

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 left 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 blanketis regulate the exposed radiating surface and insulate the
unit from external environment; secondary-surface radiating mirrors re-
flect undesired solar heat and emlt 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 previocus Apollo mission reports (references 8 through 11);
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therefore, descriptions are not repested here.l Figure A-10 illustrates
the Apollo lunar surface experiment package, and figure A-ll shows the
geclogical tools used on Apolle 15. Table A~I lists the Iunar surface
experiments and identifies the previous missions on which similar experi-
ments were deployed or conducted.

TABLE A-I.~ LUNAR SURFACE SCIENCE EXPERIMENTS

Previous Apollo
Experiment Experiment missions on
nunber vhich deployed
or conducted

Apollo lunar surface experiment package:

(1) Fuel cepsule for radioisotope 12 and 1h
thermpelectric generator

{2} Subpackage 1:

(s} Passive seismic experiment 8-031 12 and 1h
(b} Solar wind spectrometer experiment 5-035 iz
{c¢) Lunar surface magnetometer experiment 3-03h 12
(d) Central station for command control:
Lunar dust detector M-515 12 and 1k

(3) Subpackage 2:

(a) Suprathermal ion detector experiment 8-036 12 and 1k

(b) Cold cathode gage experiment 5-058 12 and 1k
(c) Heat flow experiment 8-037 {a)

Laser ranging retro-reflector experiment $-078 11 and 1k
Solar wind composition experiment 5-080 11, 12,
and 14
Lunar field geology 5-059 11, 12,
and 1k
Lunar soil mechanics 5-200 11, 12,
and 1h
Contingency sample collection 11, 12,
and 1h

%pescrived in Apollo 13 Mission Report.

lAlthough some changes have been made to science hardware since it
was initially configured, the changes are not described in this report.
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Figure A-10.~ Apollo lunar surface experiment package (array A-2).
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A.L.,2 Inflight Science Equipment

Twelve experiments and several 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 sclentific instrument module
in sector I of the service module. A view of the equipment in the scien-
tific instrument module, including some camera equipment, is shown in fig=
ure A~l. All other cameras that were used for inflight experiments or pho-
tograph