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1.0 MISSION SUMMARY 

The Apollo 14 mission, manned by Alan Shepard, Jr., Commander; 
Stuart A. Roosa, Command Module Pilot; and Edgar D. Mitchell, Lunar 
M.;dule Pilot; was launched from Kennedy Space Center, Florida, at 
4:03:02 p.m. e.s.t. (21:03:02 G.m.t. ) on January 31, 1971. Because of 
unsatisfactory weather conditions at the planned time of launch, a 
launch delay (about 40 minutes ) was experienced for the first time in 
the Apollo program. The activities during earth orbit and translunar 
injection were similar to those of previous lunar landing missions; how
ever, during transposition and docking following translunar injection, 
six attempts were required to achieve docking because of mechanical dif
ficulties. Television was used during translunar coast to observe a 
crew inspection of the probe and drogue. All indications were that the 
system was functioning normally. Except for a special check of ascent 
battery 5 in the lunar module, translunar coast after docking proceeded 
according to the flight plan. Two midcourse corrections were performed, 
one at about 30-l/2 hours and the other at about 77 hours. These cor
rections achieved the trajectory required for the desired lunar orbit 
insertion altitude and time parameters. 

The combined spacecraft were inserted into lunar orbit at approxi
mately 82 hours, and two revolutions later, the descent orbit insertion 
maneuver placed the spacecraft in a 58.8- by 9.1-mile orbit. The lunar 
module crew entered the vehicle at approximately 101-l/4 hours to pre
pare for the descent to the lunar surface. 

The lunar module was undocked from the command module at about 
103-3/4 hours. Prior to powered descent, an abort command was delivered 
to the computer as the result of a malfunction but a routine was manu
ally loaded in the computer that inhibited the recognition of an abort 
discrete. The powered descent maneuver was initiated at about 108 hours. 
A ranging scale problem, which would have prevented acquisition of radar 
data until late in the des cent, was corrected by cycling the circuit 
breaker off and on. Landing in the Fra Mauro highlands occurred at 
108:15:09.3. The landing coordinates were 3 degrees 40 minutes 24 sec
onds south latitude and 17 degrees 27 minutes 55 seconds west longitude. 

The command and service module, after undocking and separation, was 
placed in a circular orbit having an altitude of approximately 60 miles 
to photograph the proposed Descartes landing site, as well as perform 
landmark tracking and other tasks required for the accomplishment of 
lunar orbit experiments and photography. Communications between the com
mand and service module and earth during this period were intermittent 
because of a problem with the high -gain antenna. 

l. . - . -
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Preparations for the initial period of lunar exploration began 
about 2 hours after landing. A procedural problem with the lunar module 
communications delayed cabin depressurization about 50 minutes. The Com
mander egressed at about 113-3/4 hours and deployed the modular equipment 
stowage assembly as he descended the ladder, pro viding transmission of 
color television. The Lunar Module Pilot egressed a few minutes later. 
Subsequently, the S-band antenna was erected and activated, the Apollo 
lunar surface experiments package was deployed, and various documented 
lunar samples were taken during the extravehicular period which lasted 
about 4 3/4 hours. A modular equipment transporter, used on this mis
sion for the first time, assisted the crew in carrying equipment and 
lunar samples. 

Preparations for the second extravehicular period were begun fol
lowing a 6 1/2-hour rest period. The goal of the second extravehicular 
period was to traverse to the area of Cone Crater. Although the crew 
experienced difficulties in na vigating, they reached a point within 
approximately 50 feet of the rim of the crater. Thus, the objecti ves 
associated with reaching the vicinity of this crater and obtaining the 
desired samples were achie ved. Various documented rock and soil samples 
were collected on the return traverse from Cone Crater, and, upon com
pleting the traverse, the antenna on the lunar-experiment-package central 
station was realigned. The second extravehicular period lasted about 
4-1/2 hours for a total extravehicular time of approximately 9-1/4 hours. 
About 96 pounds of lunar samples were collected during the two extra
vehicular periods. 

The ascent stage lifted off at about 141-3/4 hours and the vehicle 
was inserted into a 51.7- by 8. 5-mile orbit. A direct rendezvous was 
performed and the command-module-active docking operations were normal. 
However, during the final braking phase, the lunar module abort guidance 
system failed after the system was no longer required. Following crew 
transfer to the command module, the ascent stage was jettisoned and 
guided to impact approximately 36 miles west of the Apollo 14 landing 
site. 

Transearth injection occurred during the 34th lunar revolution at 
about 148-1/2 hours. During transearth coast, one midcourse correction 
was made using the service module reaction control system. In addition, 
a special oxygen flow rate test was performed and a na vigation exercise 
simulating a return to earth without ground control was conducted using 
only the guidance and navigation system. Inflight demonstrations of four 
types of processes under zero-gravity conditions were also performed and 
televised to earth. 

Entry was normal and the command module landed in the Pacific Ocean 
at 216:01: 58. The landing coordinates were 27 degrees 0 minutes 4 5  sec
onds south latitude and 172 degrees 39 minutes 30 seconds west longitude. 

U -ll " .  
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2.0 INTRODUCTION 

The Apollo 14 mission was the 14th in a series using Apollo flight 
hardware and achieved the third lunar landing. The objectives of the 
mission were to investigate the lunar surface near a preselected point 
in the Fra Mauro formation, deploy and activate an Apollo lunar surface 
experiments package, further develop man's capability to work in the 
lunar environment, and obtain photographs of candidate exploration sites . 

A complete analysis of all flight data is not possible within the 
time allowed for preparation of this report. Therefore, report supple
ments will be published for certain Apollo 14 systems analyses, as shown 
in appendix E. This appendix also lists the current status of all Apollo 
mission supplements, either published or in preparation. Other supple
ments will be published as necessary. 

In this report, all actual times prior to earth landing are elapsed 
time from range zero, established as the integral second before lift-off. 
Range zero for this mission was 21:03:02 G.m.t., January 31, 1971. The 
clock onboard the spacecraft was changed at 54:53:36 by adding 40 min
utes and 2.90 seconds; however, the times given in this report do not 
reflect this clock update. Had the clock update not been performed, in
dications of elapsed time in the crew's data file would have been in er
ror by the amount of the del� in lift-off since the midcourse corrections 
were targeted to achie ve the prelaunch-desired lunar orbit insertion time. 
Greenwich mean time is used for all times after earth landing. All ref
erences to mileage distance are in nautical miles . 

1, l-
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3. 0 LUNAR SURFACE EXPERIMENTS 
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The experiments discussed in this section consist of those associ
ated with the Apollo lunar surface experiments package (a suprathermal 
ion detector , a cold cathode gage , a passive seismometer , an active seis
mometer, and a charged particle environment detector) , as well as a laser 
ranging retro-reflector experiment , a lunar portable magnetometer experi
ment , a solar wind composition experiment , lunar geology , and soil mechan
ics. Descriptions of the purposes and equipment of experiments carried 
for the first time on previous missions are given in the reports of those 
missions , and the applicable reports are referenced where appropriate. 
A brief description of the experiment equipment used for the first time 
on Apollo 14 is given in appendix A. 

Lunar surface scientific activities were performed generally as 
planned within the allotted time periods. Approximately 5 1/2 hours 
af'ter. landing , the crew egressed the lunar module for the first traverse 
of the lunar surface. During the first extravehicular activity period , 
which lasted 4 hours 47 minutes 50 seconds , the crew : 

a. Deployed the modular equipment stowage assembly. 

b. Deployed and operated the color television camera as required 
to televise crew activities in the vicinity of the lunar module. 

:foil. 

c. Transferred a contingenc,y sample to the lunar module. 

d. Erected the United States flag and the solar wind composition 

e. Deployed and loaded the modular equipment transporter used to 
aid the astronauts in transporting equipment and samples. 

f. Collected sur:f'ace samples including two "small-football-size" 
specimens weighing approximately 4 . 4  and 5.5 pounds. 

g. Photographed activities, panoramas and equipment. 

h. Deployed the Apollo lunar surface experiments package for the 
continuing collection of lunar scientific data via radio link. 

L L -
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Following a planned rest period , the second extravehicular activity 
period began with preparations for an extended geological traverse. The 
duration of the second extravehicular activity period was 4 hours 3 4  min
utes 41 seconds , covering a traverse of approximately 1 . 6  miles , during 
which the crew: 

a. Obtained lunar portable magnetometer measurements at two sites 
along the traverse. 

b. Collected documented , core tube , and trench-site samples. 

c. Collected a "large-football-size" specimen weighing approximately 
19 pounds. 

d. Photographed the area covered , including panoramas and sample 
sites. 

e. Retrieved the solar wind composition foil. 

f. Adjusted the antenna on the Apollo lunar surface experiments 
package central station. 

The evaluations discussed in this section are based on the data 
obtained during the first lunar da.Y - largely on crew conunents and 
real-time information. Certain equipment difficulties mentioned in this 
section are discussed in greater detail in section 14 . 4 . More compre
hensive results will be summarized in a separate science report to be 
published when the detailed analyses are complete (appendix E). The 
sites at which the various lunar surface activities were conducted are 
shown in the figure 3-1. The specific activities at each location are 
identified in table 3-I. 

"} '  
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TABLE 3-I . - LUNAR SURFACE AcriVITIE3 

Station Activities 

First extravehicular activity period 

Lunar module 

Apollo lunar surface experiments 
package deployment site 

Laser ranging retro-reflector site 

Comprehensive sample site 

Small-football-size rock site 

Sampling and photography 

Apollo lunar sur face experiment 
activities and photography 

Deployment of instrument and 
photography 

Sampling and photography 

Sampling and photography 

Second extravehicular activity period 

A 

B 

B to Bl 

Bl 

B2 

B3 

C' 

Cl 

C2 

C2 to E 

E 

F 

G 

Gl 

H 

� . 
L 

Sampling, photography and first 
deployment of lunar portable 
magnetometer 

Sampling and photography 

· Sampling 

Photography 

Sampling and photography 

Photography 

Sampling , photography and 
second deployment of lunar 
portable magnetometer 

Sampling and photography 

Sampling and photography 

Sampling 

Sampling 

Sampling and photography 

Sampling and photography 

Sampling and photography 

Sampling and photography 

l .. L 1 -
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3.1 APOLLO LUNAR SURFACE EXPERIMENTS PACKAGE 

The Apollo lunar surface experiments package was deploy ed with the 
central station positioned 600 feet west-northwest of the lunar module 
( fig. 3-2). No difficulties were experienced in off-loading the pallets 
or setting them up for the traverse other than an initial difficulty in 
latching the dome removal tool in the fUel cask dome. The crew installed 
the fuel capsule in the radioisotope thermoelectric generator and lock
on data were obtained vi th initial antenna alignment at 116 hours 48 min
utes. 

NASA-S-71-1618 

Laser ranging 
relro-refledor · 

experiment 

First geophone 

Third geophone 

Lunar north 

Charged particle lunar t 
environment experiment 

600ft 
Radioisotope ther� 
generator and base 

Lunar module 

Note: Distances not to scale 

Suprathermal ion 
detector experiment 

Cold cathode 
gage experiment 

Figure 3-2.- Arrangement of the Apollo lunar surface experiments. 

3.1.1 Central Station 

Initial conditions of the central station ( ref. 1) were normal. 
Power output of the radioisotope thermoelectric generator was 69. 1 watts� 
and the central sta�ion thermal plate temperature averaged 73. 8° F. A 

L L ..... 
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reserve power reading of 43.5 watts indicated that the basic power con
sumption was normal for Apollo lunar scientific experiment package start
up. As the generator warmed up, the power output increased to 72.0 watts 
and has remained nearly constant at that level. 

The transmitter signal strength at initial acquisition was lower 
than expected, and about 4 dB lower than that of the Apollo 12 experiment 
package. This was partially the result of acquisition occurring at the 
time of the worst-case condition of the relative earth-moon positions. 
In addition, lunar surface photography shows that the antenna was not 
fully seated in the gimbal interface socket (resulting in a misalignment 
with gimbal settings) and the gimbal pointing toward the earth was off 
the nominal pointing angle. Subsequent monitoring indicates that the 
signal strength obtained from the Apollo 14 unit is now equal to that of 
the Apollo 12 unit a.nd that signal strength variation can be predicted 
based on the relative earth-moon positions. 

The·Apollo lunar scientific experiment package central station was 
commanded to the high-bit-rate mode at 116 hours 56 minutes for the 
active seismic experiment/thumper mode of operation, which continued 
until 117 hours 34 minutes. Using the high-bit-rate mode, only the 
active seismic experiment data and limited engineering data can be re
ceived from the central station. The other experiments were turned on 
following the active seismic experiment/thumper mode of operation. 

During the deployment of the central station, the sunshield erected 
normally. However, the crew had to lift one side on three occasions be
cause it was sagging. Lunar surface photography indicates that the sun
shield had been bumped downward in a counterclockwise direction. However, 
the sagging condition has had no adverse effect on the central station 
thermal control system, and the central station has been operating within 
thermal limits . 

The Apollo lunar scientific experiment package 12-hour timer pulses 
did not occur after initial central station turn-on. Subsequent tests 
verified that the mechanical section of the timer was not operating. The 
timer functions started to occur on February 11 and the timer provided 
12-hour pulses thirteen times in succession before failing. Loss of the 
timer has no adverse effect of the Apollo lunar experiment package since 
all functions are being accomplished by ground command. This problem is 
discussed further· in section 14.4. 4. 

The lunar dust detector of the central station is showing normal 
outputs from all three photoelectric cells. No changes in the outputs 
of these cells were observed during or after lunar module ascent, indi
cating that dust from the ascent engine exhaust did not settle on the 
central station. 

u -, ' 
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3.1.2 Passive Seismic Experiment 

The passive seismic experiment (ref. 2) was deployed 10 feet north 
of the central station (fig. 3-2). No difficulty was experienced in de
ploying the experiment other than the inability to make the ribbon cable 
lie flat on the surface under the thermal shroud skirt. All elements 
have operated as planned with the following exceptions. 

a. The long-period vertical component seismometer is unstable in 
the normal mode (flat-response mode). (See section 14.4.6 for a dis
cussion of this anomaly.) The problem was eliminated by removing the 
feedback filter and operating in the peaked-response mode. In this mode, 
the siesmometer has a resonant period of 2.2 seconds instead of the nor
mal period of 15 seconds. Without the extended flat response, the low
frequency data is more difficult to extract. However, useful data are 
being obtained over the planned spectrum by data processing techniques . 

. b. The gimbal motor which levels the Y-axis long-period seismometer 
has not responded to commands on several occasions. In these cases, the 
reserve power status indicates that no power is being supplied to the 
motor. The power control circuit of the motor is considered to be the 
most likely cause of this problem. Response to commands has been achieved 
in all cases by repeating the motor drive command. (See section 14.4.5 
for a more detailed discussion of this problem.) 

3.1.3 Active Seismic Experiment 

The active seismic experiment (appendix A, section A.4.1) was de
ployed during the first extravehicular period with the first geophone 
approximately 10 feet southwest of the central station and the geophone 
array extending in a southerly direction (figs. 3-2 and 3-3). The Apollo 
lunar scientific experiment package was commanded to the high-bit-rate 
mode for 28 minutes during the active seismic experiment/thumper mode of 
operation. Thumping operations began at geophone 3 (the furthest from 
the central station) and proceeded for 300 feet at 15-foot intervals to
ward geophone l. 

The attempts to fire the initiators resulted in 13 fired and 5 mis
fired. Three initiators were deliberately not fired. In some instances, 
two attempts ·were made to fire an initiator. (See section 14.4.1 for 
further discussion of this anomaly.) 

A calibration pulse was sent prior to the last thumper firing veri
fying that all three geophones were operational. The mortar package, was 
deployed 10 feet no rth-northwest of the central station and aimed to fire 
four grenades on command from earth to distances of 500, 1000, 3000 and 

l .. 1 - l . 
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NASA-S-71-1619 
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Figure 3-3.- Apollo lunar surface experiment package 
components deployed on the· lunar surface. 
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5000 feet in a northerly di rection .  Firi ng of the four mort ars has not 
Geen scheduled . Postmi ssion tests and an alyses are being performed to 
establish  the appropri ate t ime and provisions for conducting this part 
of the experiment . 

3 . 1 . 4 Suprathermal Ion Detector Experiment 

The suprathermal ion detector experiment ( ref . 2) was deployed 
southeas t of the Apollo lunur surface experiments package central sta
tion ( fig .  3-2) . Noi sy data were received at t urn- on (s ect i on 14.4. 2) 
but the dat a were s atis factory after seal break and dus t cover removal. 
The experiment is returning good sci ent i fic data, wi th low background 
rates . Despi te a large amount of lunar dust whi ch adhered to one end of 
the package when it fell over several t imes during deployment ( fi g .  3-4), 
the temperatures throughout the lun ar day and night remai ned within the 
range allowed for the i nstrument . .Photogr aphs show that the ins trument 
i s  properly deployed and aligned. 

3.1. 5 Cold Cathode Gage Experiment 

The cold cathode gage ( ref. 2) was deployed 4 feet s outheas t of the 
suprathermal ion detector, aimed s lightly southwest ( fi gs . 3-2 an d  3-4). 
The deployment was accomplished after s everal attempts in  which the crew
man experienced difficulty with the s ti ffnes s of the connecti ng cables 
while h andling the s uprathermal ion detector experiment , the cold cathode 
gage , an d  the ground s creen at the same time .  

The experiment was firs t turned on shortly before lunar module de
pres suri zat i on for the s econd extravehicular activity . Commands were 
s ent to the ins trument t o  turn on the hi gh voltage and to open the cold 
cathode gage seal . The cold cathode gage data came off the initi al full
scale i ndications much more rapi dly than expected, i ndicating that the 
s eal may have been open earli er than commanded . 

Because a spont aneous change i n  the operational mode of  the cold 
cathode gage and the s uprathermal i on detector experiment occurred after 
about l/2 hour of operation, the high voltages were switched off until 
after lunar sunset .  When the hi gh voltages were switched back on after 
lun ar sun s et ; the respons e  of the cold cathode gage went to the most 
s ensitive range , indicative of the low ambient press ure .  When the 
pres s ure ros e at lunar s unrise as expected , the mode of operati on was 
changed by a ground command to a les s sens i tive range , and the calibrate 
pulses appeared normal . The experiment is operating normally . 
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Figure 3-4.- Suprathermal i on detector experiment and col d  
c athode gage experiment deploye d o n  the lunar surface . 

.. . 
L L 



"r 

L 
·� . 

L. 

3.1.6 Charged Particle Lunar Environment Experiment 

3-11 

The charged particle lunar environment experiment (ref. 3) instru
ment (figs. 3-2 and 3-5) was first commanded on at ll7 hours 58 minutes 
during the first extravehic ular activity for a 5-minute functional test 
and the instrument was normal. The complete instrument checkout showed 
that prelaunch and post-deployment counting rates agreed within 20 per
cent, with the exception of channel 6 in analyzer B. The counting rates 
on channel 6 were twice as high as the prelaunch values. The condition 
is attributed to the behavior of scattered electrons in the physical 
analyzers which behave quite differentl y in the effectively z ero mag
netic field of the moon compared with the 0.5-gauss magnetic field of 
the earth. The high counting rates on channel 6 do not detrimental ly 
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Figure 3-5.- Charged particle lunar environment experiment 
d eployed on the lunar surface. 
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affect the s cience dat a .  All command functions of the inst rument were 
executed with the exception of the forced heater  mode commands . Subse
quent to the checkout, the experiment was c ommanded to standby . 

After lunar module ascent, the charged particle lunar environment 
experiment was commanded on at 142 hours 1 minutes and the dust cover 
was removed about 15 hours and 20 minutes lat e r .  Ope rating t emperatures 
are nominal . The maximum temperature during lunar day is 136° F and the 
minimum temperature during lunar night is minus 11° F .  The inst rument's 
operational heater cycled on automatically when the electronics tempera
ture reached 32° F at lunar suns et, and was commanded on in the forced-on 
mode at 14° F, as planned . 

The inst rument, on one occasion, changed from the manual mode (at 
the plus 3500-volt step) to the automatic mode . The instrument was s ub
sequently commanded b ack into the manual mode. There is no evidence in 
the dat a which would indicate the caus e of the mode change . 

3 . 2  LASER RANGING RETRO-REFLECTOR 

The laser  ranging retro-re flect or (re f .  4) was deployed during the 
first extravehicular activity at a distance of approximately 100 feet 
west of the Apollo lunar s cientific experiment package central st ation 
(figs . 3-2 and 3-6) . Leveling and alignment were accomplished with no 
difficulty . The instrument was ranged on by the McDonald Obs e rvatory 
team prior t o  lunar module lift-off and a high-quality return s ignal was 
received . Ranging after li ft-off, while not yet conclusive, indicates 
no serious degradation of the retro-re flector res ulting from the e ffects 
of the ascent stage engine firing. 

3 .  3 LUNAR PORTABLE MAGNETOMETER EXPERIMENT 

The lunar portable magnetomete r (appendix A, section A . 4 . 2) was de
ployed at site A and near the rim of Cone Crater (fi g .  3-l) during the 
s e cond extravehicular activity period . The instrument operat ed nominally 
in all respe cts . The temperature of the experiment elect ronics package 
reached equiliorium, between 120° and 150° F. Meter readings , relayed 
over  the voice link, indicated tot al fields of 102 ± 10 gammas at site A 
and 4 1  ±10 gammas at Cone Crater . Ve ct or component measurements of thes e  
readings were well within the dynamic range of the inst rument . Leveling, 
orientation, and pos itioning were ac complished without di fficulty; how
ever, the experiment cable was difficult to rewind . This problem is dis
cus sed in greater det ail in section 14.4 . 3 .  
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Figure 3-6.- Laser ranging retro-reflector experiment 
deployed on the lunar surface. 
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3 . 4  SOLAR WIND COMPOSITION EXPERIMENT 

The s olar wind compos ition experiment (re f .  4) , a specially pre
pared aluminum foil rolled on a staff , was deployed during the first ex
t ravehicular period for a foil exposure time of approximately 21 hours . 
Deployment was accomplis hed with no difficulty; however ,  during retrieval, 
approximately half the foil rolled up mechanically and t he remainder had 
to be rolled manually . 

3 . 5  LUNAR GEOLOGY 

The landing site in the Fra Mauro highlands is characterized by 
north-s outh trending linear ridges  that are typically 160 to 360 feet 
in height and 600 0 to 13 000 feet in width . .  The ridges and valleys are 
dis figured by craters ranging in size from very small up to s everal thou
sand feet in diameter. 

The maj or objective of the geology s urvey was t o  collect , describe, 
and photograph materials of the Fra Mauro formation. The Fra Mauro for
mation is believed to be ejecta from the Imbrium Basin , which , in turn, 
is believed to have been created by a large impact. This material is 
prob ably best expos ed in the vicinity of the landing site where it has 
been excavated from below the regolith by the impact that formed Cone 
Crat e r .  The maj or part of the second ext ravehicular activity travers e ,  
there fore, was designed to s ample , describe , and photograph representa
tive mate rials in the Cone Crater ej ect a. Mos t of t he returned rock 
samples cons ist of fragmental material . Photographs taken on the e j ecta 
blanket of Cone Crate r show various degrees of layering , sheeting , and 
foliation in the eject ed boulders . A considerable variety in the nature 
of the returned fragmental rocks has been noted . 

During the firs t extravehicular activity, t he crew trave rs ed a t ot al 
dis tance of about 1700 feet . On their way back to the lunar module after 
deployment of the Apollo lunar scientific experiment package , the crew 
collected a comprehensive sample an d  two "football-size" rocks . The com
prehens ive s ample area was photogr aphed with locator shots t o  the Apollo 
lunar scientific expe riment package and to the lunar module prior to sam
pling, and stere o  photographs were taken of the two "football-size" rocks 
be fore they were removed from the s urface . The location of the Apollo. 
lun ar scientific expe riment package and the sampling and photographic 
sites for the first ext ravehicular activity are shown in figure 3-1. 
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The traverse during the second extravehicular activity covered a 
total distance of about 10 000 feet. The actual line of traverse is 
shown in figure 3-1. The crew reached a point within about 50 feet of 
the rim of Cone Crater. The crew was behind the time line when they 
neared the rim of the crater; therefore, several of the preplanned sam
ple and photographic stations along the route back to the lunar module 
were omitted. There was difficulty in navigating to several of the pre
planned station points beca use of the undulations in the surface which 
prevented sighting of the smaller landmarks that were to be used. 

The crew collected approximately 96 pounds of rock fragments and 
soil samples. Approximately 25 samples can be accurately located using 
photographs and the a ir-to-ground transcript, and the orientation of 12 
to 15 on the lunar surface prior to their removal can be established. 

Driving the core tubes with a rock hammer was somewhat difficult. 
The double and triple cores could not be driven their full length, and 
the ·material in the single core fell out upon removal of the core tube 
because of the granular nature of the material. Some sample material 
was recovered from the double and triple core tubes. 

The only geologic equipment problems reported were that the contin
gency sample bag cracked when folded, and the vacuum seal protector on 
one of the special environmental sample containers came off when the 
container was opened. 

3.6 LUNAR SOIL MECHANICS 

Lunar surface erosion resulted :f'rom the descent engine exhaust as 
observed in previous lunar landings. Dust was first noted during de
scent at an altitude of 100 feet but did not hinder visibility during 
the final approach. 

The lunar module footpad penetration on landing appears to have 
been greater than that observed on previous Apollo landings. Bootprint 
penetrations for the crew ranged from 1/2 to 3/4 inch on level ground 
in the vicinity of the lunar module to 4 inches on the rims of small 
craters. Lunar soil adhered extensively to the crewmen's clothing and 
equipment as· in earlier Apollo missions. Tracks from the modular equip
ment transporter were 1/4 to 3/4 inch deep and were smooth. 

The Apollo simple penetrometer (also u sed as the geophone cable 
anchor) was used for three penetration tests. In each case, the 26 1 /2-
inch-long penetrometer could be pushed to a depth of 16 to 19 inches 
with one hand and to the ext ens ion handle with both hands . No penetra
tion interference attributable to rocks was encountered. 
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A soil mechanics trench was dug in the rim of a small crater near 
North Triplet Crater. Excavation was easy, but was terminated at a depth 
of 18 inches because the trench walls were collapsing. Three distinct 
l�ers were observed and sampled: (1) The surface material was dark 
brown and fine-grained� (2) The middle l�er was thin and composed pre
dominantly of glassy patches. ( 3) The lower l�er was very light colored 
granular material. 

3 . 7  MODULAR EQUIPMENT TRANSPORTER 

The modular equipment transporter ( described in appendix A, sec
tion A.2.1 and shown in fig. 3-7) was deployed at the beginning of the 
first extravehicular activity. Deployment was impeded by the thermal 
blanket which restrained the modular equipment transporter from rotating 
down from the bottom of the modular equipment stowage assembly. The crew 
released.the transporter by pulling the upper pip-pins and allowing the 
transporter and thermal blanket to fall freely to the lunar surface. The 

. thermal blanket was easily discarded and erection of the transporter went 
as planned. The tires had inflated as expected. Equipment was loaded on 
the transporter without difficulty. Two of the three pieces of Velcro 
which held the lunar maps on the transporter handles came off at the be
ginning of the first extravehicular activity. These pieces had been 
glued on a surface having a different finish than the one to which the 
Velcro adhered. 

The modular equipment transporter stability was adequate during both 
traverses. Rotation in roll was felt by the crewman through the handle 
but was easily restrained by using a tighter grip if the rotation sensed 
was excessive. The jointed legs in the front of the transporter operated 
as expected in that they flexed when hit and would spring back to the 
vertical position readily. The smooth rubber tires threw no noticeable 
dust. No dust was noted on the wheel fenders or on top of the metal 
frame of the transporter. 

The modular equipment transporter was carried by both crewmen 
at one point in the second extravehicular activity to reduce the effort 
required for one crewman to pull the vehicle. This was done for a short 
period of time because it was believed to be more effective when travel
ing over certain types of terrain. 
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Figure 3-7.- Modular equipment transporter in use during 

the second extravehicular period. 
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3.  8 APOLLO LANDING S ITES 

The Apollo 11 through 14 mis s i ons have placed a cons i derab le amount 
of equipment on the lunar s urface. Figure 3-8 shows the locati ons of 
all Apollo hardware that has b een place d or impacte d  on the lunar s urface. 
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4 .  0 LUNAR ORBITAL EXPERIMENTS 

4-1 

Four lunar orbital experiments were conducted on Apollo 14 : the 
S-band transponder experiment, the downlink bistatic radar experiment, 
gegenschein/Moulton point photography from lunar orbit, and the Apollo 
window micrometeoroid experiment (a space exposure experiment not re
quiring crew participation). Detailed objectives associated with pho
tography while in lunar orbit and during transearth flight are discussed 
in addition to the aforementioned experiments. The evaluations of the 
lunar orbital experiments given here are based on preliminary data. 
Final results will be published in a separate science report (appendix E) 
when the data have been completely analyzed. 

4 .1 S-BAND TRANSPONDER 

The S-band transponder experiment was designed to detect variations 
in the lunar gravitational field caused by mass concentrations and defi
ciencies, and establish gravitational profiles of the spacecraft ground 
tracks. This will be accomplished by analysis of data obtained from 
S-band Doppler tracking of the command and service module and lunar mod
ule using the normal spacecr aft S-band systems. 

There were same difficulties during the prime data collection period 
( revolutions 3 through 14) . Two-way telemetry lock was lost many times 
during revolutions 6 and 9 because of the high-gain antenna problem, mak
ing the data for those revolutions essentially useless. At other times 
maneuvers, orientations, and other operations interfered with the data. 
However, sufficient data were received to permit- successful completion 
of the experiment objectives. Preliminary indications are that the mass 
concentrations in Nectaris will be better described and the distribution 
of gravitational forces associated with the Fra Mauro formation will be 
better known. The data will also permit other features to be evaluated. 

4.2 BISTATIC RADAR 

The objectives of the bistatic radar experiment were to obtain data 
on lunar surface roughness and the depth of the regolith to a limit of 
30 to 60 feet. The experiment was also designed to determine the lunar 
surface Brewster angle, which is a function of the bulk dielectric con
stant of the lunar material. No spacecraft equipment other than the nor
mal spacecraft systems was required for the experiment. The experiment 
data consists of records of VHF and S-band transmissions from the command 
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an d  s ervice module duri ng the fronts i de pas s on revolution 25,  with 
ground-based detection of b oth the di rect carrier signals an d  the s ig
nals refl e cted from the lunar surface .  Both the VHF and S-band equip
ment performe d  as re quired during revolut i on 25 . The returned s ignals 
of bot h  freque ncies were of predi cte d  stre ngth. Strong radar e choes 
were re ceived throughout the pas s and freque ncy , phase, polarization and 
amplitude we re recorded. Suffi c i ent data were collected to determine, 
i n  part, the Brewster angle. 

4. 3 GEGENS CHE IN/MOULTON POINT PHOrOGRAPHY FROM LUNAR ORBIT 

The expe riment required three sets of photographs to  be taken to 
help differentiat e  between two theoretical explanat ions of the gegen
s chein (f i g .  4-1) . Each set cons isted of two 20-se cond exposures and 

NASA-S-71-1625 
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Figure 4-1.- Camera aiming direct ions for gegens che i n/ 
Moulton poi nt photography. 
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one 5-second exposure taken in rapid successi on .  One set was obtained of 
the earth orbit stability point in the earth-sun system ( Moulton point ) 
to te st the theory that the �genschein is light reflected from a con
centrati on of particles captured about the Moult on point . Two additi onal 
set s  were taken to test an other theory that the gl ow is light reflected 
from interplanetary dust that is seen in the anti -s olar directi on .  In 
this theory , the bri ghtening in the anti-s olar di rect i on is thought to be 
due t o  higher reflectivity of particle s  exactly opposite the sun . For 
an observer on earth , the anti-solar di rect i on c oincides with the di rec
ti on of the Moult on point and the observer is unable to di stingui sh be
tween the theorie s .  From the moon the observer i s  displaced from the 
anti-solar direction by approximately 15 degrees , and therefore , c an  
distinguish between the two possible s ource s .  

The 16-mm data acqui sition c amera was used with an 18-mm. focal 
length lens . The camera was bracket-mounted in the ri ght-hand rendez
vous window with a right angle mi rror as sembly attached ahead of the 
lens and a remote control electrical cable attached t o  the camera so 
that the Command Module Pilot c ould actuate the camera from the lower 
equipment bay . The flight film had special , low-light-level calibration 
exposure s added t o  it pri or to and after the flight which will permit 
photometric measurement s of the phenomena by means of phot ographic den
sitometer and i sodensitrace readings during data reducti on .  The inve s
tigat ors also obtained ground phot ography of the phenomena using identi
cal equipment and fi lm prior to the time of Apollo 14 data collection .  

The experiment was ac c omplished during the 15th revoluti on of the 
moon . The aiming and filming were excellent and the experiment has dem
onstrated that long exposure s are practicable . 

4 .  4 APOLLO WINDOW METEOROID EXPERIMENT 

The obj ective of this experiment is t o  determine the mete oroid 
cratering flux for particles responsible for the degradation of glass 
surface s  exposed to the space environment • The Apollo c ommand m::>dule 
windows are used as meteoroid detectors . Pri or to flight , the windows 
are scanned at 2Qx t o  determine the general background of chips ,  scratches 
and other defect s .  During postlfight investigat i ons , the windows will 
again be scanned at 2Qx to map all visible defect s .  The point s of inter
e st will then be magnified up to 76 5x for further examination . The 
Apollo 12 and 13 side windows and hatch windows were examined following 
those flights and the re sult s were compared with preflight scans . No 
meteoroid impact s larger than 50 microns in di amet er were detected on 
the Apollo 12 windows although there was an increase in the number of 
chips and other low-speed surface effects . The Apollo 13 left -hand-side 
•window had a suspected meteoroid impact 500 microns in diameter . 
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4 . 5  DIM-LIGHT PHOTOGRAPHY 

Low-bri ghtness astronomi cal light s ources were photographed using 
the 16-mm dat a acquisiti on camera with the 18-mm lens . The sources in
cluded the zodi acal li ght , the galacti c li ght , the lunar librati on regi on 
( L

4
) and the dark side of the earth . 

All star fields have been readi ly identi fi ed and c amera poi nting 
appears to have been within one degree of the des i red aiming poi nts with 
les s than one-third of a degree of image moti on for fixed positi ons . 
This is well within the limits requested pri or to fli ght , and it confi rms 
that longer expos ures , whi ch had been originally desired , will be pos 
sible for studies such as thes e on future Apollo mi s s i ons . The zodi acal 
light is apparent to the unaided eye on at least half of the appropri ate 
frames . The galactic li ght survey and lunar lib rati on frames are fai nt 
and will requi re c areful work . Earth-darksi de frames of li ghtning pat
terns , earth-darks i de photography duri ng t ransearth coast , and S-IVB 
photographs were overexpos ed and are tmus ab le .  

4 . 6  COMMAND AND SERVICE MODULE ORBITAL SCIENCE PHOTOGRAPHY 

This photography consisted of general coverage to provi de a basis 
for site selection for fUrther phot ography , interpretati on of lunar sur
face features and thei r evolution , and identi fi cati on of speci fi c areas 
and features for study . The Apollo lunar missi ons have in the past ob
t ained photographs of these areas � t argets-of-opportunity or i n  support 
of speci fi c objectives . 

The Apollo 13 S-IVB impact area was given highest pri ori ty in orbit 
al s cience phot ography . The t arget was success fully acqui red on revolu
ti on 34 using the Hass elblad camera with the 500� lens , and the crew 
opti cal ali gnment sight to compens ate for the spacecra:rt ' s  motion .  Sec
ond priority was gi ven to the lunar module landing t arget whi ch was ob
tained with the lunar t opographi c camera on revoluti on 14 . Howeve r ,  the 
camera malfuncti oned and subsequent ph otography with this camera was 
delete d  ( se ction 14 . 3 . 1 ) .  

A total of ei ght phot ographic t argets was planned for hand-held pho
tography us ing color fi lm ;  three were to be taken with the 500-mm lens 
( a  tot al of 35 lunar degrees ) ,  and fi ve with the 2 50� lens ( a  t otal 
of

· 
130 lunar degrees ) .  The 500-mm targets were success fully acqui re d .  

Three of the five 2 50-mm t argets were deleted in real-time for operational 
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reasons ( 60 lunar degrees ) ,  and two were success fully acqui red ( 70 lunar 
degrees ) .  A tot al of 65 percent of off-track photography has been suc
ces s fully acquired .  

Th e  earthshine target was succes s fully acquired us ing both the 
Hass elb lad data camera with the 80-mm lens and the 16-mm data acquis ition 
camera with the 18-mm lens . 

4 .  7 PHOTOGRAPHS OF A CANDIDATE EXPLORATION SITE 

High-resolution photographs of potenti al landing sites are requi red 
for touchdown hazard evaluation and prope llant budget definition .  They 
als o provide data for crew training and onboard navigational data.  The 
photographs on this miss ion were to be taken with the lunar topographi c 
camera on revolution 4 ( low orbit ) ,  and 27 and 28 (high orbits ) .  During 
revo�ution 4 ,  malfunction of the lunar topograph ic camera was noted by 
the Command Module Pilot . On revoluti ons 27 , 2 8 ,  and 30 , the 70-mm 
Hasselbald camera with the 500-mm lens ( lunar topographi c camera backup 
system ) was used t.o obtain the required photography . Ab out 40 frames 
were obt ained of the Descartes region on each revolution us ing the crew 
opti cal alignment s ight to compens ate for image moti on .  The three targets 
were success fully acquired . 

To support the photography , a stereo strip was taken with the 
Hasselblad data camera with the 80-mm lens from terminator-to-terminator 
including the crew optical alignment sight maneuver for camera calibrat i on .  

4 . 8 VIS IBILITY AT HIGH SUN ANGLES 

This photography vas accomplished to obtain observational data in 
the lunar environment for evaluating the ability of the crew to identi fy 
features under viewing and lighting conditions s imilar t o  those that 
would be encountered during des cent for a T plus 24 hour launch . The 
results will have a bearing on deci s i ons to land at higher sun angles , 
whi ch , in turn , could ease launch and flight constraints . Photography 
of the lunar surface in support of this detai le d  obj ective was obtained 
using the Hasselblad dat a camera and the 80-mm lens . This was done for 
three targets , two on the moon ' s  far s i de and one on its near s i de .  
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4 .  9 TRANS EARTH LUNAR PHOTOGRAPHY 

Photographs were taken of the vis ib le di s c  of the moon after trans
earth inj ection to provide changes in perspe ctive geometry , primari ly 
in latitude . The photographs will be us ed to relate the pos iti ons of 
lunar features at highe r latitudes to fe atures whos e pos iti ons are knOW'n 
through landmark tracking and existing orbit al st ereo strips . The ph o
tography was succes sful us ing the Has selblad data camera with the 80-mm 
lens and black-and-white fi lm .  Additional coverage with the 70-mm 
Hasselblad camera and the 2 50-mm lens us ing color fi lm was als o obtained . 
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5.0 I NFLIGHT DEMONSTRATIONS 

Inflight demonstrations were conducted to evaluate the behavior of 
physical processes of interest under the near-weightless conditions of 
space . Four categories of processes were demonstrated, and segments of 
the demonstrations were televised over a 30-minute peri od during trans
earth flight beginning at approximately 172 hours. Final results of  al1 
four demonstrations will be published in a supplemental report after anal
ysis of data has been completed. (See appendix E.) 

5 . 1  ELECTROPHORE.TI C SEPARATION 

Most organic molecules, when placed in slightly acid or· alkaline 
water solutions, will move through them· if an electric field i s  applied . 
This effect is known as ·electrophoresis. Molecules of different sub
stances move at different speeds ; thus, some molecules will outrun others 
as they move from one end of a tube of soluti on toward the other. This 
process might b·e exploited to prepare pure samples of organic materials 
for applications in medicine and biological research if problems due to 
sample sedimentation and sample mixing by convection can be overcome. 

A small fluid electrophoresis demonstration apparatus (fig. 5-l) was 
used to demonstrate the quality of the separations obtained with three 
sample mixtures having widely different molecular weights. They were : 
( 1) a mixture of red and blue organic dyes, ( 2) human hemoglobin, and 
( 3 )  DNA (the molecules that carry genetic codes) from salmon sperm. 

Postmission review of the fi lmed data reveals that the red and blue 
organic dyes separated as expected ; however, separation of the hemoglobin 
and DNA cannot be detected. Postflight examination of  the apparatus in
dicates that the samples were not released effectively to permit good 
separation, causing the dyes to streak. However , the fact that the dyes 
separated supports the principle of electrophoretic separati on and shows 
that sedimentation and convection effects are effectively suppressed in 
the space environment. The hemoglobin and DNA samples did not separate 
because the,y contained bacteria that consumed the organic molecules 
prior to activation . of the apparatus. 

5. 2 LIQUID TRANSFER 

The liquid transfer demonstration (fig. 5-2) was designed to evalu
ate the use of tank baffles in transferring a liquid from one tank to 
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Fi gure 5 -l . - Elect rophore s i s  demonstrat i on unit . 
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Figure 5-2 . - Liquid transfer demonstration unit . 
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another un de r  near-zero-gravi ty conditions . The demons tration was con
duct e d  us i ng two s ets of t ank s , on e s et contai ning baffles and th e other 
without b affles . Trans fe r of liqui d between the unbaffle d tanks was un
s ucces s ful , as expected. Trans fe r  between the baffled t anks demons trated 
the e ffectivenes s of two di ffe rent baffle des igns . Photographi c data in
di c ate that both designs were s uccess fUl  i n  permi tting liqui d t rans fer. 

5 • 3 HEAT FIDW AND CONVECT! ON 

The purpose of the heat flow and convect i on :demons tration ( fig. 5- 3) 
was to obtain dat a  on the types an d  amounts of conve cti on that can occur 
in the near�wei ghtless environment of space . ·  No�al ' conve ct i ve flow is 
almost suppressed under thes e conditions ; however , convecti ve flui d flow 
can occur in space by means of me chanisms other than gravi ty. For in
s tan ce , s urface tension gradients an d ,  in s ome cas es , res idual accelera
t i ons cause low-level flui d flow. · Four independent cells of spec i al de
sign were use d  to detect convect i on di re ctly , or detect convective effects 
by me asurement of heat flow rates in flui dS . The heat flow rates were 
vi s ually displayed by color-sens itive , li qui d crystal thermal s trips and 
th e color changes filme d  with a 16-mm dat a  camera. Revi ew of the fi lm 
has shown th at the expe cted dat a were obtained. 

5 . 4 COMPOSITE C.AS TI NG 

Thi s demonstration was des igned to evaluate the e ffect of near-zero
gravi ty on the preparati on of cast metals , fiber-strengthened materials , 
an d  s i ngle crys tals . Specimens were proces sed i n  a- small heati ng ch am
ber ( fig. 5-4 ) and returned for examinat i on and tes ting . A total of 
11 s pecimens was process ed .  No problems wi th the pro cedures or equip� 
ment were noted. An x-ray of the s amp les veri fi ed that good mixing 
oc curred. 
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F i gure 5-3 . - Heat flow and c onvect i on demon strat i on unit . 
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Figure 5-4 . - Composite casting demonstration unit . 
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6 .  0 TRAJECTORY 

The general t raj ectory profile o f  thi s mi s s i on was s imi lar to that 
of previ ous lunar mis si ons except for a few i nnovati ons and refi nements 
in s ome of the maneuvers . These changes were : ( a) The servi ce propul
s i on system was us ed to perform the des cent orb it i nsert i on maneuver 
placing the command and servi ce module s in the low-peri lune orbit ( 9 . 1 
miles ) .  {b ) A di re ct rende zvous was performe d  us i ng the as cent pro
puls ion system to perform th e terminal ph ase initiat i on maneuver . 
Tables 6-I and 6-I I  give the times of maj or flight events and definit i ons 
of the events ; t ab les 6-III and 6-IV contai n  traj ectory parameter infor
mat i on ; and t able 6-V is a summary of maneuver dat a .  

6 . 1 LAUNCH AND TRANS LUNAR TRAJECTORIES 

The launch t raj ectory is reported in re ference 5 .  The S-IVB was 
t argeted for the t ranslunar inj e ction maneuver to achieve a 2022-mile 
peri cynthion fre e-return traj ectory .  The command and servi ce module / 
lun ar module traj ectory was altere d  2 8  hours later by the first mid
cours e correct i on which placed the comb ined spacecraft on a hybrid tra
j eetory with a peri c.ynthion of 67 . 0  mi les . A s econd mi dcours e corre c
ti on , 46 hours later , lowered the peri cynth i on to 60 . 7  mi les . 

Af't er spacecraft s eparation , the S-IVB performed a programmed pro
pellant dump and two attitude maneuvers that di rected the vehicle to a 
lunar impact . The impact coordinat es were 8 degrees 0 5  minutes 35 sec
onds s outh latitude and 26 degrees 01 minute 23 seconds west longitude ; 
156 miles from the prelaunch t arget poi nt but with in the nomi nal impact 
zone . 

6 . 2  LUNAR ORBIT 

6 . 2 .1 Orb ital Traj ectory 

The s ervi ce propuls i on system was us e d  to perform the lunar orb i t  
ins erti on maneuver .  · The orbit achieved had an apocynthion of 169 miles 
and a peri c.ynthi on of 5 8 . 1 miles . Aft er two lunar revolut i ons , the s erv
ice propuls ion system was again use d ,  this time to perform the des cent 
orbit ins ertion maneuve r which placed the combi ned spacecraft in an orbit 
wi th a peri c.ynthi on of 9 . 1  miles . On previous mi ssions , the lunar module 
des cent propuls i on system was use d  to perform this maneuver . The us e of 
the s ervice propuls ion system allows the lunar module to mai ntain a 

! .. L . -
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TABLE 6-I . - SEQUENcE OF EVENTS
a 

Range zero - 21 : 03 : 02 G . m . t . , January 31 , 1971 
Li ft-off - 21 : 0 3 : 02 . 6 G . m . t . , January 31 , 1971 
Trans lunar inject i on maneuve r ,  Firing time = 350 . 8  s ec 
Trans lunar injection 
S-IVB/command module separation 
Trans lunar docking 

· spacecraft ej ect i on  
Fi rst mi dcours e correction , Firing time = 10 . 1  s ec 
Se cond mi dcours e correction , Firing time = 0 .6 5  s ec 
Lunar orbit ins ertion , Firing t ime = 370 . 8  sec 
S-IVB lunar impact 
Des cent orbit ins ertion , Firing time = 20 . 8  sec 
Lunar module undocking and separat i on  
Circulari zat i on maneuver , Firing t ime = 4 s ec 
Powered des cent ini ti.ation , Firing t ime = 764 . 6  sec 
Lunar landing 
Start fi rs t extravehicular act ivity 
First dat a fran Apollo lunar surface experiment package 
Plane change , Firing time = 18 . 5  sec 
Complete fi rs t  ext ravehi cular activity 
St art s econd ext ravehi cular activity 
En d  s econd extravehi cular activity 
Lunar li ft-off , Fi ring time = 4 32  . 1  s ec 
Vernier adj us tment maneuver ,  Firing time = 12 . 1  s ec 
Terminal phas e  initiation 
Terminal phas e  finali zat i on 
Docking 
Lun ar module j etti s on  
Separat i on  maneuver 
Lun ar module deorb it maneuve r ,  Firing time = 76 . 2  sec 
Lunar module lunar impact 
Trans earth inject i on , Firing time = 149 . 2  s ec 
Third midcours e corre ction , Firing time = 3 . 0  sec 
Command module /service module s eparation 
Ent ry interface 
Begin blackout 
End blackout 
Drogue deployment 
Landing 

�ee t ab le 6-II for event definitions . 

,_ 

Elaps ed time , 
hr :min : sec 

02 :28 : 32 
02 : 34 : 32 
03 : 02 : 29 
0 4 : 56 : 56 
0 5 : 47 : 14 
30 : 36 :08 
76 : 5 8 : 12 
81 : 56 : 41 
82 : 37 : 52 
86 : 10 : 5 3 

10 3 : 47 : 42 
10 5 : 11 : 46 
10 8 : 02 :27 
108 : 15 : 09 
11 3 : 39 : ll  
116 : 47 : 58 
117 :29 : 3 3  
ll8 : 27 : 01 
131 : 08 : 1 3  
135 : 42 : 5 4  
141 : 4 5 : 40 
141 : 56 : 49 
142 : 30 : 51 
143 : 1 3 : 29 
14 3 : 32 : 5 1  
145 : 44 : 5 8  
145 : 49 : 4 3  
147 : 14 : 17 
147 : 42 : 23 
148 : 36 : 02 
165 : 34 : 5 7  
215 : 32 : 42 
215 : 47 : 45 
215 : 48 : 02 
215 : 51 : 19 
215 : 56 : 08 
216 : 01 : 5 8  

L .. _ 
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TABLE 6-II . - DEFINITION OF EVENT TIMES 

I 
Ranp zero 

Li tt-ort 

Translunar injection maneuver 

S-IVB/ c0111111and module separation ,  t ranalunar 
dockiq , apacecratt eject i cz ,  lunar module 
undockiq and separation , dockins , and com
IIIADd module landiq 

Co�aand and aervice module and lunar module 
computer-controlled maneuvers 

Colaand and service module and lunar module 
n�- computer-controlled maneuvers 

S-IVB lunar impact 

Lunar module descent engine cutoff time 

Lunar module impact 

U.mar landins 

BesinniQK . of extravehi cular activity 

End or extravehicular activity 

Apollo lunar aurface experiment pack11e fi rst 
data 

COJaand module/aervice module separation 

Entry interface 

Belin and end blackout 

Drogue depla,raent 

Earth landiQK 

Definition 

Final integral second before lirt-orr 

Instrumentation unit umbili cal disconnect 

Start tank diacharse valve openins , allowins 
fUel to be pUIIIped to the S-IVB ensine 

The time or the event based on analysis or 
apacecratt rate and accelerometer data 

The time the computer coDmands the ensine on 
and orr 

Engine ignition as i ndicated by the appropri
ate ensine bi level telemetry measurement 

Lou of S-band transponder s ignal 

Ensine cutoff established by the besinnins of 
drop in thrust chamber pressure 

The time the final data point is transmitted 
from the vehicle telemetry system 

First contact or a lunar module landins pad 
vi th the lunar surface as derived from anal
ysis of spacecraft rate data 

The time cabin pressure reaches 3 plia durins 
depressuri zation 

The time cabin pressure reaches 3 psi a  during 
repressuri zat i on  

Receipt of firat data cons idered to b e  valid 
from the Apollo lunar surface experiment 
packase telemetry system 

Separation indi cated by coDmand module/service 
module aeparation rela,ys A and B via the 
telemetry system 

The time the cOJaand module reaches 400 000 
feet seodeti c altitude .. indi cated by the 
best estimate of the trajectory 

S-band communi cation loss due to air ionization 
durins entry 

Deployment indicated by drogue deploy rela,ys 
A and B Tia tbe telemetry •Y•t• 

The time tbe coDID&Dd module touches tbe water 
as determined tram accelerometer& 

�. 
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TABLE 6-III . - TRAJECTORY PAIWmrEBsa 

BlftlreJice ft., Lotitllllo , Laaclt-. Al.tl-. ....... � .,._n-4 � 
1lo4r hr:aiD:•ec ... ... iiUa ....:�oour, tUp...,.ua --- � . 

ft./ ... �. - _ . .  , .  
orr.ala!U' ),Ib•• 

luth 02:311 :!1.9 19.53 s 11o1.12 I 1'19.1 35 n11.1 T.ll8 "·:19 
l&rth 03:02:29.4 19.23 I 153.111 II II 297.0 211 oat.2 Wi.A �u 
l&rth 011 : 56 : 56  30.113 I -131.99 v 20 6o3.lo 13 2011.1 66.!1 a.n 
l&rth 05:117:111.11 30.91 1 1".711 II 26 199 .6 11 113.5 61.� IM6 

.. 

lo:th 30 :36 :01.9 28.81 I 130.33 v 118 515.0 II 1131.11 T6.�T w ... 
l&rth 30 : 36:18.1 28.81 I 130.31 II 118 522.1 II 36T.I! '16.115 J.GI.I3 

4.1 ..... 76:58:12.0 0 . 56 1 61.110 II 11 1100 .3 3 TU.II ..,_, 
- 76:58:12.6 0.56 I 61.110 II 11 1199.7 ' 3 TU.1 4.1 .,,., 

IAmU' qrl>it Jolb•• 

- 81 :56:110.7 2.83 I 1711 .81 V . 81 .11 8 o61.lo ... !IT 1!51-31 
- 812:02:51.5 0.10 I 161.58 I 611.2 5 1158.5 1.3 »8.18 
- 812:31:52.2 

tloT.IIII - 86:10:53.0 6.58 1 113.6o II 59.2 5 �oa.8 -o.oa 
..... . 86:11:1;3.8 6.29 I 1111.65 v 59.0 5 1'19.5 ..0.0] aWi.PII 
- 103:111 :lo1.6 12.65 8 81.76 I 30.5 5 1135 .8 -1.52 1111.611 

..... 105 :11:116.1 1.05 I 118.56 I 6o.5 5 111. 3  ..0.1 2118.58 
- 10, :11:50.1 1.011 I 118.35 I 6o . 3  5 3112.1 0.22 2118.36 
- 108:02 :26.5 7.38 s 1.51 V 1.8 5 565.6 o.oa 1110 ... 
- 108:15 :09.3_ 

- 111:29:33.1 10.63 8 116. 31 1 62.1 5 ]33.1 -o.olo 131.61 
llooo 111:29 :51.6 10.78 8 95.110 I 62.1 5 ]33.3 0.01 au., 
- llo1:115 :110 

- 1111:56: loll.ll 0.5 I 31.1 II 11.1 5 5ill. 5  0.51 11111.1 
- 1112 :30:51.1 11.1 1 1loll.6 II "·8 5 3116.6 0.13 165.0 

- llo3:13:29.1 11.3 8 16.7 B 58.8 5 365.5 ..0.002 165. 5  

- 1113:32:50.5 10.18 I 161.81 v 58.6 5 353.5 0.11 261.o6 

..... 1115 : " : 58.0 3.21 8 21.80 v 59.11 5 31111.6 0.133 181.11 
..... 1115:119:112.5 0.62 I -3!1. 58 II 6o.6 5 3111.1 0 .119 1!82. 3  

..... 1111:111 :16.9 11.112 I 67.113 I 51.2 5 358.1 o.ou 1167.3 
..... 1117:15:33.1 12.12 I 63•53 I 51.2 5 1TT.O 0.019 a6T.1 
..... 1117:112 :23.11 3. 112 8 19.61 II o.o 5 5Qlo.9 -3.615 111.1 

..... 1118:36:02.3 1.1o1 1 81.55 II 6o.9 5 3110.6 ..0.17 a6o.ll 
- llo8:38:31.5 6.611 I 168. 85  I 66.5 8 505.0 5 -119 *·• 

!fr-- -t ),lbuo 

- 165 :311 : 56 .1 25 .TT I 116.113 I 116 n3.8 3 593.2 -19.61 all.ll · 
IU'th 215 :32:112.2 n.ll2 8 -PII:58 I 1 1165.0 29 050.8 -36.62 111.11 

.. ,.,. - leo4iq ),lbMII 
lo:th 215:117:115.3 36.36 I 165.80 I 66.8 36 110.1! -6.JT TQ.er. 
- 216:01:58.1 
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TABLE 6-IV .- DEFINITION OF TRAJECTORY AND ORBITAL PARAMETERS 

Trajectory parameters 

Geodetic lat i tude 

Selenosraphic latitude 

Lonsitude 

Altitude 

Space-fixed velocity 

Space-fixed flisht-path ansle 

Space-fixed headins ansle 

Aposee 

Peripe 

Apocynthion 

Pericynthion 

Period 

Inclination 

Lonsi tude of the aacendins node 

De fi n i t i on 

The sph e r i c al  coordinate measured along a me r i d i an  on the 
e arth from the equator to the point direct ly beneath the 
s pacec raft , deg 

The de fi ni t i on is the s ame as that o f  th e geodeti c l at i 
t ude except th at t h e  reference body i s  the moon rather 
t han the earth , deg 

The spheri c al  coordinat e , as measured in the equatorial 
plane , between the plane of the reference body ' s  prime 
meridian an d  the plane of the spacec raft me ridi an ,  dep, 

The dist ance me as ured along a vector from the center o f  
the earth to t h e  spacec raft . When the reference body i s  
t h e  moon , it is t h e  dis tance measured from t h e  radius o f  
th e landing s i te t o  t h e  s pacecraft along a vector from 
the center of the moon to the spacec raft , ft or miles 

Magnitude o f  the i ne rt i al ve lo c i ty vector referenced t o  
t h e  body-centered , inerti al re ference coordinate s y s t em ,  
ft /sec 

Fl i ght-path angle measured pos i t i ve upward from the body
centered loc al  hori zontal pl ane to the i nert i al velo c i ty 
vector , deg 

Angle of the proj ection of the i nert i al  ve loci ty vector 
onto the body- centered local hori zontal plane , measured 
pos i t i ve e as tward from north , deg 

The point of maximum orbital alt i tude o f  the spacecraft 
above the center of the earth , mi les 

The point of mi nimum orbi tal al ti tude o f  the spacec raft 
above the center of the earth , mi les 

The point of maximum orb i tal al ti tude ab ove the moon as 
measured from the radius of the lunar landing s i t e , mi les 

The poi nt of minimum orbi tal alti tude above the moon as 
me as ured from the radius of the lunar l an di ng s i te , miles 

Time requi red for space craft to complete 360 degrees o f  
orb i t  rotat i on ,  min 

The t rue �gle between the spacecraft orb i t  plane an d  the 
reference body ' s  equatorial plane , dep: 

The longi tude at wh i ch the orb i t  plane crosses the refer
ence body ' s  equatorial plane goi ng from the Southern to 
the Northern Hemisphere , deg 
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TABLE 6-V. - MANEUVER SUMMARY 

(a) 'rl-&Ddullllr 

I!f':1t.1 ,..., t.1.-1 � J'1,..1n• t.f_. : Ve1oe1tT R .. ultant per1C'71lt!lioa concl1 tic.w 
-·· 117•- _ -h=��D :�ec _I_ __ _: -- l,!.ll.ana� . Altitude , I Ve1oc1� Latitude , 

- -
tr-1uner 1DJect1CX> 6-IVB 2 :28: 32 .4 

ec-.c4 aDd aerrice m4- -etiaa. coutrol 5 : �7 : 14 . 4  
ul&/1uner -4ul& oepo.-
rat1CI1 tra B-IVB 

8-IVJ WUiYe aaD8Uftr 8-IVB &W<!liuy 6 :04 :20 
propul&iOD 

1'1nt .t.tlcoUJ'8e oorrec- Serriee propuloiOD 30:36 :07.9 
tica 

lle-4 llicleourae cor- llerriee propul&iOD 76:58:12 
NO'tiCD 

IIIDII.Iftr 117•tea 

l.uD&r OliJ1 t inaertion Service propuJ.aion 

DHcent orbit 1uert1cm Service propul.lion 

ea.en4 IIOdule/lUDer -4- Senice aodule reaction 
ule aepantloo cCiltrol 

lAmar orl>it c1rc1Uerizat.10D Berrtce propulaico 

Ponre4 deaceDt 1Di tiatica Deaeent propullicm 

llmar orbit plane ebcp Serrlee propulaian 

lAmar orl>i t 1uert1CI1 Mcent prop\ll.aicm 

VerDier a4Jua-t LuDar aoclule :reacticm 
CODtrol 

TemiDILl. pbue 1Di tiaticm Aacea.t prop\ll.doa 

'hnd.Dal phMe l'iD&ll ... lAmar -.odule reactiex& 
tiOD cOGtrol 

P1Del OeperltiOD Berrtce .adule reaetiCil 
coutrol 

LuDar -i.e 4eorb1 t Luaar 80dule nactiCID 
CODtrol 

-rbeontic&l •al.u.a . 

350 . 8  

6.9 

so .o 

10 .1 

0.65 

tt/aee 
·-- --
10 366 . 5  

0 . 8  

9 . 5  

n . 1 

3 . 5  

(b) Llm ar  orbit 

.:ilea tt/aec 4es:ll1n 
- - -- ' - - - . 

1919 5396 

198o 5550 

0 8368 

67 8130 

61 8153 

� : 1� . 

2 :56 . 

2:05 . 

2 :21 . 

2 :12 . 

LoDaitude, Arrhal t"-• 
us:ain br :aia:•ec 

172:2� v 82:15 :19 

173 :52 v 82 :11:20 

131:52 v 82:01:01 

16T:k8 I 82:00:k5 

167 :41 I 82 :k0:36 

VelocitT Re11UtaDt orl>i t 
Icni ttoa ti.e . nrtag ti• , chuce . hr:min:aee oec ApoqutbiOD 1 PeriqJ>thiOD, tt/aec 1111n IIi lee 

81 : 56 do0 . 7  370 . 8  3022. 0  169 . 0  58. 1 

86 :lO :53 20 . 8  205 . 7  5 8 . 8  9 .1 

103:07 :k1.6 2 . 1 o.8 6o.2 7.8 

105:ll:k6.1 o .o 17 . 2  63.9 56 .0 

108:02 : 26 . 5  764 :6 6639 .1 - -

117:29 :33.1 18.5 370. 5  62.1 57. 7 

101 :05 :kO 0 )2 . 1  6o66.1 51 . 7  8 . 5  

1H : 56 : k9 . k  12 . 1  10.3 51.2 8.k 

102 :30 :51.1 3.6 88.5 6o . 1  k6 . o  

1�3 :13:29.1 26 . 7• 32 .0• 61 . 5  58.2 

1�5 :lo9 :k2 . 5  15 . 8  3 . �  63. � 56.8 

107 :1� :16.9 76.2 186 .1 56.7 -59.8 

( c )  'rl-uoeerth 

lnDt lCDi tion tt..e , 
br �n :aec 

nrinc tt• , 
IIC 

Velocity 1-----Re..-•_ul_t_an_t_e_a.Tt_JT_i_D_t_•r_r_acer-----41-t_i_ODT'-----'1 
cb.�mse .  
tt/aec l'lillht-path V.1ocit7 , Latitude , Loq1tude, Arr1Tal t"-• 

!'reueerth 1DJect1ca llerrice propuloiaa 108:36:02 . 3  

ri,�l'4 tideouree COJ"- llerrice .odule 165 :34:�6. 7 
Nct.tc:m reactic:m coatrol 

1' 

1�9 . 2  

3 . 0  

31o6o .6 

0 . 5  

angle , del tt/aec d.ec :ain del :llin br :llin :aec 

-7.3 

-6.63 

36 127 
36 170 

27:02 B 
36:30 B 

L 

171:30 v 
165:15 & 

216:26:59 

216 :27:31 
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higher descent propulsion sys tem propellant margin . Both vehicles re
mained in t he low-pericynthion o:cbit until shortly after lunar module 
separation . Aft e r  separation, the pericynthion of the command and serv
ice modules was increas ed to 56 miles and a plane-change maneuver was 
later exe c uted to establi s h  the proper conditions for rendezvous . 

6 .  2 .  2 Lun ar �s c�nt 

Preparat i ons for lunar descen�. - The powered des cent an d  lunar land
i ng were s imilar to those of previ ous mis sions . However , the navigation 
perfo rme d  in preparation for powere d descent was more accurate  because 
of the command and service modules being in  the 58 . 8- by 9 . 1-mile des cent 
orb i t  for 22 hours prior to powered descent initiation . While in this 
orb i t, the Network obtained long periods of radar t racking of the unper
t urbed spacecraft from which a more accurate spacec raft s tate ve ctor was 
determined.  The position of the command module relative t o  a known land
mark near the landing site was accurately determined from sextant marks 
t aken on the landmark . Corrections for known o ffs et angles between t he 
landmark and the landing s ite were used  to compute a vector to the land
ing s i te.  This vector was sent to the lunar module . Als o, the Mis sion 
Control Center propagated this vector forward to the time of landing to 
pre di ct errors due to navigat i on .  This procedure was performed during 
the two revolutions b e fore powere d  des ce nt and a final l anding s ite up
date of 280 0  feet was compute d  and relayed to the crew . After ignition 
for the powered descent , the crew manually inse rted  the update into the 
computer . 

Powered descent . - Traj ectory control during des cent was nominal, 
and only one t arget redesignat i on of 350 feet left ( t oward the s outh) 
was made to t ake advant age of  a smoother landing area . Afte r  manual 
takeover, the crew flew approximately 2000 feet downrange an d  300 feet 
north ( fig . 6-1) because the t argete d  coordinates of the landing s ite 
given to the lunar module computer  were in error by about 1800 feet . 

Coordinat es of the landing point are 3 degrees 40 minutes 24 s ec
onds s outh lat i tude an d  17 degrees 2 7  minutes 55  seconds wes t longitude , 
which is 5 5  feet north and 165 feet e as t  of the prelaunch landing site 
(fi g . 6-2) . (Further dis cus s i on of the des cent is contained in s e ction 
8 . 6 . )  
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6.2.3 Lunar Ascent and Rendezvous 

Lift-off from the lunar surface occurred at 141: 45 : 40, during the 
31st lunar revolution of the command and service modules . After 432.1 
seconds of firing time, the ascent engine was automatically shut down 
with velocity residuals of minus 0.8, plus 0.3, and plus 0.5 ft/sec in 
the X ,  Y ,  and Z axes, respectively. These were trimmed to minus 0.1, 
minus 0.5, and plus 0.5 ft/sec in the X ,  Y ,  and Z axes , respectively. 
Comparison of the primary guidance, abort guidance, and the powered 
flight processor data showed good agreement throughout the ascent as 
can be seen in the following table of insertion parameters . 

Horizontal Radial 
Data source velocity , velocity , Altitude , ft 

ft/sec ft /sec 

Primary. guidance and 
navigation system 5544 30 60 311 

Powered flight processor 5544 29 60 345 

Abort guidance system 5542 29 60 309 

To accomplish a direct rendezvous with the command module, a re
action control system vernier adjustment maneuver of 10.3 ft/sec was 
performed approximately 4 minutes after ascent engine cutoff. The ma
neuver was necessary because the lunar module ascent progr am is targeted 
to achieve an insertion velocity and not a specific position vector. 
Direct rendezvous was nominal and docking occurred 1 hour 47 minutes 
10 seconds after lunar lift-off. 

The lunar module rende zvous navigation was accomplished throughout 
the rendezvous phase and all solutions agreed closely with the ground 
solution. The command module which was performing backup rendezvous 
navigation was not ab le to obtain acceptable VHF ranging data until after 
the terminal phase initiation maneuver. The VHF anomaly is discussed in 
section 14.1.4. Figure 14-7 is a comparison of the relative range as 
measured by lunar module rendezvous radar and command module VHF, and 
determined from command module state vectors and the best-estimate tra
jectory propagati-ons. The VHF mark taken at 142: 05: 15 and incorporated 
into the command module computer ' s  state vector for the lunar module 
caused an 8.8-mile relative range error. 

Several sextant marks were taken after this error was introduced. 
Because the computer weighs the VHF marks more heavily than the sextant 
marks, the additional sextant marks did not reduce the error significant
ly. The ranging problem apparently cleared up after the terminal phase 
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initiation maneuver and the VHF was us ed s at i s factori ly for the mi dcours e 
corrections. Table 6-VI provi des a stunrnary o f' th e rende zvous maneuver 
solutions. 

TABLE 6-VI . - RENDEZVOUS S OLUTIONS 

Compute d  veloc i ty change , ft /sec 

Maneuver 
Lunar Command and Network 
module s e rvi ce module 

Terminal phase v = 6 3 . 0  v = 62 . 1  v = -67 . 4  
initiation .r = 1 . 0  .r = 0 . 1 v- = 0 . 5  yY = 67 . 0  yY = 63 . 1  yY = -69 . 2  

vz = 92 . 0  vz = 88 . 5  vz = 96 . 6  t t t 

First midcourse No ground v = -0 . 9  v = 1 . 3  
correction solution. .r = 0 . 2 vx = -0 . 1  

yY = 0 . 6 yY = - 1 . 1  
vz = 1 . 1  vz = 1 . 7  t t 

Second midcourse No ground v = -0 . 1  v = 0 . 6 
correction solution. v- = 0 . 1 yX = -0 . 2  

yY = -1 . 4  yY = -2 . 2  
vz = 1 . 6  vz = 2 . 3 t t 

6 . 2 . 4  Lunar Module Deorbit 

Two hours after docking, the command and s ervi ce modules an d  lunar 
module were oriented to the lunar module deorbit att i tude , un docked , and 
the command and service modules then separated from the lunar modul e . 
The lunar module was deorbited on this miss j on ,  s imi lar to Apollo 12 . 
The deorbi t was performed t o  eliminate the lun ar module as an orbital 
debris hazard for future miss ions and to  provi de an impact that could 
be used as a calibrated impuls e  for the s eismographi c  equi pment . The 
reaction control system of the lunar module was us ed to perform the 
75-second deorbi t firing 1 hour 24 minutes 19 . 9  s econds after the com
mand and service modules had s eparated from the lunar module . The lunar 
module impacted the lunar surface at 3 degrees 2 5  mi nutes 12 s econds 
south latitude and 19 degrees 40 minutes l s econd wes t longitude with a 
velocity of about 5500 feet per second . This poi nt was 36 mi les from the 
Apollo 14 landing site, 62 miles from the  Apollo 12 landing s i te , and 
7 miles from the prelaunch target poi nt . 
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6 .  3 TRANSEARTH AND ENTRY TRAJEOI'ORIES 

A nominal t ransearth inject i on maneuver was performed at ab out 
148 hours 36 minutes . Seventeen hours after t rans earth inj e ct i on , the 
thi rd and final mi dcours e corre ction was performed .  

Fi f'teen minutes Prior t o  entering the earth ' s atmosph ere , the com-
mand module was s eparated fru1n tne s erv1 ce modu.Le . 'l'he command module 
was then ori ente d to blunt-end-forw-ard for earth entry . Entry was nom
inal and the space craft landed in  the Pacific Ocean les s  than one mi le 
from the prelaunch target point . 

6 . 4  SERVICE MODULE ENTRY 

The s e rvice module should have entered the earth ' s  atmosphere and 
its debris lande d  in the Paci fi c  Oce an  approximately 650 mi les s outhwest 
of the command module landing point . No radar coverage was planned nor 
were there any s ightings reported for confi rmation . 

L .. L 
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7 . 0  COMMAND AND SERVICE MODULE PERFORMANCE 

7 . 1  STRUCTURAL AND MECHANI CAL SYSTEMS 

7-1 

Structural loads on the spacecra:rt during all ph as es of th e mi s s i on 
were within des i gn  limits . The pre di cted and calculated loads at li ft
off , in the regi on of maximum Qynami c pressure , at the end of fi rs t stage 
boost , and during s taging were s imilar to thos e of previous mi ssions . 
Command module accelerometer dat a pri or to S-IC center engine cutoff in
dicat e  a s ustai ned 5-hert z longitudinal os cill ation with an ampli tude of 
0 . 17g , which is similar to that me asured duri ng previous flights . Os ci l
lat i ons during th e S-II boost phas e  had a maximum me asured ampli tude of 
less than 0 .  06g at a frequency of 9 bert z .  The ampli tudes of both os ci 1-
lations were within acceptable structural design limits . 

· Six attempts were required to dock the command and s ervi ce module 
with the lunar module following trans lunar inj ect i on . The me asured rat es 
an d  indic ated reaction control system thruster act ivity during the five 
unsuc ces s ful docking attempts show that capture should have occurred each 
time . The mechani sm was actuat e d  and inspected in the command module 
following docking . This investigation indi cated that the probe me chani cal 
components were funct i oni ng normally . Subs equent un docking and docking 
while in lunar orbit were normal . The probe was returned for pos t flight 
analysis . The docking ananaly is dis cus s ed in detai l  in section 14 . 1 . 1 .  

7 . 2  ELECTRI CAL POWER 

7 . 2 . 1 Power Distribut i on 

The ele ctri cal power distribution system performe d  normally except 
for two dis crepan cies . Pri or to entry , when the bus-tie motor swit ches 
were operat ed to put the entry batteries on the main bus s es , battery C 
was not placed on main bus B .  This anomaly was di s covered by the data 
review after the flight . Postflight conti nui ty checks revealed that the 
ci rcuit breaker tying battery C to mai n bus B was inoperative . Thi s 
anomaly i s  des cribed in s ection 14 . 1 . 7 .  

The s econd dis crepancy occurred during entry . Procedures call for 
main bus deact ivat i on ,  at 800 fe et altitude , by opening the bus tie 
motor swi tches . The c rew reported that operati on of the proper switches 
di d not remove power from the bus es . The bus es were manually deactivated , 
after landing , by ope ning the in-line ci rcuit bre akers on Panel 275 ( a  
normal procedure } .  Revi ew of dat a  indi c ated and postfli ght tests con
firmed that the motor switch whi ch tied batte ry  A to mai n bus A was in
operative . This anomaly is des cribe d in s ect i on 14 . 1 . 6 . 
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7. 2 . 2  Fuel Cells 

The fuel cells were act ivat ed 48 hours prior to launch , conditioned 
for 4 hours , and configured wi th fuel ce ll 2 on the li ne supplying a 
20-ampere load as requi red in the countdown procedure . Fuel cells 1 and 
3 remained on open circuit unti l 5 hours prior to launch . At launch , 
fuel cell 1 was on ma i n  bus A w1 th fuel cell 2 ,  and fuel cell 3 was on 
mai n b us B .  This con figurat i on was mai ntained throughout the fli ght . 
Initi ally , the load vari ance was approximately 5 amperes , but i t  stabi
li ze d to 3 or 4 amperes e arly in the flight . This i s  normal and typi cal 
of other flights . 

All fuel cell parameters remai ned wi thin normal operating limi ts 
and agree d with predi cted fli ght values . As expecte d ,  the fuel cell 1 
condenser-exit t emperature exhib ited a pe ri odi c fluctuation about every 
6 minutes th rough out the flight . Thi s zero-gravi ty phenomenon was s imi 
lar to that ob s erved on all other flights and has no effe ct on fuel cell 
performance ( re f .  6) . 

The fuel cells suppli ed 435 kW-h of energy at an average current of 
23 amperes per fuel cell and a me an bus voltage of 29 volts during the 
missi on .  

7 . 2 . 3 Batteri es 

The conmand and s ervi ce module entry and pyrotechni c b atteries per
forme d normally . Ent ry b att eri es A an d  B were both charged once at the 
launch s ite and fi ve times during flight with nomi nal charging perform
an ce . Load sharing and volt age deli ve ry were s at i s factory during each 
of the s ervi ce propuls i on fi ri ngs . The batteri es were es sentially fully 
ch arge d at entry . 

7 . 3  CRYOGENI C STORAGE 

Cryogeni cs were s atis factori ly suppli ed to the fue l cells and to 
the envi ronment al control sys tem throughout the mis s i on .  The configura
t i on changes made as a result of the Apollo 13 oxygen t ank fai lure are 
des cribed in appendix A. A supplemental report gi ving detai ls of sys
tem performance wi ll be i s sue d  at a later date ( appendix E ) . 

During pre flight check out of the oxygen system , the s i ngle-s eat 
check valve for t ank 2 was found to have fai le d in the open pos ition and 
was replaced with an in-li ne double-seat valve . Duri ng flight , this 
valve allowed gas leakage into tank 2 from t ank 3. The purpos e of this 

U - L  � . 
L l .. L 



u ' li  

7-3 

valve is primari ly to i s ol ate t ank 2 from the remai nder of the system 
should t ank 2 fai l .  Thus , i t  was quali fied at a reve rs e  different i al 
pres sure of 60 ps i d .  This i s  s i gni fi c antly higher t h an  that normally 
experienced during a fli ght . Tests have been conducte d to characte ri ze 
the n ature o f  the ch eck valve l eakage at low pres sure di fferent i al  an d  
s h aY  that t h i s  s i tuat i on i s  not detrimental to operat i on un der abnormal 
as well as normal conditions . 

Two flow tests on the oxygen system we re con duct e d  during fli ght . 

One was to demonstrate the capability of the sys tem to s upport addi ti onal 
flow requi rements for ext raveh i cular act ivi ti es . The oth er was to deter
mine the heater tempe rature whi le operat i ng with the oxygen dens ity les s 
than 20 percent . The i ntent of thes e two tests was met an d  favorab le 
res ults were obtaine d alth ough t est procedures were modi fi ed becaus e of 

t ime cons traints . The oxygen system is capable of s upport ing the anti c
ipat e d  requirements for Apollo 15 and subs equent mi s s i ons . The low
dens ity flow tes t i ndi cated th at the oxygen sys tem can provi de requi red 
flow· rates at low dens ities an d  the dat a  obtained provi des for a more 
accurat e  as ses sment of heater operat i ng t empe rature . 

Consumable quanti t i es i n  the cryogenic storage system are dis cus s e d  
in s ect i on 7 . 10 . 3 . 

7 . 4  COMMUNI CATI ONS EQUIPMENT 

The communicat ions sys tem satis factorily supported the mi s s i on ex

cept for the followi ng des cribed condi tions . 

The high-gain antenna fai led to acqui re an d  track properly at vari ous 
t imes duri ng the mis s i on . The problems occurre d duri ng the acqui s iti on 
of s ignal rather than after acquisiti on . In this regard , the problem is 

di fferent from those expe ri enced duri ng Apollo 12 and 13 where the high
gain antenna los t  lock or fai le d to t rack after acq ui s ition . Thi s  is 
dis cussed in further det ai l in sect i on 14 . 1 . 2 . 

F'rom j us t  prior t o  lunar li ft-off through termi nal ph ase i nitiat i on , 
the VHF sys tem performance was margi nal . Voi ce communi cat i ons were weak 

and noi sy , and the VHF r anging performance was errati c an d  erroneous . 
The voice communi cat i ons problem is not related to the VHF problems ex
pe rienced on previ ous mi s s i ons where they we re determi ned to be pro ce d
ural e rrors . Swi tching antennas in the command an d  s e rvi ce module and 
elimi nat i on of the ranging s ign al di d not cle ar up the problems . The 

problems are beli eved to h ave been caus e d  by equipment mal fun ct i on , b ut 
the s ource has not been i s olat e d  to a part i cular comp onent of the total 
sy stem . Sect i on 14 . 1 . 4  contains a det ai le d  di s cus s i on of this anomaly . 

L L 



u 

7-4 

7. 5 INSTRUMENTATION 

The instrumentati on sys tem fun cti oned normally throughout the mi ssion 
exc ept for the loss of the react i on control system quad B oxi di zer mani 
fold pressure me asurement during separat i on of the command and servi ce 
module from the launch vehicle . The most probab le caus e of the fai lure 
was a break of the s ign al or power leads initiat e d  by the pyrotechnic 
shock as s ociated with the space craft /launch vehi cle adapter panel s epara
t i on . Since this is the only fai lure of four measurements of this type 
on each of eight flights , the pyrotechni c shock is not cons i dered a prob
lem for normal elements of the instrumentat i on circui t .  Further , redun
dant me as urements are available to permit determinat i on of the requi red 
dat a .  Consequently , no corrective acti on is requi red .  

7 . 6  GUIDANCE , NAVIGATION , AND CONTROL 

Att i tude control was nomi nal throughout the mi s s i on including all 
peri ods of passive the nnal control , cis lunar navi gat i on ,  as well as 
photography and landmark t racking from lunar orbit . The stabi li ty of 
the inertial meas urement unit error parameters was excellent . The only 
anomaly in the guidance ,  navigation and control systems was failure of 
the entry monitor sys tem 0 . 0 5g light to illuminate . Thi s is dis cus sed 
in s e ction 14 . 1 . 5 .  

Be caus e  of inclement weather , the li ft-off was del�ed for the firs t 
time in the Apollo program . Thi s requi red the flight azimuth to be changed 
from 72 degrees to 75 . 56 degrees and the plat form to be reali gned accord
ingly . A comparis on o f  command and servi ce module and S-IVB navigation 
dat a  indi cated s atisfacto ry  performance during the launch ph as e .  Inser
t i on errors were plus 7 . 02 ,  plus 61 . 02 ,  and minus 7 . 50 ft /s e c  in the X ,  
Y ,  and Z axes , respect i vely . Thes e errors were comparable t o  thos e ob
s erve d on other Apollo launches . The only s ignifi cant error was in the 
Y- axis velocity caus ed by a prelaunch azimuth alignment error of 0 . 14 de
gree due to one-s igma gyrocompas sing inaccuraci es . Table 7-I i s  a sum
mary of pre flight inertial meas urement unit error parameters a.fier its 
installat ion in the conmand module . An update to the inertial parameters 
was pe rforme d at approximately 29 hours . The three accelerometer b i as es 
were updated to minus 0 .32 ,  plus 0 . 12 and minus 0 . 13 cm/s e c2 , and the 
X-gyro null bias dri ft was updated to plus 0 . 4 me ru ( mi lli earth-rate 
un i ts ) .  

The fi rst plat form realignment was performed a:fter i ns ert i on and 
agree d with the predi cted alignment errors due to prelaunch azimuth 
errors . Table 7-II is a summary of signi fi cant parameters during each 
of th e plat form realignments . 
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TABLE 7-I . - INERTIAL COMPONENT PREFLIGHT HISTORY - COMMAND MODULE 

Error 
Saple Standard No . or Countdown Flight In night 

mee� devi at ion s gples value load performance 

Accelerometers 

X - Scale tactor error , ppm • -444 58 8 - 500 -370 -

Bias , r:a/aec 
2 

-0 .2] 0 . 13 8 -0 . 31 -0 . 23 -0 . 34 

Y - Scale tactor error, PJII -441 49 8 -505 -500 -

Biu , r:a/sec 
2 

0 .05 0 .07 8 0 . 13 0 .0 4  0 .09 

Z - Scale tactor error , pJII • -278 49 8 - 320 - 310 -

Bias , r:a/uc 
2 

-0.29 0 .07 8 -0.18 -0 .29 -0 . 1 8  

Gyroscopes 

X - llull bias dri tt ,  aeru 0.9 0 . 6  8 1 . 8  2 . 5  
ao .o 

Aceelerat i cn  dri rt ,  spin re fe re nce 
ada , aeru/r. 3.0 2 . 0  8 4 . 9 1 . 0  -

Acceleration dri tt ,  input 
uh , aeru/r. 1 . 7  1 . 5  8 -1 .6 0 .0 -

Y - lull b i as  dri rt ,  aeru -3.4  0 . 8  8 -4 . 2  - 3 . 4  1 . 7  

Acceleration dri rt ,  spin re terencte 
uis , aeru/r. 3 . 2  1 . 5  6 3 . 8  3 . 0  -

Acceleration dri rt ,  input 
uh , aerulr. -9 .9 4 . 5  16 -9 . 7  -5 .0 -

Z - NW:l b i as  dri rt ,  lll!ru • 1 . 6 0 . 9  8 2 . 5  1 .6 o . o  
Acceleration dri tt ,  spin reference 

ui s ,  aeru/r. -3.1  1 . 0  6 -2 . 4  - 3 . 9  -

Acceleration dri tt ,  input 
uis , meru/r. 43. 6 6 . 4  6 5 4 . 1  40 .0 -

�nniabt pertoraance averar.e before update vas ai nus 2 . 0 .  

Spacec raft dynami cs during separation from the S-IVB were very small . 
Spacecraft dynami cs during e ach do cking attempt were small and comparable 
to thos e s een on previ ous Apollo missions . Figure 7-1 is a time history 
of s igni fi cant cqntrol system parameters duri ng each docking att empt . 

Performance during each of the s even service propuls ion sys tem ma
neuvers was nominal . Trimming of res i dual ve locity errors was performed 
only af'ter the ci rcul ari z ation and transearth inj e ction maneuvers . 
Table 7-III is a summary of s igni fi cant control sys tem parameters for 
each of the maneuve rs . The second midcourse corre ction was accompli shed 
with a minimum-impulse servi ce propuls ion system maneuver in order to 

L 



t:'! 

� 

,. ... 

r . 

r . 

r . 

r 

r
• 

.... 

r 

.. 

TABLE 7-I I . - COMMAND AND SERVICE MODULE PLATFORM ALIGNMENT SUMMARY 

'fABIZ 7-II . - COIIWID AID SERVICE MODUlE PLATFORM AIJIJIMEIIT St.MWn' 

0)-ro torquirc an&le , Star IIIIS1e Gyro dritt , .eru TiJDe .  Procru 
Star UHd des 

difference , eo-enta hr :llin option• 
del X y z X y z 

00 : 58 3 22 Rep1ua , 21o GieNih 0 . 085 0 . 010 0 . 166 0 . 00  Launch orientation 
6 : 1&0 3 17 Resor , 11o Canopua 0 . 127 -o . o6o -D .Oll 0 . 00 - l . lo  +0 . 7  -0 . 1  Launch orientat i on 

11& : 1 3  3 31 Areturua , 35 Rulllh-sue 0 . 211 -0 . 127 -0 .036 0 . 0 1  - 2 . 5  1 . 2  -0 . 3  Passive thermal control orientation 
29 : 20 3 20 Dlocu , 23 Denebola O . lolo9 -D . l )O  0 . 082 0 . 0 1  -2.0 o . 6  0 . 4  Pas she themal eontrol ori entat ion 
40 : ll 3 1 Alpberat & ,  40 Altair -D .039 -D . 221 0 . 046 0 . 00 0 . 2  1 . 4  0 . 3  Passive thermal control orientation 
5 3 : 11 3 20 Dnoeea , 23 Denebola O . Oo6 -D . l29 0 . 052 0 . 00  -0 .0 0 . 1  0 . 3  Passive thermal control orientation 
59 : 1&1 3 13 Capell a, 3 laYi -o .on -D .093 0 . 033 0 . 00 0 . 8  1 . 1  O . lo  Passive thermal control orientation 
76 : 52 3 23 Denebola ,  32 Alphecca 0 . 0 56  -o . 262 0 . 038 o . oo  -0 . 2  1 . 0 0 . 1  Passive thermal control orientation 
79 : 39  3 21 Alltaid ,  35 Raaalb-sue -D .OOT -D .OII5 0 . 010 0 . 00  0 . 2  1 . 1  0 . 2  Passive tberaal control orientation 
8lo : 09  3 3D llenllent , 35 Raaalh-sue 0 .001 -o . 055 0 .002 0 . 01 -0 . 2  1 . 2  -0 . 5  Landing site orientation 
1!6 : 10 3 16 Proc.roa , 17 Reaor -D .050 -D . 010 -D .Oio5 0 . 01 1 . 7  2 . 3  - 1 . 5  Laodins site orientation 
88 : 05 3 16 Proqoa , 20 Dnoces -D . 031 0 . 002 0 . 027 0 . 01 1. . 1  0 . 1  0 .9 Landing site orientation 

101 : 24 3 17 Re10r , 3D lle .. ent 0 . 013 -D . 229 0 . 000 0 . 00 -o . lo  1 . 1 0 . 0  Laodias s ite orientation 
105 : 09  3 40 Altair ,  lo2 Peacock 0 . 0)0 -0 .038 0 . 028 0 . 01 -0 . 6  0 . 1  0 . 2  Landing s i te orientation 
109 : 12 3 31o Atria , 31 Jlunki -o .Ol2 -D . Oio3 0 . 003 0 . 01 0 . 2  0 . 1  o . o  Landius site orientation 
ll7 : 08 3 22 Replua , 21 Alltaid 0 . 021 -D .l05 0 . 055 0 . 02 -0 . 2  0 . 9  0 . 5  Landing s ite orientation 
ll9 :27 3 12 Rip l ,  21 Alphard -o . 027 -0 . 065 0 . 018 0 . 00  1 . 3  1 . 9  0 . 5  Launch orientation 
131 : 19 3 10 Mirfak , 12 Rilel -0 . 0)6 -0 . 1 57 0 . 091 0 . 01 0 . 3  1 . 2  0 . 7  Launch ori entation 
1 37 : 18 3 6 Acuar ,  llo Canopua -0.002 -o . 166 -0 . 005 0 .00 0 . 0  1 . 8 -0 . 1  Launch orientation 
1110 : 5 3  3 31 Arcturus , 30 Menkent 0 . 019 -0.006 -D .001 0 . 00 - 1 . 3 0 . 1  -0 . 0  Launch orientation 
11.6 : 58 3 21o Gienllh , 31 Arcturus 0 . 018 -0 . 091 0 . 050 0 . 00 -0 . 2  1 . 0  0 . 5  Launch orientation 
150 : 1 1 3 lo Achernar , 3lo Atria 0 .037 -0 . 106 -O .Olo3 0 . 01 -0 . 7  2 . 1  0 .9 Transearth injection orientat ion 
163 : 1o9 3 ll Aldebarllil , 16 Procyon 0 .Oio6 -D . lTII 0 . 017 0 . 00 -0 . 2  0 . 8  0 . 1  Passive thenaal control orientat i on  
186 : 31. 3 25 Acrux , lo2 Peacock 0 .040 -o . lt6o 0 . 076 0 . 00 -0 . 1  1 . 3  0 . 1  Passive thermal control . orientatioa 
192 : 111 3 Ill Dabih , 311 Atria -0 . 038 -O.lOio -0 . 00 3  0 . 01 0 . 1  1 . 2  0 . 0  Passive thermal control ori entatiaa 
196:58 3 11 Resor , 40 Alt ai r  -0.009 -D . 109 0 .0 38 I 0 . 01 0 . 1  1 . 5  0 . 5  Passive thermal eontrol orientation 
208 : 11  3 2S Aenut ,  33 Antares 0 . 011 -D . l61 0 . 026 0 . 01 -O . Io  1 . 0  0 . 2  Pas s 1  ve thermal cont rol orient at loa 
212 : 59 3 16 Proqaa , 23 Denebola -D .Oio9 -D .010 O . Ollo 0 . 0 1  0 . 1 0 . 1  0 . 2  Passive thermal control orientatioa 
21 3 : 11 1 23 Denebola, 16 Procyon 0 . 021 0 .002 -0 .0)6 0 . 01 - 1 . 0  - 1 . 0  - 1 . 6  En t r,r  orientation 
2llo : 39  3 30 lle•ent , 31 lunk i 0 . 039 -D .OliO -o . o69 0 . 00  - 1 . 8  1 . 8  - 3 . 2  Entr,r orientation 

•1 - Preternd; 2 - lomnal ; 3 - REPSIIICAT ;  lo - Landing site . 
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TABLE 7-III . - GUIDANCE AND CONTROL MANEUVER SUMMARY 

Parame ter First Second Lunar orbit 
mi dcourse mi dcourse insertion 
correction correction 

Time 
Ignition , h r :mi n :sec 30 : 36 : 0 7 . 9 1  76 : 5 8 :11 . 9 8  81 : 56 : 40 . 70 

Cutoff ,  hr :min :sec 30 : 36 : 1 8 . 10 76 : 5 8 : 12 .6 3  82 :02 : 51 . 54 

Du.rat ion , min : sec 0 : 10 . 19 0 : 00 .6 5  6 : 10 . 84 

Velocity gaine d ,  ft/sec b 

( des ired/ actual ) 
X +11 . 0 /+10 . 9  -1 . 8/-1 . 9  +19 5 7 . 9 /+1958 . 2  
y +63. 1/+63 . 3  +0 . 3/+0 . 2  -2301'.0/-2301. 2 
z +30 . 9 /+30 . 9  +3 . 3/+3 . 4  +80 .0 /+79 .9 

Velocity resi dual , ft /sec c 

X +0 . 3  +0 . 3  +0 . 3  

y 0 0 0 

z -0 . 1  0 0 

Entry monitor system +0 . 3  +0 . 5  -0 . 3  

Engine gimbal pos ition , deg 
Initial 

Pitch +1 . 00 +0 . 87 +0 . 87 

Yaw -0 . 18 -0 .24 -0 . 26 

Maximum excurs i on 
Pitch +0 . 32 +0 .05 +0 . 49 

Yaw -0 . 4 7  -0 . 09 +0 . 49 

Steady-state 
Pitch +1 . 00 N/A +1 . 14 

Yaw -0 . 18 -0 . 26 

Cutoff 
Pitch +1 . 00 +0.92 +1 . 63 

Yaw -0 . 26 -0 . 35 -0 . 65 

Maximum rate excursion , deg/sec 
Pitch -0 .12 0 -0 . 16 

Yaw -0 . 12 0 +0 . 16 

Roll ±0 . 08 0 +0 . 20 

Maximum attitude error , deg 
Pitch - 0 . 1 5  0 +0 . 16 

Yaw -0 . 22 -0 . 0 4  -0 . 1 5  
Roll -1. 31 0 + 5 . 00 

---- --I.....- - --

�is maneuver w as  performed using react ion control system. 
blnertial coordinates 
cBody coordinates ( + indicates underburn ) 

-;: 

Maneuver 

Des cent orbit Lunar orbit First 
ins ertion circularization plane change 

86 :10 : 5 2 - 9 7  10 5 : 11 : 46 . 11 117 :29 : 33 . 17 
86 :11 : 13 . 78 10 5 : 11 : 50 . 13 117 : 29 : 51 . 67 

0 : 20 . 81 0 : 04 . 02 0 : 18 . 5  

+185 . 3/+185 . 7 -76 . 8/-74 . 9  -74 . 5 /-74 . 4  
-51 . 4/- 5 2 . 5  - l l . l/-10 . 6 +188. 1/+188 . 0  
- 7 3 . 0 /- 73 . 2  -9 . 6/-9 . 3  - 310 . 1/-310 . 9  

+0.6 -1 . 0  +0 . 6  

+0 . 2  0 +0 . 4  

0 +0 . 5  +0 . 2  

-0 . 2  +0 . 4  +1 . 2  

+1 . 50 -0 . 75 -0 . 88 
-0 . 60 +0 . 24 +0 . 20 

+0 . 27 - 1 . 92 - 2 . 1 4  
-0 . 30  +1 . 61 +1 . 53 

+1. 59 -0 . 71 - 0 . 68 

-0 .60 +0 . 12 +0 . 16 

+1. 72 -0 . 71 -0 . 62 

-0 . 60 +0 .07 -0 .05 

+0 . 28 +1 . 23 +1 .42 
+0 . 20 -0 . 68 - 1 . 12 

+0 . 12 -0 . 59 -0 . 72 

-0 . 16 -0 . 31 +0 . 25 
-0 .08 -0 . 14 -0 . 26 
-0 . 60 -0 . 84 - 3 . 78 

-- ---- -- -- -

Trans earth Third 

injection midcourse a correction 

148 : 36 : 02 . 3  165 : 34 : 56 . 69 
148 : 38 : 31 .  53 --

2 : 29 . 23 0 : 0 3 . 00 

-3284 . 7/-3285 . 4  -0 . 5/-0 . 7  
+236 . 3/+23 6 . 6  +0 . 2/0 

-1061 . 3/-1061 . 8  +0 . 1/0 

+ . 1  +0 . 2  
+ . 8  +0 . 2  
- . 3  +0 . 1  

+2 . 5  0 

-0 . 66 

I 
+0 .12 

- 2 . 10 
+1 . 27 N/A 

I 
- 0 . 53 
- 0 . 26 

-0 . 62 

- 1 . 62 

+1 . 32 I 
-1 . 32 i/A 
-1 . 86  

+0 . 24 I I 
-0 . 31 N/A 
±5 .oo I 1 

--- ----L........!------___j 
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Figure 7-1. - Time history of control system parameters during multiple docking attempts. 
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conserve reaction control propellant . This was the first service pro
pulsion system minimum-impuls e maneuver performed during a lunar mission . 
The third midcours e correction was performed with the reaction control 
system. 

During the t rans lunar phase, a series of star-horizon measurements 
were taken to establish the precise location of the earth horizon . This 
was done in preparation for a cislunar navigation exercise to be performed 
during the t rans earth phase . 

The command and s ervice module combination was separated from the 
lunar module after the des cent orbit ins ertion maneuver. Command and 
s e rvice module circularization and plane-change maneuvers were then per
forme d ,  and the Command Module Pilot accomplished a s eries of photographic 
and landmark tracking operations. For the first time, rate-aided optics 
were available to assist the crew in making optical sightings . 

The s ext ant and VHF ranging data were us ed t o  t rack the lunar mod
ule after the vernier adj ustment maneuver following ascent from the lunar 
surface . Unacceptable VHF ranging data were received in the interval be
tween lunar module ins ertion and the terminal phase initiation maneuver; 
howeve r ,  the data received during the final phase of rendezvous were good . 
For a det ai led discussion of  rende zvous, see s ection 6 . 2 . 3 . For a dis
cussion of the VHF r anging anomaly, see s ection 14 . 1 . 4 . 

Only one midcours e correction was required on the return t rip t o  
meet the entry interface conditions . Cis lun ar navigation was performed 
during the t ransearth phas e to s imul ate returning to earth with no com
munications . Accuracy of the onboard navigation techniques was demon
s trated but the crew commented that the computer/ crew operational inter
face could be improved by incorporating a recycle feature in the cislunar 
navigational sighting progr am .  

The command module was s eparated from the service module at 215:32 : 42 
and the normal pitch-down disturbance was observed .  The entry monitor 
system 0.05g light did not illuminate within the allowed 3 s econds after 
the  predicted time for 0 . 0 5 g .  The crew s tarted the  system manually ac
cording t o  the checklis t .  Refer to section 14 . 1 . 5  for further dis cussion 
of this anomaly . Table 7-IV is a summary of entry monitor system null
bias t es ts performed during the mis sion . Accelerometer stability an d  
performance were excellent . 

The primary guidance system guided t he command module to a landing 
at 27 degrees 0 minutes 45 se conds s outh latitude and 172 degrees 39 min
ut es 30 seconds wes t  longitude , which is 0 . 62 mile from the targeted 
landing point . 

" 
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TABLE 7-IV.- RE5ULTS OF ENTRY MONITOR SYSTEM NULL BIAS TESTS 

Te•t• 1 

ft. 01:50:00 

lllt17 -nor ..,.u. r.acliac -100 
at. •tart or tftt, ft/•ec 

llnt17 -.!tor q•t.ell rell41ac -99.5 
at ad or t•t, ft/•ac 

DlrteNDUal ftloelt:,' bl•, +0.5 
n.t .. e" 

lhall bl•. ft/•ee2 
+0.005 

ez.dl ten oluratl.., b 100 •ee..,de. 
eac-t up ,. -ltlft bl•. 

2 

09 •3" :50 

-100 

-99-" 

+0.6 

+O.oo6 

3 " 5 6 

29:11:20 58:28:00 75:59:00 79="5:00 

-100 -100 -100 -100 

-99.6 -98.9 -98." -98.5 

+0." +1.1 +1.6 +1.5 

+0.00. +0.011 +0.016 +0.015 

1 . 1  REACTION CONTROL SYSTEM:> 

1 .  7 . 1  Servi ce ltt:>dule 

7 8 

8" :31:00 118:20:00 

-100 -100 

-99·" -98.5 

+0.6 +1.5 

+0.006 +0.015 

7 -11 

9 

165:15:00 

-100 

-99.0 

+1.0 

+0.010 

Performance of the service module reacti on control was normal 
throughout the mis s i on .  All t elemetry parameters stayed within nominal 
limits throughout the mi ssion with the exception of the quad B oxidi zer 
manifold pressure . This measurement was lost when the command and 
s ervice module separated from the S-IVB. The quad B heli un and fuel 
manifold pressur.es were us ed to verify proper system operation .  Total 
propellant consumption for the mission was 102 pounds less than predi cted ; 
however, propellant consumption during transposition , docking and ext rac
tion was about 60 pounds more than planned because of the additional ma
neuvering as s ociated vi th the docking di fficulties . The propellant mar
gin deficiency was recovered prior to lunar orbit insert ion , and nominal 
margins existed during the remainder of the mis s ion. Consumables infor
mati on is contained in s ection 1 . 10 . 2 .  

7 .  7 .  2 CoDmand Module 

The command module reaction control systems performe d satisfactorily . 
Both systems 1 an d  2 were activated during the command module/servi ce 
module separation s equence . Shortly after s eparation ,  system 2 was di s
abled and system 1 was use d  for the remainder of entry . All telemetry 
data indicated nominal system performance throughout the mission .  Con
s umables informat i on is containe d in s ect i on 1 . 10 . 2 .  

..... L 
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7 . 8 SERVICE PROPULSION SYSTEM 

Servi ce propulsion system performance was sat i s fa ctory b as ed on the 
steaay-state performance duri ng all firings . The steaay- state pressure 
data , gaging system dat a ,  and velo ci ti es gained indi cated ess entially 
nominal performance . The engine transi ent performance during all s tarts 
an d  shut downs was sat i s factory . Nothing in the fli ght data or pos tflight 
analysis indicated combus tion instability or the caus e of  the s li ght hum 
or buzz ing noi s e  reported by the pi lot ( re f. 9 . 13 ) . 

The propellant utilization and gaging system provided near-ideal 
propellant ut ilization . The unbalan ce at the end of the trans earth in
j ect ion fi ring was report ed by the crew to be 40 lbm, decreas e, which 
agrees well with t elemetry values. 

During the Apollo 9, 10, ll, and 12 mi ss ions, the s ervi ce propuls ion 
system m:ixt ure ratio was less  than expected,  bas ed on static  fi ring dat a .  
The predicted flight mixture ratio for this miss ion was bas ed on previ ous 
flight data to more closely simulat e  the expected mixture rati o .  To 
achieve the predi cted mixture rat i o  at the end of the miss ion , the major
ity of the mis s i on would have to be flown with the propellant uti li zat i on 
valve in the increase pos ition . Consequently , the propellant ut i lizati on 
valve. was in the incre as e  pos ition at launch . 

Figure 7-2 shows the vari ance in fuel and oxidizer remai ning at 
any ins tant duri ng the lunar orbit insertion and t rans earth injection 
fi rings , as computed from the telemetry data, and the propellant uti li za
tion valve movements made by the crew . The preflight expect ed values 
and propellant utilizat ion movements are also shown . The s ervi ce pro
pulsi on system propellant usage for the mis s i on i s  d i s cuss ed in sec
ti on 7. 10 . 1. 

7 . 9  ENVIRONMENTAL CONTROL AND CREW STATION 

The environmental control system performed s at i s factorily and pro
vi ded a comfort able environment for the crew and adequate thermal control 
of the s pacecraft equipment . The crew station equipment also sati s fa c
torily s upported the flight . 

The environmental control sys tem was us ed i n  conjunct i on with the 
cryogeni c oxygen system to demonstrate the capabili ty of  providi ng oxygen 
at high flow rates such as thos e that wi ll be requi red during extrave
hi cular operat ions on future mi s si ons . A modi fied h atch overboa rd dump 
nozzle with a calibrated ori fi ce was us ed to obtain the des i red flow rate . 
The emergency cabin pres s ure regulator maintained t he cabi n  pressure at 

11 li l ' .  
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approximat ely 4 . 4 5 ps ia.  The test , s cheduled to last 2-1/2 h ours , was 
te rminated after 70 minutes when the 100-psi oxygen mani fold pres sure 
decfzyed t o  about 10 psi .  This was caused by opening of the urine over
board dump valve which caused an oxygen demand in e.xcess of that ·which 
the oxygen restri ctors were capable of provi ding . However , suffi ci ent 
dat a were obtai ned during the tes t to determine the high- flow capabi lity 
of the cryogeni c  oxygen system . ( Als o  see sect i on 7 . 3 . ) 

lnflight cabin pressure de cay measurements were made for the first  
time during most of the crew s leep periods to determine more precis ely 
the cabin leakage during flight . Pre limi nary es timates indi cate that 
the flight leakage was approximately 0 . 0 3  lb /hr . This leak rate i s  with
in des ign limits . 

Part ial repressuri zation of the oxygen s torage bottles was requi red 
three t imes in additi on to the normal repressuri zat i ons duri ng the mis
s i on .  This prob lem is dis cus sed in secti on 14 . 1 . 8 . 

The crew reported s everal instances of urine dump nozzle blockage . 
Apparently the dump noz zle was clogged wi th fro zen urine part i cles . The 
blo ckage cleared in all instances when the spacecraft was ori ented s o  
that the nozzle w as  in the s un . This anomaly is dis cus s ed further in  
s ect ion 14 . 1 .  3 .  

Intermittent communi cat i ons dropouts  were experienced by the Com
mander at 29 hours . The problem was corrected when the Commander ' s  
constant wear garment electri cal adapter was replace d.  The anomaly i s  
dis cus sed further i n  s ect ion 14 . 3 . 4 . 

A vacuum cleaner as s embly and cabin fan filter , used for the first 
time , along with the normal decontaminat i on procedures eliminated prac
t i cally all of the obj e ctionab le dust such as that present after the 
Apollo 12 lunar docki ng . The fans were operated for approximat ely 4 h ours 
after lunar docking . 

Sodium nitrate was added t o  the water buffer ampules to reduce sys
tem corros i on .  This additi on als o  allowed a reducti on in the con centra
tion of chlorine in the chlorine ampules . No objectionab le tas te was 
noted in  the water.  The crew reported s ome di ffi culty in inserting the 
buffer ampules i nto the inj ector . The ampules and inj e ctor are being 
tested to establish the caus e of the problem . The crew als o i ndi cated 
that the food preparati on unit leaked s lightly after dispens ing hot water . 
This problem i s  dis cuss ed further in  sect i on 14 . 1 . 7 .  

l1 11 l ' '  
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7 . 10 CONSUMABLES 

The command and s ervi ce module consumab le us age during the Apollo 14 
mission was well within the red li ne limits an d ,  in all sys tems , di ffered 
no more than 5 percent from the predi cted limits . 

7 . 10 . 1 Servi ce Propuls i on Propellant 

Servi ce propuls i on propellant loadings and cons umpti on values are 
listed in the following t able. The loadings were calculated from gaging 
system readings and measured densi t i es pri or to li ft-off . 

Propellant , lb 
Conditi on 

Fuel Oxi di zer Total 

Loaded 15 695 . 2  25 061 40 756 . 2  

Consumed 14 953 . 2  23 900 38 853 . 2  

Remaining at command module/ 742 1 161 l 903 
s ervice module s eparation 

Usable at command module / 596 866 1 462 
s ervi ce module separat i on 

7 . 10 . 2 React i on Control Sys tem Propellants 

Service module . - The propellant uti li zation and loadi ng data for 
the s ervi ce module react i on control system were as shown in the follow
ing t ab le .  Consumpti on was calculated from telemetered helium t ank pres
sure histo ries and were based on pres sure , volume , and t emperature rela
tionships . 

. -
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Propellant , lb 
Conditi on 

Fuel Oxi di zer Total 

Loaded 
Quad A 110 . 1  225 . 3  335 . 4 
Quad B 109 . 9  225 . 2  335 . 1  
Quad C 110 . 4 226 . 5  336 . 9  
Quad D 109 . 7  223 . 5 333 . 2 

Total 440 . 1 900 . 5 1 340 . 6 

�s ab le loaded 1233 

Cons tuned 250 476 726 

Remaining at command module/ 507 
s�rvice module separat ion 

�s able loaded propellant i s  the amount loaded minus the 
amount t rapped and wi th corre cti ons made for gaging errors. 

Comm an d  module . - The loading and uti li zat i on o f  comm and module re
acti on control system propellant was as follows . Consumpti on was calcu
lated from pressure ,  volume and temperature relat i onships . 

11 li 

Propellant , lb 
Conditi on 

Fuel Oxi di zer Total 

Loaded 
System 1 44 . 3  7 8 . 6 122 . 9  
System 2 44 . 5  78 . 1  122 . 6 

Tot al 88 . 8  156 . 7  245 . 5  

�s able loaded 210 . 0  

Consumed 
b41 Sys tem 1 

System 2 4 

Total 45 

�sab le loaded propellant is the amount loaded minus the 

b
amount t rapped and with corre ctions made for gaging errors. 
Estimated quantity based on helium s ource pressure profile 
during entry. 

L ' . 
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7 . 10 . 3  Cr,yogeni cs 

The tot al  cryogenic hydrogen and oxygen quanti ti es avai lab le at li ft

off an d  consumed were as follows . Consumption values were bas ed on quan
tity dat a  t ransmitted by telemetry . 

Hydrogen , lb Oxygen , lb 
Condition 

Actual Planned Actual Planned 

Available at li:ft-off 

Tank 1 26 . 97 320 . 2  
Tank 2 26.55 318 . 9  
Tank 3 - 197 . 2  

Total 5 3 . 52 
a

53 . 52 836 . 3  
a

836 . 3  

Consumed 

Tank 1 19 . 12 119 . 3  
Tank 2 19 . 14 113 . 8  
Tank 3 - 16 3 . 4 

Total 38 . 26 38 . 62 396 . 5  412 . 1  

Remaining at command module/ 
servi ce module s eparation 

Tank 1 7 . 85 7 . 87 200 . 9  20 4 . 2  
Tank 2 7 .  41 7 . 0 3  20 5 . 1  19 5 . 2  
Tank 3 - - 33 . 8  24 . 8  

Total 15 . 26 14 . 90 439 . 8  424 . 2  

�dated to li :ft-off values . 

U 11 L 1 -
L L 
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7 . 10 . 4 Wat er 

The water quanti ties loaded,  produced, and expelled during the mis 
sion are shown i n  the following table . 

L ..... 

Condition 

Loaded ( at li ft-off ) 

Potab le water t ank 
Waste water t ank 

Produced inflight 

Fuel cells 
Lithium hydroxi de reaction 
Metaboli c 

Dumped overboard 

Waste tank dumping 
Urine and flushing 

Evaporated  up to command module I 
s ervi ce module s eparation 

Remaining on board at command module I 
service module separat i on 

Potable water tank 
Waste water tank 

L.. 

Quantity, lb 

2 8 . 5  
32 . 4 

342 . 3  
21 . 0  
21 . 0  

2 36 . 9  
133 . 2  

9 . 0 

29 . 7  
36 . 4 
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8 . 0  LUNAR MODULE PERFORMANCE 

8 . 1  STRUCTURAL AND MECHANICAL SYSTEM:> 

8-1 

Lunar module s tructural loads were with in design values for al l  
phas es o f  the mission .  The structural as ses sment was b as ed o n  gui dance 
and control dat a ,  cabin pressure meas urements , command module acce lera
tion data , photographs ,  and crew comments . 

Bas ed on measured command module accelerations and on s imulati ons 
usi ng actual launch wind data , ltmar module loads were determined to  be 
withi n  structural limits during earth launch and trans ltmar injecti on . 
The s equence fi lms from the onboard camera s howed no evidence of struc
tural os cill ations during lunar touchdown, and crew comments agree with 
this as s es sment . 

Landing on the lunar surface occurred with es timated landing veloc
ities of 3 . 1  ft/sec verti cal, 1 . 7  ft/s ec in the plus-Y footpad di rection , 
and 1 . 7  ft/s ec in the plus-Z footpad direction . The spacecraft rates 
and attitude at touchdown are shown in figure 8-1 .  The minus-Y footpad 
apparently touched firs t ,  followed by the minus-Z footpad approximately 
0 . 4 s ec ond later.  The plus-Y and plus-Z footpads followed withi n 2 sec
onds and the vehi cle came to rest with attitudes of  1 . 8  degrees pitch 
down, 6.9 degrees roll to the right and 1 .  4 degrees yaw to the left of 
west .  Ver,y little , i f  any, of the vehi cle attitude was due t o  landing 
gear stroking . The final res t  attitude of approximately 7 degrees was 
due almost entirely to local undulations at the landing point ( fig . 8-2 ) . 
From a time histor,y o f  the des cent engine chamber pressure , it  appears 
that des cent engine shutdown was initiated after Tirs t  footpad contact 
but before plus-Y footpad contact . The chamber pressure was in a state 
of decay at 108 :15 : 11 ,  and all vehi cle motion had ceased 1 . 6 s econds 
later .  

Flight data from the gui dance an d  propulsi on systems were used in 
performing engineering s imulations of  the touchdown phas e .  As in 
Apollo 11 and Apollo 12, thes e simulat i ons and photographs i ndi cate that 
landing gear s troking was minimal if  it  occurred at all . Photographs 
also indicate no signi;fi cant dam age to the landing gear thermal ins ula
tion . 

S ixteen-millimeter films t aken from the command module pri or to 
lunar-orbit docking support a visual observat i on by the crew that a 
strip of material ab out 4 feet long was hanging from the as cent s tage 
base heat shield area .  The base heat shi eld area is des igned to pro
tect the as cent s tage from the press ure and thermal environment res ult
ing from as cent engine plume impingement during staging . The abs ence 
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Figure 8-1.- Attitude errors and rat es during lunar landing sequence . 
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of  abnormal thermal responses in the as cent stage indi cates that the 
heat shield was fully effe ctive. S imilar conditi ons have occurred dur
ing qualificat ion tests whereby one or more layers of  the heat shield 
material have become unat tached. In thes e cases , the thermal effective
ness  of the heat shield was not reduced.  

8. 2 ELEC'rRICAL POWER 

The electri cal power distribution system and battery performance was 
satis factory with one excepti on, the ascent battery 5 open-circuit voltage 
decayed from 37.0 volts at launch to 36.7 volts at housekeeping , but with 
no effect on operational performance . All power switchovers were accom
plished as required� and parallel operat i on of the des cent and as cent b at
teries was within acceptable limits . The de bus voltage was maintained 
above 29.0 volt s , and maximum observed current was 73 amperes during pow
ered des�ent initiat i on .  

The battery energy usage throughout the lunar module flight i s  given 
in section 8.11.6. The as cent battery 5 open-circuit low voltage is dis 
cussed i n  section 14.2.1. 

8. 3 COl+!UNICATIONS EQUIPMENT 

S-band steerable antenna operation pri or to lunar landing was inter
mittent . Although antenna operation during revolution 13 was nominal , 
acquis iti on an d/or tracking problems were experienced during revolutions 
11 and 12. Acquis ition was attempted but a signal was not acqui red dur
ing the first 3 minutes at'ter ground acquisition of signal on revolu
tion 14. Because of this , the omnidirecti onal antennas were used for 
lunar landing . The steerable antenna was used for the as cent and rendez
vous phase and the antenna performed normally. The problems with the 
steerable antenna are discuss ed in section 14 .2. 3. 

Pri or to the first extravehicular period, di fficulty was experi enced 
when configuring the communication system for extravehi cular activity be
cause of an open audio-center circuit breaker . Extravehicular communi ca
tions were normal after the circuit breaker was clos ed.  

During the latter part of the first extravehicular period , the tele
vision res olution decreased. The symptoms of the problem were indi cative 
of an overheated focus coil current regulator . This condition, while not 
caus ing a complete failure of the camera , resulted in  defocusing of the 

11 .11 L L ' .  . ' 
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electron readout beam in the televis ion tube and , consequently , a degrada
tion of resolution . The h igh-temperature condition was caused by operat
ing the c amera for about 1 hour and 20 minutes whi le it was within the 
thermal environment of the closed modular equipment stowage as sembly . The 
camera was turned off between the extravehicular periods to allow cooli ng . 
Picture res olution during the second extravehi cular activity was s atis fac
tory . 

The VHF system performance was poor from prior to lunar lift-off 
through terminal phas e  initiation. This problem is  dis cussed in detail 
in sections 7. 4 and 14 . 1. 4. 

8.4 RADAR 

The landing radar self-test was performed at 10 5 hours 44 minutes , 
and the radar was turned on for the powered des cent about 2 hours later . 
Four minutes fifty seconds prior to powered des cent initi ation ,  the radar 
changed from high- to low-s cale . At that time , the orbital altitude of 
the lunar module was about 10. 9 miles� .  This conditi on prevented acqui
sition of ranging s ignals at slant ranges greater than 3500 feet , and ve
locity s ignals at altitudes greater than about 46oo feet . The radar was 
returned to h igh-s cale by recycling the ci rcuit breaker.  A detai led dis 
cuss i on of this problem is  given i n  section 14 . 2 . 4 . Range and velocity 
performance from a slant range of about 25 000 feet to touchdown is  shown 
in figure 14-22. There were no zero Doppler dropouts and no evi dence of 
radar lockup resulting from particles s c attered by the engine exhaust 
plume during lunar landing.  

Rendezvous radar performance was nominal in  all respects , including 
self-tests, checkout, rendezvous and lunar surface tracking , and tempera
ture . 

8 . 5 INSTRUMENTATION 

The i ns trumentation system performed normally throughout the flight 
with the exception of �hree of the four as cent helium tank pres sure meas 
urements ( two primary and two redundant ) .  Coinci dent with propuls i on 
system pressUri z ation, these measurements exhib ited negative shifts of 
up to 4 percent . The largest shifts were in the redundant measurements . 
These trans ducer shifts were caused by the shock induced by the 
pyrotechnically operated is olation valves . Since these measurements are 
used to monitor for leaks prior to propulsi on system pressurizat i on ,  a 

�eferenced to landing s ite elevation .  
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shi ft in these measurements at the time of system press uri zat i on wi ll not 
affect future missions . ( See appendix A ,  section A . 2 . 3 ,  for a des crip
tion of changes made subsequent to Apollo 13 . )  

8. 6 GUIDANCE , NAVIGATION , AND CONTROL 

At approximately 102 hours , the primary gui dance sys tem was turned 
on , the computer digital clock was initialized , end the platform was 
aligne d to the command module plat form . Table 8-I is a summary of the 
primary gui dance plat form alignment data .  The abort gui dance system was 
turned on at 102 hours 40 minutes end the attitude reference ali gned to 
the lunar module plat form . Table 8-II is a summary of inert i al  measure
ment unit component errors measured pri or to launch end in flight . The 
abort guidance system was aligned to the primary gui dance system six 
times , but data were avai lable for only five , end are shown in table 
8-III . . Als o shown in table 8-III are dat a  from the independent alignment 
of the abort system performe d in preparati on for lunar li ft-off . The 
ab ort guidance system had been aligned to the gravity vector end an azi
muth angle supplied by the ground. Twenty-seven minutes later , j ust  be
fore li ft-off , the abort system compared well with the primary system 
which had been inerti ally aligned to the predi cted local verti cal ori en
tat i on for li ft-off . 

The performance of the abort sens or as sembly of the abort gui dance 
system was not as good as on previ ous missions but was with in allowable 
limits . The accelerometers exhibited stable performance , but the Z-axis 
gyro dri ft rate change of 1 . 2  degrees per hour from the prelaunch value 
was about 30 percent great er then the expected shi ft . The expected end 
the actual shifts between prefli ght values end the first infli ght cali
bration , end shifts between subsequent inflight calibrati ons are shown 
in t able 8-IV.  

Table 8-V is a sequence of events prior to end during the powered 
des cent to the lunar surface . A commend to abort us ing the descent en
gine was detect ed at a computer input channel at 10 4 : 16 : 07 ( but was not 
observed at other telemetry points ) although the crew had not depress ed 
the abort switch on the panel . The crew executed a pro cedure us ing the 
engine stop switch end the abort switch whi ch is olated the fai lure to 
the abort switch . Subsequently , the commend reappeared three more times ; 
each time , the commend was removed by tapping on the panel near the abort 
switch . ( For a dis cussion of the probable cause of this fai lure , see 
section 14 . 2 .  2 . ) 

I f  the ab ort commend is present after starting the powered descent 
programs , the computer automati cally switches to the abort programs and 
the lunar module is guided to an abort orbit .  To avoi d the pos s ib ility 
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TABLE 8-I.- LUNAR MODULE PLATFORM ALIGNMENT SUMMARY 

Time, Type Alignment mode Teles�pe Star angle Gyro to rquing 8J18le, deg 
detent /star difference, hr:min alignment Option a Technique b · u.1ed deg X 

102:58 Docked alignment 0.009 

105:09 P52 3 lA 2/22; 2/16 0.04 0.030 

105:27 P52 3 lA - - - 0.097 

109:17 P57 3 1 lA lA 0.03 -0.016 

109:46 P57 3 2 "2/31; 6/00 0.02 -0.041 

110:05 P57 3 2 2/26; 6/00 -0.07 0.018 

129:56 P57 4 3 -- -- 0.01 o.o44 

141:53 P57 4 3 -- -- 0.02 0.119 

a1 - Preferred; 2 - Rominal; 3 - REFSJICAT; 4 - Landing Bite. 
b 0- Anyti��e; 1- REFSJICAT plus g; 2- Two bodies; 3 .. One body plus g. 

y 

0.029 

-0.038 

0.062 

0.015 

0.003 

0.047 

o.o69 

0.135 

cl- IA!rt front; 2 - Front; 3 - Right front; 4- Right rear; 5- Rear; 6- Lert rear. 

Star n111e1 : 

00 Pollux 
16 Procyon 
22 Resulua 
26 Spica 
31 Arcturu.1 

z 

-0.052 

0.028 

0.013 

-o.ll3 

-0.054 

-o.l2l 

-0.46 

-0.349 

Gyro dri tt , meru 

X y z 

-0.5 -1.5 -2.8 

- - -

-1.5 2.0 -0.6 

- - -

1.0 -0.1 -1.4 

- - -

- - -

-0.7 -0.8 -1.9 

' 
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TABLE 8-II . - INERTIAL COMPONENT HISTORY - LUNAR MODULE 

Error 

X - Beale taetor error, 
�· · · · · · · · · ·  

liu, s/aee 2 . . . - . 

Y .; Seale taetor error, 
ppa • • . • • • • • . .  

liu , erJ/aee 2 . . . . .  

Z - Seale factor error, 
ppa • • • • • • • . . • 

llu, erJ/aee 2 . . . . .  - --- --

Error 

Saple Stmdard 
-.. deYiaticn 

-895 36 
1.27 0.05 

-1678 79 
1.63 0.03 

-637 25 

_1._39_ 0.02 

X - lhaU biu dritt, Mru • • • • • • •  

-Aeeeleratiao drltt, apiD re,.reaee 
uta, Mrv/1 . . . . . . . . . . . 
Aeee1erati ao 4r1 tt , iaprt. 
uia, •ru/1 . . . . . . . . . . . 

l' - lll&ll blM dri tt , Mr11 • • , , , , • 

.aec.leration llritt, apia re,.Nilee 
ala, •ru/1 . . . . . . . . . � . 

Aeae:S.ntlao drift, 1apu\ 
u:ia, •Nil . . . .  ·• . . . . . .  

Z - lhall biu dr1 tt, Mn • • • • • • • 

Aeeeleratica dr1 tt, apia re,.reace 
all, •ru/1 . . . . . . . . . . . 

Acaelentioa drift, 1aprt. 
U:il, MN/1 -- -- --- . . . . . . . . . . . 

(a) Aceelen.etera 

llwober 
Countclavn P'l1sht ot value load aaplea 

6 -922 -950 
6 1.26 l.J) 

9 -1772 -186o 

9 1.61 1.65 

6 -61.3 -610 
6 l. Ll 1.39 

(b) G)'roaeopea 

8.-ple Stuclard iu.ber 
or ' -- .S.Yiatiao aap1H 

0.8 O.L 6 

0.2 0.8 6 

�.o 2 . 8  6 

-2.8 0.6 6 

3.0 1.3 6 

-9.6 •• 0 12 

-1.1 0.9 6 

•• 5 o ... 6 

5 . 8  1 •• 6 

lllfilllbt J�erfonwu:e 

Pc.er-up 
to landln1 

-
1.27 

-

1.62 

-
1.35 ---

Countdovn 
Yalue 

0.0 

1.1 

2.9 

-3.6 

11.5 

-7.5 

-1.1 

..5 

T.2 

Surtaee Litt-orr to paver-up 
rendenou. 

to litt-orr 

- -
1.38 1.36 

- -
1.71. 1.n I 

1��_5_�j 
-

1.1.6 

P'llllbt 
load 

0.9 

0 

3.0 

-2.7 

3.0 

-12.0 

-0.3 

5.0 

6.0 

Intlllbt 
perto�ce 

-1.9 

-

-

0.3 

-

-

-0.5 

-

-- ---

?' ()) 
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TABLE 8-III . - GUIDANCE SYSTEM3 ALIGNMENT COMPARISON 

Primary minus abort system 

Time of alignment Alignment error ( degrees ) 

X y z 

103:54:44.99 0.000 0.003 0.014 

104:04:45.9 0.061 0.030 0.002 

104:34:45.2 0.000 0.007 0.003 

109:28:36 -0.002 0.034 0.000 

141:15:25.2 0.000 0.002 0.001 

a
l41:45:29.2 0.010 0.003 0.018 

a
Systems aligned independently . Actual t ime 
o f  abort guidance system alignment was 
141:18:35.2. 

TABLE 8-IV . - ABORT GUIDANCE SYSTEM CALIBRATION COMP ARISONS 

Three-s igma 
Actual gyro dri ft rate , 

Cali brat ions capabili ty 
deg/hr 

estimate X axis Y axis z axis 

First inflight minus pre- ±0.91 0.08 -0.07 -1.2 
installation 

Second infli�ht minus first ±0.63 -0.01 0.23 0.26 
-inflight 

Fi rst surface minus second ±0.56 -0.02 -0.08 -0.43 
in flight 

S econd surface minus firs t  ±0.55 0.0 -0.08 -0.21 
surface 

' 
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TABLE 8-V . - SE};tUENCE OF EVENTS DURING POWERED DESCENT 

Elapsed time Time from 
from li :rt-off, ignition, 

hr:min:sec min :sec 

107:51:18.66 -11:07 .86 
107 :52:46.66 -9:39.86 

107:57 :34.66 -4:51.86 
107:58:13.8o -4:12.72 

108:02:19.12 -0:07 .40 
108:02:26.52 0:00.00 
108:02:53.8o +0:27 .28 

10 8:04:49. 8o +2:23.28 
108:08:47.68 +6:21.16 
108:08:50.66 +6:24.14 

108:09:10.66 +6:44.14 
108:09:12.66 +6:46.14 
108:09:35.8o +7 :09.28 
108:11:09. 8o +8:43.28 
10 8 : 11 : 10 . 42 +8:43.90 
108:11:51.60 +9:25.08 
108:11:52.66 +9:26.14 
108:13:07 .86 +10 :41.34 
10 8 : 13 : 09 . 8o +10:43.28 
108:15:09.30 +12:42.78 
108:15:11.13 +12:44.61 

108:15 :11.40 +12:44.88 

L 

Event 

Landing radar on 
False data good indications from 

landing radar 
Landing radar switched to low scale 
Start loading abort bit work-a.rotmd 

routine 
Ullage on 
Ignition 
Manual throttle-up to full throttle 

position 
Manual target update ( N69) 
Throttle down 
Landing radar to high scale (circuit 

breaker cycle) 
Landing radar velocity data good 
Landing radar range data good 
Enable altitude updates 
Select approach phase program ( P64) 
Start pitch over 
Landing radar redesignation enable 
Landing radar antenna to position 2 
Select attitude hold mode 
Select landing phase program (P66) 
Le:rt pad touchdown 
Engine shutdown (decreasing thrust 

chamber pressure) 
Right, fo:rward,and a:f't pad touchdown 

'-
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of an unwanted abort, a work-around procedure was developed by ground 
personnel and was rela;yed to the crew for manual entry into the lunar 
module computer. Part one of the four-part procedure was entered into 
the computer just a:rter the final attitude maneuver for powered descent. 
The remainder was accomplished after the increase to the full-throttle 
position. Part one consisted of loading the abort stage program number 
into the mode register in the erasable memory which is used to monitor 
the program number displa;yed to the crew. This did not cause the active 
program to change, but it did inhibit the computer from checking the 
abort command status bit. At the same time, it inhibited the automatic 
command to full-throttle position, automatic guidance steering, and it 
affected the processing of the landing radar data. Therefore, in order 
to reestablish the desired configuration for descent, the increase to 
full-throttle position was accomplished manually and then the second, 
third, and fourth parts of the procedure were entered into the computer. 
In order, they accomplished: 

a. Setting a status bit to inform the descent pro gram that throttle
up had occurred and to re-enable guidance steering 

b. Resetting a status bit which disabled the abort programs 

c. Replacing the active program number back into the mode register 
so that landing radar data would be processed properly after landing 
radar lock-on 

The abort capability of the primary guidance system was lost by use of 
this procedure. Therefore, it would have been necessary to use the abort 
guidance system if an abort situation had arisen. 

Prior to powered descent maneuver ignition, the landing radar scale 
factor switched to low, which prevented acquisition of data through the 
first 400 seconds of descent. (For further discussion, refer to sec
tion 14.2.4.) The crew cycled the radar circuit breaker, which reset 
scaling to the high scale, and landing radar lock-on occurred at 22 486 
feet. Figure 14-22 is a plot of slant range as measured by landing radar 
and as computed from primary guidance system state vectors. Figure 8-3 
is a plot of altitudes computed by the abort and primary guidance systems 
and shows a 3400-foot update to the abort guidance system at the 12 COO
foot altitude. 

Throttle oscillations that had been noted on previous flights were 
not detected during the descent although some oscillation in the auto
matic throttle command was detected a:rter descent engine manual shutdown. 
The reaction control system propellant consumption during the braking 
phase and approach phase programs was approximately half that seen on 
previous missions. Further discussion of these two areas will be pro-
'ided in a supplement to this report. 
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Figure 8-3.- Comparison of altit udes computed by abort and 
primary guidance systems du ring descent. 

108:16 

While on the lunar surface, a t est was performed to compute gravity 
using primary guidance system accelerometer data. The value of gravity 
was determined to be 162 . 65 cm/sec2. 

Performance d uring the ascent from the lunar surface was nominal. 
The primary and abort systems and the powered flight processor data com
pared well throughout ascent. The ascent program in the onboard computer 
does not include targeting for a specific cutoff position vector; there
fore, a vernier adjustment maneuver of 10 . 3  ft/sec was performed to sat
isf.Y the phasing conditions for a direct rendezvous with the command and 
service module. 

Performance throughout rendezvous, docking, and the deorbit maneuver 
was also nominal. The velocity change imparted to the lunar module at 
jettison was minus 1 .94 , minus 0 .0 5 , and minus 0 . 10 ft/sec in the X, Y, 
and Z axes, respectively. 
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The abort guidance syst em funct ioned properly unt il t he braking 
phase of t he rendezvous wit h t he command and service module when a fail
ure caused t he syst em t o  be down-moded t o  t he st andby mode and resulted 
in t he loss of t his syst em for t he remainder of t he mission. Anot her 
anomaly report ed was a crack in the glass window of the address register 
on t he data ent ry and displa;y assembly. These anomalies are discussed 
in sect ions 14.2. 5 and 14. 2. 6, respect ively. 

8.7 DESCENT PROPULSION 

The descent propulsion syst em operat ion was sat isfactory .  The engine 
t ransient s and t hrot t le response were normal. 

8. 7 .1 Inflight Performance 

The durat ion of t he powered descent firing was 7 64.6 seconds. A 
manual t hrot t le-up t o  t he full t hrot t le posit ion was accomplished approx
imat ely 26 seconds aft er t he engine-on command. The throttle-down to 
57 percent occurred 381 seconds after ignit ion, about 14 seconds earlier 
t han predict ed but wit hin expect ed t olerances. Three seconds of the 14 
are at t ribut ed t o  t he landing sit e offset t o  correct for t he downrange 
error in act ual t raject ory, and t he remaining 11 seconds t o  a t hrust in
crease of approximat ely 80 pounds at t he full-t hrot t le position. 

8.7. 2 Syst em Pressurization 

During t he period from lift -off t o  104 hours, t he oxidizer tank ull
age pressure decayed from 111 to 66 psia and t he fuel tank ullage pres
sure decreased from 138 t o  111 psia. These decays resulted from helium 
absorpt ion int o t he propellant s and were wit hin t he expected range. 

The supercrit ical helium syst em performed as anticipated. The sys
t em pressure rise rat es were 8.0 psi/hour on t he ground and 6. 2 psi/hour 
during t ranslunar coast, which compare favorably wit h the preflight pre
dict ed values of 8.1 psi/hour and 6.6 psi/hr, respectively. During pow
ered descent , t he supercrit ical helium syst em pressure profile was well 
wit hin t he nominal ±3-sigma pressure band, even though the pressure at 
ignit ion was about 50 psi lower t han anticipat ed. 

8.7 .3 Gaging Syst em Performance 

The gaging syst em performance was satisfact ory throughout the mis
:ion. The low-level quant it y light came on approximately 711 seconds 
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after ignition, and was most probably triggered by the point sensor in 
oxidizer tank 2 .  Engine cutoff occurred 53 seconds after the low-level 
signal, indicating a remaining firing-time-to-depletion of 68 seconds. 
Using probe data to calculate remaining firing time gave approximately 
7 0  seconds rema�n1ng. This is within the accuracy associated with the 
propellant quantity gaging system. 

The new propellant slosh baffles installed on Apollo 14 appear to 
be effective. The propellant slosh levels present on Apollo 11 and 12 
were not observed in the special high-sample-rate gaging system data of 
this mission. 

8.8 ASCENT PROPULSION 

The ascent propulsion system duty cycle consisted of two firings -

the lunar ascent and the terminal phase initiation. Performance of the 
system for both firings was satisfactory . Table 8-VI is a sununary of 

1[ 

TABLE 8-VI.- STEADY-STATE PERFORMANCE DURING ASCENT 

10 seconds arter ignition 400 seconds after ignition 

Parameter 
Pred.i cted

a 
Measured

b 
Pred.i cted8 

Measure db 

Regulator outlet pressure, psia 184 182 184 181 

Oxidizer bulk temperature, °F 70.0 69.4 69.0 69.4 

Fuel bulk temperature, °F 70.0 69.8 69.8 69.4 

Oxidizer interface pressure, psia 170.5 168 169.1 167 

Fuel interface pressure, psia 170.4 169 169.7 167 

Engine chamber pressure, psia 123.4 121 123.2 120 

Mixture ratio 1.6o7 - 1.598 -

Thrust, lb 3502. - 3468. -

Specific impulse, sec 310.3 - 309.9 -

&preflight prediction based on acceptance test data and assuming nominal system p erformance. 
bActual flipt data vitJI no adJustaenta. 

l . . '!' • 
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actual and predicted performance during the ascent maneuver. The dura
tion of engine firing for lunar ascent was approximately 432 seconds , 
and for terminal phase initiation, 3 to 4 seconds. A more precise esti
mate of the terminal phase initiation firing time is not available be
cause the firing occurred behind the moon and no telemetry data were 
received. System pressures were as expected both before and after the 
terminal phase initiation maneuver and crew reports indicate that the 
maneuver was nominal. 

No oscillations were noted during flight in either helium regulator 
outlet pressure measurement. Oscillations in the outlet pressure of 
6 to 19 psi have been noted in previous flight data. Also, oscillations 
of a sinrllar nature and approximately twice that magnitude were noted 
during preflight checkout of the ascent propulsion system class I second
ary helium regulator. However, during flight, control is maintained, 
normally, by the class I primary regulator. 

8. 9 ENVIRONMENTAL CONTROL AND CREW STATION 

Performance of the environmental control system was satisfactory 
throughout the mission. Glycol pump noise, a nuisance experienced on 
previous missions, was reduced below the annoyance level by a muffler 
on the pump system. Although the water separator speed was higher than 
expected much of the time, the separator removed water adequately and 
there were no problems with water condensation or cabin humidity. 

Because of water in the suit loop on Apollo 12 (ref. 1), a flow re
strictor had been installed in the primary lithium hydroxide cartridges 
to reduce the gas flow in the suit loop and, thereby, reduce water sep
arator speed below 3600 rpm. (Separator speed is a function of the water 
mass to be separated and the gas flow. ) However, the water separator 
speed was above 3600 rpm while the suit was operated in the cabin mode 
(helmets and gloves removed). The high speed when in the cabin mode re
sulted from low moisture inputs from the crew (approximately 0.14 lb/hr) 
and a high gas flow caused by low back pressure which, in turn, developed 
from a low pressure drop across the suit. 

During preparations for the first extravehicular activity, the trans
fer hose on_the urine collection transfer assembly was kinked. The kink 
was eliminated by moving the hose to a different position. 

The crew repeatedly had trouble getting the lunar module forward 
window shades to remain in their retainers. The shades had been processed 
to reduce the curl and prevent cracking, a problem experienced on previous 
flights. In reducing the curl, the diameter of the rolled shades was in
creased so that the shades would not fit securely in the retainers. For 
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Apollo 15 , the shades will be fabri cated to permit them to be rolled 
small enough to be held se curely by the retainers . 

The interim stowage as sembly could not be secured at all times be
cause the straps could not be drawn tight enough to hold . This problem 
resulted from stretch in the fabric and in the sewing tolerances . In 
the future , more emphasis will be placed upon manufacturing fit che cks 
and crew compartment fit checks to as sure that the problem does not 
recur . 

8 . 10 EXTRAVEHICULAR MOBILITY UNIT 

Performance of  the extravehi cular mobility unit was very good during 
the entire lunar sta¥ . Oxygen ,  feedwater , and power consumption ( sec
tion 8 . 11 . 7 ) allowed each extravehi cular period to be extended approxi
mately . 30 minutes with no depletion of contingency res erves . Comfortable 
temperatures were maintained using the diverter valve in the minimum pos i
tion throughout most of both extravehi cular activities . 

Preparations for the first extravehi cular activity proceeded on 
s chedule with few excepti ons . The dele¥ in start ing the first extra
vehicular activity occurred while the portable li fe support system power 
was on , resulting in battery power being the limiting consumable in de
termining the extravehi cular sta¥ time . 

Oxygen consumption of the Lunar Module Pilot during the first extra
vehicular activity was one-third higher than that of the Commander . Tele
metry data during the Lunar Module Pilot ' s  suit integrity check indi cated 
a pressure decay rate of approximately 0 . 27 psi /min ; a rate of 0 . 30 ps i /  
min is allowable . In preparation for the s econd extravehi cular activity , 
special attention was given to cleaning and relubri cating the Lunar Module 
Pilot ' s  pressure garment ass embly neck and wrist ring s eals in an e ffort 
to lower the extravehi cular mobi lity unit leak rate . A 0 . 22 psi /min pres
sure decay rate was reported by the Lunar Module Pilot prior to  the s econd 
extravehicular activity . Post flight unmanned leak rate tests on the Lunar 
Module Pilot ' s  pressure garment assembly show no signi fi cant increase in 
leakage . 

11 

Just prior to lunar module cabin depressuri zation for the s econd 
extravehi cular activity , the Lunar Module Pilot reported a continuous 
force in his right extravehi cular glove wrist pulling to the left and 
down . A more detailed dis cus s ion is given in  s ecti on  14 . 3 . 2 .  The ex
travehicular activity started and was completed without any reported 
di fficulty with the glove . 

L. L 
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8 . 11 CONSUMABLES 

On the Apollo 14 mission , all lunar module consumable s remained 
well within red line limits and were c lose to predicted values .  

8 . 11 . 1  Des cent Propulsion System 

Propellant . - The quantities o f  des cent propuls ion system propellant 
loading in the following table were calculated from readings and meas ured 
densities prior to li ft-off . 

Actual quanti ty , lb 
Condition 

Fuel Oxidi zer Total 

Loaded 7072 . 8  11 344 . 4  18 417 . 2  

Consume d  6812 . 8  10 810 . 4  17 623 . 2 

Remaining at engine cutoff 

Total 260 . 0  5 34 . 0  794 . 0  

Usable 228 . 0  400 . 0  628 . 0  

Supercritical helium. - The quantities of supercritical helium were 
determined by computation utili zing pressure measurements and the known 
volume of the tank . 

11 l 

Quantity , lb 
Condition 

Actual Predi cted 

loaded 48 . 5  

Consumed 42 . 8  39 . 2  

a
( 4o . 8 )  

Remaining at touchdown 5 . 7  9 . 3  

a
( 7 . 7 ) 

a
Adj usted prediction to account for longer-than-planned fi ring 
duration . 

.. .  ' . "'; .: L 



11 

8-18 

8 . 11 . 2  Ascent Propulsion Syst em 

Prop ellant .- Ascent pro pulsion syst em total propellant usa ge was 
w ithin approximately 1 per cent of t he predict ed value. The loadings in 
t he following tab le w ere det ermined from measur ed densit ies prior t o  
launch an d  from weight s  of off-loaded propellant s. 

Act ual quant ity , lb 
Predict ed 

Condit ion quant ity , lb 
Fuel Oxidizer Total 

Loaded 2007 . 0  3218 . 2  5 225 . 2  

Total consum ed 1879 . 0  3014 . 0  489 3 . 0  4956 . 0  

Remaining at lunar 128 . 0  204 . 2  332 . 2 265 . 8  
module jett ison 

Helium.- The quant it ies of as� ent propulsion syst em helium were 
det ermined by pressure measureme nt s an d  t he known volume of t he tank. 

L 

Loaded 

Consumed 

Re maining 

. .  ' . 
..... 

Condit ion 

at lunar modul e impact 

' .. ' 
..... 

Act ual 
quant it y, lb 

1 3 . 4 

8 . 8 

4 . 6  
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8 . 11 . 3  Reacti on  Control System Propellant 

The reacti on control system propellant cons umpti on was calculated 
from telemetered helium t ank pres sure histories us ing the relati onships 
between pressure , volume , and temperature . 

Actual , lb 
Conditi on Predi cted, lb 

Fuel Oxi di zer Total 

Loaded 

System A 108 209 
System B 108 209 

Total 216 418 634 633 

Consumed to 

Docking 260 283 
Impact 378 39 3 

Remaining at lunar impact 256 240 

� ' ' • -
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8 . 11 .  4 Oxygen 

The oxygen t ank was not loade d to the nominal 2730 ps ia us ed for 
previous miss ions because of a poss ible hydrogen embrittlement problem 
with the des cent stage oxygen tank . Launch pressure for the tank was 
an indicated 2361 ps ia.  

Conditi on 
Actual Pre di cted 

quantity , lb quantity , lb 

Loaded ( at li ft-off ) 

Descent stage 42 . 3  
As cent stage 

Tank 1 2 . 4  
Tank 2 2 . 4  

Total 47 . 1  

Consumed 

Des cent stage 24 . 9  2 3 . 9  
Ascent stage 

Tank 1 ( a) 1 . 1  
Tank 2 0 0 

Total 25 . 0  

Remaining in descent stage at 
lunar li ft-off 17 . 4  18 . 4  

Remaining at docking 

Tank 1 ( a) 1 . 3 
Tank 2 2 . 4 2 . 4  

Tot al 3 . 7  

a
Consumables dat a are not available because the tank 1 pres sure 

transducer mal functioned before launch . 
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8 . 11 . 5 Water 

In the following t able , the actual quantities loaded and constuned 
are based on telemetered data. 

Condition Actual Pre di cted 
quantity , lb quantity , lb 

Loaded ( at lift-off )  

Des cent stage 255 . 5  
As cent s tage 

Tank 1 42 . 5  
Tank 2 42 . 5  

Total 340 . 5  

Consumed 

Des cent stage ( lun ar li ft-off 200 . 9  190 . 9  
As cent stage ( docking} 

Tank 1 6 .0 6 . 2  
Tank 2 5 . 8  6 . 2  

Total 212 . 7  203 . 3  

As cent s tage ( impact ) 
Tank 1 14 . 4  -

Tank 2 14 . 9  -

�ot al 230 . 2  -

Remai ning in des cent stage at 5 4 . 6  59 . 1  
ll.mar li ft-off 

Remaining in as cent stage at 
impact 

Tank 1 28 . 1  -

Tank 2 27 . 6  -

To1!al 55 . 7  -

a 
Consumed during flight , both stages . 

, . . . . -
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8 . 11 . 6 Electri cal Power 

The tot al battery energy us age is given in the following t able . 
Pre flight predictions versus actual us age were within 3 percent . 

Available Electri cal power consume d ,  A-h 
Batteries power, 

A-h Actual Pre di cted 

Des cent 1600 1191 1220 

As cent 592 128 125 

· -
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8. 11. 7 Extravehicular Mobility Un it 

Oxy gen, feedwater and pow er cons umption of the extravehicular mobil
ity unit for both ext ravehicul ar periods are s how n  in the follow ing table . 

C ommander Lunar Module Pilot 
C ondition 

Actual Predicted Actual Predic te d  

Firs t extravehicular activity 

Time, m in 288 255  288 25 5  

Oxy gen, lb 
Loaded 1. 31 1. 31 1. 31 1. 31 
C ons umed o .  70  0 . 97 1. 02 0 . 97 
Remaining 0 . 61 0 . 34 0 . 29 0 . 34 

Feedw ater, lb 
Loaded 8. 5 9 8. 55  8. 66 8 . 55 
C ons umed 4. 85 7. 0 8  5 .  71 7. 08  
Remaining 3. 74 1. 47 2 . 95 1. 47  

Pow er, W-h 
I nitial charge 282 282 282 282 
C ons umed 2 28 22 3 237 22 3 
Remaining 5 4 5 9 45 59 

S econd extravehicular activity 

Tim e, m in 275 255 275 2 55 

Oxy gen, lb 
Lo aded 1. 26 1. 31 1. 26 1. 31 
C ons umed 0 . 86 1. 0 2  0 . 9 6  1. 02 
Remaining 0 . 40 0 . 29 0 . 30 0 . 29 

Feedwater, lb 
Loaded 8. 80 8. 55  8. 80 8. 55 
C ons umed 

a
6. 43 7 . 5 5  

a
7. 13 7. 55 

Rem aining 
a

2. 37 1. 0 
a

1. 67 1. 0 

Pow er, W-h 
I nitial charge 282 282 282 282 
Cons umed 225 225 222 225 
Remaining 57 57 60 57 

�s tim ate based on extravehicular mobility unit s our ce heat pre
dictions becaus e portable life s upport s ys tem feedw ater we ight w as 
not taken follow ing the s ec ond extravehicul ar activi ty. 

I 
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Apollo 14 fli ght crew 

C ommander Alan B. Shepard, Jr. (center) , Command Module Pi lot Stuart A. Roos a  (left) , 
an d  Lunar Module Pi lot Edgar D. Mi tchell 
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9. 0 PILOT ' S REPORT 

Th e  Ap oll o  14 mission expanded the techniques an d  overcame some of 
the op erational limitations of previous l unar lan ding missions. Sp ecific 
differences incl uded p erforming onboard cisl unar navigation to simulate 

L 

a return to eart h with no communi cations� us ing the serv ice p ropulsion 
system for the descent orbit maneuv er� lan ding in the lunar high lan ds� 
ext ending the l unar surface excur sion time an d  making a lunar-orbit ren
dezv ous during the first revol ution of the spacecraft.  T he detailed 
fligh t plan � executed in its entirety, was used as a reference for the 
activities of the pil ots during the mission (fig. 9- 1, at end of section) . 

9. 1 TRAINING 

· The formal training for this crew was conducted ov er a time span of 
20 months in general accordance w ith the schedul es used for p revious 
missions. The training equipment an d  me thods were concluded to be ex
cell ent an d  are recommended for subsequent crews essentiall y unchanged. 
Although none of the crew members had compl eted actual fl ight exp erience 
in the Ap oll o  p rogram, each of the pil ots fel t  that he was compl etel y  
ready for all p hases of the fligh t. 

9.2 LAUNCH 

The coun tdown proceeded on schedule with no p roblems encoun tered 
in the area of crew integration or ingress. Th e  general condition of 
the crew station an d  display s was excell ent. Th e  crew was kept well 
informed of the natur e of the laun ch del ay an d  was ap prised of launch 
az imuth chan ge p rocedures; accordingly , that p hase went smoothly. T he 
Commander noted no visible moisture on windows 2 an d  3 either prelaunch 
or during atmosp heric flight. Th e  p rop riocep tive cues rep orted by 
earlier crews were essentially un chan ged during the launch of Ap oll o 14. 
No communication difficulties were noted during the launch. A very 
slight l ongitudinal oscillation occ urred during second stage fl ight 
starting at 8 mi nutes 40 seconds an d  continuing through shutdown. Th e  
launch p rofiies fl own during preflight training on the dy nam ic crew p ro
cedures simulator an d  the command module simulator were more than ade
quate for crew p reparation. 

' . 
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9 . 3  EARTH ORBIT 

This crew had placed speci al emphasis on sui ted t raining peri ods 
in the command module s imulator for this particular phase .  The space
craft system checks and unstowage of equipment were performed s lowly 
and precis ely coinci dent with the process of familiari zation with the 
weightless state . No anomalies or di ffi culties were noted. 

The Command Module Pilot noted that , although he had heard the 
opti cs cover j ettis on , there was no debri s , and a finite period of sev
eral minutes of dark-adapti on was required to permit viewing of stars 
through the telescope . The extension of the docking probe is mentioned 
here only to indicate that it was extended on s chedule , per the che ck
list , with no problems noted from either audi o or visual cues . 

9 . 4  TRANSLUNAR INJECTION 

The delay in launch produced off-nominal monit oring parameters with 
the second S-IVB firing . These updates were forwarded smoothly and in 
a t imely fashi on so that all preparations for the inj ection were normal . 
Attitude control of the S-IVB was excellent and right on s chedule . The 
ignition was on time , pos itive , and without roughness . The gui dance 
parameters comparis on between the command module computer and the in
strumentation unit was very clos e . A very light vibrat i on or buzz was 
noted toward the end of the powered phase , and is menti oned only to in
form future crews as to a res onance reference point . The state vect or 
conditi ons at cutoff were excellent and the t anks vented on s chedule . 
The Commander and Command Module Pilot changed couch positi ons in accord
ance with the flight plan .  

9 . 5  TRANSLUNAR FLIGHT 

9 . 5 . 1 Transpos ition and Docking 

The physic al separation from the S-IVB closed two propellant i s o
lation valves on the service module reaction control system . These 
were immedi ately reset with no problems . The entry monitor system was 
not used as a reference during any port i on of the t ranspos iti on and 
docking maneuver .  The plus-X thrusting on separation and the initi al 
thrusting to set up a closing velocity were performed us ing the event 
timer.  

11 l , ., . .  '!' .  ' -
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Several attempts were required before docking was s ucces s fully 
achieved. [ Editor ' s  note : Six contacts were made an d  these are referred 
to as six " docking attempts " in other sections of the report . The pi lots 
consi dered the first two contacts to be one attempt . ]  The first attempt 
was made at a closi ng velocity of approximately 0. 1 to 0 . 2 ft /sec . At 
contact , the capture lat ches did not lock with the drogue . Plus-X thrust 
was used to drive the probe b ack into the drogue , but agai n ,  capture was 
not achieved.  All switches and circuit breakers were verified by the 
checklist and another docking attempt was made with a closing velocity 
of approximately 1. 0 ft /s ec . The lat ches again failed to capture on this 
pass . The procedures were verified with Houston and the docking probe 
switch was placed to extend , then b ack to retract ( the talkb acks were 
veri fied gray in both positions ) .  On the third attempt , plus-X thrust 
was held for approximately 4 seconds after drogue contact , but the lat ches 
failed to capture . Three prominent s crat ches , approximately 2 inches long 
and spaced 120 degrees around the drogue , were noted at this time and 
Houston was informed.  The s crat ches started near the hole in the drogue 
and ·extended radially outward. The docking probe switch was placed to 
extend-release for 5 seconds , then back to retract ; the talkbacks were 
verified gray in both positions . Another attempt was made us ing normal 
procedures , and again , no capture was achieved . On the fi fth and final 
attempt , the probe was aligned in the drogue and held with plus-X thrust . 
The primary 1 retract swit ch was actuated , and approximately 4 to 5 sec
onds later , the talkbacks went barberpole , then gray , and the docking 
ring lat ches were actuated by the lunar module docking ring. The post
docking procedures were performed us ing the normal crew checklist and the 
locking of all twelve latches was verified.  

Immedi ately upon lunar module ejecti on , a maneuver was started to 
vi ew the S-IVB . As s oon as the S-IVB was in sight , Houston was noti fi ed . 
An S-IVB yaw maneuver was then commanded in preparation for the auxi li ary 
propulsion system evasive maneuver .  Both the auxi li ary propuls ion system 
evasive maneuver and the propellant dump of the S-IVB were visually moni 
tored . The S-IVB was stable when last viewed by the crew . 

The probe and drogue were removed during the first day for examin
ation and checkout using the crew checklist and procedures provi ded by 
the Mission Control Center . The probe fun ct ioned properly at that time . 

9. 5. 2 Translunar Coast 

A clock update was performed at approximately 55 hours to compens ate 
for a weather hold of approximately 40 minutes during the launch count
down . This procedure was an aid to the Command Module Pilot whi le in  
lunar orbit because 

·
it eliminated the need for numerous updates to the 

Command Module Pilot ' s  s olo b ook . 
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9 . 5 . 3  Midcours e Correcti on 

Two midcourse corrections were performed during the trans lunar coast 
phase . The first midcourse correction was performed at the second option 
point and placed the spacecraft on a hybri d trajectory . The maneuver was 
performed under control of the guidance and control system with resi duals 
of plus 0 . 2 , zero , and minus 0 . 1 ft /se c .  The second midcourse correction 
was performed at the fourth option point and was target ed for a velocity 
change of 4 . 8  ft /sec . It was a servi ce propuls ion system maneuver per
formed under control of the gui dance and control system . The resi duals 
were plus 0 . 3 ,  zero , and minus 0 . 1 ft /sec . 

9 .6 LUNAR ORBIT INSERTION 

Res iduals resulting from the lunar orbit insertion maneuver were 
plus 0 . 3 ·, zero , and zero ft /sec . The fi ring time was within 1 se cond 
of the pad valuea. The only unexpected item noted during this maneuver 
was the operation of the propellant utili z ation and gaging system . The 
preflight brie fings on the system indi cated that , at cros s over , the un
balance meter would os cillat e  and then settle out in the 100 to 150 in
crease position . At cross over , during the actual maneuver , the unbalance 
meter went from its decrease pos iti on smoothly up to approximately zero . 
It was controlled about the zero point using the increase and normal 
pos iti ons of the switch . 

9 .7 DESCENT ORBIT INSERTION 

On Apollo 14 , for the first time , the des cent orbit insertion 
maneuver was made with the s ervi ce propuls ion system . The command mod
ule computer indicated a 10 . 4- by 5 8 . 8-mi le orbit after the maneuver.  
The Network indi cated a 9 . 3- by 5 9 . 0-mi le orbit . The fi ring time observ
ed by the crew was 20 . 6  seconds . Pad fi ring time was 20 . 8  seconds . The 
maneuver was controlled by the guidance an d  control system with command 
module computer shutdown . Immedi ately after the des cent orbit ins ertion 
maneuver , the spacecraft was oriented to an attitude from whi ch an abort 
maneuver could have been performed i f  requi red ,  and short ly after acqui 
siti on of s i gnal , Houston gave a "go" to stay in the low orbit . Pad 
firing time was the crew monitoring shutdown criteria.  This technique 
virtually eliminated the possibility of an unacceptab le overspeed. 

�ad values are the voi ce-updated parameter values used to perform 
a maneuver . 

L ' . -
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9 .  8 LUNAR MODULE CHECKOUT 

The checkout of the lunar module was conducted in two phas es -
the first _during t rans lunar coast and the second on the dB\Y' of the de
scent . Pressure readings , prior to entering the lunar module , indi cated 
that the lunar module had a low leakage rate . Power t rans fer to the 
lunar module occurred at 61 : 41 : 11 .  The only anomaly was a s li ghtly low 
voltage reading on battery 5. There were ab out five or six very small 
s crews and washers floating around upon ingress .  During this peri od ,  
16-mm motion pi ctures were made of · a  command module waste water dump . 
Some additional housekeeping and equipment trans fer served to reduce the 
workload on des cent dB\Y' . Power was trans ferred b ack to the command mod
ule at 62 : 20 : 42 .  

The second lunar module checkout was accomplished on the s ame dB\Y' 
as powered des cent initiation . Two checklists , one for each pilot , were 
used to speed up the activation process . The Commander and the Lunar 
Module Pilot both sui ted in the command and service module pri or to in
travehicular trans fer , but all equipment had been located the night be
fore to assure that this would be a timely and success ful process . An 
electrode problem with the Lunar Module Pilot ' s  bios ens ors made this 
period full with no extra time available . The window heaters were used 
to clear s ome condens ati on found after ingress .  The probe and drogue 
were installed and checked with no problem. Prior t o  reacti on control 
system pressuri zation , the system A main shutoff valve cli cked during 
recycle , indi cating that it was probably closed at that time . 

The remainder of the activat i on proceeded without incident unti l  
separation .  Subsequent to s eparat i on ,  the checkout o f  the lunar module 
systems continued with only two additi onal problems becoming evident . 

a. The S-band antenna behavior was errat i c  at various times when 
in the " auto" t rack mode . On two occasi ons , the S-band antenna circuit 
breaker opened without apparent reason , but functioned properly upon 
being reset . On at least two other occas ions , the ground signal was 
lost unexpectedly . The antenna drove to the mechani cal stop ,  at which 
time the breaker opened ( as  expected ) . An unusually loud noise associ
ated with the antenna was noted. It was subsequently found , by observing 
the antenna shadow on the lunar surface , that the nois e  was coinci dent 
with an oscillation in  both pitch and yaw .  Upon one occasion , the antenna 
pitch position indicator dial was observed to be full-s cale up , with the 
antenna functioning properly . This anomaly corrected its elf a short time 
later and did not recur . 

b .  The other maj or problem, which occurred before powered des cent 
initi ation ,  was observed by the Mission Control Center . The crew was 

' . ' 
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advised of an abort dis crete bei ng set i n  the lunar module gui dance c om
puter with the abort button res et . The crew did not part i c ipate signifi
cantly in s olving this problem except to follow the i nstructi ons given 
by the Miss ion Control Center . The remainder of th e lunar module check
out was nominal up t o  the point of powered des cent ini t i at i on . 

9 .9 POWERED DESCENT 

The primary gui dance computer was us ed to sele ct the des cent pro
gram for an ini ti al igni tion algorithm checka about 50 mi nutes pri or to 
act ual i gniti on .  The c ompute r  was als o t argeted for a no-ignition ab ort 
at this time . Final systems checks and switch setti ngs were then made 
and the ab ort gui dance system was initi ali zed t o  the ground stat e  vector 
(which had been uplinked 30 minut es pri or to igni tion ) .  The anomalies 
present at thi s  time included the computer abort bit problem and the 
S-b and · steerab le antenna malfunct i on .  To as s ure conti nuous c ommunica
ti ons , a decis ion was made to us e  omni di re ct i onal antennas during powere d 
des cent . 

The des cent program was res ele cted i n  the primary compute r  at i gni
ti on minus 10 minutes and a final atti tude t rim was completed about 5 min
ute s  later . The fi rst computer ent ry ,  to inhibit the ab ort command , was 
made j ust after final t rim. The remaini ng ent ries were made aft er igni
t i on .  Both the ullage and the i gniti on were aut omat i c  and o ccurred on 
time . The engine was throttle d-up manually by the Commander 26 seconds 
after ignition . The th rottle was returned to the i dle pos iti on after 
the c omputer entri es had been completed ,  at ab out 1 minute 25 s econds 
into the firi ng . The c ompute r  gui dance was initiali zed ,  by manual key
board e ntry , about 42 s ec onds after ignition . A landing point t arget 
update of 2800 feet downrange was entered manually ab out 2 minutes 15 sec
onds after ignition . The steering equat i ons and t orque-t o-inertia rat i o  
of the lunar module s imulat or are nearly identi c al t o  those for the actual 
vehicle . Therefore , the pi lot ' s  pre flight t raining was comp letely ade
quate for the actual vehicle respons e exhibited during the des cent phas e . 

The throttle recovery point occurre d about 12 seconds prior t o  the 
predi cted t ime . The alti tude and velocity lights of the c omputer dis 
play continuous ]¥ indi cated that landing radar data were invali d t o  an 
altitude well below the n ominal updat e level . A c all was receive d  from 
the Mis s i on Control Center t o  " cycle the landing radar ci rcuit b reaker . "  
This allowed a vali d  updat e . The lights extingui shed and the computer 
entry was made to enable thi s  funct i on at an alti tude of ab out 
21 000 feet . The CQDimander did not evaluate manual control after 
throttle recovery , as planne d ,  becaus e the time required for the landing 
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radar updat e precluded such acti on .  Th e  ab ort gui dance system followed 
the primary system very closely during the period pri or to landi ng radar 
update . There was , therefore , only a s ingle altitude update to the 
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abort system. This update was made at an altitude of 12 000 feet . There 
was no abnormal divergence of the abort gui dance system through the re
mainder of the landing phase . 

The landing program of the primary computer was entered 8 minut es 
44 seconds after igniti on and at an altitude of about 8000 feet . The 
vehicle pitched down , as expected , and the lunar surface was readi ly 
vis ible . The target landing point was re cogni zed immedi at ely by the 
Commander without reference t o  the computer landing point designator . 
The unique terrain pattern contributed to this succes s ful recogni ti on ,  
but the determining factor was the high fi delity of the s imulator vis ual 
display and the training t ime associated with the devi ce . The fi rst com
paris on of the landing point designator showed zero errors in  cross range 
and down range . A redes ignation of the target poi nt 350 feet to the 
south was made at an altitude of about 2700 feet to allow a landing on 
what had appeared to be smoother terrain i n  the pre flight studies of 
charts and maps . Several cros s references between the target and the 
landing point des ignator were made until an altitude of about 2000 feet 
was reached ,  and good agreement was not ed .  At s ome alt itude les s than 
1500 feet , two things became apparent - fi rst , that the redesignated 
( s outh ) landing point was too rough and , second , that the automati c  land
ing was to occur short of the target . 

The manual des cent program was initiated at an altitude of 360 feet 
at a range of approximately 2200 feet short of the des ired target . The 
lunar module was controlled t o  zero des cent rate at an altitude of about 
170 feet above the terrai n .  Trans lat i on maneuvers forward an d  to the 
right were made to aim for the point originally targeted. Although this 
area appeared to be gradually sloping , it was , in general , smoother than 
the ridge s outh of the target . The fact that no dust was noted during 
the trans lation was reassuring because it helped corroborate the primary 
computer altitude . Velocity on the cros s  pointer was about 40 ft /s ec  
forward at manual takeover and this was gradually reduced to near-zero 
over the landing point . A cross velocity of ab out 6 ft /sec north was 
also initi ated and gradually reduced to zero over the landing point . The 
cross pointers ( primary guidance ) were steady and thei r  indi cat ions were 
in  good agre.ement with visual reference to the ground.  Control of the 
vehi cle i n  primary gUidance attitude-hold mode and rate-of-des cent mode 
was excellent at all t imes . The use of the lunar landing training ve
hicle and the lunar module s imulator had more than adequately equipped 
the pilot for his task . It was relat ively easy to pi ck out an exact 
landing spot and fly t o  it with precise cont rol . 

Blowing surface dust was first noted at an altitude of 110 feet , but 
thi s  was not a detrimental factor . The dust appeared to be les s  than 
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6 inches in depth and rocks were re adily vis ible through it . A final 
des cent from 100 feet was made at a des cent rate of 3 ft /s ec ,  with a de
liberate forward velocity of about 1 ft /sec and , es senti ally , zero cros s 
range velocity .  The forward velocity was maintained unti l  touchdown to 
preclude backing into any small craters . To provi de a s oft landing , a 
del� of about 2 seconds was allowed between acqui s ition of the contact 
lights and activation of the engine stop button . Touchdown occurred at 
shutdown with some small dust-blowing action continuing during engine 
thrust t ai loff or dec� . The landing forces were extremely light and 
the vehicle came to rest within 1 degree of zero in pitch and yaw atti
tudes , and with a 7-degree right roll attitude ( northeast tilt ) .  ( Refer 
t o  figure 8-2 . ) 

Some lineati ons were evident in the area of thrust impingement on 
the surface along the final track and in the landing area. As might be 
expected , these areas are generally coinci dent with those in whi ch blow
ing surface dust was noted at low altitudes . The area in the vi cinity 
of the des cent engine after touchdown appeared to have been cratered 
only to a depth of about 6 inches and , as photographs show , only in 
a small , well-defined area.  

There were no spurious thruster fi rings after touchdown . The 
lunar dump valves were recycled with no anomalies noted and the des cent 
engine propellant vents were initiated.  Although the primary guidance 
computer was targeted with a li ft-off time of 10 8 : 24 : 31 ,  this early 
lift-off time was not required.  The lunar "st�" was forwarded by the 
Mission Control Center and the computer was set to idle at 10 8 : 21 : 13 .  

The S-band communi cations were maintained on the forward omni di rec
tional antenna during the des cent , swit ched to  aft at pitchdown , and 
then swit ched to the steerable antenna,  in "slew" mode , after the lunar 
st� was approved .  

9 . 10 LUNAR SURFACE ACTIVITY 

9 . 10 . 1  Cabin Activity 

Operations . - Subsequent t o  lunar module touchdown , lunar surface 
activities progressed in accordance with the checklist . On the check
list is an item requesting a des cription of the lunar surface to the 
Mission Control Center.  Although important from a s cienti fi c  point of 
view , this task proved to be most useful in allowing the crew to accli
mate themselves to the lunar envirortment and , in conjuncti on with Mis
s ion Control , to determine more precisely the locat i on of the lunar mod
ule . In subsequent extravehi cular work , it will be import ant that the 
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crewmen have a precise knowledge of their starting point on the travers e  
map . 

The preparation for the first extravehicular period was nominal at 
all times except for a communications problem whi ch became evident dur
ing swit chover to port ab le li fe support system communicati ons . This 
problem subsequently proved to be the result of cockpit error , whi ch 
points again to the necess ity of having checklists that leave no lati
tude for misinterpretation .  Th e  cue cards utilized during all o f  the 
extravehicular preparations and the post-ext ravehicular activity were 
quite adequate except for the one ent ry .  However ,  the cue cards need 
to be attached more securely to the instrument panel to prevent their 
being dislodged by inadvertent contact . 

Very little s leep was obtained. This resulted primari ly from being 
uncomfortable in the suits , but was als o  due , in a lesser degree , to the 
tilt of the cabin .  The tilt was especially noticeable during the s leep 
periods and made s leep di ffi cult because the crew was uneasy in this awk
ward positi on .  It is the crew ' s  feeling that an uns uited sleep peri od 
would greatly contribute to suffi cient crew sleep for the longer mis s i ons . 

In general , the lunar module cabin provi ded an adequat e bas e  of op
erati ons during lunar surface activities in spite of the small area and 
the 7-degree tilt . Howeve r ,  it is felt that , were the lunar module to 
land on terrain inclined more than ab out 10 to  12 degrees , s ome di ffi
culty would be experienced in moving about the cabin . 

Equipment . - On the lunar surface , the alignment opti cal teles cope 
was s atis factorily used to align the plat form. Re flections in the align
ment optical teles cope appeared to come from the lunar module rendezvous 
radar antenna and the lunar module upper surfaces . These reflections 
eliminate the les s-bright stars as c andi dates for use . During alignment 
optical telescope sighting , the radar antenna had drifted from its parked 
position into the field of view of the teles cope . The antenna was re
pos itioned before continuing with the alignments . 

A di ffi culty was experienced with the interim stowage assembly in 
the lunar module cabin . Its retaining brackets did not hold s atis fac
torily . The interim stowage as sembly was continually slipping out of 
the aft ,  upper restraint and interfe ring with cabin activity . There was 
no adequate place to stow used urine bags ; consequently , they were in  
the way until such time that they could be  placed in j ettis on bags for 
disposal .  The dispos able containers and jettison bags which were stowed 
in the 16-mm camera compartment on the left-hand side fell out while the 
camera was being removed ,  creating a short del� during hard-suit opera
tions . 
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Even though extraveh i cular preparat i ons and post -ext ravehi cular 
procedures were quite adequat e ,  meti culous e ffort is requi red to properly 
stow a large number of lunar s urface s amples o Although there i s  ade quat e 
stowage s pace when s amples are prope rly handl e d , i t  i s  imp os s ible t o  es t i 
mate the numb e r ,  s i ze an d  shape of t h e  s amples pri or t o  fli ght 0 Thus , 
much t ime i s  requi red t o  s ort , we i gh an d  stow all of the materi al i n  the 
lunar module c abin in ac cordance with s t owage are a we ight cons t rai nts . 
Mark i ng of wei gh bags as they are s orte d  and s t owed i s  import ant .  

Two h ours aft er landing on the lunar surface , the rendezvous radar 
s at i s fact ori ly performed the command and se rvi ce module tracking exerc i s e . 

9 .10 .2  Egre s s /Ingres s  

During c abin depre s s uri z at i on ,  a c ab in pressure of less th an 0 . 1 psi a  
was requi red before the cabin door could b e  opened eas i ly . The fi rst per
s on out· is crowded as he e gres s es be cause the h at ch c annot be fully opene d 
to the Lunar Module Pilot ' s  s i de with the other crewman s t anding behind 
it . The firs t pers on to egress must remember , or be coach e d , t o  lean t o  
h i s  left dur i ng egress i n  order t o  avoi d the hat ch s e al .  However , the 
h at ch openin g  is adequate . During e gress and ingres s the crew must als o  
rememb e r  t o  mai ntain h ori zont al cle arance i n  order not t o  s crape the 
port ab le li fe support system and remote control unit on the uppe r and 
lowe r hat ch s e als . These t e chniques requi re pract i ce but are worth the 
effort to as s ure i ntegrity of the s e al .  

On previ ous mi s s i ons , dust carrie d  into the c abin during ingres s was 
a prob lem. However , it di d not s e em to be a problem on Apollo 14 , perh aps 
becaus e there was les s dust on the lunar surface , or perhaps , be ing aw are 
of the prob lem made the crew more meti culous i n  contaminat i on control than 
they would h ave been otherwi s e . Care was t aken t o  remove the dus t from 
the pressure garment as s emb ly an d  other equipment be fore entry into the 
cab in . The b rush that was us ed for pre s s ure garment as s emb ly cleaning 
was adequat e . The te chni que of s t ompi ng the b oots against the lunar mod
ule ladder s e emed to help to s ome ext ent . 

During e gres s and ingres s ,  s t ab i l i ty and mob i li ty wh i le on the lunar 
module ladde r is adequat e even wh en gr asping the ladder with one hand. 
Thi s  leaves the other hand free t o  carry equipment . However , one should 
maneuver s lowly and delib e rat ely in order to as sure s t ab ility when nego
t i at ing the · lunar module l adder with one hand . No di ffi culty was e>.."Peri 
enced in pas s ing e quipment from the man on the s urface to the man on the 
ladder .  The ltmar equi pment conveyor and equipment t rans fer bag worke d 
more easi ly  than in one-g s imul at ions . 
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9 . 10 . 3  Lunar Surface Operati ons 

Mobility . - Mobility on the lunar surface i s  excellent . Each crew
man employs a technique for travel that is most. sui ta:ble for that indi
vi dual . The step-and-hop gait appears to requi re a minimum of effort . 
The l/6g simulations in the KC-135 aircraft were adequate to give one a 
feel of the lunar surface gravitational field. The zero-g experienced 
on the way to the moon ai ded considerab �  in conditioning for good mo
bility during operati ons in l /6g. There was very little tendency t o  
over-control or use too much force when us ing tools or walking on the 
lunar surface . 

Vis ibility . - Vis ibility on the lunar surface is very good when look
ing cros s-sun . Looking up-sun , the surface features are obs cured when 
direct sunlight is on the vis or ,  although the sunshades on the lunar ex
travehi cular vis or as sembly helped in reducing the sun glare . Looking 
down-sun , vis ibility is acceptable ; however , hori zontal terrain features 
are washed out in zero phase , and vertical features have reduced vi si
bility . A factor in reducing down-sun vis ibility is that features are 
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in the line of s ight of thei r shadows , thus reducing contrast . A crew
man ' s  shadow appears t o  have a hei ligens chein around it . The vis ibility 
on the lunar surface also distorts j udgment of distance . There is a 
definite tendency to  underestimate distance to terrain features . An 
adequate range finder is essential . 

Navigation . - Navigat i on appears to have been the mos t diffi cult prob
lem encountered during lunar surface activities . Unexpected terrain fea
tures , as compared to relief maps , were the s ource of navigati onal prob
lems . The ri dges and valleys had an average change in elevat i on of ap
proximately 10 to 15 feet . The landmarks that were clearly apparent on 
the navigat i onal maps were not at all apparent on the surface . Even when 
the c rewmen climbed t o  a ridge , the landmark often was not clearly in 
sight . Interpretation of the photography contributes to the navigati on 
problem because photographs of small craters make them appear much smaller 
than they do to the eye . On the contrary , boulders reflect light s o  that 
in the orbital photographs they appear much larger than they do in the 
natural state . Boulders 2 or 3 feet in size s ometimes appear in the 
orbital photography , but crat ers of that s i ze are complete� indis cernible . 

Dust . - Dust on the lunar surface seemed to be less of a prob lem than 
had been anti"cipated. · The dust clings to  s oft , porous materials and is 
easily removed from metals . The pressure garments were impregnat ed with 
dust ; however , most of the surface dust could be removed.  The little 
dust that accumulated on the modular equipment transporter could easily 
be removed by brushing . The lunar map collected dust and required brush
ing or rubbing with ·a glove to make the map us a:b le . 
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Timeline . - Operations on the lunar surface required a much longer 
time than had been anticipated . The planned activi ties require 25 to 
30 percent more time than would be required under one-g condi ti ons . 
Scheduling additional acti vities, i n  the event that certai n port i ons of 
the extravehicular activity have to be cancelled, i s  advisable . 

9 . 10 . 4  Lunar Module Interfaces 

Modular equipment stowa.ge assemb1y . - The release handle was pulled 
and the as s emb ly dropped to a hei ght sui table for operati ons on the 
lunar s urface. The modular equipment stowage assembly was manually 
adjusted to a higher pos iti on to remove the modular equipment tr ans
porter and readjusted to ·a lower pos ition for s ub s equent operat i ons . 
The height adjustments were made without difficulty . The thermal blan
kets were more difficult to take off than had been anticipated . Simi
larly, the thermal b lankets which protected the modular equipment trans 
porter s upported its wei ght and manual removal of the blankets was re
qu ired during modular equipment transporter deployment . 

As on previous fli ghts, all cables used on the lunar s urface had 
s ufficient s et to prevent them from lying flat when deplqyed on the lunar 
surface. Both crewmen became entangled i n  the cables from time to time . 
The cables emanating from the modular equipment stowage as s embly area 
should either b e  buried or routed through restrai ning clips to keep them 
from being underfoot during work around the modular equipment stowage 
assembly. 

Sc ientific equipment bay . - Both the doors and the pallets were re
moved easily from the s cientific equipment b ay  by utili zing the booms . 
The pallets could have been removed manually if requi red. However , the 
hei ght of the pallets was at the limit for eas y manual deployment on 
level terrai n .  

The 
somewhat 
mod ule . 
a pallet 

offloading of the Apollo lunar s urface exper iment package was 
hindered by a s mall crater 8 to 10 feet to the rear of the lunar 
However , s u fficient working area was avai lab le in which to place 
and conduct fueling operations . 

Since the landing gear did not stroke s ignifi c antly dur i ng the land
ing, a jump of about 3 feet was requir ed from the footpad to the lowes t 
rung of the ladder . This provided no appreci able difficulty ; however, 
a fi rm l and ing which would stroke the landing gear a few inches would 
fac i litate a m anual offloading operation as well as egress and ingress .  
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9 . 10 . 5  Lunar Surface Crew Equipment 

Extravehicular mobility unit . - Both extravehicular mobi lity units 
performed well during both of the extravehicular activities . �ere was 
sufficient cooling in the minimum position for normal activity . Both 
crewmen were required to go to intermedi ate , or between minimum and in
termediat e ,  for various periods of time during the climb to Cone Crater 
and the high-speed return from Cone Crater to Weird Crater . However , 
other than during these periods , minimum cooling was used predominantly . 

The Lunar Module Pilot ' s  press ure garment as sembly evi denced a higher
than-usual leak rate for the first extravehicular activity , dropping 0 . 25  
ps i during the 1-minute check . The suit showed no drop during preflight 
checkout . 

The Commander ' s  urine collection trans fer assembly hose had a kink 
in it which prevented proper t rans fer of the urine to the collection bags . 
Before both extravehicular activities it was necess ary to unzip the suit  
and straighten this kink out . In one instance the suit was removed to  
the waist to facilitate acces s .  The only other minor problem with the 
pres sure garment assembly c oncerned the Lunar Module Pilot ' s  right glove . 
The glove developed an anomalous condition before the second extravehi cu
lar activity whi ch c aused it to as sume a natural pos ition to the left 
and down . 

It should be noted that the wrist-ring and neck-ring seals on both 
pressure garment assemblies were lubri cated between extravehicular ac
tivities . At that time , there was very little evidence of grit or di rt 
on the seals . Lubricating the seals between extravehicular activities 
is a procedure that should be continued on subsequent missions . 

Modular equipment transporter . - The modular equipment transporter 
deployed s atisfactorily from the lunar module except as previ ously noted. 
The spring t ensi on on the ret aining clips was sufficient to hold all the 
equipment on the modular equipment transporter during lunar surface ac
tivities . However , with the transporter unloaded ,  the retaining springs 
have suffi cient tens i on to lift it clear of the lunar surface when plac
ing equipment in stowage locations . This was not noti ced after the 
transporter was fully loaded . 

The wheels did riot ki ck up or stir up as much dust as expected be
fore the flight . Very little dust accumulated on the modular equipment 
transporter . 

The modular equipment transporter was st"ab le ,  easily pulled ,  and 
proved to be a very }landy device for both extravehi cular activities . 
Only at maximum speeds did the transporter evi dence any instability 
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and , then , only because of rough terrai n .  This instability was easy t o  
control by h an d  moti on on the tri angular-shaped tongue . 

Hand tool carri er . - The hand tool carrier mated t o  the modular 
equipment transporter well , and was adequately retained by the hand t ool 
carrier retaining clip. All stowage areas except the deep pocket were 
acceptable .  This pocket was very di ffi cult to reach when standing adj a
cent to the modular e�uipment transporter. It is too deep for one t o  
eas ily retrieve small items . With this  exception ,  the hand tool carrier 
performed s atis factorily . 

Cameras . - All cameras carri ed in the lunar module worked well . Only 
two anomalies were noted.  On the Commander ' s  camera , the screw whi ch 
retains the handle and the remote control unit clip worke d loose several 
times and had to  be retightened.  The second anomaly concerned a 16-mm 
magazine whi ch j ammed and produced only 30 feet of us able film. 

The television camera performed s atisfactori ly . It seems to be a 
useful tool for lunar surface exploration .  A remotely operated camera 
with adjustment of focus , zoom , and lens s etting controlled from the 
ground would be very useful in making avai lable lunar surface time pres
ently required for these tasks . 

S-band erectable antenna. - The S-band antenna was easily offloaded 
from the lunar module and presented no problems in deployment except that 
the netting whi ch forms the dish c aught on the feed horn and had to be 
released manually . The antenna obstructs the work area immedi ately 
around the modular equipment stowage assembly . A longer cable would 
allow deployment at a greater distance from the lunar module . Although 
the deployment and erection of the S-band antenna is  a one-man j ob ,  the 
antenna is  more easily aligned with the two crewmen cooperating . 

Lunar surface s cientifi c  equipment .- Offloading of  the Apollo lunar 
surface experiments subpackages was normal , and all operations were ad
equate except for the operation of the dome removal tool . It required 
several attempts to lock the dome removal tool onto the dome . During 
the traverse to the Apollo lunar surface equipment package deployment 
site , the pallets on either end of the mast os cillated vert ically and 
the mast flexe d ,  making the as sembly di fficult to carry and to hold in 
the h ands . However , the arrangement is acceptable for traverse up t o  
approximately 150 ye.rds . · 

There was s ome diffi culty in finding a suitab le sit e  for Apollo 
lunar surface experiments package deployment be cause of undulations in 
the terrain . It was neces s ary  to spend several moments considering the 
constraints that had been placed on Apollo lunar surface experiments 
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package deployment and mat ching those to the s ite  in order that the ex
periments could be properly deployed .  After the site had been select e d ,  
the lunar dust presented s ome problems for the remainder of the Apollo 
lunar surface experiments package deployment . The supratherrnal . ion de
tect or experiment sub-pallet h ad dust  piled up against it and into the 
hidden Boyd bolt , which must be reached blind with the hand tool . Sever
al minutes were wasted before the suprathermal ion dete ctor experiment 
was success fully released from the sub-pallet . Subsequent to  that , the 
suprathermal i on detect or experiment was carri ed to its deployment s ite 
and additi onal di ffi culty was experi enced in handling the three compo
nents of this experiment s imultaneous ly . The suprathermal i on detect or 
experiment was not suffi ciently stable to prevent it  from turning over 
several times during deployment . 

l1 l 

No problems were experienced during removal of the mort ar pack . 
During deployment , however , the footpads rot ated out of the proper pos i 
tion , an d  the package h ad to be pi cked up an d  the pads rotated t o  a 
pos i.tion in which they would rest properly against the surface . 

The thumper deployed as expected ,  but the lunar regolith was so  
loose that the center geophone was pulled out during deployment of  the 
last half of the thumper cable . This was confi rmed during return along 
the line . Only 13 of the 21 thumper cartri dges were fired and the fi rst 
several of these requi red an extraordinary amount of force to fire them 
( secti on 14 . 4 . 1 ) .  The problem seemed to clear up for the last several 
init i ators and the equipment operated precisely as expected . 

Laser ranging retro-re flector experiment . - The laser refle ctor was 
deployed and leveled in the normal fashion and in the prescribe d  loca
t i on .  The dust cover was removed ,  the level rechecked , and the unit 
photographed . 

Solar wind compos ition experiment . - No di fficulty was experienced 
in erection of the solar wind compos ition experiment . The only anomaly 
occurred during the retrieval of the apparatus , at whi ch time it  rolled 
up only about half way and had to be manually rolled the remainder of 
the distance . 

Lunar portable magnetometer experiment . - This piece of equipment 
performed qu�te s atis factorily . The only di ffi culty experi enced was the 
reeling in of the c ables . The set in the cable prevented a suc cessful 
rewind ; consequently , the cab le was allowed to protrude in loops from 
the reel during the remainder of the traverse ( se ct i on 14 . 4 . 3 ) . 

Geology . - The geology hand tools are good and , i f  time had permitte d ,  
they would have all been used.  As i n  previous mis s i ons , the hammer was 
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used by striking with the flat of the hammer rather than the small end . 
The only dis crepancy as s ociated with the geology t ools was the use of 
the geology s ample b ags . It was di ffi cult to find rocks small enough 
to fit into the small s ample bags . Furthermore , they are hard to roll 
up . The t abs which should faci litate  rolling up the bags be come en
t angled , making it di ffi cult to remove them from the dispenser.  

9. 10. 6 Lunar Surface Science 

Geology . - The appearance of the lunar surface was much as expected.  
A loose gray mantle of materi al covered the enti re surface t o  an undeter
mined depth ; however , core tubes driven into the surface would not pene
trate more than 1-1/ 2 tube lengths and , in most cas es , consi derab ly les s 
than that . A "rain drop " pattern over most of the regolith was observed 
and is clearly shown in photographs . Als o  observed , in certain secti ons 
of the traverse , were small lineat i ons in the regolith materi al , which 
can be seen in cert ain photographs . 

There was evidence of cratering and recratering on all of the area 
that was traversed. There was no surface evi dence of multiple layers . 
Even in the craters , the loose gray mantle covered the enti re surface , 
except where rocks protruded through , and concealed any evi dence of stra
tigraphy . In the trench dug by the crew , howeve r ,  evidence of three 
different layers was found . In one or two places on the flank of Cone 
Crater the crewmen ' s  boots dug through the upper layer expos ing a white 
layer about 3 inches from the surface . It is  interes ting to note that 
very few rocks are entirely on the lunar surface ; most are buried or 
parti ally buried. Nearly all rocks of any s i ze have soi l  fi llets around 
them . The small rocks are generally coated with di rt , but some of the 
larger rocks are not . Many of the larger rock surfaces are s oft and 
crumbly . However,  when one uses the hammer and breaks through this , it 
is  found that they are hard underneath . 

Subtle variations in rocks are not e&�ily dis cernible , primari ly be
cause of the dust . It must be remembered that the crew selected candi date 
samples after having ob served the rocks from at least 5 or 6 feet away 
in order to prevent disturbing the soi l  around them . Features whi ch are 
obvious in a hand-held specimen are not di s cernable at initi al viewing 
distance . Furthermore , once the rock has been s ampled ,  good utili zat i on 
of time precludes examining the rock except to note its more prominent 
fe atures . The point is that only the characteristi cs of a rock that are 
dis cernible at the i niti al viewing distance enter into the decis i on t o  
s ample . Sampling strategy should allow for thi s  limitat i on when a wide 
variety of  s amples is  des ired. 

The crew did observe , however , the evi dence of brecc i a  in s ome of 
the rock ; and , on a few occas i ons , crystalline structure was evident .  In 
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most cases , the crystals were small . · Only on two occas ions was glass 
seen on the lunar surface at Fra Mauro . In one small crater there seeme d 
to be glas s-like spatter on the bottom .  I n  the trave rse to  the rim of 
Cone Crater , one 3-foot rock was observed to be well coated with "glas s " .  

The population of rocks in the Fra Mauro area was surpri s i ngly low , 
much less than 0 . 5  percent of the total area.  Predomi nantly , the rocks 
in evidenc e were 3 to 5 centimeters or smaller and ,  being covered with 
dirt , were in many c as es indistingui shable from irregulari ti es in the 
surface or from clumps of s oi l .  As the crew progressed to the crest of 
Cone Crater , boulders became more prominent . In the boulder fi eld , on 
the s outheast edge of Cone , the boulder population reached ,  perhaps , 3 
to 5 percent of the entire surface , with many boulders undoubtedly being 
concealed just below the surface . Rays were not dis cernible on the edge 
of the craters , poss ibly because of the low populati on and als o becaus e 
the nearest hori zon was seldom more than 150 feet away . 

· Soil mechani cs . - Footprints on the lunar surface were not more than 
1/2 inch to 3/4 inch deep except in  the rims of crat ers , where , at times , 
they were 3/4 inch to 1-1/2 inches deep . The modular equipment trans
porter tracks were seldom more than 1/2 inch deep . The penetrometer was 
eas i ly pushed into the lunar surface almost to  the limit of the penetrom
eter rod . During the trenching operation ,  the trench walls would not re
main intact and started crumbling shortly after the trench was initi ated.  
When obtaining one core tube sample , the soi l  di d not compact and spi lle d 
from the tube upon withdrawal . 

9 . 11 ASCENT , RENDEZVOUS , AND DOCKING 

Although the ingress at the conclus ion of the second extravehi cular 
period was approximately 2 hours ahead of the timeline , an hour of this 
pad was used up in stowing s amples and equipment preparatory to li ft
off . The remaining hour as sured adequate time for crew relaxation and 
an early start on pre-as cent procedures . There were no devi at i ons from 
the checklist , although a standby procedure was avai lable in the event 
of subsequent communi cati ons problems . Li ft-off occurred on time . As 
in previous mis s i ons , debris from the interstage area was evi dent at 
staging .  In addition ,  at docking , the Command Module Pilot reported a 
tear in as c ent stage insulation on the bottom right s i de of the lunar 
module as cent stage ( section 8. 1 ) . 

As cent was completely nominal with auto ignition and cutoff . Both 
guidance systems performed well. The Mission Control Center voi ced up 
an adjustment maneuver which was performed at 141 : 56 : 49 . 4 us ing the re
action control system. The adjustment delta velocity was moni tored with 
both gui dance systems . 
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9 . 11 . 1  Rendezvous 

Following the adj ustment firing , a manual maneuver was made to the 
tracking attitude and rendezvous navigati on procedures were initiated.  
For the backup charts , an elaps ed time of 4 minutes 3 seconds was avai l
able ( from the beginning of the adjustment maneuver until the requi red 
terminal phase initi at i on minus 30 minutes rendezvous radar mark ) .  This 
proved to be insuffici ent time to complete the requi red procedures com
fort ably . The backup charts should be revised to permit ample time to 
obtain this first mark . The guidance systems were updated independently 
using their respective insertion state vectors as initi al conditi ons . 
Nineteen marks were obtained with the primary gui dance system . The abort 
guidance system updates were commenced at terminal phase initiation minus 
27 minutes and continued to terminal ph as e  initi at i on minus 1 minutes at 
which time the maneuver solut i on was compared.  Eight marks were entered 
into the abort guidance system. The solutions from both lunar module 
guidance systems compared extremely well , agreeing on li ne-of-s ight angles 
within 0 . 3  degree and on total delta velocity within 1 . 6  ft /sec . Becaus e 
of VHF di fficulties ( section 14 . 1 . 4 ) , the command module computer was 
updated with sextant marks only , prior to  terminal phas e initi ation and 
produced a maneuver s.oluti on of minus 67 . 4 ,  plus 0 . 5 ,  minus 69 . 2  ( un
corrected ) compared with the primary gui dance navigation system solution 
of plus 62 . 1 ,  plus 0 . 1 ,  plus 63 . 1 .  Using a two-out-of-three vote , the 
primary guidance navigat i on system solut i on was selected for the maneuver ,  
and the corresponding rotated vector was entered into the abort gui dance 
system. The as cent propulsi on system terminal phas e  initiation maneuver 
was executed without incident . As anti cipated , the guided as cent pro
pulsi on system shutdown resulted in a s li ght underburn . 

Subsequent to  terminal phase initiation , both lunar module naviga
tion soluti ons were reiniti ali zed and tracki ng was res umed .  Simultane
ous ly , the command module VHF tracking was found to be operating and 
both sextant and VHF marks were entered into the command module computer . 
The first midcourse s olution in the primary gui dance navigation system 
was used . The abort guidance system solution for the first midcourse 
correction was in excess of 5 ft /sec ; cons equently , this solution was 
dis carded and abort guidance system navigation was continued without 
reinit ialization .  At the second mi dcourse correction , the primary gui d
ance navigat i on system s olution was us ed , and the abort gui dance system 
solution was within 2 ft /sec . 

The lunar module remained active during braking and the rendezvous 
was completed without inci dent . After pass ing through the final braking 
gate , the lunar module began stat i on keeping on the command and servi ce 
module . The Command Module Pilot executed a 360-degree pitch maneuver . 
No anomalies were observed during the inspection of the command and 
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servi ce modules .  Consequently , the Commander proceeded with the pre
docking maneuver consis ting of a 90-degree pitch down and right yaw to  
bring the lunar module docking target into the Command Module Pi lot ' s  
field o f  view . At this point i n  the mis s i on ,  the abort gui dance dis 
plays were blank an d  the flight director attitude indi cat or , driven by 
the abort guidance system , was sti ll indi c ating 150 degrees pitch and 
zero yaw .  Efforts t o  restore the abort guidance system t o  operation 
were unsuccess ful ( section 14 . 2 . 5 ) . Docking with the command and servi ce 
module active was completed uneventfully , despite earli er concern about 
the docking mechanism. 

The trans fer of crew and equipment to the command and service module 
proceeded on s chedule but with some concern regarding the time remaining 
to complete ass igned tasks . The time allotted proved to be adequate but 
not ample . The procedures for contamination control in the command mod
ule were quite s atis factory , and part i cles were not obs erved in the com
mand module subsequent to hatch opening . 

9 . 12 COMMAND AND SERVICE MODULE LUNAR ORBIT ACTIVITIES 

9 . 12 . 1 Circulari zat i on and Plane Change Maneuvers 

Two service propulsion system firings were made during the command 
and service module solo phas e .  The ci rculari zat i on maneuver ,  whi ch placed 
the command and s ervi ce module in approximately a 60-nauti cal-mi le ci r
cular orb it , was a 4-s e cond firing performed after s eparating from the 
lunar module .  The maneuver was controlled by the gui dance and control 
system and resulted in a 2 . 0  ft /sec overspeed , whi ch was trimmed to 
1 . 0  ft/sec . Subsequent to this maneuver ,  a change to the constants in 
the command module computer short fi ring logi c was uplinked by the Mis
s i on Control Center .  The plane change maneuver was nominal with an 18-
second firing controlled by the guidance and control system . 

9 . 12 . 2  Landmark Tracking 

All tracking , with the exception of the lunar module on revolution 
17 , was done using the teles cope with the 16-mm data acquis ition camera 
mounted on the sextant . Fourteen landmarks were tracked by the command 
and s ervi ce module , two of these near perigee whi le in  the 60- by 8-
nautical-mile orbit . The low-altitude landmark tracking was accomplished 
with no signi ficant di ffi culties . Acquis ition of the target was no prob
lem and the manual opti cs drive provide d  constant tracking of the land
mark through nadi r .  
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Landmark DE-2 was not tracked satis factorily . The high s un  angle 
at the time of tracking prevente d acquisition of the landmark . Another 
landmark in the are a of DE-2 was t racked and i dent i fied from the 16-mm 
photographs .  All of the other landmarks were tracked quite eas i ly . 
With the exception of DE-2 , all of the graph ics for the l andmark t argets 
were very s at i s fact ory .  

The lunar module , on the s urface , was tracked on revolution 11 . 
The sun reflecting from the lunar module as well as the long shadow of 
the lunar module made ident i fi cat i on positive . Acquis iti on of the lunar 
module was acc omplished by us ing the site map in the lunar graphi cs book 
and i denti fi cation of s urface features in the landi ng area .  Als o ,  on 
revolution 29 , between scheduled landmarks , the lunar module was again 
acquired by manual opti cs . At th at time , th e sun coul d be s een reflect
ing off the Apollo lunar surface experiment package stati on . 

9 .12 . 3  Bootstrap Photography 

The lunar topographic camera was used on revolution 4 to obtain 
pi ctures of the proposed Descartes landing s ite from the low orb it . Ap
proximately one-th ird of the way into the photography pass , a loud noise 
developed in the camera .  The camera counter continued t o  count an d  the 
photography pass was complete d .  One enti re magazine was expose d .  Sub
s equent troub leshooting established th at the shutter was not operating 
properly ( sect i on 14 . 3 . 1 ) .  The only other pi ctures taken with the lunar 
topographic  camera were of the lunar module landing on the surface . 

The flight plan was changed so th at three photography passes on the 
Des cartes s ite were made us ing the 500-mm lens on the 70-mm Has selb lad 
camera mounte d  on a bracket in window 4 ( fi g .  9-2 ) .  The Des cartes site 
was tracked manually with the crew optical ali gnment sight and the camera 
manually operated to expose a. frame every 5 seconds . The ground s uppli e d  
inerti al angles an d  times to start the camera and the spacecraft maneuver . 
The space craft was maneuvered in minimum impulse t o  keep the crew optical 
alignment s ight on the target . Thes e s ame procedures were also us ed on 
revoluti on 34 to photograph the area near Lansburg B where the Apollo 13 
S-IVB impacted .  

1J 

A verti c al stereo strip was obtai ned on revolut i on 26 usi ng the 
70-mm Hasselbla.d and 80-mm lens . This verti cal stereo strip encompas s e d  
almost the entire ground track from terminator to terminator . A crew 
optic al alignment sight maneuver was accomplished at the end of the strip 
for came ra. calibration . 
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Figure 9-2 . - Lunar surface features in Des cartes landing site area .  

9 . 12 . 4  Orbital Sci ence Hand-Held Photography 

Approximately half the planned t argets for orbit al s ci ence hand-held 
phot ography were deleted becaus e of the flight plan change to use crew 
optical alignment s i ght tracking of the Descartes s ite . There were three 
stereo strips t aken with the 500-mm lens us ing the hand-held mode 
( fi g .  9-3 ) . The ring s i ght was us.ed t o  improve the s i ghting accuracy . 
Utili zat i on of the camera in this mode was quite accept ab le as long as 
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a .  Western port i on o f  King crater with smaller crater 
in  left foreground having an 0 .  8-mile di amete.r and 

loc ated 32 . 4  miles from center of King crater .  

Fi gure 9-3 . - Sele cted stereo strip phot ographs from lunar orbit . 

the space craft attitude was s atis fact ory for t arget acquisition .  During 
this flight , all hand-held photography was t aken at the spacecraft atti
tude di ct ated by othe r  requi rements .  On a few of the targets , the atti 
tude made it di fficult t o  s atis fact ori ly acquire the t arget at the proper 
t ime out of any window . 
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During the hand-held photography and als o  during the crew opti cal 
alignment s i ght tracking , a vari able intervalometer would certai nly h ave 
been an asset . A s i ngle-lens reflex c amera would greatly s impli f.Y the 
pointing t ask . Having orbital s cience t argets li sted i n  the flight plan , 
at times they are avai lable , is  cert ainly more preferable than j ust list
ing them as targets of opportunity . This i s  true of both photographi c  
and visual t argets . 

NASA-S-7 1-1654 

l 

b .  Central porti on of 41-mile di ameter King crater . 

Figure 9-3 . - Continued.  
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c .  Eas t e rn port i on o f  King c r at e r  phot ographe d from 178 mi l e s  away .  

Fi gure 9-3 . - Conc lude d .  

9 . 12 . 5  Ze ro-Phas e Ob s e rvat i ons 

The c ame ra c onfi gurat i on w as ch ange d from th at l i s te d  in the flight 
plan b e c ause the t e leme t ry c ab le was n ot long enough to re ach the came ra 
mounted i n  the hat ch window . Th i s  c on fi gurat i on w as not ch e ck e d  pri or 
t o  the fli ght b e c aus e th e b racket ar ri ve d  lat e  an d  no b rack et was avai l 
ab le for t h e  s imul at or .  A mark was gi ven over t h e  inter com and /o r  the 
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air-to-ground loop on the fi rst and last c ame ra actuat i on of each pass . 
It was noted that the camera operat ed close to zero phas e  on each tar
get . Eight separate areas were listed for ze ro-ph ase observati ons but 
only six of these were observed. The other two were cancelled as a re
sult of a fli ght plan change . Four of the t argets were on the back s i de 
of the moon and two were on the front s i de .  There was a s igni fi cant di f
ference in the abili ty t o  observe the targets at zero phase betwe en the 
back-side and front-s ide t argets . The two s i gnifi cant p arameters are 
albedo and st ructural relie f ,  or contrast . Bec aus e of the lack of c on
trast in relief on the back side , the t argets were diffi cult or , in s ome 
cases , imposs ib le to observe at zero ph ase . Two vi ews of a back-s ide 
t arget , one at zero phase and one at low phas e , are shown in figure 9-4 . 
The two front-side t argets were crat ers located in a mare surface . The 
structural relief between the flat surface and the crater rim made the 
t argets more vis ible at zero phase . 

9 .12 . 6  Dim-Light Photography 

The window shade for the right-hand rende zvous window was easy to 
install and appeared to fi t properly . In addi t i on to us i ng the window 
shade , the flood li ghts ne ar the right-hand rendezvous window were t aped . 
The green shutter actuat i on light on the c amera was t aped and , in gen
eral , all space craft lights were turne d off for the dim-light photog
raphy . 

All of the procedures were completed as li sted in the flight plan . 
The only dis crepancy noted was on the e arth dark-s i de photography . The re 
was cons iderab le s c attered light in the s extant when i t  was pointed at 
the dark portion of the e arth . There was also a double image of the 
e arth ' s  cres cent in the s ext ant .  

9 . 12 .7 Communications 

Communi c at ions between the command and servic e  module and the 
Manned Space Flight Network were margi nal many t imes while in lunar 
orbit . The h igh-gain antenna point ing angles were very criti c al ; a very 
small adj ustment of the angles was the di ffe rence between having a good 
communicat i on lockup or no acquis it i on at all ( se ct i on 14 . 1 . 2 ) . 

The separat e  communi cat i ons loop for the command and servi ce module 
should be activated s oon after command module /lunar module separation. 
The time between separat i on and t ouchdown is an extremely busy time for 
the lunar module and any prolonged c ommunicat i on with the c ommand and 
s ervi ce module i s  di ffi cult , if not impos sible . VHF communi cati ons with 
the lunar module were good at the t ime of separat i on and th rough t ouch
down . On rendezvous , the VHF communi c at i ons from li ft-off to shortly 
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(a) H i gh overhead v i ew w i th no zero phase washou' . 

Note: Recognizable  landmarks are identif ied w i th l i ke numbers on each photograph . 

(b) &..ow e 1 evat 1on show ing zero phase washout . 

Figure 9-4 . - Comparison of vis ibi lity of lunar surface det ai ls looking 
west t o  east in the Pasteur crater area.  
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before terminal phas e  initi ation were marginal . Als o ,  the VHF ranging 
would not lock up or , when it di d ,  a false range was indi cated most of 
the time . Both antennas were tri ed , the squelch was adjusted , and rang
ing was turned off temporarily. Howeve r ,  none of these procedures im
proved the situati on to any great degree ( sect i on 14 . 1 . 4 ) .  After 
terminal phase initiat i on the voi ce communi cat i ons and VHF ranging were 
sati sfactory . 

9 . 13 TRANSEARTH INJECTION 

The transearth inje.cti on maneuver was es sent i ally nominal in  all 
aspects . The only item worthy of comment occurred about 20 seconds 
prior to the end of the maneuver.  There was a slight hum or buzz  in 
the service propuls i on system that continued through shut down . Every
thing was steady , however , and it was not a matter of great concern . 
The res i duals were plus 0 .6 ,  plus 0 . 8 ,  and minus 0 . 1  ft /sec . These were 
trimmed to plus 0 .1 ,  plus 0 . 8 ,  and minus 0 . 3  ft /sec . The firing time 
was within 1 second of the pad value . 

9 . 14 TRANSEARTH COAST 

The only midcourse correction during the transearth coast phase was 
one reaction control system maneuver performed approximately 17 hours 
after transearth inject i on .  The tot al delta velocity was 0 . 7 ft /sec . 
During the transearth coast phase , a schedule of no-communi cati ons navi
gat i onal s ightings was completed.  The state vector from the transearth 
inj ect i on maneuver was not updated except by navigati onal sightings . 
The state vector was downlinked to the Network pri or to the one mi d
course correcti on .  The midcourse correct i on was then incorporated and 
uplinked to the spacecraft . An updated Network state vector was main
t aine d  in the lunar module slot at all times . Just pri or to entry , the 
onboard state vector compared quite well with the vect or obt ained by 
Network tracking. In addition to the navigat i onal sightings for the 
onboard state vect or , additional s ightings were performed t o  obtain data 
on stars outs ide of the present const raint limits . The updates obt ained 
on the constraint stars were not incorporated into the stat e  vector . 
The cis lunar navigational s ighting program would be improved i f  a re
cycle feature were incorporated. Recalling the program for each mark is 
a drawb ack to expeditious navigati onal s i ghtings . 

The rest of the transearth coast was like that of previ ous lunar 
missions with two excepti ons--inflight demonstrati ons were performed 
to evaluate the effects of zero-gravity on physi cal proces s es , and a 
command and servi ce module oxygen flow-rate test was performed.  Even 

. .  ' 
.i.....:. L. 

' -
L L. 



11 11 

9-28 

though the metal composites demonstration was started during translunar 
c oast , there was not suffic ient time while out of the passive thermal 
control mode to complete all of the 18 samples . The other three demon
strations were completed . 

9 . 15 ENTRY AND LANDING 

A change to the nominal entry stowage was the addition of the dock
ing probe . The docking probe was tied down for entry at the foot of the 
Lunar Module Pilot ' s  couch using procedure s voiced by the Mission Control 
Center . Three discrepancies were noted during entry . The entry monitor 
system was started manually at 0 . 05g  t ime plus 3 seconds . The 0 .0 5g light 
never illuminated ( section 14 . 1 . 5 ) .  The steam pressure was late in reach
ing the peg .  However , the cabin pressure was used as a backup . The time 
of steam pressure pegging was approximately 5 to 10 seconds late and 
occurred at an altitude below 90 000 feet . [Editor ' s  note : The crew 
checklist gives a specifi c  time at which the steam pressure gage should 
peg high relative to the illumination of the 0 . 05g light as an indic ation 
of the 90 000-foot altitude ; however , the steam pressure measurement is 
only an approximate indication . The crew interpreted the checklist lit
erally. ] Also , power was still on at least one of the main buses after 
the main bus tie switches were turned off at 800 feet . The main buses 
were not completely powered down until the circuit breakers on panel 275 
were pulled after landing ( section 14 . 1 . 6 ) . 

The landing impact was milder than anticipated . The parachutes 
were jettisoned and the spacecraft remained in the stable I attitude . 
Recovery personnel arrived at the spacecraft before the completion of 
the 10-minute waiting period required prior to initiating inflation of 
the uprighting bags for a stable I landing . One parachute became en
tangled on the spacecraft and was cut loose by the recovery team. The 
carbon dioxide bottle on the Lunar Module Pilot ' s  life preserver was 
loose and the vest would not inflate when the lever was pulled . The 
bottle was tightened , and then the life preserver inflated properly . 
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10 . 0  BIOMEDI CAL EVALUATION 

This s ect i on is a summary o f  the Apollo 14 medi cal fi ndi.ngs bas e d  
on a preliminary analys i s  of the bi ome di c al  data.  A comprehens i ve eval
uat i on wi ll be publis hed in a separat e  report . The three crewmen accu
mulated a total o f  650 man-hours of space flight experi ence . 

The crewmen remained in excellent health throughout the mis s i on and 
their performance was excellent despite an alteration of the i r  normal 
work /rest cycle . All physi o logic al  parameters obtai ned from the crew re
mained within the expecte d  ranges during the fli gh t .  No adve rs e e ffects 
whi ch could be attributed to the lunar surface exposure have been observe d .  

10 . 1  BIOMEDICAL INSTRUMENTATION AND PHYSIOLOGI CAL DATA 

Prob lems with the Commander' s  biome di cal ins trumentat ion harnes s 
began pri or to li ft -off when the s ternal electrocardiogram s i gnal became 
unreadable 3 minutes after spacecraft ingres s . A waiver was made to the 
launCh mi s sion rule requi ri ng a re adable elect roc ardiogram on all crew
men . During the fi rs t orbi t ,  the Commander ' s  sternal ele ct rocardi ogram 
s ignal returned to normal . 

At about 57 l/2 hours , the Commander note d that hi s lower sternal 
s ensor had leaked electrode paste around the s ealing tape . This s itu
ati on was corrected by app�ing fresh electrode pas te and tape . 

When the Commander t rans ferred to the portable li fe support system 
in preparat i on for the extravehi cular activity , his electrocardi ogram 
was s o  noisy on two occas ions that the cardiot achometer outputs i n  the 
Mis s i on Control Center were unusab le and manual counting of the heart 
rat e  for metab oli c rate as s essment became neces sary . A good electro
cardiogram s ignal on the Commander was reacqui re d after completi on of 
the extravehi cular activity and return to the lunar module . The threads 
on the top connector of the signal conditi oner were ac cident allY strippe d .  
Howeve r , the elect ro cardi ogram s i gn al  was res tore d for the remainder o f  
the flight b.r tightening this connect or.  

The qu�ity of the Lunar Module Pilot ' s  ele ctrocardi ogram was excel
lent from spacecraft ingress unti l approximat e �  three days into the mi s
s i on .  At that t ime , intermi ttent noi s e  t ransmi ss i ons typi cal of a loose 
s ens or were re ceived. The lower s ternal s ensor was res ervi ce d wi th fresh 
paste and t ape . This happene d two additi onal t imes . No attempt was made 
to correct the s i tuat i on  on the last occurrence . 

. - ' . 
' .  . . 
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The Ltmar Module Pilot also lost his impedance pneumogram a:f'ter the 
eighth d� of flight . Postflight examination showed that the signal con
ditioner h ad failed. 

Physiological measurements were within expected ranges throughout 
the mis sion .  The average crew heart rat es for work and s leep in the 
command module and lunar module are listed in the following t ab le .  

Average heart rates , beats /min 
Activity Command Module Lunar Module 

Commander Pilot Pilot 

Command module : 

Work 57 66 62 
Sleep 52 46 50 

Lunar module : 

Work 77 76 
Sleep 70 

Figure 10-1 presents the crew heart rates after trans lunar injection 
durin� the multiple unsuc cess ful docking attempts and the final hard dock . IIASA·S-71-1657 
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Figure 10- 1 . - Crew heart rates during multiple docking attempts . 
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During powered descent and as cent , the Commander ' s  heart-rate averages 
ranged from 60 to 107 beats per minut e  during des cent and from 69 to 83 
beat s  per minute during as cent , as shown i n  figures 10-2 and 10-3 , re
spectively . These heart-rate averages for des cent and as cent . were the 
lowest observed on a lunar landing mission .  

NASA-S-71-1658 

180 Lunar iiloiu Te I potch over 

160 
looo1 tt l 

5ho ft 
140 

·= 
1: ..::. ... 120 1D 

1200 ftl 
1 1 0 1J 
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11 
.. 
� 
16 100 
.. ::z: 

I 1\. 1\ 
A IJ ' r\ 

80 11 �� II '  LJ \ 
ll\ If \  LJ � \ " A J 1\1 f\. 

60 v I � LV './ 

40 
107:57 107:59 108: 0 1  108:03 108:05 1 08:07 108:09 108: 1 1  108:13 108: 15 108: 17 108: 19 

Time, hr:min 

Figure 10-2 . - Heart rates of the Commander 
during lunar descent . 
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Figure 10-3 . - Heart rates of the Commander during lunar as cent . 

Heart rates during the two extravehi cular activity peri ods are shown 
in figures 10-4 and 10-5 . The Commander ' s  average heart rates were 81 
and 99 beats per minute for the first and second peri ods , respect ively ; 
and the Lunar Module Pilot ' s  average heart rates were 91 and 95 beats per 
minute . The metaboli c rates and the ac cumulat ed metaboli c producti on of 
each crewman during the extravehicular activity peri ods are presente d in 
t ables 10-I and 10-II . A summary of the metabolic producti on during the 
two extravehi cular periods is presented in the following t able . 

Crewmen 

Commander 

Lunar Module 

li L 

Pilot 

, . 
._ 

Metaboli c 

First period 

Btu/hr Tot al ,  Btu 

Boo 3840 

9 30 4464 

production 

Second period 

Btu/hr Tot al ,  Btu 

910 4156 

1000 4 567 

' -
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TABU: 10-I . - ltmr.A!OLIC .ASSESBM!BT OF THE FIRST 
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10 . 2  MEDICAL OBSERVATIONS 

10 . 2 . 1  Adaptation to  Weightlessnes s 

Adaptation to the weightles s state  was readily accomplished.  Shortly 
after orb ital insertion , e ach crewman experienced the typi cal fullness
of-the-head sensation that has been reported by previ ous flight crews . 
No nausea�  vomiting � vertigo � or dis orientat i on occurred during the mis
sion �  and the crew did not observe distorti on of faci al features � such 
as rounding of the face due to  lack of gravity , as reported by s ome pre
vious crewmen.  

During the first two days of flight � the crew reported dis comfort 
and soreness of the lower back mus cles  as has been noted on previous mi s 
s ions . The discomfort was suffi cient in magnitude to interfere with sleep 
during the first day of the miss i on �  and was attributed to  changes in 
posture during weightlessnes s . Inflight exercise provi ded relief.  

10 . 2 .2 Visual Phenomenon 

Each crewman reported seeing the streaks � points � and flashes of 
light that have been noted by previ ous Apollo crews . The frequency of 
the light flashes averaged ab out once every 2 minutes for e ach crewman . 
The visual phenomenon was observed with the eyes both open and clos e d ,  
an d  the crew w as  more aware o f  the phenomenon immediately upon awakening 
than upon retiring . In a special observation period set as i de during the 
transearth coast pha.Se � the Command Module Pilot determined that dark 
adaptati on was not a prerequisite for seeing the phenomenon i f  the level 
of space craft i llumination was low . Furthennore � several of the light 
flashes were apparently s een by two of the crewmen s imultaneous ly .  Coin
cidence of light flashes for two crewmen � i f  a true coinci dence , would 
substantiate that the flashes originated from an external radiation s ource 
and would indicate that they were generat ed by extremely-high-energy par
ti cles � presumably of cosmic origin .  Low-energy highly-ionizing parti cles 
would not have the range through tissue to have reached both crewme n .  

10 . 2 . 3  Medi cat ions 

No medi cations other than nose drops � to reli eve nas al stuffiness 
caused by spacecraft atmosphere ,  were used during the missi on . On the 
thi rd day of flight � the Commander and the Lunar Module Pilot used one 
drop in e ach nostril . Relief  was prompt and lasted for approximately 
12 hours . The Command Module Pilot used the nose drops 3 hours prior 
to entry . 
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On this mission ,  the nasal spray bottles in the infli ght medi cal 
kit were replaced by dropper bottles because previous crews had reported 
di fficulties in obtaining medicat i on from spray bottles in zero-g . The 
crew reported no problems associated with the dropper bottle . 

10 . 2 . 4  Sleep 

The shift of the crew ' s  normal terrestrial sleep cycle during the 
first four d�s of flight was the largest experi enced so far in the 
Apollo seri es . The di splacement ranged from 7 hours on the first mission 
day to 11-1/2 hours on the fourth . The crew reported some di ffi culty 
s leeping in the zero-g environment , particularly during the first two 
s leep periods . They attributed the problem principally to a lack of  
kinestheti c sensations and to muscle soreness in  the legs and lower back . 
Throughout the mission , sleep was intermittent ; i . e . ,  never more than 2 
t o  3 hours of deep and continuous sleep . 

The lunar module crewmen received little , i f  any , sleep between their 
two extravehicular activity periods . The lack of an adequate place t o  
rest the head , discomfort of the pressure suit , an d  the 7-degree starboard 
list of the lunar module caused by the lunar terrain were believed re
sponsible for this insomnia. The crewmen looked out the window several 
times during the sleep period for reassurance that the lunar module was 
not starting t o  tip over.  

F ollowing t ransearth inj e ct i on ,  the crew slept better than they had 
previ ously . The lunar module crewmen required one additional sleep per
iod to make up the sleep defi cit that was incurred whi le on the lunar 
surface . 

The c rewmen reported during postflight di scussions that they were 
de finitely operating on their  phys iologi cal reserves because of inade
quate sleep . Thi s  lack of sleep caused them some concern ; however,  all 
t asks were performed sat i sfactorily . 

10 . 2 . 5 Radiation 

The Lunar Module Pilot ' s  personal radiati on dosimeter fai led to in
tegrate the dosage properly after the first 24 hours of flight . To en
sure that each lunar module crewman had a functi onal dosimeter while on 
the lunar surface , the Command Module Pi lot trans ferred his unit t o  the 
Lunar Module Pilot on the fourth day of the mission . The final readings 
from the personal radiati on dosimeters yielded net integrated ( uncorre ct e d )  
values of 6 40 and 630 millirads for the Commander an d  the Command Module 
Pilot , respect i vely . No value can be determined for the Lunar Module 
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Pilot . The total radiation dose for each crewman was approximately 1 . 15 
rads to the skin and 0 .6 rad at a 5-centimeter tissue depth . These doses 
are the largest observed on any Apollo mission ; however ,  they are well 
below the threshold of detectable medical effects . The magnitudes of the 
radiation doses were apparently the result of two factors : ( 1 )  The trans
lunar inj ection traJectory lay closer to the plane of the geomagnetic 
equator than that of previous flights and , therefore , the spacecraft 
traveled through the heart of the trapped radiation belts . ( 2 )  The space 
radi ation background was greater than previously experienced.  Whole-body 
gamma spectroscopy was also performed postflight on the crew and indi
cated no cosmic ray induced radioactivity . 

10 .2 .6  Water 

The crew reported that the taste of the drinking water in both the 
command module and the lunar module was excellent . All eight scheduled 
inflight chlorinations of the command module water system were accom
plished. Preflight testing of the lunar module potable water system 
showed that the iodine level in both water tanks was adequate for bac
teri al  protection throughout the flight . 

10 . 2 . 7  Food 

The inflight food was similar to that of previous Apollo missions . 
Six new foods were included in the menu :  

a .  Lob ster bisque ( freeze dehydrated) 

b .  Peach ambrosia ( freeze dehydrated) 

c .  Beef jerky ( ready-to-eat bite-sized ) 

d. Diced peaches ( thermostabili zed) 

e .  Mixed fruit ( thermostabili zed ) 

f .  Pudding ( thermostabilized) 

The latter three items were packaged in aluminum cans with easy-open , 
full-panel , pull-out lids . The crew did not report any difficulties 
either with removing the pull-out lids or eating the food contained in 
these cans with a spoon . 

Prior to the mission , each crewman evaluated the available food 
items and selected his individual flight menu. These menus provided 
approximately 2100 calories per man per dey . During most of the flight , 
the crew maintained a food consumption log . The Conunander and the Lunar 
Module Pilot ate all the food planned for each meal , but the Coliiiiland 
Module Pilot was sati sfied with less . 
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Recovery-day physi cal examinations reveale d  that the Corr®ander and 

the Lunar Module Pilot had maintained their approximat e pre flight weight , 

whi le the Command Module Pilot los t  nearly 10 pounds . The Command Module 

Pilot stated that he would have prefe rred a greater quantity of food i terns 

requiri ng little or no preparation time . 

10 . 3  PHYSICAL EXAMINATIONS 

Each crewman received a comprehens ive phys i cal examination at 27 , 
15 , and 6 days }Jri or to launch , with brief  examinations conducted dai ly 
during the las t  5 days be fore launch . 

Shortly after  landing , a comprehensi ve physi cal examinat i on showed 
that the crew was in good health . Both the Commander an d  the Command 
Module Pilot had a small amount of cle ar , bubbly flui d in the left mi ddle
e ar cavity and s light reddening of the eardrums . Thes e fi ndings dis ap
peare d in 24 hours without treatment . The Lunar Module Pi lot had mode
rat e  eyeli d irritation in addition to s light re dnes s of the eardrums . 
All crewmen showe d a mi ld temporary reaction to the mi cropore tape cover
ing their biome di cal s ens ors . This reaction subside d  within 24 hours . 

10 . 4  FLIGHT CREW HEALTH STABI LI ZATI ON 

During previ ous Apollo mi s s i ons , crew i llne s s es we re respons ible 
for numerous me di cal and ope rati onal di ffi cult i es . Thre e days be fore 
the Apollo 7 launch , the crew developed an upper respi ratory infecti on 
whi ch subsi ded  be fore li ft-off , but recurred infli ght . Early on the 
Apollo 8 mis s i on ,  one crewman developed symptoms of a 24-hour viral gas 
t roenterit is whi ch was epi demi c in the Cape Kennedy area around launch 
time . About two days prior to the Apollo 9 fli ght , the crew developed 
common colds whi ch neces s itat ed a delay of the launch for three days . 
Nine days before the Apollo 13 launch , the backup Lunar Module Pilot de
velope d German me as les ( rubella) and inadvertently expos ed  the prime Com
mand Module Pilot . The day before launch , the prime Command Module Pi lot 
was replaced by his backup counterpart because laboratory tests indi cated 
that the prime crewman was not immune to thi s highly communi cable diseas e  
with an incub at i on pe ri od o f  approximately two weeks . 

In an attempt to protect the prime and backup fli ght crew members 
from exposure to communi cable dis e as e  during the criti cal prelaunch and 
flight peri ods , such as experienced on previous fli ght , a fli ght crew 
health stab i li zat i on program was implemented .  This program cons isted of 
the following phas es : 
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a.  I denti fication ,  examination ,  and immuni zation of all primary con
t acts ( pers onnel who re�ui red direct contact with the prime or backup crew 
during the last three weeks prior to flight ) . 

b .  Health and epi demi ologi cal surveillance of  the crew members and 
the primary contacts , their famili es , and the communi ty .  

c .  Cert ain modi fi cations to faci liti es us ed for training and hous
ing the crew , such as the installat i on o f  biologi cal fi lters in all air 
conditioning systems . 

d .  Housing of both the prime and backup crew members in the crew 
�uarters at the Kennedy Space Center from 21  days before flight until  
launch . 

The flight crew health stabili zation program was a complete succes s . 
No illnesses occurred duri ng the preflight period in any of the prime or 
backup crew members . This result is of parti cular signifi cance because 
the inci dence of infectious disease within the local community was near 
a seas onal high during the prelaunch period . 

10 . 5 QUARANTINE 

No change in quarantine proce dures were made on this miss ion , except 
as follows : 

a .  Tw o  mob ile quarantine facilities were used.  

b .  Two heli copter trans fers of the crew and support pers onnel were 
performed.  

The new procedures were implemented to return the crew to  the Lunar 
Receiving Laboratory five days earlier than on previ ous lunar landing 
missions . 

The crew and 14 medic al support pers onnel were is olated behind the 
mi crobiologi cal barrier in the Lunar Receiving Laboratory at Houston , 
Texas , on February 12 , 1971 . Dai ly medi cal examinati ons and peri odi c 
laboratory examinations showed no s igns of  illness related to lunar ma
teri al  exposure . No signi fi cant trends were noted in any b iochemi cal , 
immunologi cal , or hematological parameters in either the crew or the 
me di c al  s upport pers onnel .  On February 27 , 1971 , after 20 days of i so
lation within the Lunar Receiving Laboratory , the flight crew an d  the 
medi cal support pers onnel were released from quarantine . Quarantine 
for the spacecraft and samples of lunar materi al was tenninated Apri l 4 ,  
1971 . 
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11. 0  MISSION SUPPORT PERFORMANCE 

11. 1  FLIGHT CONTROL . 

Flight control performance was s atis factory in provi ding timely 
operational support . Some problems were encountered and most are dis
cussed in other sections of the report . Only those problems that are 
of particular concern to flight control operations or are not reported 
elsewhere are reported in this section .  

All launch vehicle instrument unit analog data were lost j ust pri or 
to lift-off. A faulty multiplexer within the instrument unit that pro
cesses the analog flight control data had failed.  The flight controllers 
were able to recover most of the analog data from the S-IVB VHF downlink ;  
however , because of its limited range , an early loss of data was experi
enced at 4 hours 27 minutes . 

All launch vehicle digital computer data were lost at 3 hours and 
5 minutes after · launch . The vehicle , however , executed a normal propul
sive vent about 29 minutes later indicating that the computer was oper
ating properly . As a result of the loss of digital computer data,  com
mands to the S-IVB had to be transmitted without veri fi cation of proper 
execution .  The crew provided visual attitude information for the eva
sive maneuver . 

High-gain antenna lockup problems were noted during revolution 12 
lunar orbit operations . Because of this problem , a data storage equip
ment dump could not be accomplished to obtain data from the revolution 12 
low-altitude landmark tracking operation .  These data were to be used for 
powered des cent targeting . 

During revolution 12 , the planned voice updates fell behind the time
line because of problems with the lunar module steerable antenna. Cons e
quently ,  the powered des cent was performed using the spacecraft forward 
and aft omnidirectional antennas and the 210-foot ground receiving an
tenna. Receiving of communi cations and high-bit-rate data were s atis
factory except for s ome small losses when switching to the aft antenna 
late in the descent phase . 

An abort command was set in the lunar module guidance computer and 
the indication was observed by Flight Control during lunar module acti va
tion ,  about 4 hours prior to scheduled powered descent initiation . A 
procedure was uplinked to the crew which reset the abort command and led 
to the conclusion that the abort switch had malfunctioned. Subsequently , 
the abort command reappeared three times and , each time , the command was 
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reset by tapping on the panel near the abort switch . A procedure t o  in
hibit the primary guidance system from going into an abort program was 
developed in the interval prior to powered des cent , and was uplinked to  
the crew for manual entry into the computer.  The first part of  the four
part procedure was entered j ust prior to powered des cent i niti at i on and · 
the other parts after throttle-up of the des cent engine . Had an abort 
been required , it would have been accomplished usi ng the abort gui dance 
system and would have allowed reestab lishment of the primary gui dance 
system by keyboard entry after the abort . 

A del� of approximat ely 50 minut es occurred in the fi rst extrave
hi cular activity because of the lack of s atis factory communi cations . 
The crew were receiving ground communi cati ons but the Mi s s i on Control 
Center was not receiving crew communicat i ons . The problem was corrected 
by resetting the Commande r ' s  audio circuit bre aker which was not engaged .  

The c olor televis ion camera resolution gradually degraded during 
the latter porti ons of the fi rst .extravehi cular activi ty . The degrada
tion was caused by overheating resulting from 1 . 5  hours of operat i on 
while in the modular equipment stowage as semblY prior t o  i ts deployment . 
The camera was turned ·off between the extraveh i cular peri ods for cool
ing , instead of leaving it operating as required by the fli ght plan . 
The c amera picture res oluti on was satis factory during the second extra
vehi cular activity . 

Three problems developed during the Apollo 14 mis s i on that , had the 
crew not been present , would have prevented the achievement of the mis
sion obj ectives . Thes e problems involved the docking probe ( section 7 . 1 ) , 
the landing radar ( secti on 8 . 4 )  and the lunar module gui dance computer , 
des cribed above . In each case ,  the crew provi ded ground personnel with 
vital informat i on and data for failure analysi s  and development of alter
nate procedures . The crew performed the necess ary activities and the re
quired work-around procedures that allowed the missi on to be completed 
as planned.  

11 . 2  NETWORK 

The Mis sion Control Center and the Manned Space Flight Network pro
vi ded excellent support . There were only two s i gnifi c ant problems . A 
defective ·tr�s fer switch component cause d  a power outage at the Goddard 
Space Flight Center during lunar orbit . The power loss resulted in a 
4 1/2-minute data los s . On lunar revolution 12 , a power ampli fier fai l
ure occurred at the Goldstone st at i on .  The prob lem was corrected by 
switching t o  a redundant system. The Network Controller ' s  Mis s i on Re
port for Apollo 14 , dated March 19 , 1971 , published by the Manned Space
craft Center , Flight Support Divi s i on ,  contains a summary of all Manned 
Space Fli ght Network prob lems whi ch occurred during the miss i on .  
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11 . 3  RECOVERY OPERATIONS 

The Department of Defense provided recovery support commensurate 
with mission planning for Apollo 14 . Ship support for the primary land
ing area in the Paci fi c  Ocean was provided by the helicopter carrier 
USS New Orleans . Acti ve air support consisted of five SH-3A heli copters 
from the New Orleans and two HC-130 res cue aircraft staged from Pago 
Pago � Samoa. Two of the helicopters , des ignated "Swim 1" and "Swim 2" , 
carried underwater demolition team personnel and the required recovery 
equipment . The thi rd helicopter , designated "Recovery" , carried the de
contamination swimmer and the fli ght surgeon , and was uti li zed for the 
retrieval of the flight crew . The fourth heli copter , des ignated "Photo" , 
s erved as a photographic plat form for both motion-pi cture photography 
and live televisi on coverage . The fi f'th heli copter ,  des ignated "Relay" ,  
served as a communi cat ions-relay aircraf't . The ship-based ai,rcraft were 
initi ally positioned relative to the t arget point ; they departed station 
to . commence recovery operati ons af'ter the command module had been vis u
ally acquired. The two HC-130 aircraf't , designated "Samoa Res cue 1" and 
"Samoa Rescue 2 " , were positioned to track the command module after it 
had exited from . S-band blackout , as well as provide parares cue capabili ty 
had the command module landed uprange or downrange of the t arget point . 
All recovery forces dedi cated for Apollo 14 support are lis ted i n  
t able 11-I . Figure 11-1 illustrates the recovery force pos iti ons pri or 
to predi cted S-band acquis ition t ime .  

11 . 3 . 1  Command Module Loc at i on an d  Retrieval 

The New Orleans ' pos it i on was established us ing a navigat i on s at el
lite (SRN-9 ) fix obtained at 2118 G . m . t .  The �hip ' s  pos iti on at the 
t ime of command module landing was determined to be 26 degrees 59 min
utes 30 seconds s outh latitude and 172 degrees 41 minutes west longitude . 
The command module landing point was calculated by recovery forces to be 
27 degrees 0 minutes 45 seconds s outh lat itude and 172 degrees 39 min
utes 30 seconds west longitude . 

The first electroni c contact reported by the recovery forces was 
an s�band contact by Samoa Rescue 1 .  Radar contact was then reported by 
the New Orleans . A vis ual s ighting was reported by the communi cations 
relay heli copter and. then by the New Orleans , Recovery , Swim 1 and 
Swim 2 .  ShortJ_y therea:rter ,  voice transmi s sions from the conuna.nd module 
were received by the New Orleans . 

The c ommand module landed February 9 ,  1971 , at 2105 G . m . t .  and re
mained in the stable I flotation attitude . The VHF recovery beacon was 
activated shortly af'ter landing ,  and beacon contact was report ed by Re
covery at 2107 G .m . t .  The crew then turned off the beacon as they knew 
the recovery forces had visual contact . 

. .  ' - 1 : 
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TABLE il-L - APOLLO 1 4  RECOVERY SUPPORT 

Type Number Ship name/ 
aircraft staging base 

Ships 

ATF 1 uss Paiute 
LCU 1 

DD 1 t.ES Hawkins 

LSD 1 uss Spiegel Grove 

DD 1 t.ES Carpenter 

I.J>H 1 t.ES New Orleans 

Aircraft 

HH-53C 3 Patri ck Air Force Base 

HC-130 al McCqy Air Force Base 

HC· l30 al Pease Ai r  Force Base 

HC- 130 al LaJes Field , Azores 

HC-130 al Ascensi on  Island 

HC-130 a2 Hickam Air Force Base 

SH-3A 5 t.ES New Orleans 

Bp1us one backup 

L 

Area· supported 

Launch site area 

Launch abort area and 
West Atlantic earth-
orb! tal recovery zone 
Deep-space secondary land
ing areas. on the Atlantic 
Ocean line 
M1d-Paci fi c earth-orbital 
recovery zone 
Deep-space secondary land
ing areas on the mid-Paci fi c 
line and the primary end-of
mission landing area 

Launch site area 

Launch abort area,  West 
Atlanti c re covery zone , 
contingency landing area 

Launch abort area , West 
Atl anti c recovery zone 

Launch abort area,  earth 
orbital contingency landinr. 
area 
Atlanti �  Ocean line and 
contingency landing area 

Mid-Pacific earth orbital 
recovery zone , deep-space 
secondary landing area 
and primary end-of-mission 
landing area 
Deep-space secondat� 
landing area and primary 
end-of-miss ion landing 
area 

1 :  
.... L L 
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After confirming that the command module and the crew were in good 
condition ,  Swim 2 attempted to retri eve the main parachutes , and swim
mers were deployed to the command module t o  install the flotati on collar . 
Recovery forces were unable to retrieve any of the .main parachutes ,  but 
did retrieve two drogue parachute covers and one s abot . The decontamin
ati on swimmer was deployed to pas s fli ght suits and respi rators to the 
crew and ass ist them from the command module into the li fe raft . The 
flight crew were onb oard the recovery helicopter 7 minutes after they 
had egressed the command module and were aboard the New Orleans 5 mi nutes 
later . Command module retrieval took pl�ce at 27 degrees 2 minutes s outh 
lat itude and 172 degrees 4 minutes west longitude at 2309 G . m . t .  

The flight crew remained aboard the New Orleans in  the mobile quar
anti ne faci lity unti l they were flown to Pago Pago , Samoa , where they 
trans ferred to a second mob i le quarantine faci lity aboard a C-141 ai r
craft . The crew was flown t o  Ellington Air Force Base ,  with a stop at 
Norton Air Force Base ,  Cali forni a ,  where the aircraft was refueled. 

After arrival of the New Orleans at Hawaii ,  the comm�nd module was 
offloaded and taken to Hi ckam Air Force Base for deactivat i on . Upon com
pletion of deactivation , the command module was trans ferred to  Ellington 
Air Force Base vi a a C-133 aircraft , arriving on February 22 , 19 71 . 

The following is a chronologi cal listing of events during the re
covery and quarantine operat i ons . 

li L 1 .  .h L 
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Event 

S-band contact by Samoa Res cue 1 
Radar contact by New Orleans 
Visual contact by "Reley" helicopter 
Voice contact with flight crew 
Command module landing 
Swimmers deployed to command module 
Flotation collar installed and inflated 
Decontamination swimmer deplqyed 
Hatch opened for crew egress 
Flight crew in egress raft 
Flight crew aboard helicopter 
Flight crew aboard New Orleans 
Flight crew in mobile quarantine facility 
Command module aboard New Orleans 

First sample flight departed ship 
Flight crew departed ship 
First sample flight arrived Houston 

(Via Samoa and Hawaii ) 

Flight c�ew arrived Houston 
Flight crew arrived at Lunar Receiving 

Laboratory 

Mobile quarantine facility and cam:nand 
module offloaded in Hawaii 

Mobile quarantine facility arrived 
Houston 

Reaction control system deactivation com
pleted 

Command module arrived Houston 
Command module delivered to Lunar Receiv

ing Laboratory 

. - 1 -

Time 
G . m. t . 

Feb . 9 ,  1971 
2055 
2056 
2100 
2101 
210 5  
2112 
2120 
2127 
2140 
2141 
2148 
2153 
2203 
2309 

Feb . 11 , 1971 
0355 
1746 
2057 

Feb . 12 , 1971 
0934 
1135 

Feb . 17 , 1971 
- 2130 

Feb . 18 , 1971 
0740 

Feb . 19 , 1971 
2300 

Feb • 22 , 1971 
2145 
2330 

L L 
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Time relative 
to landing 
deys : hr :min 

L 

-0 : 00 : 10 
-0 : 00 : 09 
-0 : 00 :05  
-0 : 00 :04 

0 :00 : 00 
0 : 00 : 07 
0 : 00 : 15 
0 : 00 : 22 
0 :00 : 35 
0 : 00 : 36 
0 :00 : 43 
0 : 00 : 48 
0 :00 : 5 8  
0 :02 : 04 

1 : 0 5 : 00 
1 : 18 : 51 
1 : 22 :02 

2 : 10 : 39 
2 :12 : 40 

7 : 22 : 35 

8 : 0 8 : 45 

10 : 00 :05  

12 : 22 : 50 
13 : 00 : 35 
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11 . 3 . 2  Postre covery Inspecti on 

The docking probe was removed from the command module and s ecured 
in  the mob i le quarantine faci li ty for return to Houston . Otherwi� e ,  all 
aspects of the command module postre covery operat i ons , the mobi le quar
antine facility operations and lunar sample return operati ons were nor
mal with the exception of the following dis crepancies noted during com
mand module i nspection . 

a .  There was an apparent chip ( l-inch wi de , 3-inches long , and l/2-
inch deep ) in the minus Z quadrant of the heat shi eld adj acent to the 
small heat s ens or , about 30-inches i nboard from the lip of the heat shield . 

·Howeve r ,  the heat shield can be cons idered to be i n  normal post-reentry 
condition .  

b .  There was a film leyer on all windows ranging from approximately 
10-percent coverage on the left s i de window to 100-percent on the ri ght 
s i de window . 

c .  The backup method was used to obtain the water s amples because 
the di rect oxygen valve had been left s lightly open , caus ing the primary 
pressuri zat i on system t o  los e  pres sure . 

d .  The chlorine content of  the potable water was not analyzed on 
the ship because of lack o f  t ime . 

e .  The Commander ' s  radi at i on dos imeter was broken and no reading 
was obtained.  The other two dos imeters were left aboard the command 
module . 

11 L 1 .  .... L 
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12 . 0  ASSESSMENT OF MISSION OBJECTIVES 

The f'our primary objectives ( ref' .  7 )  assigned to the Apollo 14 mis
sion were as follows : 

a .  Perform selenologi.cal inspection , survey ,  an d  sampling o f'  ma
terials in a pre selected region of the Fra Mauro formation .  

b .  Deploy and activate the Apollo lunar surface experiment s  package . 

c .  Develop man ' s  capability to work in the lunar environment . 

d .  Obtain photographs of' candidate exploration sites . 

Eleven detailed obj ectives ( derived f'rom primary object ive s ) and 
sixteen experiment s ( listed in table 12-I and de scribed in ref .  8) were 
asaigned to the mi ssion . All detailed objective s ,  with the following 
exceptions , were success:f'ul.ly completed: 

a. Photographs of a candidate exploration site 

b .  Visibility at high sun an gles 

c .  Command and service mdule orbital science photography 

d .  .Transearth lunar photography 

On the basis of preflight planning data, these f'our objectives were only 
partially sat i sfied .  

Two detailed objectives were added and were performe d during trans
lunar coast : S-IVB photography and command and service m::>dule water-dump 
photography . The S-IVB could not be identified on the film during post
flight analysis and, although sane particles were seen on photographs of 
the water dump , there was no indi cation of' the "snow storm" described by 
the crew. 

In addition to the spacecraft and lunar surface object ive s , the 
following two launch vehicle obj e ctives were assigned and completed :  

a. Impact the expended S-IVB/instrumentat i on  unit on the lunar 
surface under nominal flight profile conditions . 

b .  Make a postflight determination of the S-IVB/instrument ation 
unit point of impact within 5 kilometers and the time of impact within 
cne second . 



11 

12-2 

TABLE 12 . I . - DETAILED OBJECTIVES AND EXPERIMENTS 

Des cription 

Detai led obj ectives 

Contingency s ample collecti on 
Photographs of a candidate exploration s ite 
Vis ibi lity at high sun anglesa 

Modular equipment t ransporter evaluat i on 
Selenodeti c reference point update 
Command and s ervi ce module orbital scien ce photography 
Assessment of extravehi cular activi ty operat i on limits 
Command and service module oxygen flow rate 
Transearth lunar ph otography 
Thermal coat i ng degradati on 
Dim-light photography 

Experiments 

Apollo lunar surface experiments package : 
M-515 Lunar dust dete ct or 
S-031 Lunar passive s eismology 
S-033 Lune.r acti ve seismology 
S-036 Suprathermal i on detect or 
S-058 Cold cathode gauge 
S-038 Charged parti cle lunar environment 

S-059 Lunar geology investigat i on 
S-078 Laser ranging retro-reflector 
S-200 Soi l  mechani cs 
S-19 8 Port able magnetometer 
S-170 Bistat i c  radar 
S-080 Solar wind c ompos ition 
S-178 Gegens chein from lunar orbit 
S-164 S-b and transponder 
S-176 Apollo window meteroi d 
M-078 Bone mineral measurement 

Completed 

Yes 
Parti al 
Part i al 
Yes 
Yes 
Parti al 
Yes 
Yes 
Part i al 
Yes 
Yes 

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

�reliminary analys is indi cates that suffi cient data were 
collected t o  verify that the vis ib ility analyti cal model 
can be used for Apollo planning purposes . 

l1 L ' - ' .  
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The impact of the S-IVB was detected b,y the Apollo 12 pas sive sei smi c  
experiment . The impact of the spent lunar module as cent stage was de
tected by bath the Apollo 12 and Apollo 14 passive seismic experiment s .  

12 .1 PARTIALLY COMPLETED OBJECTIVES 

12 . 1 . 1  Photographs of a Candidate Exploration Site 

Four phato�aphic passes to obtain Descartes landing dat a were sched
uled : one high-resolution sequence with the lunar topographic camera at 
low altitude , two high-re solution sequences with the lunar topographic 
camera at high altitude and one stereo strip with the Has selblad electric 
data camera at high altitude . On the low altitude ( revolution 4} lunar 
topographic camera pass ,  the camera :ma.l.:f'unctioned and, although 192 frame s 
were obtained of an area east of Descartes , no usable photography was ob
tained of Descartes . On the subsequent high-altitude photographic passes , 
the electric Hasselblad c amera with the 500-mm lens was used instead of 
the lunar topographic camera. Excellent Descartes photography was ob
tained during three orb its , but the re solut ion was cons iderably lower 
than that possible with the lunar topographic camera. Another problem 
was encountered during the stereo strip photographic pas s .  Because the 
command and service module S-band high-gain antenna did not operate prop
erly , no usable high-bit-rate telemetry, and consequently, no camera 
shutter-open data were obtained for postflight data reduct ion . 

12 . 1 . 2  Visibility at . High Sun Angles 

Four sets of zero-phase observat i ons by th� Canmand Module Pilot 
were scheduled in order to obtain data on lunar surface visib ility at 
high sun elevation angle s . The last set , scheduled for revolution 30 , 
was deleted to provide another opportunity to photograph the Descartes 
area. Good data were obtained from the first three sets • 

12 . 1 . 3  Command and Service Module Orbital Science Photography 

All objectives were completed with the exception of those that spec
ified use of · the lunar topographic camera. The Apollo 13 S-IVB impact 
crater area was photographed using the electri c Hasselblad 70-mm c amera 
with the 500-mm lens as a substitute for the inoperable lunar topographic 
camera. 

' 
-'-
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12 . 1 . 4 Transearth Lunar Photography 

Excellent photography of the lunar surface with the electri c Has sel
blad data c amera using the 80-mm lens was obtai ned .  No lunar t opographic 
c amera photography was obtained because of the camera malfunct i on .  

· 

12 . 2  INFLIGHT DEMONSTRATIONS 

In addition to detailed object ives and experiments ,  four zero-gravity 
inflight demonstrati on s  were conducted.  They were performed on a non 
interference basis at the crew ' s  option . The four inflight demonstra
tions and responsible NASA centers were : 

a .  Electrophoreti c  separati on - Marshall Space Flight Center 

b .  Heat flow and convection - Marshall Space Flight Center 

c .  Liquid transfer - Lewis Research Center 

d .  Composite c asting - Marshall Space Flight Center . 

12 . 3  APPROVED OPERATIONAL TESTS 

The Manned Spacecraft Center participated in two of eight approved 
operati onal te st s .  Operat ional tests are not required to meet the ob
jectives of the mi s sion ,  do not affect the nominal t imeline , and add 
no payload weight . The two operational tests were : lunar gravity meas
urement (using the lunar m::>dule primary guidance system ) and a hydro
gen maser test ( a Network and unified S-band inve stigation sponsored by 
the Goddard Spaceflight Center ) . Both tests were completed , and the re
sults of the hydrogen maser test are given in reference 9 .  

The other six te st s  were performed for the Department of Defense 
and the Kennedy Space Center . These tests are designated as follows . 

a .  Chapel Bell ( classifi ed Department o f  Defense test ) 

b .  Radar Skin Tracking 

c .  Ionospheric Disturbance from Mis sile s  

d .  Acousti c  Measurement o f  Mis sile Exhaust Noi se 

e .  Army Acoustic Test 

f .  Long-Focal-Length Optical System. 

l L L 
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13 . 0 LAUN CH PHASE Stn+iA.RY 

1 3 . 1  WEATHER CONDITIONS 

Cumulus clouds exis ted in the launch complex area. wi th tops at 

13-1 

15 000 feet 20 mi nutes pri or to the s cheduled launch a.nd with tops at 
18 000 feet 10 minutes later.  Duri ng this time , the ground-bas ed elec
t ri c  field meters clearly showed fluctuat i ng fi elds characteristi c of 
mildly disturbed weather conditi ons . Since the mi s s i on rules do not 
allow a launch through cumulus clouds with tops in excess of 10 000 feet , 
a 40-minute hold was requi red before a permi s s ib le weather s itutati on 
existed.  At launch , the cloud bas es we re at 4000 feet wi th tops to 
10 000 feet . The launch un der thes e condi ti ons di d not enhance the 
cloud elect ri c  fi elds enough to produce a lightning dis charge , thus 
�rovi ding further confi dence in the pres ent launch mi s s i on rules . 

13 . 2  ATMOSPHERI C ELECTRICITY EXPERIMEN'IS 

As a res ult of the lightni ng strikes experi enced duri ng the 
Apollo 12 launch , s everal experiments were performe d during the launch 
ot Apollo 13 and Apollo 14 to s tudy the e ffects of the space vehi cle on 
the atmospheri c  elect ri cal tield during launch . Initi ally , i t  was hoped 
that the effe cts could be relat e d  s imply to the elect ri cal-fi eld
enhancement factor of the vehi cle .  However , the res ults o f  the Apollo 1 3  
meas urements - showe d  that the space vehi cle produce d a much stronger elec
tri cal fie ld di s turb an ce than h ad been expect e d  a.n d  al s o  produced s ome 
low-frequency radi o noi s e . Thi s disturbance- may h ave been caus ed by a 
buildup of elect ros t at i c  charges in the exhaus t cloud , charge bui ldup on 
the vehi cle , or a combinat i on of both of thes e  s ources . To define the 
origin and the carriers of the ch arge , addi tional experiments were per
formed during the Apollo 14 launch to s tudy the e lectri c field phenomena 
in more detail ,  to meas ure radio noi s e , and to meas ure the temperature 
of the S aturn V exhaust plume , whi ch i s  an import ant parameter in calcu
lat ing the elect ri cal breakdown charact e ri sti cs o f  the exhaus t . The pre
liminary findings of these experiments are gi ven here . Wh en analys es o f  
dat a  have been complete d ,  a supplemental report will be i ssue d  ( appendix E } . 

13 . 2 . 1  Electri cal Fi eld Measurements 

Atmospheric elect ri cal fi eld me asurements were made by the New 
Mexi co Ins t i tute o f  Mi ning and Technology and the Stanford Research In
stitute at the locations shown in figure 1 3- l .  In addition ,  a fi eld 
meas uring i nstrument ( field mi ll )  was ins talled on the laun ch umb i li cal 

� � -
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F ie ld m i l l  
no . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2 
13 
14 

750 
377 
655 

1650 
375 
300 

1675 
1480 
1600 

800 . 
380 
400 
800 

On launch umbi l ical 
tower 

19 
49 
70 

1 16 
148 
258 
270 
348 
270  
300 
270  
2 1 0  
1 8 0  

0 

0 

l Fie ld m i l l  instruments 1 through 8 were 
provided by New Mexico Institute of Min ing 
and Technology . The remainder of the 
instruments were provided by Stanford 
Research Institute . 

Figure 13-1 . - F ield mill locations at the launch s ite . 

tower to detect any charge buildup on the vehi cle during i gnition and the 
initial seconds after li ft-off. Accurate timi ng s ignals , whi ch were not 
available on Apollo 13 , were provi ded t o  mos t  of the fi eld meas urement 
equipment locat ions on Apollo 14 . Time-lapse photographs of the launch 
cloud were als o  taken to aid in  the interpretati on of the dat a .  Like 
Apollo 13 , the Apollo 14 launch produced a s igni fi cant electri cal dis
turbance in  the field mill records ( fig . 13-2 ) . Although the data are 
still being analyzed ,  s ame preliminary observat i ons can be made . 

Prior to the Apollo 13 launch , the fi eld mills indi cated stable 
fine-weather fields of 100 to 200 volts per meter . Before the Apollo 14 
launch , however , the fi elds were fluctuati ng several hundred volts per 
meter , positive and negative . This behavior was entirely cons istent with 
the di fference in  weather condi tions - good condi tions for Apollo 13 but 
mild disturbances for Apollo 14 . 

11 L , . 1 :  
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During the Apollo 13 launch , the instruments at sites west of the 
launch complex registered a smooth pos itive fi eld i ncreas e , suc ceeded 
by a les s  pronounced negative excurs i on .  For Apollo 14 , the negative 
excursi on was not evi dent ; however , the field vari ati ons occurred at ap
proximately equivalent times for both launches . The pos itive excurs ion 
was approximately five times greater for Apollo 13 than for Apollo 14 , 
and reached maximum when the space vehi cle was at altitudes greater than 
1000 meters . This observat i on ,  coupled with the fact that the maximum 
electri c  fields were observed downwind on both launches makes it unlikely 
that the space vehi cle charge was the dominant factor but , rather , that 
the pos itively charged clouds were the domi nant s ources of the electri c  
fields . 

During li ft-off , the swi ft ly moving exhaust clouds are channele d 
both north and south through the flame trough . The principal cloud whi ch 
moved through the north end of the flame trough was composed largely of 
condensed spray water and contai ned. a pos itive charge of approximately 
50 mi l·li coulombs and a field of approximately 4000 volts /meter ( Site 2 
of fig .  13-2 ) . The cloud that exhausted to the s outh had much les s water 
and contained about a 5-milli coulomb negative charge . The cloud als o ap
peared to contain soli d parti culate matter whi ch rapi dly fell out . 

The field mill on the launch umb ili cal tower indicated a small pos i 
tive value ( < 400 volts /meter ) a few s econds after li ft-off . Model meas 
urements using a 1/144-s cale model o f  the launch umbili cal tower an d  the 
Apollo/Saturn vehicle indi cated that , in this configurat i on ,  the launch 
umbili cal tower field and the vehi cle potential are related by volts / 
field = 20 meters . Thus , the vehi cle potenti al is  less than 8000 volts 
( 400 x 20 ) .  A comparis on of the launch umbi li cal tower record with the 
dat a from the other sites indi cates that the charge on the vehi cle ap
pears to be less than 1 mi lli coulomb . 

13 . 2 . 2  Radi o Nois e  Meas urements 

Narrow-band radio receivers operating at frequencies of 1 . 5 ,  6 , 27 , 
51 , and 120 kHz were located at camera pad 5 ( fi eld mill s ite 11 ) to
gether with a broadband detector . As in the case of Apollo 13 , signals 
were detected at several di fferent frequencies , but the time behavi or of 
di fferent frequency components was not the same during the two launches . 

The loop-antenna data ( fi g .  13-3 ) indicate a large increase i n  noi s e  
on the 1 . 5-kHz an d  6-kHz channels 3 seconds after engine igniti on , while 
the noise  on the 5 1-kHz channel di d not begin unti l  2 seconds after li ft
off ( about 11 seconds after ignition ) . Initially , it appeared that the 
1 . 5- and 6-kHz dat a mi ght not represent radi ated elect romagneti c  noi s e , 
rather , mi crophoni c nois e  generated by s ome component of the system such 
as the loop antenna preampli fier .  Preliminary dat a from the electri c 
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Figure 13-3 . - Noise recorded by loop antenna system . 
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100 

dipole antenna at camera pad 5 ,  however , indi cate the same general be
havior , and as the two antenna systems use separate ampli fiers , it appears 
that the data are valid.  An ab rupt cess ation of the 1 .  5- and 6-kHz noise 
by both systems prior to the loss of the 51-kHz noise is not understood 
and further studies of the noise dat a  are presently being made . 

13 . 2 . 3  Plume Temperature Measurements 

The temperature characteristics of the Saturn V exhaust plume were 
studied from a site about 5 miles west of the launch complex using a two
channel radiometer system operating at 1 . 26 and 1 .6 8 mi crons . The radio
meters viewed a narrow horizontal section of the exhaust plume whi ch , in 
turn , provided temperature as a function of distance down the plume as 
the vehicle as cended vertically . Figure 13-4 shows the measured plume 
temperature as a function of distance behind the vehicle . These results 
are now being used to improve the theoreti cal calculations of the elec
tri cal characteristi cs of the exhaust plume . It appears that the plume 
� be a reasonable electri cal conductor over a length of s ome 200 feet . 
This result is consistent with the low value of vehicle potenti al when 
the vehicle is pass ing the launch umbilical tower field meter since , at 
that time , the vehicle is probably still effectively connected electric
ally to earth . ( Reference 10 contains additional information concerning 
plume temperature measurements . )  
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Figure 13-4 . - Exhaust plume temperature characteri stic s . 

13 . 3  LAUNCH VEHICLE SUMMARY 

The seventh manned Saturn V Apollo space vehic le , AS-509 , was 
launched on an azimut h  90 degree s  east of north. A roll maneuver was 
in it iated at 12 . 8  sec onds that placed the vehi cle on a fli ght azimuth 
of 75 . 5 58 degrees east of north . The t raj ectory parameters from launch 
t o  translunar injection were c lose to nominal with t ranslunar injection 
achieved 4 . 9 seconds earlier than nominal . 
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All S-IC propuls i on systems performed s atis factori ly .  Total pro
pellant cons umpti on rat e  was 0 . 42 percent higher than predi cted wi th the 
consumed mixture rat i o  0 .94 percent higher than predi cted.  Speci fi c  im
puls e was 0 . 23 percent higher than predicte d .  

The S-II propuls i on system performe d s at i sfactori ly .  Total propel
lant flow rate was 0 . 12 percent below predi cted and speci fi c  impuls e was 
0 . 19 percent below predi cted.  Propellant mixture rat i o  was 0 . 18 percent 
above pre di cted. The pneumatically actuated engine-mixture-ratio  control 
valves operat ed satis factori ly .  Engi ne start tank condi tions were mar
ginal at S-II engine start command becaus e of the lower start tank re
lief valve settings caused by warmer-than-usual start t ank temperatures . 
These warmer temperatures were a result of the hold prior to launch . 

The S-IVB stage engine operated satis factorily throughout the oper
ati onal phase of first and second fi rings and had normal shutdowns . The 
S-IVB first fi ring t ime was 4 . 1  seconds les s  than pre di cted .  The restart 
at the full-open propellant uti li zat i on valve pos iti on was succes s ful . 
S-IVB second fi ring time was 5 . 5  seconds les s  than predi cted.  The total 
propellant consumption rate was 1 . 38 percent higher than predi cted for 
the first firing and 1 . 47 percent higher for the s econd fi ring . Speci fi c 
impuls es for each were proporti onally higher . 

The structural loads experienced were below des i gn  values . The max
imum dynamic pressure peri od bending moment at the S-I C  li qui d oxygen 
tank was 45 percent of the des i gn value . The thrust cutoff trans i ents 
were s imilar to thos e  o f  previous flights . The S-II stage center engine 
liquid oxygen feedline accumulator successfully inh ib ited the 14- to 
16-hert z longitudinal os cillations experi enced on previ ous flights . Dur
ing the maximum dynamic pressure region of flight , the launch vehicle ex
perienced winds that were les s than 95-percentile January winds . 

The S-IVB/instrument unit lunar impact was accomplished succes sfully . 
At 82 : 37 : 52 . 2  elapsed t ime from li ft-off , the S-IVB/instrument unit im
pacted the lunar surface at approximately 8 degrees 5 minutes 35 s econds 
south latitude and 26 degrees 1 minute 23 seconds west longitude , approx
imately 150 miles from the target o f  1 degree 35 minut es 46 seconds s outh 
lat itude and 33 degrees 15 minutes west longitude . Impact velocity was 
.8343 ft /s ec . 

The ground systems , supporting countdown and launch , performed sat
isfactorily . System component fai lures and malfunctions requiring cor
rective acti on were corrected duri ng countdown wi thout caus ing uns cheduled 
holds . Propellant tanking was accomplished s atis fact orily . Damage to the 
pad , launch umbi li cal tower , and s upport equipment was minor . 

' - ; ' 
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14 . 0  ANOMALY SUMMARY 

Thi s s ect i on contains a discuss ion of  the signi fi cant anomali es 
that occurred during the Apollo 14 mis s i on .  The di s cus s i on of  these 
items is divided into four maJ or areas : command and servi ce modules ; 
lunar module ; government-furnished equipment ; and Apollo lunar surface 
experiments package . 

14 . 1  COM>IAND AND SERVI CE MODULES 

14 . 1 . 1  Failure t o  Achieve Docking Probe Capture Latch Engagement 

Six docking attempts were requi red to s uccess fully achieve c apture 
latch engagement during the transpos i ti on. and docking event . Subsequent 
inflight examination of  the probe showed normal operat i on of the mecha
nism . The lunar orbit undocking and docking were completely normal . Data 
analysis of  film , accelerometers , and reacti on control sys tem thruster 
acti vity indicat es that probe-to-drogue contact conditions were normal 
for all docking attempts , and capture should have been achi eved for the 
five unsuccess ful att empts (tab le 14-I ) . The capture-lat ch as sembly must 
not have been i n  the locked configurat i on during the fi rs t five attempts 
based on the following : 

a .  The probe status t alkback displ�s functioned properly before 
and af'te r  the uns uccess ful att empts , thus indi cating proper switch oper
at ion and power to the talkback circuits . The t alkback di spl�s alw�s 
indi c ated that the capture lat ches were in the cocked pos iti on during 
the unsuccess ful attempts ( fig .  14-1) . ( Note t�at no ele ctrical power 
is  required to capture because the sys tem is cocked pri or to fli ght and 
the capture operat ion i s  s tri ctly mechani cal and triggered by the drogue . )  

b .  Each of  the s ix marks on the drogue resulted from s eparate con
tacts by the probe head ( fig . 14-2 ) . Although three of the marks are 
approximately 120 degrees apart , a docking impact with locked capture 
lat ches should result i n  three double marks ( to mat ch the latch hooks ) 
120 degrees apart , and within one i nch of the drogue apex or s ocket . 
Although the drogue marks could indi cate that the i ndivi dual c apture
lat ch hooks were di ffi cult to depres s ,  such marks are not abnormal for 
impact velo ci ti es great er than 0 .25 feet per second. 

S ince the lat ches were not locke d ,  the anomaly was apparently caused 
by failure o f  the c apture-lat ch plunger ( fig . 14-1) to reach the forward 
or locked position . Motion of the plunger could have been restricted by 
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TABLE 14-I . - RELATED DATA AND FILM INVESTIGATION RESULTS 

Estimated Contact a socket +X 
Docking Contact , velocity , pos ition, contact thrusting Couments attempt hr :min : sec t:t/sec clock- time , af:ter contact , 

oriented seconds seconds 

lA 3 :1 3 : 53 . 7  0 .1 11 :00 1 . 55 None a .  No thruster activity 
b .  Contact moderately close to apex 

lB 3 : 14 :01 . 5  b 0 . 14 max 9 :00 1 . 65 None Contact close to apex 

lC 3 :14 : 04 . 45 
b 0 . 14 max 4 : 30 1 . 4  0 . 55 Contact close to apex 

lD 3 : 14 : 09 .0 b 0 . 29 max 4 :00 2 . 35 1 .9 5  Contact close t o  apex 

2 3 : 14 : 43 . 7  0 . 4  to 0 . 5 8 : 30 1 . 7 None Contact close to apex 

3 3 : 16 : 43 . 4  0 . 4  7 :00 2 . 45 None Contact close to apex 

4 3 :23 : 41 . 7 0 . 4  to 0 . 5 3 :00 6 . 5  6 . 2  Contact clos e to apex 

5 4 : 32 :29 . 3  0 . 25 6 :00 2 .9 None Contact close to apex 

6 4 : 56 : 44 . 9  0 . 2  7 : 00 In and hard 14 . 3  a .  Contact moderately close to apex 
docked b .  Retract cycle began 6 .9 seconds 

after contact 
c .  Initial latch t riggered 11 . 8  sec-

onds af:ter contact 
-

�e maximum capture-lat ch response time is 80 mi lliseconds . 
bEstimated velocity from X-thruster activity time . These are maximums with same velocity being used 

to null out small separation velocity . Other velocities were estimated by film interpretation . 
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Figure 14-1 . - Cros s  sect i on  o f  probe head and capture -latch assembly . 
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Figure 14-2 . - Locat i on of marks on drogue assembly . 
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contaminat i on or dimensional changes due to  temperature . Internal dam
age to the capture-lat ch mechanism can be ruled out because the system · 
functioned properly in all subsequent operations following the s ixth 
docking attempt and during postflight t esting .  

Analyses were performed t o  investigate tolerances and thermal 
e ffe cts on mating parts and surfaces as s oci ated with the operation of 
the capture lat ches . The results indicate that nei ther temperature nor 
tolerances could have caused the problem. In addi tion , a thermal analy
s is shows that neither the lat ches no.r the spi der could have been j ammed 
by ice . 

Tests using quali ficat i on probes to determine capture-lat ch respons e 
measurements were made and showed no aging degradation of the system . 
Tension tie tests produced clearly sheared pins ; however , i n  one tes t , a 
sheare d portion of the pin di d leave the tens i on t i e  with s ome velocity 
and landed outside the ring itself . 

No contamination , corros ion ,  signi fi cant debris , or foreign materi
als were found , and the mechanism worked normally during all functi onal 
tests . The loads and response times compared with the speci fi cati ons 
and with the probe preflight data.  Motor torque values and actuator 
as s embly torque values ( stat i c  drag and capture-lat ch releas e )  compare 
favorably with preflight values . 

During the inspection , small scrat ches and resulting burrs were 
foun d  on the tens ion tie plug wall adj acent to the plunger.  The s cratches 
are being analyzed. An anomaly report wi ll be issued under separate cover 
when the investigat ion has been completed.  

The most probable cause o f  the problem was -contaminati on or debris 
which later became dis lodge d. A cover wi ll be provided to protect the 
probe tip from foreign materi al  enteri ng the mechanism prior to flight . 

This anomaly is open . 

14 . 1 . 2  High-Gain Antenna Tracking Problems 

During t rans lunar coast and lunar orbit operat i ons , occas ional prob
lems were encountered ' in acqui ring good high-gain antenna tracking with 
either the primary or secondary electroni cs . The speci fi c times of high
gain antenna acquisition and tracking problems were : 

a .  76 : 45 : 00 to 76 : 55 :00 
b .  9 2 : 16 : 00 to 93 :22 : 00 
c .  97 : 58 : 00 to 9 8 : 04 : 02 
d .  99 : 52 : 00 .  

) L .L.. 
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An instrumentation problem with the antenna readout occurred for 
about 3 hours early in the mission when an error of about 30 degrees 
existed.  Subsequently ,  the readings were normal . A mechani cal inter
ference in the instrument servos is  the most likely caus e . The instru
ment servos are an independent loop whi ch drive the antenna pitch and 
yaw meters in the command module . No corrective action is planned s ince 
the servos do not affect the antenna performance for any modes of oper
ati on .  

The ground data signatures whi ch show the first acquis iti on and 
tracking problems are i llustrated in figure 14-3 . The antenna started 
tracking a point approximately 5 to 8 degrees off the earth pointing 
angle at 76 : 45 : 00 elapsed time and continued tracking with low uplink 
and downlink s ignal levels for 10 minutes at whi ch time a good narrow 
beam lock-up was achieved. 

NASA-S-71-1671 
-75 dBm 

-95 dBm to -93 dBm I 
Uplink J----·-------------··"'-.. '"'""·---........... _,.. _____ ... -.J. 
s ignal 

j Tracking problem 
Good 
tracking 

.. , .. J 
·103 dBm 

M� ��l ��-M��-A��u����A����I�M���A��4t�AR
�AI�A=R

�' f9 M - Manua l 
A - Automatic 

l1 

AR - Automatic reacqu 1 s i t 10II 

76 :44 76:46 76:48 7 6 : 5 0  7 6 : 5 2  76:54 
E laJ>Sed lime from l i ft-off, hr:min 

Figure 14-3 . - Dat a from fi rst period of anomalous operation .  
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The low s i gn als correlat e  with antenna patte rn and gai n  data for a 
5- to 8-degree bores i ght shi ft  in the wi de-beam mode . The direct i on of 
the spikes obs erved on the downlink data in  figure 14-3 are cons istent 
with switching between the wi de and narrow beams . Conditi ons for a nor
mal alignment and a mis alignment of the wi de and narrow beams are shown 
in  figure 14-4 . A 5- t o  8-degree shift in the wi de-beam mode bores ight 

NASA-S-7 1-16 72 

Narrow and wide beam boresight 

Switch to nanow 
beam when target is 
in thi s  ±1 degree 
shaded region 

-20 -15 -10 -5 0 5 

Off boresight, degrees 

Remain in narrow beam if 
target is in ±3 degree shaded 
region , if not, system wil l  
switch back to wide beam 

10 15 20 

(a) Nonnal wide beam/narrow beam antenna al ignment patterns .  

Wide beam 
bore sight 
shifted 5 degrees 

-20 -15 -10 -5 0 5 

Off bores ight, degrees 

Target outs ide of 
± 3-degree shaded 
area wi l l  cause 
cyclic switching 

10 15 

Wide beam 

20 

(b) Alignment conditions indicated by Apollo 14 data . 

Figure 14-4 . - Antenna narrow and wide beam boresight relationship.  

Figure 14-4 . - Antenna narrow- and wide-beam boresight relat i onship . 
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will not allow narrow-beam lock s i nce conti nuous switch ing between the 
wi de beam and narrow beam wi ll oc cur with the t arget out s i de the ±3-
degree limi t  of the narrow-beam boresight . Thes e large error s i gn als 
will initiat e  cycli c switching between the wide-beam and narrow-beam 
mode s . 

The acqui s i tion and t racki ng problems for the oth er time peri ods 
were s imilar .  As a result of the 5- to 8-degree bores ight shi ft of the 
wide beam ,  the antenna at times would lock-up on the first  s i de lobe 
ins tead of the main lobe ( fi g .  14-4 ) . Since the antenna array is not 
symme tri cal ,  the bores ight e rror i n  the wi de-beam mode i s  a functi on of 
the targe t approach path . 

A number of problems could have caus ed the ele ctri cal shi ft of the 
wide beam ; however,  they effectively reduce to an interrupti on of one of 
the four wi de-beam elements whi ch s upply signals to the wi de-beam com
parator . The most likely c aus e is that a connector to one of the coaxi al 
cables whi ch are us ed to connect the wi de-beam antennas to the comparator 
as sembly of the strip lines was faulty . 

In support of this caus e , five bad coaxi al center conductors have 
been found .  Also ,  a coaxial connector was di s connected on the antenna 
and the effect in  the beam occurre d .  There are two caus es of the problem 
with the center conductor , both of whi ch oc cur duri ng cable-to- connector 
as s embly ( fi g .  14-5 ) . The s leeve i s  as s emble d to the cable , a Lexan 
insulator i s  then s lipped over the center conductor , and the pin i s  in
s erted ove r the center conductor and sol dered .  If the wi re gets too hot 
duri ng s oldering , th e Lexan grows and no longer fi ts loos ely through the 
hole in the outer body . When this oc curs and the outer body i s  s crewed 
onto the s leeve , the wire can be twisted and the center conductor may 
fail . 

Another pos s ible fai lure occurs when too much s older i s  used or the 
wi re is not centered in  the pi n .  Thes e condi ti ons wi ll bind the pin to 
the outer body ins ulat i on an d ,  during as sembly , the wire is  twi sted to 
fai lure . Thes e conditions are being corre cted by reworking all connect
ors and applyi ng proper inspect i on and control pro cedures during the re
work . 

Fai lures on previ ous fli ghts , i n  addition to the one on thi s  mis s i on , 
were of the type that appear under ce rtain thennal condi ti ons . The mal
fun cti on conditions of each of  the fai lures we re is olated to di fferent 
components of the antenna . All of thes e defe cts were of a type whi ch 
could es cape the test s c reeni ng pro ces s .  Another pos sib i li ty i s  that the 
s hock whi ch an antenna experi ences during the spacecraft-lunar module 
adapte r  s eparation when the pyrotechni cs fi re might have caus ed defects 
in the ci rcuitr.y whi ch could open up un der certai n  thermal condi tions 
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during the mi s s ion . The original qualifi c ation tes ts cons idered that the 
shock envi ronment would be low . 

To further investigate the effects of the spacecraft- lunar module 
adapte r  pyrot echnic shock on an antenna, a shock test has been conducted . 
The re s ult s  show that the antenna experiences about an order-of-magnitude 
gre ater shock than h ad been originally anticipated .  However , thermal 
testing of the antenna has shown no detrimental effects because of the 
shock . To better s creen out de fe cts  whi ch potenti ally could affect the 
functi oning of the antenna, a thermal acceptance test will be performed 
on all future flight antennas whi le radiating and under operating con
ditions . 

Thi s anomaly is closed.  

14 . 1 . 3  Urine Nozzle Blockage 

After t ranspos ition an d  docking and prior to initiating pas s ive 
thermal control , the crew indicated that the uri ne noz zle ( fi g .  14-6 )  
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was obstructed.  The s ame condi tion occurred s everal other times during 
the mission an d ,  i n  each c as e , the dump nozzle had not been exposed t o  
sunlight for prolonge d peri ods . 

The heaters and ci rcuitry were checked and found to be normal . The 
system des ign has been previous ly veri fi ed under s ome , but not all ,  likely 
thermal conditi ons whi le dumping uri ne . Although the history of previ ous 
mis sions has shown no i ndi c at i ons o f  fre e zi ng , the dumps during thi s 
fli ght may have coinci ded with a colde r  nozzle condition than on any pre
vi ous fli ght . Als o ,  the purge-and- dry procedure us ed during th is mi s s i on 
was di fferent from that used in  previous mis si ons in that the urine re
ceive r  was rinsed with water after e ach use and the system was purged 
with oxygen for longer times than i n  past mis s i ons . Thes e changes may 
have contributed to the freezing. A test is  planned to determine the 
contribut i on of the procedures to the free zing . 

If freezing occurs in  the future , thawing can be accompli shed very 
qui ckly by orienting the s pacecraft · s o  that the nozzle i s  in  sunlight . 
This was demonstrated s everal times duri ng thi s  flight . The auxili ary 
hat ch nozzle and the water overboard dump nozzle provi de backup capabil
ities . No hardware change is in orde r ,  but procedural chan ges may be 
necessary that would either res tri ct the t imes when urine may be dumped 
or modify the purging t echniques . 

This anomaly i s  closed .  

14 .1 . 4 Degraded VHF Communi cat i ons 

The VHF link between the conmand and s ervi ce module and lunar mod
ule was degraded from prior to lunar lift-off through terminal phas e  
initiat i on .  The received s i gnal strength meas ured in  the lunar module 
was lower than pre di cted during the peri ods when VHF performance was de
graded .  VHF voi ce was poor and,  11 minutes prior to lunar li ft-off , noi s e  
w as  received i n  the lunar module through the VHF system. Therefore , the 
system was dis able d .  When the sys tem was agai n enabled about 4-1/2 min
utes before lunar li ft-off , the nois e  had dis appeared .  

Pri or t o  lunar des cent , the VH F  rangi ng and rende zvous radar range 
measurements correlated closely . However , during the time peri od pre
ceding terminal phas e  initiation ,  the VHF ranging system indi cated erron
eous measurements . During this s ame time peri od ,  numerous range t racking 
dropouts als o occurre d .  The range meas urements were in error by 5 to 
15 mi les when compared wi th the rende zvous radar range meas urements 
( fig .  14-7 ) . The VHF ranging data pres ented in the fi gure results from 
a number of di fferent acqui si ti ons . After termi nal phase initi at i on ,  the 
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s ignal strength , as indi cated by the lunar module receiver automat i c  gain 
control voltage me asurement , was adequate and VHF rangi ng operation was 
normal . 

These problems would be expect ed i f  the signal strength were low .  
The signal strength was determined by me as uring the automat i c  gain con
trol voltage in the lunar module VHF receiver . The meas urement range 
was -9 7 . 5 to -32 dBm. Figure 14-8 shows the predi cted s i gnal strengths 
and thos e me asure d during the mis s i on at the lunar module receive r .  

The maximum predi cted values as sume that di re ct an d  multipath s ig
nals add . For the minimum predicted , the multipath s ignal i s  assumed to 
subtract from the direct sign al .  The antenna pattern model us ed cons isted 
of gain values in  2-degree increments and di d not include all the peaks 
that are known to occur because of antenna polari zation di fferences be
tween the lunar module and command and servi ce module . Line-of-s ight to 
the command module pas s ing through .one of thes e peaks would explai n  the 
puls es shown i n  figure 14-8( a ) . 

Figure 14-8( b ) shows that the signal strength should have been on 
s c ale subsequent to about 10 minutes after insertion . Figure 14- 8( c ) 
shows that the measured s i gnal stre ngth was below that expect ed for th e 
right-forward antenna , the one whi ch the checklist  called out to be us ed , 
from ins ert i on to docking and above that predi cted for the ri ght- aft 
antenna for this s ame time period . This indi cates that the proper an
tenna was selecte d ,  but s ome condition existe d  which de creased the signal 
strength to the lunar module receiver .  

The lower-than-normal RF link performance was a two-way prob lem 
( voi ce was poor in both di re ctions ) ;  therefore , cert ain parts of the VHF 
sys tem are prime candi dat es for the cause of the problem. Figure 14-9 
is a block diagram of the VHF communi cati ons system as configured during 
the rende zvous phase of the mission . Als o  shown are thos e areas in whi ch 
a mal funct i on could have affected the two-way RF link performance . A 
s ingle malfun ct ion in  any other area would have affected one-way perform
ance only . 

The VHF ranging problems resulted from lower-than-normal signal 
strength together with the existing range rate . The ranging equipment 
i s  designed to operate with s i gnal strengths greater than -10 5  {!Bm . 
The lunar module received s i gn al s trength data are ess enti ally quali ta
t i ve , s ince most  of the i nfli ght data during the prob lem peri od were 
off-s cale low . Unfortunately , the s cale select i on was not chos en for 
fai lure an alysis . A spot ch eck of rel ative veh icle atti tudes , as evi 
dence d by normal performance of the rende zvous radar and by s extant 
s i ghtings , indi cates that the atti tudes were proper . The crew also 
indi c ated that they followed the checklist  for VHF antenna selection . 

.. -
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A flight test was performe d to veri fy that the VHF ranging problem 
was as s ociated with the low VHF s ignal strength and was not related to 
the VHF ranging elements . The Apollo 14 range and range rat e  were dupli
cated and the results showed that , for s ignal strengths below ab out 
-105 dBm , errors in i ndi cated range s imi lar to thos e experi enced on 
Apollo 14 will be generated.  

The procedures for test and checkout of the lunar module and com
mand module elements of the VHF system have been reass ess ed and found 
to be s uffi cient , and additi onal inspect i on or testing is not practi cal 
or necessary . The only acti on that wi ll be taken is to add instrumen
tat i on on both the lunar module and the command and servi ce module to 
provi de more i nsight into the nature of the problem if  it occurs on sub
s equent flights . There fore , for subsequent vehi cles , receiver automati c  
gain control me asurements will be added t o  both the lunar module and 
the command and servi ce module . Measurement s cale factors will be s e
lected to give on-s cale data at the low s ignal strength range . The lunar 
module data storage and electroni cs as sembly ( tape re corder)  was retained 
for sub sequent postflight evaluation of voi ce quality ass oci ated with 
the automat i c  gain control measurements . 

Crew t raining wi ll be expanded to include realisti c s imulations of 
weak signal strengths and the effects of rangi ng on voi ce quality . The 
effects of the modes sele cted and operational techniques such as voi ce 
level and mi crophone positi on become import ant near the range limi ts of 
the system . 

This anomaly is clos ed. 

14 . 1 . 5  Entry Monitor System 0 . 0 5g Light 

The entry monitor system 0 . 0 5g light did not illuminate within 
3 s econds aft er an 0 . 05g condi ti on was s ensed by the primary gui dance 
system.  The crew then manually switched to the backup pos i ti on .  

The entry monito r system is des igned to start automati cally when 
0 . 05g is s ensed by the system ac celeromete r .  When this s ens ing occurs , 
the 0 . 05g light should come on , the s croll should begi n to drive ( al
though barely percept ible ) and the range-to-go counter should begin to 
count down . The crew reported the light failure but was unable to veri
fy whether the s croll or counter responded before the switch was manually 
change d to the backup mode . The crew als o reported that the neut ral 
dens ity filter was cove ring the 0 . 0 5g light and that there were sunlight 
re flecti ons in the cabin . 

11 L ' -
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Analys is of the range counter dat a reported by the crew indi cates 
a landing point about 5 nauti c al mi les short ; whereas , if the entry mon
itor system had not started when 0 .05g  was sensed and had starte d  3 sec
onds later , the indicated landing point would h.ave been on the order of 
20 nautical miles long . 

Post flight tests conducted on the system show that the lamp dri ver 
circuit and the redundant lamp fi laments were operating properly . Analy
sis  of the range counter dat a and postfli ght t ests indi cate that the 
failure of the crew t o  see the light was cause d  by having the fi lter 
positioned in front of the light . Re flected light from the sun and the 
i oni zation layer would make it very di ffi cult to see the light . Further , 
a clear glass filter i s  used in the s imulat or ; whe reas , the spacecraft 
filter is  silvered . 

The corrective acti on i s  to replace the fi lter in the s imulator 
with a flight unit .  Als o , a flight procedural change wi ll be made to 
position the filter so that it will not obs cure the light . 

This anomaly is closed.  

14 . 1 . 6 Inability t o  Dis connect Main Bus A 

During entry , when the main bus t i e  swit ches (motor-driven switches ) 
were placed in the off position at 800 feet , main bus A should have de
energi zed ; however , the bus remained on until after landing when the 
b attery bus-t i e  circuit b reakers were opened.  Post fli ght testing showed 
that the main motor swit ch contacts were clos ed ( fig .  14-10 ) . Als o ,  the 
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internal switches whi ch control the drive motor were short ed together and 
the mot or windi ngs were open . These conditions indi cate that the motor 
switch stalle d .  

Main bus B should have been powered because of this fai lure , but 
was not . Pos tflight testing showed that this oc curred because the main 
bus B circuit breaker for battery C was intermi ttent . Th is problem i s  
dis cussed in se ct ion 14 . 1 . 7 .  

A s imilar motor switch fai lure was experi ence d duri ng tests of the 
Apollo 15 command and servi ce module at the launch site . Als o ,  a second 
s imilar motor switch on the Apollo 15 vehi cle requi re d 100 mi lli s econds 
to trans fer ; whereas , normal t rans fer time i s  50 mi lli seconds . A motor 
current s ignature was taken for one switch cy cle of the s low-operating 
swi t ch an d  compared to a s imi lar s i gn at ure taken pri or to deli very . It 
showed that contact resistance between the brushes and commut ator had 
degraded and become ext remely errat i c .  Torque meas urements of the fai led 
motor ·switch without the motors were normal . This i s olates the problem 
to the motors o f  the switch as s embly .  

A black t rack o f  depos its from the brushes was foun d on the Apollo 
14 commut ator , as well as on both of the commutators from the Apollo 15 
motors . One motor had fai le d ,  and the other was runni ng s low . Normally , 
a commutator should show some dis coloration along the brush track , but 
a buildup of brush materi al along the t rack is  abnormal . As a result 
of the track bui ldup , the res i stance between the brushes and commut ator 
became higher . The higher res istance drops the voltage i nto the armature 
caus ing the motor to run slower . ( Switch t rans fe r ,  open to clos ed,  or 
vi ce  ve rs a ,  requires 11 revolut i ons of the motor . ) The i ncreas ed re
s i stance at the brush es generates more heat than normal . A visual in
spect i on of the Apollo 14 motor brush as sembly showed high heating of 
the brushes h ad occurred,  and this was concentrated at the brush
commutator interface . The condition was evident by the me lti ng pattern 
of a thin nylon di sh wh i ch retai ns the brush in the brush holder . 

An analysis is being made to dete rmine the depos it bui ldup on th e 
commutator .  Either the brush compos ition i s  in error , or a contaminat ion 
exi s ts in the brush compos ition .  X-ray refract i on analys is shows the 
s ame elements throughout the brush . The percentage of each of the sub
stances will be determined and compared to the spec i fication analys i s  
of the brus h .  

Inspect i on o f  the commutator outs ide of the track shows a clean 
copper s urface comparable to other mach ined surfaces within the motor . 
It can be inferred from this that there are no prob lems as s oc i ated with 

, .  L. l .. L 
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the age /li fe of the lubri cants from the beari ngs or with outgas sing from 
organi c materi als whi ch might depos it on the commutators . The switch 
assemblies are hermeti cally s ealed and under a 15-psi pressure of nitro
gen and helhun gas . 

Each motor is operated continuous ly for 4 to 8 hours to s eat the 
brushes . The motors are then di sassembled ,  inspected , and cleaned . 
Procedures for cleaning the motor ass embly are not expli cit as to mate
rials or techniques to be used. This could be the cause of  the problem . 
A further study of this aspect i s  being made . An anomaly report wi ll be 
issued upon completi on of the i nvestigat i on .  

There are 36 motor-driven switch assemblies in the spacecraft . Some 
of the switches are normally not used in flight . Some are us ed once or , 
at mos t , several times . The increas ed res istance o f  brush to the commu
tator as a result of depos its i s  gradual from all indi cations . A check 
of the switch operat i on t ime can be related to the depos it  bui ldup on the 
commutator.  Consequently , a check of the switch response time can indi 
cate the dependability of the switch to perform one or s everal additional 
swit ch t rans fers in flight . This wi ll be done for Apollo 15 on each of 
the switches . Work�around procedures have been developed i f  any of the 
motor switches are questionable as a result of the timing tes t .  

This anomaly is open . 

14 . 1 . 7  Intermittent Circuit Breaker 

The motor switch failure dis cuss ed in section 14 . 1 . 6  should have 
resulted in main buses A and B being energi zed after the motor switch 
was commanded open ( fi g .  14-10 ) . Postflight continui ty checks , however , 
showed that there was an open ci rcuit between battery C and main bus B 
and that the main bus B ci rcuit breaker for battery C was intermittent . 

Disass embly and i nspection of the circui t breaker showed that the 
cont acts are cratered ( fi g .  14-ll ) .  The crater contains a white sub
stance whi ch held the contacts apart when the ci rcuit breaker was actu
at ed.  

The white substance wi ll be analyzed to determi ne its compos ition 
and s ource . Circuit breakers whi ch have been us ed in s imi lar appli ca
tions in Apollo 14 wi ll als o be examined.  An anomaly report will be 
issued under s eparate cover when the analysis has been completed . 

This anomaly is open . 
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14 . 1 . 8 Food Preparation Unit Leakage 

The crew reported that a bubble of water collected on the stem of 
the food preparation unit after hot water was _ di spensed , indi cating a 
s light leak . This problem als o  occurred on Apollo 12 . 

Tests of both the Apollo 12 and Apollo 14 units showed no leakage 
when room temperature water was di spensed thro.ugh the hot water valve ; 
however , at an elevated water temperature of approximately 150° F ,  a 
s light leakage appeared after valve actuation . Dis assembly of the 
Apollo 12 dispenser showed damage in two valve Q-rings , apparently as 
a result of the considerable parti cle contamination found in the hot 
water valve . M:>st of the contamination was i dentified as material re
lated to component fabrication and valve ass embly and probably remained 
in the valve because of incomplete cleaning procedures . Since the par
ticles were found only in the hot water valve , the contamination appar
ently originated entirely within that assembly and was not supplied 
fran other parts of the water system. 

Postflight , when the hot water valve was cycled several times , the 
outflow was considerably less than the specified 1 ounce per cycle . Dis
assembly of the valve will be performed and an anomaly report will be 
issued under s eparate cover upon completion of the investigation . The 
Apollo 15 unit has been checked during altitude chamber tests with hot 
water and no leakage was noted. 

This anomaly is open. 

14 . 1 . 9  Rapi d Repressuri zation System Leakage 

Repressuri zation of the three storage bottles in the rapid repress
urization system ( fig . 14-12 ) was required three times in addition to 
the normal repres suri zations during the mi ssion . The system requi red 
repressuri zation once in lunar orbit and twice during the transearth 
coast phase .  Just prior to the first o f  the trans earth coast repressuri
z ations , the system had been used ( face mask checks } and refilled 
( fig . 14-13} . In this instance , the fi ll valve was clos ed before the 
system was fully recharged. Calculat i ons from the surge tank pressure 
data indicate that the repressuri zat i on package was at approximately 
510 ps i at 199 hours · 48 minutes and was only recharged to about 715 psi 
( fig .  14-13 ) . · The cabin indication of the repressuri zation package pres 
sure would have indi cated a higher pressure becaus e of the temperature 
rise of the compressed gas . The crew noted a value of about 700 psi 
( due to temperature s tabili zation } at approximately 2ll hours and re
charged the system again . 

' - L L. L.. 
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Data are not avai lable from the lunar orbit  repres suri zat i on as the 
spacecraf't was on the b ack s i de of the moon during the operation . How
eve r ,  the general procedure us ed during the t ransearth coas t  phas e  would 
only partially recharge the system .  

Postflight checks o f  the 900-psi system showed that the leak age rate 
was about 40 s tandard c c/min as compared with the preflight value of  
14 standard cc/min . Thi s change in leakage rate i s  not consi dered ab
normal . A leakage rate of this magnitude would lower the system pressure 
about 100 ps i every 3 deys . Therefore , the lunar orbit recharging of the 
sys tem probably resulted from normal leakage . 

Future crews wi ll be briefed on the recharging techniques for other 
than normal re chargings to i nsure that the system is fully recharged . 

This anomaly i s  closed.  

14 . 2 LUNAR MODULE 

14 . 2 .1 Ascent Battery 5 Low Voltage 

At 62 hours , the as cent battery 5 open-circuit voltage had decreased 
from a li f't-off value of  37 . 0  volts to 36 . 7  volts instead of remaining at 
a const an t  level ( fig . 14-14 ( a) ) . Figure 14-14 ( b ) shows characteristi c 
open-circuit voltages for a fully charged battery ( peroxide level of all 
cells ) and all cells operating on the monoxi de level of  the s ilver plate . 
Note that one cell at the monoxi de level and the remaining 19 at the per
oxide level would have caus ed the obs erved open-ci rcuit voltage of 36 . 7  
volts . Any one of the following condi tions could have caused the volt
age drop . 

a .  Battery cell short 

b .  Cell short-to-case through an elect rolyte path 

c .  External b att ery load . 

A single-cell short could be caused by inclus ion of conduct ive 
foreign material in the cell-plate pack at the time of manufacture or 
excessive braze materi al at the braz ed joint between the plate tab and 
plate gri d ,  either of whi ch could pi erce the cellophane plate s eparator 
during the launch powered-flight phas e ,  provi ding a conductive path be
tween pos i tive and negative plates ( fig .  14-15 ) .  

ll. L 1 .  
L .L.. L. 
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Figure 14-14 . - As cent battery voltage characteristi cs . 
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(d) Cros s section of plug . 

Figure 14-15 . - As cent batterr cell structure . 
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During battery activation , one of the des cent batteries had a cell 
short to the case through an electrolyte path around a cell plug j oint 
( fig . 14-15 ) .  The cell plug was not properly s ealed to the bottom of 
the plastic cell case .  If this condition existe d  in as cent battery 5 
in flight , it could have decreased the battery open-ci rcuit volt age . 

An external battery load could have existe d  from li ft-off to 62 hours 
on the ci rcuit shown in figure 14-16 in which typical types of high res ist
ance shorts are als o  shown . For this condition , the current drain would 
have occurred on all cells . Figure 14-14 shows the time history of the 
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open-circuit bus voltage for battery 5 .  For a constant external load , 
the batte ry  5 open-circuit bus voltage would have been lower than the 
fli ght data at 141 hours • Therefore , the external load would have had 
to change with time . 

To reduce the poss ibility of recurrence , corrective acti on has been 
t aken for each of the poss ible causes . Stricter inspecti on and improved 
procedures have been incorporated for installati on of the plugs . Partic
cular attention will be given to the as sembly of the cell plates on future 
units . In addition , a test has been added at the launch s ite to measure 
lunar module parasitic loads prior to bat tery installat i on to insure that 
no abnormal loads are pres ent . 

This anomaly is clos ed. 

14 . 2 . 2  Abort S ignal Set In Computer 

Pri or to descent , the primary guidance computer received an abort 
command four di fferent times . The computer would have reacted i f  the 
des cent program had been i ni ti ated . The fai lure was isolated to one 
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s et of contacts of the abort switch ( fi g .  14-11 ) bec aus e the abort com
mand appeared only on the lunar module primary gui dance computer down
link ( telemetry ) and not on the ab ort gui dance computer downli nk ( telem
etry ) or the telemetry bilevel discretes as s oc i ated with the des cent 
engine control logi c .  Recycling the switch or tappi ng the panel removed 
the s ignal from the computer.  To prevent an unwanted abort during powered 
des cent , a computer program was developed and veri fi ed within 2 hours , 
and in t ime to be manually inserted i nto the lunar module computer pri or 
to powered des cent initiat i on .  The program would have allowed the lunar 
module computer to i gnore the abort command , had it appeared duri ng 
powe red des cent . 

The most probable caus e of the abort command was metalli c contam
ination within the hermetically sealed ab ort-switch module ( fig .  14-18) . 
The failure of an internal switch component would not likely have caus ed 
the abort indi cation becaus e such a fai lure would not have be€n inter
mittent . X-rays and diss ection of similar switches have shown metalli c 
contaminat i on in seve ral switches of the s i ze whi ch could have caus ed 
the flight fai lure . The metall i c  contami nation appears to come from the 
internal switch parts , parti cularly one of the three studs whi ch hold 
the contact components . The stud i s , in  e ffect , riveted by heat and 
press ure ( fig .  14-18) . This type of switch is  us ed in eight di fferent 
loc at i ons , whi ch are : 

a .  Abort swi tch 
b .  Abort stage switch 
c .  Engine stop switches ( 2 )  
d .  Master alarm switches ( 2 ) 
e .  Plus X trans lation switch 
f .  Engine start switch . 

Corre ct ive action cons ists of replacing all switches of this type 
with swi tches s creened by x-ray and vibration .  S ince the s creening is 
not fool-proof ,  ci rcuit modi fications were made to eliminate s ingle
point failures of thi s type . Thes e modi fi cat ions are : 

a. The abort stage switch des cent-engine overri de function was 
remove d from the abort-stage ci rcuit breaker and placed on the logic 
power switch contact . This involved relocating one wire from one 
swit ch terminal to another . 

b .  Each o f  the two engine s top switches were rewired s o  that two 
s eries contacts are required to clos e in order to stop the engine . For
merly , the two s ets of contacts in each stop switch were connected in 
parallel so that closure of either would shut down the engine . 

L L 
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0 = Add itional heat and 
pressure f lared joints . 

Metal contam ination up to 0 . 030-inch long s l ivers found in several switches 

(a) S impl if ied sketch of internal switch parts . 

lL l 

(b) X-rays of switch showing meta l l ic contam ination . 

Figure 14-18 . - Abort swit ch contamination .  
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c .  The plus-X translation switch was rewired so that two s eries 
contact closures are required to fire the plus-X reacti on control sys
t em thrusters . This removed the four-thruster trans lat i on capability , 
leaving only a two-thruster t ranslation capability . 

d. The engine-start switch and circuitr,y were not changed because 
of this problem s ince inadvertent closure would only give the manual start 
command ,  and the engine arm coumand is also requi red to fi re the engine . 
However ,  becaus e  of a switch failure in another spacecraft during ground 
tests , the switch was rewired so that a seri es-parallel combination of 
four switch contacts are used for the function . That failure was caused 
by nonmetalli c contamination (rust ) preventing switch contact closure . 
This contamination is undetectable by x-rays . 

e .  The two master alarm switches were not rewired since inadvert
ent contact closure would only res et the master alarm , and this would 
not affect the mission or crew safety . 

f .  The abort and abort stage switch circui tr,y to the computer was 
not modified. Instead , the primar,y guidance computer software was modi
fied to allow the crew to lock out the computer abort and abort stage 
program . If the crew exercises this option , any required abort would 
have to be performed using the abort guidance system. 

This anomaly is clos ed . 

14 . 2 . 3  Intermittent Steerable Antenna Operation 

Prior to the des cent phase of the mis sion , the S-band steerable 
antenna operation was intermittent . There were -nine instances of un
scheduled interruption of antenna tracking . Three of thes e have been 
explained .  One was caus ed by the crew switching to an omnidirecti onal 
antenna because of an erroneous reading of the pitch pos ition indi cator 
at full scale of 255  degrees when the antenna was actually at 122 degrees . 
Another occurred becaus e the antenna was in the manual slew mode and 
not in automatic-track . After undocking , the lunar module attitude was 
changed and , as a result , the antenna was pointed away from the earth 
resulting in a loss of signal . The third interruption which has been 
explained was caused by a failure in the ground station power ampli fi er 
resulting in · a temporar,y loss of uplink s ignal . 

The remaining unexplained t racking interruptions ( fig .  14-19 ) have 
s imilar characteristi cs . Five t racking interruptions occurred during 
Goldstone coverage and figure 14-20 is a plot of ground-station-received 
signal strengths at thes e t imes . During the Madrid ground stati on cover
age of revolution 32 , another incident was noted with the same type of 
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- Steerable antenna selected 

c=J Omnodorechonal antenna se l�cted 

Un1c:heduled Iones of lock, hr:min 

.. - 1 01 :55 

b - 103:42 

c; - 104:2b 

d - 1 04:3b 

e - 107:31 

I - 144:1 1  

Revolution 3 1  
!Front side only) 

Revolution 14 
(front side only) 

Landing 

Revolution 3 2  
(Front iide only) 

Figure 14-19 . - S-band steerable antenna operation .  

antenna respons e .  It indicates that the antenn a began t o  experience a 
mechani cal os cillat i on of approximately 2 to 3 hert z , whi ch became in
creas ingly larger in amplitude until the antenna lost lock . When antenna 
oscillations exceed plus or minus 5 degrees , exces s ive motor drive cur
rent causes the 28-volt de ci rcuit breaker to open and the antenna ceases 
to track . The crew res et this ci rcuit breaker several times . The an
tenna was als o  reported to be noisy , indi cating the continual driving 
that would have occurred during the os cillations . The os cillat i ons oc
curred randomly at other times during the problem peri od ,  but damped out 
and did not c ause tracking interruptions . 

The two most probable causes of these os ci llations are an unwanted 
vari at i on in the uplink s ignal or a condit ion of instabi lity in the 
antenna/S-b and trans ceiver tracking loop system . The conditions which 
can cause the fi rst item are vehi cle blockage , re flecti ons from the 
spacecraft structure , multipath s i gnal reflecti ons from the lunar s ur
face , noise transients induced on the uplink signal ,  or incidental am
plitude modulation on the carrier at the criti cal antenna lobing fre
quency ( 50 to 100 hert z or odd harmoni cs ) . 

Look-angle dat a indi cate that the antenna was not pointed at or 
near the vehi cle structure during the time periods when antenna lock 
was lost . 

11 L ' . � L 
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Figure 14-20 . - Signal strength os cillations associated 
with five unexplained losses of lock . 
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Multipath normally occurs when the space craft i s  near the lunar 
hori zon . However , antenna los s-of-lock di d not occur at thes e t imes . 

Noi s e  t rans ients on the upli nk are held to a mi nimum becaus e the 
groun d stat i on powe r ampli fi er operates in  s aturat i on .  Als o ,  the veri
fi c at i on receiver whi ch monitors the up link s i gnal at the ground s tati on 
displayed normal output duri ng the proble� time peri ods . Although the 
inci dental amplitude modulat ion has not been re cently meas ured at Gold
stone and Madri d ,  product ion s ub- carri er os cilla�ors have been checked . 
These tes ts showed that the i nc i dent al ampl i tude modulat i on at the criti
cal frequencies was not detectable ( less than 0 . 1  pe rcent ) . A tes t was 
also pe rformed which showed that the s teerable antenna respons e t o  in-
ci dental amplitude modulati on be came wors e with the addi ti on of  voi ce 
on the sub-carrier and the pres ence of pulse repeti ti on ranging . How
ever , there is  no correlat ion between ei ther of thes e and los s es of  an
t enna lo ck . The mos t prob ab le caus es for tracking loop instability are 
high loop gai n ,  low gimb al fri ction , and low recei ved s i gn al strength 
result ing in low sign al-to-nois e  rat i o  i n  the t racking loop . Both up
link and downlink s ignal s trengths indi cated that the RF levels were 
n ominal and were within the antenna' s capability to t rack . 

The loop gain as me as ured during the acceptance tes t  of the 
Apollo 14 equipment indi cated a lower-than- nomi nal value indi cati ng 
th at the stabili ty sh ould have been greater than nominal . 

The re are no likely fai lures i n  the ante nna �hat would caus e a gain 
change suffi cient t o  produce ins tabili ty wi thout complete los s of the 
antenna.  There are many component fai lures in the trans ceiver whi ch 
might produce the right amount of gain change for os cillati ons . However , 
thes e failures would als o affect the receiver automatic gain control 
reading whi ch appeared normal throughout the problem time . 

The gimbal fri ct i on on the Apollo 14 antenna was me as ured during 
ground tests and found to be higher than nominal . This would increas e 
the antenna stability . For gimbal fri cti on to caus e the problem , a 
v ari ation in fri ct ion whi ch characteristically changed from normal to 
low , or no  fri ction , at short intervals and at random times cons i stent 
with the antenna os ci llat ions would have had to occur . 

There was no obvi ous variat i on in  uplink s ignal an d  no obvious 
change in the antenna/trans ce iver tracking loop whi ch would caus e  the 
antenna to osci llate . There mus t  have been s ome intermittent condition 
that existed in  the spacecraft /ground stat i on system , whi ch has not yet 
been i denti fie d .  The investigat i on i s  conti nuing an d  an anomaly report 
will be issued when the investigat i on i s  complete d .  

' . 
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An additional problem occurred one time during revoluti on 11 when 
the antenna pitch-pos iti on i ndicator stuck at the full-scale readi ng 
of 255 degrees . However , it became operative agai n and continued to 
funct ion properly . This m� have been caused ·by a fai lure in the 
position-s ens ing ci rcuits in the antenna or in the meter its elf . This 
meter hung up twi ce during acceptance testing . A mal function was found ,  
corrected , an d  a retest was succes s ful . The indi cator is us ed only as 
a gross indi cat i on o f  antenna movement . Cons equently , no further action 
will be taken . 

This anomaly is ope n .  

14 . 2 . 4  Landing Radar Acquisition 

Two conditions occurred duri ng the landing radar operation wh ich 
were not expect ed ; however , they were not abnormal . The fi rs t condition 
occurred approximately 6 mi nutes after ini tial actuation of the landing 
radar . The sys tem swi tched to the low-range s cale , forcing the trackers 
into the narrow-band mode of ope rat i on .  This was corre cted by recycling 
the main power ci rcuit breaker whi ch switched the radar to high s cale . 
Figure 14-21 shows the radar scale switching logi c .  The radar then locked 
on and "velocity-data-good" and "range-data-good" indi cations were trans 
ferred to the computer.  The "velocity-dat a-good" signal is generated 
when the Doppler trackers lock on and the "range- data-good" s ignal is 
generated when the range tracker also locks on . 

NASA-S-71- 1689 
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Figure 14-21 . - Landing radar scale switching logi c . 
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The se cond condit ion whi ch was not expect ed oc curred after the cir
cuit breaker was recycled . At this time the initial s lant range reading 
was approximate ly 13 000 feet greater than th at calculated from the oper
at ional traj e ct ory . Several seconds later , the indicated s lant range 
jumped from 32 000 to 25  000 feet . Subsequently , the landing radar read
ings compared favorably with the operati onal trajectory ( fi g .  14-22 ) .  
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The s cale switching occurred at a slant range of' 63 000 f'eet with 
a beam 4 velocity of' 3000 ft/sec at an incidence angle of' 35 . 4  degrees . 
Operating the landing radar under thes e condi ti ona exceeds the maximum 
range measurement des ign limit ( f'ig . 14-23) .  · Under thes e conditions , 
the re ceiver is sweeping with maximum gain and the system will be s en
s itive to any receive d noi s e . A test was perf'ormed with a radar oper
at ing under the Apollo 14 conditions (two range-rate beams locked up 
and the range beam unlocked ) .  By ins erting low- leve l noi s e  f'or a f'rac
tion of' a s econd into the re ceiver , range scale switching occurred. 

NASA-S-71-1691 
ao x 1o3---------�--------,---------�.-----------,-------------� 

70 �-------+--------+-------��------�------_, 

30 

20 
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Unacceptable 
range 

3 

Apollo 14 velocity and 
slant range when scale 
switch occurred 

4 
Vehicle velocity component along range beam, fl/sec 

Figure 14-23 . - Landing radar range measurement des ign limit at ion 
as a f'Unct i on of' vehicle velocity component along range beam .  
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The high s lant range indi cated at lock-an by the landing radar was 
most likely caus ed by the radar locking onto energy returned into the 
antenna s i de lobe , Bas ed on the pre flight terrain profile and the pre
fli ght operati onal traj ectory , s i de lobe lock- on can be expected . Check
list procedures exist to correct a sustained s i de lobe lock- on . Once 
the radar is lo cked on the mai n lobe , s i de lobe lock- on cannot occur . 

On future spacecraft , a wiring modi fi cat i on will be made to enable 
holding the sys tem in hi gh s cale while in antenna pos ition 1 .  Low s cale 
wi ll only be enable d in pos ition 2 .  Pos ition 2 of th e antenna is aut o
matic ally s ele cted by the computer at high gate ( 7500 feet alti tude ) .  
The manual s election of antenna pos iti ons 1 and 2 will also control high 
s c ale and enab le low scale switching , respect ive ly . 

This anomaly is clos ed. 

14 . 2 . 5  Los s of the Abort Gui dance System 

The ab ort guidan ce sys tem fai led duri ng the braki ng ph ase of ren
de zvous . Telemetry data were suddenly los t at 14 3 : 58 : 16 ;  however , there 
was no indi cation of an abort gui dance system warning li ght or mas ter 
alarm . The crew was unable to acces s the data entry and displey as s embly 
and depressing any of th e pushbuttons had no effect . The s tatus switch 
was cy cle d from operate to standby to operate with no effect . Cycling 
the 28-volt ci rcuit breakers likewise had no effe ct . The sys tem re
maine d inoperative for the remainder of the mission .  

The system was determined t o  have been i n  the standby mode after 
the fai lure by comparing expecte d  and actual bus current changes that 
were obs erve d at the time o f  the fai lure and the subs equent cycling of 
the ci rcuit bre akers . Further evi dence of the sys tem having been in 
standby was the absence of the warning light and mas ter alarm at the 
time of the fai lure . If standby power in the electronics as s embly were 
not maintained ,  clock pulses to the abort s ens or ass emb ly would have 
been lost and the warning light would have illumi nated and the master 
alarm s ounded.  A warning light and a mas ter alarm would als o have oc
curre d if the fai lure had been in the ab ort gui dan ce status switch or 
the as s oc i ated external wiring . These conditi ons isolate the failure 
to the power s upply sect i on or the s equencer of the abort electronics 
as s embly ( fi g .  14-24 ) .  

11 L .... L 
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Figure 14-24 . - Partial abort guidance syst em fun ct ional diagram. 

The fai lure has been i s olated to one of s even modules in the plus 
4-volt logi c power supply , one module in the s equence r ,  or one of 
27 inte rconnect ions between the modules . There are a total o f  27 com
ponent part types ; twelve res istor , two capacitor , four trans istor , 
four di ode , four trans fonner , and one s aturable reactor that could have 
caus ed the fai lure . 

A complete fai lure hi stor,y re view of the component part types re
vealed no evi dence of a gene ri c part prob lem . A power di ssipation analy
s i s  and a thennal analys is of maximum case t emperature for e ach o f  the 
suspe ct parts showe d adequate des ign margins . 

Manufacturi ng procedures were revi ewed and found to be s at i s factory . 
Finally , a review was conducted o f  the testing that is perfonned at the 
component level , module level , and power s upply level . Tes t  procedures 
were found ·to be adequate for detect i on of fai led uni ts and not s o  s evere 
that they would expose the units to unacceptable or hazardous tes t con
ditions . 

A component or s older j oint failure could have been due to either 
an abnormal thermal stress or a non-gene ric de fi ci ency or quality de fect 
that was unable to withstand a normal environment . An abnormal thermal 
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stress could have been caus ed by improper installation of the equipment 
on the cold rails . If this occurred , the first component which should 
fail is in the parti cular power supply to which the failure was isolated. 

In any event , the me thods and techni ques us ed to veri fy system 
performance show no apparent areas whi ch requi re improvement . Further 
stress analysis of components and s older j oints shows that the design is 
adequate . The methods , techniques and procedures used in installation 
of the equipment on the cold rails are als o adequate , providing these 
procedures are followed. Consequently , no corrective acti on is in order . 

This anomaly is closed. 

14 . 2 . 6 Cracked Glass on Data Entry and DisplS\Y Ass embly 

The crew reported a crack in the glass across the address register 
of the data entry and displS\Y assembly . Figure 14-25 shows the assembly 
and the location of the crack . Figure 14-26 is an enlarged drawing of 
the glass and associated electrolumines cent segments . 
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Figure 14-2 5 . - Locations of crack and t ape on dat a  
entry and displS\Y assembly . 
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Figure 14-26 . - Cross section of dat a  ent ry and displa;y assembly glass . 

The caus e o f  the crack is unknown . Glas s  cracks have not o ccurred 
since a revi s i on was made to the procedure used to mount the glas s to the 
faceplate of th e data entry and displa;y as sembly . The as s embly is qual
i fied for an envi ronment in excess of the flight condi ti ons . Therefore , 
either exces s ive internal s tres s es ( un der normal conditi ons ) were bui lt 
into the glas s , or th e mounting was improper ( not as des igned) , or the 
glass was i nadvert ently hit . 

Correct ive acti on cons ists of applying a clear plasti c  tape pri or 
to flight on the glas s of the elect rolumines cent windows ab ove the key
board ( fig . 14-25 ) , like that previ ous ly us ed on the mi s s i on timer win
dows . The t ape is to prevent dis lodging of any glass parti cles i f  cracks 
oc cur in the future , as well as help prevent moi sture from penet rating 
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th e electrolumines cent s egments should a c rack oc cur . The pres enc e o �  
moi s ture would cause the digi t s egment s t o  turn dark i n  ab out 2 h ours i �  
voltage were appli e d  t o  a cracke d uni t , mak i ng the as s embly unreadable . 

Thi s  anomaly is clos e d .  

14 .  3 GOVERNMENT FURNISHED EQUIPMENT 

14 . 3 .1 Noi sy Lun ar Topographi c  Came ra Operati on 

The lun ar topogr aphi c camera exhib ited noi sy operat i on from t h e  t ime 
of the De s c artes s i te photography pas s at ab out 90 h ours . In b oth the 
ope rate an d  s tan dby modes wi th powe r on the c ame ra , the shutter operat i on 
was conti nuous . 

The developed fi lm indi cat es that the camera was fun cti oning properly 
at the t ime o f  camera ch e ck out at ab out 34 h ours . On the fourth lunar 
revolut i on , good image ry o� the lun ar surface w as  ob tained on 19 2 frames , 
s t art i ng at Theophi lus Crater and ending ab out 40 s econds b e fore pas s ing 
the De s cart e s  site . The re s t  of the fi lm cons i s ts of multiple-exposed 
and fully over-exposed fi lm .  

Pos t fl i ght t e s ts w i th t he fl i ght camera showed s at i s fact ory opera
ti on in all s imul at ed environments (pre s s ure , thermal , and vib rat i on )  at 
one-g . An i ntermi ttent fai lure was foun d i n  a t rans i s tor in the shutter 
cont rol ci rcui t ( fi g . 14-27 ) .  The t rans i s tor was cont ami nated w ith a 
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Figure 14-27 . - Lunar topographi c  camera shutter cont rol . 

L L 



11 11 L 

14-43 

loose piece of aluminum 0 .130 inch � 0 . 008 inch , which was foreign to 
the transistor materi al .  With a shorted trans istor , 28 volts is appli ed 
continuously to the shutter drive circuit , caus ing continuous shutter 
operation , independent of the intervalometer and independent of the 
single , auto ,  or standby mode s elections . The sprocket holes in the 
1/200 slot in the shutter curt ain were torn as a result of the prolonged ,  
continuous , high-speed shutter operation ( fig .  14-28 ) . 

NASA-S-7 1- 1696 
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Figure 14-2 8 . - Lunar topographic camera film track . 
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The trans i s tor had been pas s ed by normal high reli ab i li ty s creening 
and by premis s i on and postmis s i on sys tem acceptance tests operat i ng under 
vibrat i on ,  thermal , press ure , and humi dity conditi ons ; none of wh i ch de
tected the piece of aluminum . Additional screening being cons ide red for 
future applications includes the use of N-ray and acousti c inspecti on . 
An occurrence o f  this nature is  rare , but it  i s  even rarer for s uch a 
condition to  pas s the high re li ability s creening . 

The anomaly occurre d only after a period of operat i on at zero-g in  
fli ght , and when the case of the t rans i s tor itself was t apped pos tflight . 

Thi s  anomaly is clos ed. 

14 . 3 . 2  Ext raveh icular Glove Control 

After sui t  pressuri zation for the second extravehi cular activity , 
the Lunar Module Pilot reported that his right glove had pulle d his hand 
to the le ft and down and that he had not had this t rouble during the 
firs t  ext ravehi cular act ivity peri od . The condi ti on was a nuis ance 
throughout the s econd extravehi cular act ivity peri od.  Initial indica
tions from the Lunar Module Pilot were that a cable had broken i n  the 
glove ( fig .  14-29 ) .  

NASA-S-7 1-1&97 
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A det ailed exami nat ion of the returned glove , together with chamber 
tests , have shown that there are no broken cables and that there is free 
operat i on of the glove wri s t-control cable system . However , with the 
Lunar Module Pilot in the pres suri zed flight sui t , the glove took the 
pos ition whi ch was reported during the mi ssion . 

The wrist  control assembly provi des a free-moving s tructural inter
face between the glove and the wrist  dis connect s o  as to assure convolute 
act i on for wrist  moveme nt in the pressuri zed state . The des i gn i nherently 
allows the glove to take vari ous neutral pos itions . 

Thi s anomaly is clos ed. 

14 . 3 . 3  Intervalometer cycl i ng 

During i ntervalometer operat i on ,  the· Command Module Pi lot heard one 
double cycle from the i ntervalomete r .  Photography i ndi cated that double 
cycling occurred 13 t imes out of 2 83 exposures . 

Post flight testi ng with the flight intervalometer and camera has 
indi cated that the double cycling was caus ed by a random respons e of the 
intervalometer to the camera motor current . The camera motor us ed on the 
Apollo 14 came ras was a new motor having slightly higher current charac
teristics . Pre flight testi ng of the equipment i ndi cated compatibili ty 
of  the mits and no double cycling . 

Double cycling does not result in  detrimental effects to the camera 
or the intervalometer .  No loss of photographi c  data occurs as a result 
of double cycling . Modi fications to the intervalometer to make i t  les s 
s ens itive to the random puis es of the camera motor will be made , i f  prac
t i cal . On Apollo 15 , the i ntervalometer will only provi de Hass elblad 
backup to the s ci ent i fi c instrument module cameras . 

This anomaly is closed .  

14 . 3 . 4  Intermittent Voi ce Communications 

At approximately 29 hours , Mis s i on Control had di ffi culty in com
muni cat ing with the Commander .  The Commander replaced h i s  cons tant wear 
garment elect ri cal adapter ( fig . 14-30 ) with a spare uni t ,  and s atis fac
tory communi cat i ons were re establi shed . 

Followi ng releas e of th e hardware from quarantine , all four con
stant we ar garment e lectrical adapters were tes ted for continui ty and 
res istan ce , and all units were s atis factory . The adapters were then 
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Figure 14- 30 . - Const ant wear garment communi cat ions harness . 
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conne cted to a port ab le communications s et which provi ded conditi ons 
s imilar to flight conditi ons . Whi le connected , the adapters were s ub
je cted t o  twisting , bendi ng ,  and pulling . None of the adapters showed 
any electrical i ntermitt ents . 

The most likely caus e  o f  the problem was poor contact between con
nectors becaus e of small contaminants or improper mating of a connector , 
whi ch was corrected when the spare adapter was ins talled.  

IL L 

This anomaly is clos ed. 

14 . 4  APOLLO LUNAR SURFACE EXPERIMENTS PACKAGE 

14 . 4 . 1  Active Seismi c Experiment Thumper Mi s fi res 

During the first extravehicular activi ty , the crew deployed the 
thumper and geophones and attempted to fi re the i niti ators with the 
following results : 13 fi re d ,  5 mi s fi re d ,  and 3 i niti ators were delib
erately skipped to s ave time . In s ome i nstances , two attempts were made 
to fire each initi ator .  In addition , for the fi rs t four or five firings , 
it was necessary to squeeze the fi ring switch knob with both hands . Sub
s equently , the excessive sti ffness s eemed to be reli eved and one-hand 
actuat i on was pos s ible . 

The most likely causes of the problem are as soci ated with the detent 
port i on of the s elect or switch ( fi g .  14-31 ) and di rt on the fi ring switch 
actuator bearing surface . The sele ctor switch di al can repos ition out of 
detent i n  the cours e of normal handling becaus e of the lack of pos itive 
s eating in the detent for each initiator posi ti�n . For an initiator to 
be fi red , the s elector swi tch must provi de contact to the proper un fired 
initiator pos ition . Exami nat i on of the qualifi cat i on unit has shown that 
the detent is positioned at the leading edge of the contact surface s o  
that any movement toward the previous pos iti on wi ll break the contact . 
Als o ,  the lightening holes i n  the fi ring switch knob make it pos s ible for 
dirt to get onto the Teflon bearing surfaces , temporari lY increasing the 
force required to clos e the switch ( fi g .  14-31 ) . 

Corre ct ive acti on for Apollo 16 cons ists of addi ng a 
t ent me chanfsm , prope rlY aligned with the s elector switch 
dus t protection for the fi ring switch actuator as s embly . 
is  not carried on Apollo 15 . 

This anomaly is clos ed.  

L. 
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Figure 14-31. - Active seismi c experiment . 
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14 . 4 . 2  Suprathermal Ion Detector Experiment Noi sy Data 

During initial turn-on of the Apollo lunar surface experiments , 
t ransmiss ion of the s uprathermal ion detector/ cold cathode gage experi
ment operate-select command resulted in erratic dat a from the s upra
thermal i on  detector expe riment , the passive s eismi c  experiment , and the 
charged parti cle lunar environment experiment . ( Central station engineer
ing parameters remained normal . ) Subs equent commanding of the supra
thermal i on dete ctor/cold cathode gage experiments to the standby mode 
returned the other lunar surface experiment data to normal . 

Several switching iterations of the central station and the experi
ment commands failed to clear the problem until the s uprathermal i on 
detector experiment was commanded to the xlO acctUnulat i on mode . Upon 
executi on of thi s  command ,  normal experiment data were received and the 
data have remained normal s ince that t ime . The suprathermal ion detector 
experiment dust cover and the cold cathode gage experiment dust s eal had 
been removed at the t ime the dat a b'e came normal . 

The most prob able caus e vas arcing or corona wi thin th e suprathermal 
ion detector equipment pri or to dust cover removal . During ground tests 
un de r  s imilar conditions , arcing or corona has resulted in the s ame type 
of data problems . Systems tests have indi cated that the noi s e  generated 
can als o affect the pass ive seismi c experiment and charged parti cle lunar 
environment experiment dat a ;  and that arcing or corona within the supra
thermal ion detect or experiment can result in spurious commands within 
the suprathermal i on detector experiment , caus ing removal of the dust 
protectors . However ,  no detrimental e ffects to the equipment have been 
experienced by thi s  event . 

Performance acceptance dat a from the Apollo 15 suprathermal ion 
detect or/cold cathode gage experiments with the remai ning lunar surface 
experiments have not indi c at ed any abnormaliti es . The Apollo 15 unit 
will mos t likelY exhibit th e same characteristic arcing , wi th the dust 
covers intact and the high volt age on , as that of the Apollo 14 unit . 
However ,  operations prior to dus t cover removal will be limi ted t o  the 
time required for operat i on  veri fi cat i on prior to the last ext ravehicu
lar activity . 

This anomalY is clos ed. 

14 . 4 . 3  Lunar Port able Magnetomete r  Cable Di ffi culti es 

The crew reported that it was di ffi cult to rewind the lunar port
ab le magnetometer cable . The cab le is deployed and rewound at each lo
cation where the lunar portable magnetometer is us ed ( fi g .  14- 32 ) . 

L 
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25 feet of cable 

All cable out 

Figure 14-32 . - Lunar portable magnetometer cable reel. 
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The lunar portable magnetometer ribbon cable snarls eas i ly  at l/6g 
and is di ffi cult and tedious to unsnarl . If it is neces s ary to remove 
the hand from the crank to tmsnarl the cable duri ng the fi rst part of 
rewinding the cable , the cable will unwind within the reel and spin the 
reel handle ( fi g .  14-32 ) . Free unwi nding of the reel is requi red dur
ing deployment ; however ,  i t  is  des irable to be able to lock the reel 
agai ns t rotation at times during rewind of the cab le . Rewindi ng was 
di ffi cult be caus e there was no provis i on to lock the re el during rewind ,  
an d  gripping the reel and crank was di ffi cult with the glove d hand. 

Correcti ve act i on for Apollo 16 cons i sts of adding a ratchet and 
pawl locking device for actuation with the gloved hand , and providing 
a better grip for the reel and crank . The lunar port able magn etometer 
i s  not carried on Apollo 1 5 . 

This anomaly is clos ed. 

14 . 4 . 4  Central Stat i on Twelve-Hour Timer Fai lure 

The central .stat i on timer puls es di d not occur after initi al activa
tion . Uplink command tests ve rifi e d  that the timer logi c and the puls e 
swit ches were functi oning satis factorily , but that the mechani cal s ect ion 
of the timer was not driving the swi tches . Timer functions starte d  to 
occur and the 12-hour puls es were provi de d 13 times in succes s i on ,  indi 
cating that the timer battery an d  os cillator are satis factory , but that 
the me ch anical section is operating intermi ttently . The fai lure o f  the 
t imer is  as s ociated with the mechani cal des ign . 

This anomaly is s imilar to the timer problem experi ence d on Apollo 1 2 . 
The los s or errat i c  operat i on of the 12-hour timer output puls e has no 
advers e  e ffect on experiments operations . The Apollo 15 central s tati on 
has a new s oli d-state timer.  The Apollo 14 central stati on will be turned 
off by ground command , as is planned for the Apollo 12 stati on . 

This anomaly is clos ed. 

14 . 4 . 5  Passi ve Seismi c Experiment Y-Axis Leveli ng Intermittent 

The horizontal Y-axis leveling motor of the gimbal leveli ng system 
operates intermittently ( fig . 14-33 ) . Although a command veri fi cat i on is 
receive d  when commands are s ent ,  power i s  not neces s arily received by the 
mot or .  When there is an i ndi cation of power to the motor , the motor does 
operate . As a result , during the fi rs t lunar day , respons e to ground 
commands was normal except for 6 of the 22 conrnands when there was no 
respons e .  

' - � . i • � � ' 
� L. . .  .L. 

. -
L 



11 

14-52 

NASA·S-71-1701 

Level motor 
(Y-axis) on/ --tl�-1 
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Figure 14-33 . - Y-axis leveling motor c ircuitry . 

Y-axis motor 
drive circuit 

Although no sc ient ific data have been lost to date 9 intermittent 
problems have been encountered when leveling the Y-axis of the gimbal 
platform upon which are mounted the three orthogonal long-period seis
mometers . Occasionally9 either there is no electro-mechanical response , 
or the response is delayed when the Y-axi s motor is commanded on .  De
lay t ime s  vary . Thus far9 leveling has been achieved by cycling on/off 
commands at varying time intervals . 

The problem is caused by an intermittent component in the motor 
control circuit ( fi g .  14-33 ) .  There i s  no correlation between the occur
rence of the problem and the temperature of the lunar surface ,  the cen
tral station electronic s 9  or the experiment . Whenever there is an indi
cation of power to the motor , the motor operates . When the motor oper
ates ,  it operates properly and pulls the normal current . 

If the problem becomes worse until Y-axi s leveling cannot be 
achieved , an emergency operational mode can be implemented such as driv
ing remaining axes to their stops in both directions in an attempt to 
free electro-mechanical components which may be sticking.  Presently , 
however 9 the problem has not been suffic iently serious to warrant inter
ruption of continuous sc ientific data to attempt such operations . 

This anomaly is closed. 
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14 . 4 . 6  Pass ive Sei smi c Experiment Feedback Filter Fai lure 

The long-peri od vert i cal ( Z ) seismometer was unstab le when operated 
with the feedb ack fi lter in . The feedback fi lters for all three long
period axes ( X ,  Y ,  and Z )  were removed by command , and good dat a ( undamped ) 
now continue to be re cei ved.  The fi lter-out mode provides feedback to the 
seismometer for all periods of operat ion with an instrument having a nat 
ural period o f  approximately 2 . 5  seconds . Although t h e  response curves 
are peaked rather than flat , and crit ically damped ,  no seismi c energy in 
the 0 . 5- to 15-s econd-period range is los t .  

The filter-in mode provi des a 1000-second time constant filter in 
the feedback loop for an instrument having a natural period of approxi
mat ely 15 seconds with a critically damped ,  flat-response curve . On 
Apollo 14 long-period s eismometers , the data during the fi lter-in mode 
have indicated a general characteristic of ini tial os cillations going on 
to saturat i on .  The problem appears to be elect ri cal rather than mechan
ical as experienced with the bent flexures of the Apollo 12 long-period 
vert i cal s eismometer . Performance dat a during Apollo 14 acceptance test
ing have indi cated no abnormaliti es . 

Preliminary analys is of s cience dat a from Apollo 11 ,  12 , and 14 
indi cates that the natu�al lunar seismi c regime favors the range of 0 . 5-
to 3 . 0-second periods . As a result it is quite probable that future 
passive seismi c experiment units on the lunar surface will be operated 
in the fi lter-out mode in order to maximi ze th e sens itivity at the appar
ently favored 2 . 0-second peri od.  At present , both Apollo 12 and Apollo 14 
long-period s ei smometers are being operated in the fi lter-out mode , pro
ducing s atis factory dat a .  

This anomaly i s  clos ed. 

14 . 4 . 7  Act ive Seismi c Geophone 3 Electronic Circuit Errat i c  

The experiment was turned on in the listening mode on March 26 , 
1971 , and geophone 3 data were spiking off-scale high ( fig .  14-34 ) . 
When the ge ophone channels were calibrated ,  the geophone 3 channel went 
off-s cale high s imult aneously with the s tart o f  the calibration pulse 
and stayed off-scale high for the remainder of the listening period. 
During the l�second period when the calibration pulse was pres ent , data 
from geophones 1 and 2 showed the normal 7-hertz ringing caus ed by the 
calibration puls e .  However , ge ophone 3 data showed four negative-going 
spikes coincident with the first four negative hal f �cles of the ring
ing on the other two channels . The spikes decreased in duration from 
the first to the las t ,  the last having an amplitude of  90 percent of 
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fUll s cale (plus 2 . 5  volts to minus 2 . 0 volt s ) .  During the t i me that 
this pulse was pres ent , th e signal on ch anne l 2 ch ange d  from mi nus 2 . 2  
val ts to minus 2 .  35 val ts , i ndicat i ng that channel 3 was operat ing at 
an apparent gain of 30 t imes the channel 2 gai n .  

As shown in figure 14-35 , each geophone channel cons i s ts o f  a gee
phone , an input preampli fi er , a low-pass fi lter , and a logari thmi c c om
pres sor ampli fier . The output of the logari thmi c compres s or feeds the 
i ns trumentat i on sys tem . The logari thmi c comp re s s or i s  basi cally an i n
ve rting ampli fier wi th exponential negat i ve feedb ack . Two di ode- con
nected t rans i s to rs between the output and input of the ampli fi er supply 
the fee db ack . The fi rst di ode is use d  for pos i ti ve-going and the second 
fo r negative-goi ng input s ignals . The di odes for all three geophone 
channels ( two per channel ) are phys i c ally loc ated i n  an oven which con
trols thei r  temperature at 10 5° C .  

NASA·S-71-1703 

C.libr.ion 1' 
t:-...1 I 

I 

I 
I : r +2.4v dc: 

Figure 14-35 . - Typ i c al geophone channel . 

To 
telemetly 

I t  i s  believe d  that the fai lure i s  i n  the logarithmi c compres s i on 
ampli fier b�caus e  s ignals are couple d  i nto i t  through an input coupling 
_capacito r .  Thi s capacitor would b lo ck any o ffs et voltages from the pre
ce ding stages whi ch would be required to drive the output o ff- s cale high . 
.Analys is indi c at es that the most prob ab le cause of the problem i s  an 
intermittent open circuit in the di ode feedback path . This would allow 
the ampli fi e r  input t rans i s to r  to s aturate , dri ving the output o ff-scale 
high . When s ignals large enough to drive the i nput stage out of s atura
t i on were present , the output would then respond and the out put s ignal 
would not be compres sed. 

. .  ' . ' 
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The experiment electroni cs us es "cordwood" constructi on of the type 
which has caused s older cracks in other equipment . Two copper paths con
duct the feedback diodes to the logarithmi c compressor ampli fi er . A 
s older crack in either path would then result in the data characteristics . 

There are 10 such solder joints for each geophone ( fi g .  14- 36 ) : 
four on the oven terminal board , four on the mother board , one on the 
top board of  the log compres s or module , and one on the bot tom board o f  
the log compres sor module . The one most likely t o  fail fi rst is  on the 
top board of the log compress or module . Continuity at the j oint re
covers as long as the crack clos es during the lunar day . 

NASA-S-7 1-1704 

Oven 
tenninal 
board 

Most l ikely cracked joint 

: • 0 . �> . .... ... . .. .  . 

Motherboard 

Figure 14-36 . - Suspected cracked solder j oint s  in ampli fier . 

The log compressor modules for geophones 1 and 2 are of the s ame 
type construction . Since thes e are located sli ghtly further from the 
oven than the one for geophone 3 ,  the maximum temperature may not be 
quite as high . As a result , it may take longer for them to crack , i f  
at all . 

Systems testing included operational thermal cycli ng tes ts over the 
temperature range for lunar day and night . However , cracked s older j oints 
are a functi on of time as well as temperature , and apparently the ground 
test cycle did not allow enough time for a creep fai lure . This equipment 
was des igned and built prior to the time when i t  was found that cordwood 
construct ion with s oldered j oints was uns at i s factory . 

lL l , .. 1 : 
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A breadb oard of the logarithnd c compressor has been cons tructed ,  
an d  the diode fee dback loop wi ll  be opened t o  dupli c ate the experiment 
dat a .  The me chani cal des ign of the logarithmi c compres s or wi ll be re
viewed to determine the changes that must be made to prevent s older 
cracks on Apollo 16 . The active seismi c experiment is  not carried on 
Apollo 15 . 

Proce dural changes un der consi derat i on include operat i on of the 
oven to maintai n compressor module temperature becaus e the s older j oint 
whi ch is mos t  likely cracked is in compression ( stronger ) at the higher 
temperature . 

11 L 

This anomaly is open . 

14 . 4 . 8  Intermittent Los s of Vali d  Data from Suprathermal Ion 
Detector Experiment Pos itiv� Analog-to-Digital Converter 

The data in words 2 ,  3 ,  7, and 8 of the suprathermal i on detector 
experiment became errat i c  at 19 : 09 G .m . t .  on April 5 ,  1971 . This con
dition continued. unti l 22 : 15 G.m. t .  on April 6 .  The s ame errati c con
dition was als o observed during operat i onal support peri ods on Apri l 7 ,  
9 ,  and 21 . Only thos e  me asurements as s oci ated with the pos itive s ection 
o f  the log analog-to-digital converter were affected. There has been no 
loss of s cience dat a .  

The affecte d  measurements have a data charact eristi c  wherein each 
parameter pro cessed by the pos itive log analog-to-di gital converter 
initially indi cates full-s cale output , followed by an erroneous data 
value . The erroneous data value correlates wi th the value of the pre
ceding measurement in the s eri al dat a format processed by the negative 
analog-to-digital convert er. The erroneous data value in s ome i nstances 
i ndi cates one PCM count les s  than the negative analog-to- di gital con
verter parameter. 

An intermittent failure of the start res et puls e for the pos i tive 
log analog-to-digi tal converter control logi c ( fig .  14- 37 ) could cause 
the problem . Although the fai lure permits the pos itive converter initi al 
output to fi ll the eight-bit binary counter and produce a full-s cale read
ing ; thereafter , when a start pulse for the pos itive converter should re
s et the eight-bit counter ,  it fails to do s o ,  and the negative word whi ch 
is still in the counter is read out as a pos i tive word. The caus e appears 
to be an intermittent component or wire connection in one of the ass ociated 
modules . However , it does not appear to be a function of the t emperature . 
The components have been pas sed by normal hi gh reli ab i lity screening , and 
sys tems t ests have included operat i onal pres sure , temperature , vib rati on , 
humi dity , and accelerated lunar envi ronment cy cles . No fai lure of this 

! . 
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Figure 14-37 . - Simplified dat a  logi c control . 
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type has been experienced with ground tests . No additional testing is 
cons idered warranted for Apollo 15 , whi ch wi ll be the last mis s i on for 
the experiment . 

This anomaly is closed.  

14 . 4 . 9 Charged Parti cle Lunar Environment Experiment 
Analyzer B Data Lost 

The voltage measurement reading on the analy zer B power s upply 
( fi g . 14-38 ) became erratic on Apri l 8 ,  1971 , and the analyzer B s cience 
data were los t .  

On April 1 0  an d  16 , the experiment was commanded on t o  normal ( low
voltage ) mode , and to increase (high-volt age ) mode in a seri es of t ests . 
The results  indicate that the plus 28-volt input , the regulator , and the 
analyzer A power supply were functi oning properly , and that the problem 
was in the analyzer B power supply . 

The high-voltage power supply is a t ransistor os ci llator . The reso
nant elements are a t rans fonner primary winding and a capacitor connected 
in  parallel between the transistor emitter and ground. A second trans
fanner winding provides pos it ive feedback to the t rans i st or base , causing 

l L L 



� 

� 

,..._� 

r . 

r . 

r -� 

r • 

t <  

r. � 

r . 

� : 
,... ' 

r 

r 

r 

� 

NASA-S-7 1-1706 

28 . 3  volts 

3 volts de 

Oscil lator/ 
transformer 

3 volts de 

Telemetry 
\ t:4 • • 0 measurement 

AC-02 

Telemetry 
measurement 
AC-03 

3 . 06 volts 
or 
3 . 50 volts 

of short 
Location' 

'------ Osc i l lator I Voltage multipl ier F i lter -----� 

Figure 14-38 . - Analyzer power supplies . 
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the circuit to os cillate . A thi rd trans former winding supplies the in
put to a diode-capacitor voltage multipli er chai n .  The output of  the 
voltage multiplier is then filtered and drives the charged part i cle ana
ly zer. The output of  the fourth trans former winding is recti fi ed and 
filtered. The filtered voltage is then monitored by the ins trumentati on 
system and is proportional t o  the high voltage suppli ed to the analyzer . 

Data indicated that after the fai lure occurre d ,  the instrumentati on 
output was between 2 . 00 and 2 . 25 volts de . This could not occur i f  the 
os cill ator were not s till os cillating . The input t o  the voltage multi
plier is also proport ional to the instrumentation output . Shorts to 
ground can be postulated at various points in and downs tream of the volt
age multiplie r ,  and the short circuit current can be reflected back into 
the trans former primary winding to determine how much the output voltage 
should be decreased. The decrease occurs because the trans former pri
mary winding ( the driving winding )  has resist ance ( about 300 ohms ) ,  and 
any voltage dropped across this re�is tance is not avai lable to drive the 
t ransformer.  

These calculations show that the short ci rcuit must be in one of 
the output filter capacitors in the hi gh-voltage fi lter , in the inter
connecting cable between the fi lter and analyzer , or in the analy zer . 
Short ci rcuits in any other locations would result in a much lower in
strumentation output voltage . 

This is the last time the charged particle lunar environment experi
ment will be flown . If the failure propagates to the poi nt where the 
mal functioning power supply s tops os ci ll ating , the current taken by this 
supply would increas e to about 0 . 1  ampere . If thi s is s uffi ci ent to 
damage the s eries voltage regulator us ed for low-voltage operation , the 
operating procedures will be modi fi ed to us e low-voltage operation as 
little as possible to extend the voltage regulat or ' s  li fe . 

This anomaly is clos ed. 

lL ' .  i .-L. . L. 
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15 . 0  CONCLUSIONS 

The Apollo 14 mission was the third successful lunar landing and 
demonstrated excellent performance of all contributing element s ,  result 
ing in the collection of a wealth of scientific information . The follow
ing conclus ions are drawn from the information in this report . 

l .  Cryogenic oxygen system hardware modifications and change s mde 
as a result of the Apollo 13 failure sat isfi ed ,  within safe limits , all 
system requirement s for fUture missions , including extravehicular activity . 

2 .  The advantages of manned spaceflight were again clearly demon
strated on thi s  mission by the crew ' s ability to diagnose and work around 
hardware problems and malfunct ions which otherwise might have resulted in 
mi ssion terminat ion .  

· 3 .  Navigation was the most difficult lunar surface task because of 
problems in finding and recognizing small feature s , reduced visibility 
in the up-sun and down-sun directions , and the inability to judge dis
tances . 

4 .  Rendezvous within one orbit of lunar ascent was demonstrated 
for the first time in the Apollo program. This type of rende zvous re
duce s  the time between lunar lift-off and docking by approximately 
2 hours from that required on previous missions . The timeline activi
ties , however , are greatly compressed . 

5 .  On previous lunar mi ss ions , lunar surface dust adhering to equip
ment being returned to earth has created a problem in both spacecraft . 
The special dust control procedures and equipment used on this miss ion 
were effective in lowering the overall level of dust . 

6 .  Onboard navigation without air-to-ground communications was suc
cessfully demonstrated during the transearth phase of the mi ss ion to be 
sufficiently accurate for use as a contingency mode of operation during 
future mi ssions . 

7 .  Launching through cumulus clouds with tops up to 10 000 feet 
was demonstrated to be a safe launch restriction for the prevention of 
triggered lightning . 

·
The cloud conditions at lift-off were at the limit 

of this restriction and no triggered lightning was recorded during the 
launch phase . 

L L ... L L.. 
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APPENDIX A - VEHICLE DESCRIPTION 

The Apollo 14 space vehicle consisted of a block II configuration 
spacecraft and a Saturn V launch vehicle (AS-509 ) .  The as semblies com
prising the spacecraft consisted of a launch escape system, command and 
service modules ( CSM-110 ) ,  a spacecraft /launch vehicle adapter , and a 
lunar module ( IM-8 ) .  The changes made to the command and service modules , 
the lunar module , the extravehicular mobility unit , the lunar surface 
experiment equipment , and the launch vehicle since the Apollo 13 mis sion 
are presented. The changes made to the spacecraft systems are more num
erous than for previous lunar landing missions primarily because of im
provements made as a result of the Apollo 13 problems and preparations 
for more· extensive extravehicular operations . 

A . l  COMMAND AND SERVICE MODULE 

A . l . l  Structural and Mechanical Systems 

The maJor structural changes were installations in the service mod
ule to accommodate an additional cryogenic oxygen tank in sector 1 and 
an auxiliary battery in sector 4. These changes are dis cussed further 
in section A . l . 3 .  

Structural changes were made in the spacecraft/launch vehicle adapter 
as follows . A door was installed at station 547 ( 305 deg )  to provide ac
cess to quadrant 2 of the lunar module descent stage where Apollo lunar 
surface experiment subpackages 1 and 2 were stowed. Als o , doublers were 
bonded on the adapter at station 547 ( 215 deg)  in case a similar door had 
been required for contingency acces s  to the lunar module cryogenic helium 
tank during prelaunch operations . 

The interior of gussets 3 and 4 ,  which contain the breech-plenum 
assemblies of the forward heat shield jetti soning system , were armored 
with a polyimide-impregnated fiberglass to prevent bum-through of the 
gussets and possible damage to adj acent equipment in the event of es
caping gas from the breech assemblies . 

L 
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A . l . 2  Environmental Control System 

The postlanding ventilation valves were modi fied to incorporate dry 
( non-lubricated ) brake shoes to prevent pos sible sticking and a second 
shear pin was added to insure positive drive between the actuator shaft 
and cam. 

To provide controlled venting for an oxygen tank flow test , the in
ternal diameter of the auxiliary dump nozzle ( located in the side hatch ) 
was enlarged. 

Sodium nitrate was added to the buffer ampules used in sterilizing 
the potable water , Addition of the sodium nitrate was to reduce system 
corrosion and enhance the sterilization qualities of the chlorine . 

A vacuum cleaner with detachable bags was added to assist in remov
ing lunar dust from suits and equipment prior to intravehicular transfer 
from the lunar module to the command module after lunar surface opera
tions , and for cleanup in the command module . 

A . l . 3  Electrical Power System 

The electrical power system was changed signi ficantly after the 
Apollo 13 cryogenic oxygen subsystem failure . The maj or changes are as 
follows . 

a.  The internal construction of the cryogeni c oxygen tanks was mod
i fied as described in the following table . 

Previous block II vehicles 

Each tank contained two destrat
i fication fans . 

Quantity gaging probe was made 
of aluminum. 

Heater consisted of two paral
lel-connected elements wound 
on a stainless steel tube . 

Filter was located in tank 
discharge . 

Tank contained heater thermal 
switches to prevent heater 
element from overheating . 

Fan motor wiring was Teflon
insulated.  

L 

CSM-110 and subsequent vehicles 

Fans were deleted. 

Quantity gaging probe material 
was changed to stainless steel . 

Heater was changed to three par
allel-connected elements with 
separate control of one element . 

Filter was relocated to external 
line . 

Heater thermal switches were re
moved. 

All wiring was magnes ium oxide
insulated and sheathed with 
stainless steel . 

' '  
.... 

' 
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b .  A third cryogeni c oxygen storage t ank was i nstalle d in s ector 1 
of the servi ce module . This t ank supplied oxygen to the fuel cells and 
could be us ed simultaneously with the two t anks in sector 4 .  A new i so
lat i on valve was installed between tanks 2 and 3 to prevent the loss of 
oxygen from tank 3 in the event of damage to the plumbing for tanks 1 and 
2 .  The closed i solation valve als o would have prevented the flow of oxy
gen from tank 3 to the fuel cells . However , t ank 3 could have supplied 
the environment al control system with the i solation valve clos ed whi le 
the auxili ary battery , mentioned in paragraph e ,  was the source of elec
t ri cal power . 

c .  The tank 1 and 2 pres sure switches remained wired in series as 
in the previous configuration ; the tank 3 swit ch was wired in parallel 
and was independent of tanks 1 and 2 .  

d .  Th e  fuel cell shutoff valve us ed previously was an integral 
forging containing two check valves and three reactant shutoff valves . 
In the valve us ed for CSM-110 , the two check valves remained in the in
tegral forging ; however , the reactant shutoff valves were removed and 
replaced by three valves relocated i n  line with the integral forging . 
These valves were the same type as thos e  used in the servi ce module re
action control helium system. The valve s eals were changed to a type 
that provides a better s eal under extreme cold. Figure A-1 illustrates 
the maj or changes to the system except for the internal tank changes . 

e .  An auxiliary battery ,  having a capacity of 400-ampere hours , was 
installed on the aft bulkhead in sector 4 of the servi ce module to pro
vide a source of electrical power in case of a cryogeni c subsystem fail
ure .  Two control . boxes , not us ed on previous fli ghts , were added to ac
commodate the auxili ary battery . One box contained two motor switches 
whi ch could dis connect fuel cell 2 from the servi�e module and connect 
the auxiliary battery in its place . The second box cont ained an over
load s ensor for wire protecti on . 

A . l . 4  Instrument ati on 

Six new telemetry meas urements associ ated with the high-gain antenna 
were added to i ndi cate pitch , yaw ,  and beam-wi dth , and whether the antenna 
was operating in the manual , automati c  tracking , or reacquis ition mode . 
Thi s additiona.;L instrumentation provide d data to support Flight Control 
management of the high-gain antenna . 

Other i nstrumentation changes were as follows . The cabin pres s ure 
t ransducer was replaced with one whi ch had been reworked , cle aned , and 
inspe cted for contaminants . In the past , loos e ni ckel-plat ing particles 
h ad interfered with inflight measurements .  Additi onal instrument at ion 
was incorporated to monitor the auxiliary battery , the oxygen tank heater 
element temperatures , the oxygen tank 2 and 3 manifold pres sure , and the 
t 'lllk 3 pressure . 

L L 



11 

A-4 

NASA-S-7 1- 1707 

Sector 4 

Pressure transducer 

Pressure sw itch 

Fuel ce l l  
valve module 
(redes igned) 

Purge 
d isconnect 

- - - - - - - - - - -

Check valve (added) 

<Third oxygen lank 
and half-system 
valve module added) 

Sector 1 

Figure A-1 . - Cryogeni c oxygen storage system . 
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A . l . 5  Pyrotechnics 

Fabrication and quality control procedures o f  two pyrotechnic devices 
used in the command and service module tension .tie cutter and the command 
module forward heat shield jettisoning system were improved .  Although no 
known inflight problem with the tensi on tie cutter has exi sted ,  a Skylab 
quali ficat ion test ( performed under more severe vacuum and thermal condi
tions than for Apollo } revealed that it varied in performance . In the 
forward heat shield jettis oning system, the technique of assembling the 
breech to the plenum was improved to eliminate the pos sibility of damage 
to the 0-ring during assembly . On Apollo 13 , the propellant gas had leak
ed from the gusset 4 breech ass embly , a hole was burned through the alu
minum gus set cover plate , and the pilot parachute mort ar cover was damaged.  
Structural modi fications to  gus sets 3 and 4 are des cribed in section A . l . l .  

The docking ring separation system was modi fied by att aching the sep
aration charge holder to the backup bars with bolts as well as the spring 
system used previously .  This change was made to insure that the charge 
holder remained secure upon actuation of the pyrotechni c charge at command 
module/lunar module separation . 

A . l . 6  Crew Provisions 

A cont ingency water storage system was added to provide drinking 
water in the event that water could not be obt ained from the regular pota
ble water tank . The system included five collapsible 1-gallon containers , 
fill hose , and dispenser valve . The containers were 6-inch plasti c cubes 
covered with Beta cloth . The bags could also be used to store urine as a 
backup to the waste management system overboard dump nozzles . ( The aux
i liary dump nozzle in the side hatch was modi fied for an oxygen tank flow 
test and could not be used . } 

A side hat ch window camera bracket was added to provide the capa
bility to photograph through the hatch window with the 70mm Hasselblad 
c amera. 

The intravehicular boot bladder was replaced with the type of blad
der used in the extravehicular boot bec ause it has superior wear qual
ities . 

A . l . 7  Displays and Controls 

The following changes were made which affected crew station displays 
and controls . The alarm limit for cryogenic hydrogen and oxygen pressure 
was lowered from 220 psia to approximately 200 psia to eliminate nui sance 
alarms . The nag indicators on panel 3 for the hydrogen and oxygen re
actant valves were changed to indicate closing of either shutoff valve 

1 .  
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i nstead of closure of both valves , and valve closure was added to the 
caution and warning mat rix . Oxygen tank 2 and 3 manifold pressure was 
added to  the caution and warning system . Circuitry and controls necessary 
t o  control and monit or oxygen t ank 3 were added ( beaters , pressure , and 
quantity ) .  Switches were added to panel 278 to connect the auxiliary 
battery and activate the new isolation valve between oxygen t anks 2 and 
3 .  Circuitry and- controls ( Sl9 , S20 on panel 2 ;  C/B on p anel 226 ) for 
the cryogenic fan motors were deleted.  The controls for the oxygen t ank 
heaters were changed to permit the use of one , two , or three heater ele 
ments at a time depending upon the need for oxygen flow . 

A .  2 LUNAR IDDULE 

A . 2 . 1  Structures and Mechanical Systems 

Support structure was added to the descent stage for attachment of 
the laser ranging retro-re flector to the exterior of quadrant 1 and at
t achment of the lunar portable magnetometer to the exteri or of quadrant 2 
( see secti on A . 4  for des cription of experiment equipment ) .  A modular 
equipment transporter was attached to the modular equipment stowage as
s embly in quadrant 4 .  This system ( fig . A-2 ) was provi ded t o  transport 
equipment and lunar s amples , and to s erve as a mobile workbench during 
extravehicular activities . The transporter was constructed of tubular 
aluminum , weighed 25 pounds , and was designed to carry a load of about 
140 pounds , including about 30 pounds of lunar samples . 

A . 2 . 2  Electrical Power 

Because of an anomaly whi ch occurred on Apollo 13 in which the de
scent batteries experienced current transients and the crew noted a 
thumping nois e  and snowflakes venting from quadrant 4 of the lunar mod
ule , both the as cent and descent batteries were modi fied as follows : 

a.  The total battery container was potted and the potting on top 
of the battery cells was improved.  

b .  Mani folding from cell to cell and to the battery case vent was 
incorporated. 

c .  The outside and inside surfaces of the battery cover were re
vers ed so that the ribs were on the exteri or of the battery . 

In addition , the ascent batteries were modi fied in the following 
manne r :  

lL l ' '  ' 
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•ASA-S-71-1708 

Weigh bag no. 4 

Lunar portable 
magnetometer 
electronics 
package 

Figure A-2 . - Modular equipment transporter 
and equipment . 

A-7 

a .  The negative terminal wa s  relocated to the oppos ite end o f  the 
battery . 

b .  The case vent valve was relocated to the same face as the pos i
tive terminal to allow purging the full length of the battery c ase . 

c .  The pigtail , . purge port , and the manifold vent valve were re
located to the same face as the negative terminal . 

A circuit breaker was added to the lunar module to bypass the com
mand module /lunar module bus connect rela.v contacts for trans ferring 
power between ve hicles after lunar as cent and docking . The command mod
ule /lunar module bus connect relay control circuit i s  interrupted at 
lunar module staging. 

; " 1 :  
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A. 2 . 3  Instrumentation 

Instrumentation changes in the as cent propulsion system included the 
installation of a pres sure transducer in each o f  the two helium tanks in 
place of two t ank temperature limit sensors which had been used for meas
uring structural temperature . The added pressure transducers , in con
junction with the primary pres sure trans ducers already present , provided 
redundancy in monitoring for leaks . Two temperature measurements were 
added to the ascent water tank lines to monitor structural temperatures 
in place of the measurements deleted from the ascent propulsion system 
helium t anks . 

A descent propulsion system fuel ball valve temperature me asurement 
was added for postflight analysi s  purposes because of concern that damage 
could result from heat soak-back into propellant lines after powered de
s cent . 

A . 2 . 4  Displays and Controls 

In the ascent propulsion system , the inputs from the feedline inter
face pre ssure sensors to the caution and warning system were dis abled.  
Because of the low pres sure at thes e sensors prior to system pressuriza
tion , their inputs to the c auti on and warning system would have masked 
the low-pres sure warning s ignal from the helium tanks at criti c al points 
in the mi ssion .  

Bec ause of erratic indications given by the as cent propulsion system 
fuel low-level indicator during preflight checkout , the indi cat or was dis 
abled to prevent master al arms  • 

The four reaction control system cluster temperature measurement 
inputs to the caution and warning system were inhibited to prevent nuis
ance alarms s ince it was determined that these me asurements were no  longer 
needed.  

An incorrect indication of the ascent stage gaseous oxygen tank 1 
pres sure input to the caution and warning system was experienced during 
preflight checkout . Therefore , the input to the caution and warning 
system was disabled to prevent meaningle s s  alarms . 

A . 2 . 5  Descent Propulsion 

Anti-slosh baffles were installed inside the des cent stage propellant 
t anks and the diameter of the outlet holes for the propellant quantity gag
ing system sensors was reduced from 5 /8 inch to 0 . 2 inch to minimize pre
mature low propellant level indi cations due to s loshing such as had been 
experienced on Apollo 11 and 12 . 

11 L ' .  
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It was determined by test that the descent propuls i on system �uel 
lunar dump valve would close under liquid �low conditions when i nstalled 
in the normal �low direction and could not be reopened. It was �her 
determined that , by revers ing the valve and installing an ori�i ce upstream 
o� the valve , it would remain open un der all expected liquid �low condi 
t i on s . Becaus e o� a pos sib le requirement to vent the propellant tanks 
and the cryogeni c helium tank un der zero-g conditions , the valve was re 
installed i n  the reverse �low directi on .  

The propellant quantity gaging system s ensors were modi �ied t o  in
clude a metal split ring between the electroni cs package cover and the 
s ens or �lange s . Thi s  increased the clearance between the electron i cs 
package and cover to preclude the pos sibility o� crushe d wires due to 
improper clearance . 

A . 2 . 6  Ascent Propulsion 

To improve the seal �or the �our-bolt �langed j oint between the �ill
and-drain line s and the main �eed lines in the ascent propulsion system , 
0-rings were us ed in place o� inj ected sealant s . Te�lon 0-rings were used 
in the oxi dizer lines , and butyl rubber 0-rings were used in the �el lines . 

A . 2 . 7  Environmental Control 

A mu��ler was added i n  the line at the outlet o� the water-glycol 
pump as s embly to reduce the pump noi se transmitted to the cabin through 
the water-glycol lines . The regulator band o� the high -pres sure oxygen 
assembly was shi �ed to increase the regulated pres sure �rom approximately 
950 psig to 990 ps i g �  providing a higher rech arge pres sure for the port
able li fe support system and , thus , incre asing its operat ing time �or 
extravehicular activities . 

A . 2 . 8  Crew Provi sions 

The �lexible-type container as sembly previous ly used �or stowage i n  
the l e �  hand side o �  the lunar module cab in w as  replace d with a metal 
modulari zed container which was packed be�ore being placed into the lunar 
zood.ule . 

Return stowage capab ility was provide d �or two additional lunar rock 
sample bags • 

L L;_ . L L 



A�lO 

A . 3  EXTRAVEHICULAR MOBILITY UNIT 

The thigh convolute of the pre ssure garment assembly was reinforced 
to decrease bladder abrasion which had been noted on training suit s .  
Also , t he crotch pulley and cable re straint system was reconfigured to 
provide for heavier loads . 

The portable life support system was modi fied as follows . A carbon 
dioxide sensor was added and as soc iated change s  were made to provide 
telemetry of carbon dioxide partial pressure in the pre ssure garment as
sembly . In addition ,  an ori fice was added to the feedwater transducer 
to prevent freezing of water trapped within the transducer housing , which 
would otherwise result in incorrect readings .  The oxygen purge system 
was modified by t he deletion of the oxygen heater system because the oxy
gen does not require preheating to be c ompat ible with crew requirement s .  

A new piece of e quipment , the buddy secondary life support system , 
was provided as a means of sharing cooling water from one port able life 
support system by both crewmen in the event that one cooling system 
became inoperative . The unit consists of a water umbilical , restraint 
hooks and tether line , and a water-flow divider assembly . 

A . 4  EXPERIMENT EQUIPMENT 

Table A-I list s  the experiment equipment c arried on Apollo 14 , 
identifies t he stowage locations of the equipment in the lunar module , 
and reference s  applicable Apollo mission reports if equipment has been 
described previously . Equipment not carried on previous missions is de
scribed in the following paragraphs . The two subpackage s of the Apollo 
lunar surface experiment s package are shown in figures A-3 and A-4 . 

A . 4 . 1 Act ive Seismic Experiment 

The act ive seismic experiment acquire s  informat ion to help deter
mine the physical propertie s of lunar surface and subsurface materials 
using artificially produced seismic wave s .  

The experiment equipment consist s  of three identical geophones ,  a 
thumper , a mortar package , a central electronics as sembly , and inter
connect ing cabling.  The geophones are electromagnet ic device s which 
were deployed on the lunar surface to translate surface movement into 
electrical signals . The thumper is a device that was operated by one of 

U.  l L L 
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TABLE A-I . - APOLLO 14 EXPERIMENT EQUIPMENT 

Elrperl•nt. Experlaent. eqws-ent Stovase lQcat.lon In Apollo 1� lunar �4ule n�aber 

Apollo lW�ar llll'faee experiaent p10ckace : 

( 1 )  PUel eapeule tor ra41olaot.Jpe t.henaoeleetrle Stowell in euk uaeb}7 110unte4 011 exterior or 
pnerat.or qlladrllllt 2 

( 2 )  Subpachae 1 : 

( a ) Pualw ·ae!lue experlaent.a S-031 Selent l tl e  eqlllpaent. b� - qll&4rant 2 
( b )  Aet i w  aeiaaie experlaent. S-033 Selenti tle eqwpaent b!Q' - quadrant. 2 
( e )  Cbarpd parti cle 11lnar envl ronaent. 9-038 Sei ent.l tle eqwpaent. btr - qll&4rant. 2 

experlaent 
( d )  central atatiOD tor caaaand control : Scientific eqlllpaent biQ' - qlla4rant 2 

Lunar dult detector �515 
I ll Sllbpaell.ap 2 :  

( a) llupratbe..-1 I an detector experlaent a 8-036 Setent1 N e  eqllipaent biQ' - q\ladrant 2 
( b )  Cold cathode 1.., 1auae S-D58 Selent.! N e  eqllipaent biQ' .;. qua4rant 2 

Luer re&1111 retro-rerleetor experlaent 9-078 Mo,.ted OD exterior or quadrMt 1 

l.uDar portable JM�D�tc.eter npertaent 8-198 Mola te4 an exterior or qll&4rant 2 

Solar vlnd aoapoaltlon experlaent 8-080 Modular eqlllpaent at.ovase uaeab}7 - qu..trmt II 
IAIDar Neld poloo : s-o� 

( 1 )  Toola m 4  eontalnen Modular eqllipaent atovllf!e uaeab}7 - q\ladrut. It 
( 2 )  c-ru Modular eqwpaent atovase uaeab}7 m4 elibtn 

( 3 1  Tool carrier Apollo l,.ar lllrraee eaperiaent aubpaekue 2 -
qlla4rant 2 

( Il l Modlllar eqlli.-ent t.ranaporter" Modll1ar equt.-ent atovap uaeab}7 - quadrut lo 
Lunar aotl •ehmtea : S-200 

( 1 ) Toola •d eoatainen Modular eqlllpaent atovap ua.-}7. - quadrant lo 

( 2 )  c-r• Modular eqllipaent at.ovase uaettbl7 an4 cabin 

( 3 )  Modu l ar  eqlli.-ent transporter c Modll1ar equlpaent av.va;e uaeab}7 - qua4rant lo 

�41fie4 trOll Apolb 12 confi&llratiOD. 
bSiatlar to experi•nt :i-034 on Apollo 12, bllt dl ttereat equl.-.nt uaed. 
"see section A . 2 . 1  for 4esori�·t l oa .  

Prevtoua .taatOD& 
en vbicb earr1e4 

Apollo 12 • 13 

Apollo 12 • 13 

Apollo 13 

Apollo 12 io 1 3  

Apollo 12 
Apollo 12 • 1 3  

Apollo ll 

(b) 

Apollo ll • 12 

Apollo 11, 12 • 1 3  

Apollo 11, 12 • 1 3  
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Apollo 11 , 12 • 1 3  

Apollo 11 , 12 • 1 3  
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Figure A- 3 . - Experiment subpackage no . 1 . 

Figure A-4 . - Experiment subpackage no . 2 .  
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the crewmen to provi de sei smic signals . The signals were generated by 
holding the thumper against the lunar surface at various locations along 
the line of the geophones and firing explosive init iators located in the 
base of the thumper . The mortar package cons.ists of a mortar box assem
bly and a grenade launch tube as sembly . The mortar box electronics pro
vi de for the arming and firing of rocket motors whi ch will launch four 
high-explos ive grenades from the launch tube as sembly upon remote command. 
The monit or package is  des igned to launch the grenades to di stances of 
5000 , 3000 , 1000 , and 500 feet . Signals sens ed by the geophones are trans
mitted to earth-based recorders . 

A . 4 . 2  Lunar Portable Magnetometer Experiment 

The lunar portable magnetometer was used to measure the magnet i c  
field at two locations along a traverse on the lunar surface . The meas 
urements will be used to determine the location ,  strength and dimens ions 
of· the s ource , and, in turn , to study both local and whole -moon geolog
ical structure . 

The experiment equipment consi st s  of a sens or head cont aining three 
orthogonal single-axis fluxgate sensor as sembli es , an electroni cs and 
dat a di splay package , and a tripod. The electroni cs package is  powered 
by mercury cells . The package has an on-off switch and a switch to s elect 
high and low meter range s ( ±100 gammas and ±50 gammas ) • The data di splay 
consist s  of three meters , one for each axi s .  

A . 5  MASS PROPERTIES 

Spacecraft mas s properties for the Apollo 14 mission are summari zed 
in table A-I I . These data represent the condit ions as determined from 
postflight analyses of expendable loadings and usage during the flight . 
Variations in command and servi ce module and lunar module mass properti es 
are determined for each significant mi ssion phas e from li ft-off through 
landing . Expendable s  usage are bas ed on reported real-time and post
flight dat a as presented in other sections of this report . The weight s 
and center-of-gravity of the indivi dual modules ( command , s ervi ce ,  as cent 
stage , and de scent stage ) were measured prior to flight and inertia values 
calculated: All changes incorporated after the actual weighing were mon
itored ,  and the mas s properties were updated. 
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TABLE A-II . - MASS PROPERTIES 

C.Dte.r ot lf'&'ri t7 , in. -at ot 1Der\1a, a1uc-n2 
Product ot 1Der\1a, 

!lout Veilbt . al,..-na 
ll> X y z Ixx lyy Iu; IXY liZ Lrz 

ec:-..4 m4 ••rrlce �e/lUAR .oc1u1e 

Litt-ott lll 120.3 8117.5 2.2 3.7 68 30� 1 183 929 1 186 165 lo058 9 610 3622 
llarth oli>1t 1ue�1oo 11)2 083.6 807.6 2 . �  �.0 67 ��5 72� 926 727 209 5759 11 665 3610 

'rr--1tioo 0114 claelt1ac 
l0�7 �4 • •• .n .. -..I•• � 388.0 93�.�  � .0  6.� ]II 251 TT 036 79 531 -1787 -no 

l.wlar IIOdllll 33 6119.2 1236 .7 -.2 - . 3  2 2  533 2� 350 2� 91t9 -� 63 133 

'rotal 4ocke4 98 037.2  1038.2 2.6 �.1 57 OTT 537 537 5lo0 506 -1121� -9915 �12 

"r!.nt 1114ooiU'81 oorrectiOD 97 901.5 1038.3 2.6 �.1 56 � 537 197 5lo0 1n -11231 -9900 3� 
"ls.cae4 ll1doour11 oorroc:t10D 97 10�.1 1038.9 2.6 �.0 56 5�7 535 756· 539 02� -11223 -98117 3365 
"1wlar oli>1t 11101�1.;.. 97 033.1 1039.0 2.6 �.o 56 1199 535 5112 538 m -81131 -98� 3� 
"Doo-t oli>it lue�ioo n 768. 8  10111 .9 1. ) 2.7 �3 395 �10 855 �17 3� -5576 -5913 397 

�10D TO 162. 3  1086 .� 1.3  2.7 �3 872 lo02 639 lo08 �96 -� -6279 290 
•o.:--4 •• aemce .a4ule 35 996.3 9�5.0 2.2 5.8  19 725 57 161 62 �90 -19111 5�7 ... 

c1rculariaat10D 

•ec-u4 md aerrioe •4ule 35 610 .� 9�5 .2 2 .2 5.8 19 �9� 57 032 62 2� -1963 528 91 
1'1•• =-

-.. 
ec-.a.4 • a em ce aodul• 3� 125 .5 9�.5 1.9 6.0 18 662 56 59� 61 218 -1872 � 69 
.Aa-t otap 5 781 . 3  1165.2 �.6 -2.3 3 3�7 2 297 2 723 -117 -3 _,2 

'i'otal attar 4ock1DC 
Aacent �� ... aMDid 39 906 . 8  978.2 2 . 3  �.8 22 090 109 973 11� 958 -1�1 -1�� -307 
Aacent at.,. WlllaDDI:d 39 903.9 976.3  1 .9  � . 9  21 910 105 7�1 110 695 -2009 -1038 -256 

After uoeat •tat- .1ettiaan � 596. 3  9�7.5 2 .0 5 .  7 18 7�� 57 030 61 66o  -1TT2 309 58 

"'rr-·-b 111J1Ct1CI1 3� 55� . 4  9�7.3 2.0 5 . 7  18 7 30  56 553 61 1111 -17� 3., 60 
"'rbiri ll14oouno oorrocUoo 2� 631.9  975 .3 -1.6 7.�  13 592 �1 585 �1 392 1�2 -� -�58 

ec-..,4 •4 llniCI 804ull 2� 315 .o 975 .7 -1.6 7 . 5  1 3  386 �1 �� �1 190 138 _.,1 -399 
prior to aeparaticm 

Attar aeparaticm 
8enie8 aoct:u.l.e ll 659 .9 906.� -3.1 9 . �  7 �59 12 908 13 280 -U8 533 -359 
�4 -.J.o 12 715 .1 1039.2 -.2 5 . 7  5 897 5 281 � 763 " -313 -25 

.. tl7 12 703. 5  1039.2 - .2 5 .6  5 890 5 27� � 762 � -311 -� 
-D paracb\lto dop�Dt 12 130 . 8  1037.6 -.1 5.8 5 686 � 87� � lo03 �� -320 -21 
Loa41ac 11 �81.2  1035.9 -.1 � . 8  5 501 � �57 � 083 35 -297 -8 

Llmar -..tc 

LuDar -.J.e at o&rtb �ell 33 651. 9  1811 .9 - .3  .o  22 538 24 925 25 034 lTT �3� 37� 

8eparat10D 3� 125.9 J.86.o -.3  .6 23 939 26 112 26 013 178 722 318 

-..,. .. 4 4oocct 1D1 tiat10D 34 o67.8 185.9 - . 3  .7  23 904 26 018 25 965 175 719 3Tl. 

Llmar J.a41ac 16 311.7 213.6 -.6 1.1 12 750 13 629 1.6 099 231 652 398 

LuDar 11 n-ott , lD m.8 2�3.9 . 2  2 . 8  6 756 3 lo08 5 95� 68 188 6 

0Ji>1t 1uo�10D 5 917 . 8  257.0 . 3  5.0 3 U7 2 908 2 1�� 61 10� 5 

'rerlllDal pbMo 1D1tiat.10D 5 880 .J. 256 .8 .� 5·1 3 loOO 2 899 2 123 61 105 6 

Do«*lac 5 781. 3  256.7 .� 5 .2  3 3�7 2 878 2 055 61 105 a 
.Jotthoo 5 307.6 258.2 . 2  1.7 3 126 2 TTl 2 056 611 129 3 

11 11 , . 
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APPENDIX B - SPACECRAFT HISTORIES 

The history of command and service module . ( CSM 110 ) operations at 
the manufacturer' s  facility , Downey , California, is shown in figure B-1 , 
and the operations at Kenneey Space Center , Florida, in figure B-2 . 

The history of the lunar module ( LM-8) at the manufacturer ' s  facil
ity , Bethpage , New York , is shown in figure B-3 , and the operations at 
Kenneey Space Center, Florida ,  in figure B-4 . 

NASA-S-71-1711 

.. 

1969 

. Integrated systems test 

�Data revi-

• - - Modifications and retest 

.. -Apollo 10 and 11 mission support 

l oemate 

November 

Command module 

Final installations and checkout - � . Ill  
Weight and balance I 
Preshipment inspection I 

Preparation for shipment and ship . l inal installations and checkout 

Service module Preshipment inspection I 
Preparation lor shipment and ship-

Figure B-1 . - Checkout flow for Command and service modules at 
contractor' s  facility . 

L L L L 
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NASA-S-71-1712 

1970 

Water/glycol spi l l  cleanup and equipment replacement lsee note 21 

I Equipment installation and retest 

I • Altitude chamber tests 

Cryogenic and return enhancement modifications and retest 

Notes: 

Spacecraft/launch vehicle assembly. 
Move space vehicle to launch complex I 

Sector 4 cryogenic shelf installation I 
Space vehicle systems and f l ight readiness tests ••• 

1971 

January 

1. Command and service modules 
delivered to Kennedy S pace 
Center on November 19, 1969 

Spacecraft propu lsion leak checks and propellant loading I • 
Cou11tdown demonstration test . 

2. Spi ll resuHed from hole accidentally 
punched in cold plate during instal l 
ation of new inertial measurement 
unit on Apri l 14, 1970 

Countdown 

Launch 

Figure B-2 . - Command and servi ce module checkout history at 
Kennedy Space Center . 

NASA-S-71 -1713 

•••••••• Manufacturing. cold flow I. and preparation� lor �ubsystem� testing 

•••• Mated subsystems test ing 

••••• Manufacturing, cold f low II, and electrical preparations lor 
final engineering and evaluation acceptance t est 

li. L 

- Mated crew compartment lit and function checks 

Final engineering and evaluation acceptance lest ••••••• 
Cold flow ill and modifications-

Mated retest ··· 
Preparation lor �hipmenl and ship-

Figure B-3 . - Checkout flow for lunar module 
at contractor' s facility . 

L L L L 
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NASA-S-7 1-1714 

1970 1971 

December January 

Equipment instal lation and checkout 

• Altitude chamber run < Prime crew) 

- Modifications and retest 

I Landing gear installation 

Instal l  in spacecraft/ launch vehicle adapter I 
System verifications and fl ight readiness tests-

Spacecraft propulsion leak checks and propel lant loading I • 
Countdown demonstration test • 

Ascent stage de l ivered to Kennedy 
Space Center on November 2 1 ,  19&9; 
descent stage de l ivered on November 
2 4 ,  19&9 

Figure B-4 . - Lunar module checkout history at 
Kennedy Space Center . 

' . L 
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APPENDIX C - POSTFLIGHT TESTING 

The command module arrived at the Lunar Receiving Laboratory , Houston , 
Texas , on February 22 , 1971 , after reacti on control system deactivation 
and pyrotechni c s afing in Hawai i .  At the end of the quarantine peri od ,  
the crew equipment was removed and the command module was shipped t o  the 
contractor ' s  facility in Downey , Cali forni a, on Apri l 8 .  Post flight test
ing and inspecti on of the command module for evaluation of the i nfli ght 
performance and investigation of the flight irregularities were conducted 
at the contractor ' s  and vendor ' s fac i lities and at the Manned Spacecraft 
Center in accordance with approved Apollo Spacecraft Hardware uti li zati on 
Requests (ASHUR ' s ) .  The tests performed as a result of inflight problems 
are des cribed in t able C-I and dis cuss ed in the appropri ate systems per
formance s ecti ons of thi s  report . Tests being conducted for other pur
poses in accordance with othe r  ASHUR ' s  and the basi c contract are not 
included. 

L ' . 
..... 
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ASIIUII no. 

110016 

110029 

110030 

11oo1oo 

UOOio6 

110005 

110026 

110033 

UOOII5 

TABLE C-I . - POSTFLIGHT TESTING SUMMARY 

Purpose Testa pertonaecl 

Enri ro��antal Control 

To inveat isate the hish oxysen flov rate Perfora preclelivery aeeeptanee test on the 
not eel on several occas ions . urine receptacle ae sembly vent valve . 

To detenaine the caus e or di fficulty in Perfora iiUipection and fit and functional 
inaertins vater buffer ampules into the tests . 
injector. 

To cleteraine the cause of slisht leak- Perfora leak test and failure .aalysis . 
-ce or the oxycen repress uri zat i on  
paekqe . 

To 1nveat1sate the leak at the food Perfora functional ud leak sse tests . 
preparat ion water port . 

To inveatisate apparent free zins or the Perfora continuity and res istance tes ta 
urine duap nozzle . or the urine nozzle heater ci rcuitry . 

Structures 

To cleteraine the cause o r  the capture Perfora inspect i on , functional tests , ud 
latch ensaaement probler.: �urine trans- teardovn of the dockinc probe . 
position clockins. 

Gui cl.aee and lavisat i an  

To inveatisate t h e  apparent failure of Perfora functional tests and fai lure 
the entry aoni tcr systea . 05s aena i ns analysis . 
function duri ns entry . 

Electri cal Paver 

To cleteraine the cause of paver reaain- Perform continuity and electri cal tests 
ing on the -in buses after the aaiD to isolate caus e .  
bus switches vere positioned ott durins 
entry . 

To cleteraine the cause of poor YBF voiee Pe rron ayatea test in �d aodule and 
�! cations between the l111ar -dule pertora bench teats on VHF bardYare . 
mel the e-el 110clule • 

Results 

The leakqe vas s llptly hiper thu 
allowed, but not aipi ticut eiiO\IBb 
to cau11e a proble• vitb tbe valn in 
the cl01ecl positi on .  An open vent 
valve produces the observed hip tlov. 

Insert i on  or one butter •pule re-
qui red excess !  ve torque and a leak 
developed at a told in the bas vall .  
Tea t not complete . 

The leakage rate vas vi thin apeciti-
cat i on .  

Th e  bot water port leaked ini tial}J' 
in the test , then, DO turtber leak-
sse occurred. Teat Dot caaplete . 

The electric circuitry resistance 
readinsa vere no� . 

Teat not cOaplete . 

The entry aonitor systea t'Unctioned 
normally . 

Motor svi tcb Sl tailed. The aain 
bus B-battery C ci rcuit breaker vas 
interaittent in the closed positi on . 
Foreisn particles vere round on tbe 
aotor svitcb co.a�tator. A bard 
dep01 it vu toUDd on a contact or 
the ci rcuit breake r .  Test not co-
plete . 

Readinaa obtained in spacecraft teat 
vere no� . Teat not complete . 

() 
I 

1\) 



� 

� 
r-

� . 

r ·  

r -� 

t • 

�> • 

r .. 

r . 

� ·  
r · · 

r- �  

r 

r 

� 

A8lltll DO. 

110006 
110503 110009 
110010 

I 110051 
I 110011 1 110019 

110020 

I 110021 

TABLE C-I . - POSTFLIGHT TESTING SUMMARY - Concluded 

Purpou 

'l'o deter.t.ne the caue or tbe 1�mar topo
IJ'aphic e-ra rat lun . 

'l'o iDYtstisate tbe caue or tbe Lllllar 
Mo4ule Pilot 's penCIIIal n41aUOD dod
•ter not updaU ... . 

'l'o 1nftsticate operaUCIIIal d1 rt1cult1• 
ezperieneed vi tb tbe lAmar Module Pilot ' s  
ript edr&ftbleular l).oft . 

'fo 1-Upte tbe apparent bip lellk 
rate of tbe lAmar Mo4ule Pilot 's pre .. we 
1-Dt Ms-.b)T . 

'fo inftStilate loOUIIiDI of tbe 70-• 
e-ra bmdle 011 tbe liSlar slll'fiiCe . 

'l'o lnwestlsate occMlODal double qrclins 
ot tbe 10-- e-ra 1nterval-ter. 

'l'o lnestlsate lDtemttent wi ce �
-lcatloas tra. tbe ec-uder. 

Testa perro.rwed 

Crev Equi�nt. 

Duplicate c..era tailve and perro� failure 
•al7sh . Perto� tuncUoaal test or the 
electrical paver cable . 

Perro� reapODae teata en the do•i•ter at 
d1 rterent dose rates . 

Inspect Ilona tor possible wrist cllble 
cl-.e .  Perro� pressure aa.rwent ••eab:�T 
eYaluaUoa of allited preaaure vitb LUnar 
Module Pilot . 

Pertora presaure 1-nt Mae�� leak rate 
teat. 

b•ine t1 t ot the bandle to tbe c..era md 
br��eket . 

Perro� tunctloaal teats and teardovn 
Mal;rah . 

Pertora tunctional te•t• and rat lure anal
;rsla or constant vear su.nt electri cal 
harnesses . 

Result. 

A tailed transistor VM found in tbe 
shutter control circlli tey . An alv
ain- ali ..er vu ro�md in tbe trana
htor . 

Tbe dost..eter vu inoperatiYe at tbe 
lavest dose rate due to loss or sens1-
t1Yit;r . Tbe doat.ter readi111• vere 
vltbia to�eraace at other dcee rates . 

llo vrht cule 4-.p vu t01a1d. Tbe 
probl- vu duplicated in a tnt vitb 
tbe Lunar MDdule Pilot auited. Tnt 
not cc.ple�e . 

Tbe leak rate vu no.inal . 

Test not ca.plete . 

Tbe interval-ter tiSlctloaed properl:r • 

but vu incgapatible vitb ca.era actor 
characteristics . 

Tbe electrical harnesses perroraed 
DO�al l;r .  

C"l I VJ 
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APPENDIX D - DATA AVAILABILITY 

Tables D-I and D-II are summaries of the -data made available for 
systems performance analyses and anomaly investi gations . Table D-I lists 
the data from the command and service modules , and table D-I! , the lunar 
module . For additional information regarding data availability , the 
status listing of all mis sion data in the Central Metric Data. File , 
building 12 , MSC , should be consulted. 

' -
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TABLE D-I . - COMMAND AND SERVICE MODULE DATA AVAILABILITY 

'l'i• , br :llin bace B.udpa .. 
Ccaputer Oacillo- Bruah Special 

plots Bilevela sraph plota 
Prom '1'o 

atatioa 
or taba vorda 

recorda · 
recorda or taba 

-04 :00 00 : 30  ALM X 

00 :00 00 : 10 MILA X X X X · X  X 

00 :02 00 : 14 BDA X X X I 

00 : 48 03:15 IEftl X X X 

01 :28 01 :44 GllS X X 

02:25 02 : 34 GDS X X X X I 

02 : 49 0 3 : 49 GllS X X X X X 

03:05 12 : 00  IEftl 

03 :111 06 :21 lllftl X X I 

03:117 o4_:1t7 GllS X X X I X X 

Olt :lt5 05 : 115 GllS X X I X X 

05 : 11 3  06 : 1.5 GDS X X I 

c6 : Ito  07 : 111 aDS X I X 

07:18 10 : 36  IEftl X X I 

07 : 1to 08 : 39 GDS X X I 

08:37 10 :35 GDS X X 

10 : 36 111 : 35 lllftl X X I 

10 : 50  1 3 : 116 HSK X X 

111 : 51 17 :53 IEftl X X X 

15 ::1.0 15 : 111 IWl X X 

16 :07 16 :20 IWl X 

17 :07 19 :09 IWl X 

18 :07 22 : 119 IEPII X X X 

19:08 2 3 : 09  IWl X 

20:07 21 : 09  llo\l) .  X 

22 : 119 26 :56 MSPR X X X 

23:08 211 :09 IWl X 

23 : 50  211 : 50 GDS X 

27 :011 30 :59 IIIPR X X X 

29 : 37 30 : 37 GDS X X 

30 :00 31 :00 IIIFII X 

30 :00 30 : 37 Gm X X 

30 : 30 31 : 00  Gm X X X X X X 

31 :01 ]It :51 IIIFII X X X 

311 : 00  35 :28 am X 

31t : 51t 38 : 57 IIIFII X X X 

39 :00 112 :53 IIIFII X X X 

112 :53 1.7 : 00  lllftl X X X 

l!6 :1t8 lt8:26 am X 

119 :21 51 : 19 am X 

50 :1t0 511 : 50 IEFII X X X 

5 5 : 01 58 : 116  MSPR X X X 

58 : 118 62:51. 1111'11 X X X 

59 :00 61 : 00  am X 

59 :00 61 : 00  IIIFW X X 

6o : 57 61 : 19 am X X X X X 

63:00 67 :20 lllftl X X X 

61. :00 66 :00 IIIFW X 

65 :119 66 :119 IWl X 

67:28 69 :18 111ft X X X 

67 : 119 69 : 49 IWl X 

69 :1.5 70 : 51. 111ft X X X 

69 : 119 71 :1t9 IWl X 

70 :55 75 :olt lllftl X X X 

71 : 119 72 : 1t9  IWl X 

7 5 : 10 78:1.2 IIIPR X X X 

76:25 77 :25 GDS X X 

76 : 110 77 : 00  am X X X 

76 : 57 77 :02 GDS X X X X X 

78:20 78:112 am X 

19 :lt0 82 : 51 IIIPII X X X 

81 :15 82 : 01t  GllS X X X 

8l : ltl.  82 :011 HSK X X I X X X 
82 :02 82 :20 liS X I I X 

L . L  .L._ 

Special 
prosr-

X 

X 

I 
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TABLE D-I . - COMMAND AND SERVICE MODULE DATA AVAILABILITY - Continued 

Tt.e 1 hr:aiD 
Praa 

82 :11o 
82 : 39 
83 :02 
8lo : 23 
85 : 10 
86 : 10 
86 : 10 
88:25 
88:26 
89 : 112 
90 : 00  
90 :20 
91:00 
911 : 10 
94 ;59 
96 :01 
97 :55" 
98:0it 

. 98 : 19 
98:110 
98 : 52 
99 : 119 
99 : 52 

102 :00 
102 : lo2 
103 : 38 
10io :23 

- 10io : lo7 
105 : 31 
106 : 111o 
107 :25 
108 :112 
108 : 1o2 
110 : 111 
111 : 20  
lllo : 51o 
116 : 32  
118 : 31 
119 :02 
120 :02 
120 :55 
122 : 31 
123 : 15 
125 : 15 
126 :28 
127 : 15 
129 : 10 
129 : 26 
129 : lo2 
131:00 
131 :00 
131 : 12 
131 : 33 
133 :29 
13lo :22 
135 :08 
135 :09 
136 : 19 
136:20 
139 :05 
139 : 05 
1lo1 : l!O  
1lo2:10 
11t2 : 11o 

. -
.lo..... 

'1'o 

82 : 1tlo 
83 :lo3 
87 :17 
85 : 12 
86 :09 
90 :50 
86 :53 
89 : 35 
89 : 31o 
90 :23 

101 :00 
91 :28 
9 lo : 59 
95 : 18 
98 :110 
97 : 11 
98:20 
98:12 
99 :05 

102 : 112 
98:55 

100 :59 
100 : 01t 
102 : 51o 
108 : 36 
10io :25 
10" = "7 
105 : 30  
106 : 1o7 
108 : 1o2 
108 : 1o3 
llO : Io2 
109 : 30  
11lo : 36 
112 :08 
118 : 37 
118 : 32  
122 : 31 
120 : 32 
120 :32 
122 :53 
126 :28 
12lo : ll9 
126 : 30 
129 : 38 
128 :25 
129 : 1oO 
1 30 : 110  
1 30 : 10 
1 32 : 00  
131 : 35 
135 : 58 
132 : 31o 
13lo :21o 
135 :10 
135 : 12 
1 36 : 20  
138 : 46 
138 :11o 
1lo3 : 119 
139 :115 
1lo2 : 18 
1lo 3 : 00  
1lo6 :05 

' -
...... 

bDp BMdpul 

st.&t.icn plot• 
or tllba 

Gill X 

GllS X 

IEPB X 

GDS 

JISJ( X 

IE FK  X 

JISJ( X 

IEFK 

MAD X 

MAD X 

IEFK 

MAD 

... X 

MAD 

IEFK X 

GDS 

GDS 

GDS 

GDS 

16!'11 X 

GDS 

GDS 

GDS 

-GDS X 

IEFK X 

GDS X 

GDS 

GDS X 

GDS 

IEF'II X 

GDS 

IEF'II X 

HSK 

tEn; X 

MAD 

IEF'II X 

MAD X 

IEF'II X 

MAD 

MAD X 

GDS 

lEnt X 

GOO 

GDS 

IEF'II X 

GDS 

GDS 

GllS X 

GIS 

IEPN 

GDS 

IEF'II X 

GIS 

GDS 

HSK 

HSK X 

HSK 

IEF'II X 

HSK X 

IEPII X 

MAD 

MAD 

MAD X 

IEF'II X 

'l 

Blleftll 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

eo.puter 

' -
' 

vorcla 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

O.eillo-

g&ph 
recorda 

X 

X 

X 

X 

-

; 0 

Bruah Special Special 
recorda plot.a 

or tllba procrams 

X 

X X X 

X 

X X 

X 

X X 

X X 

X 

X 

X 

X 

X X 

X X X 

X X 

X 

X 

X 

X 

' -
L L. 
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TABLE D-I . - COMMAND AND SERVICE MODULE DATA AVAILABILIT'f - Concluded 

Ti- , hr :min Ranse Bandpass 
Computer 

Oscillo-
Brush 

Special 
Special 

plot a Bile vela sraph plots 
From To 

station or tabs 
vorda 

records 
records or tabs 

prosr-

14 3 : 31 144 : 10 MAD X X X X X 
144 : 12 145 :08 Gll6 X X X X 
145 : 1 3  146 : 1 4  MAD li: X X 
146 : 05 150 : 54 IEFN X X X 
146 : 56 147 :55 Gll6 X X 
148 : 10 148 : 50 Gll6 X X X X X 
151 : 14 154 : 52 M)JIW X X X 
154 : 56 1 58 : 57 Mil'tl X X X 
159 :08 162 : 56 IEFN X X X 
162 : 40 164 : 00  M)Jitl X 
162 : 5 8  166 : 07 JljJIW X X X 
165 : 17 166 :18 MAD X X X X X X X 
!66 :00 176 : 00  JljJIW X X X ,  
166 :18 . 167 : 18 MAD X X 
166 : 47 . 170 : 53 IEJIW X X X 
167 :00 168 :18 MAD X X 
167 :23 168 : 03 MAD X 
168 : 18 169 : 19  MAD X X 
169 : 00  169 :20 MAD X X 
169 : 17 170 : 08 MAD X X X X 
1 70 : 57 174 : 40 IEJIW X X X 
171 :05 174 :04 Gll6 X X 
1 74 : 01 175 : 59 Gll6 X 
175 : 09  178 : 56 MiFN X X X 
175 : 58 178 : 52 Gll6 X 
179 :05 182 : 52 IEJIW X X X 
179 : 50 184 : 00  IISK X 
183 : 05 186 : 52 tEPI X X X 
187 : 02 188 : 62 tEPI X 
187 :25 190 : 54 Ill PI X X X 
190 : 54 191t : lt9 IE PI X X X 
191t : lt9 198 :46 IE PI X X X 
199 : o6  203 : 02 tEPI X X X 
203 : 11  206 : 50  tEPI X X X 
207 : o6  210 :52 Ill PI X X X 
210 : 48 211 : 48 JIB I X X 
211 : 11 214 : 49 tEPI X X X 
214 :17 215 :o6 CliO X X 
215 : 04 215 : 46 CliO X X X 
215 :08 215 :43 ... X X X 
215 :08 215 : 44 ARIA X 
215 : 31 215 : 51 lEI X 
215 : 37 216:07 II! I X X X X X X I 

11 L . .  
I 
...... 
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TABLE D-II . - WNAR MODULE DATA AVAILABILITY 

'l'iae , hr :ai11 Rallae Bandpua 
Computer Oec111o- Brush Special 

Special plot a B1level1 craph plots 
From To station 

or tabs vorda 
recorda recorda or tabe prOIJ"-

-04 :00 -Q2 :00 ALDS X 
61 : 50 62:15 HSK X X 
61 :52 62 :15 IIIP'I X X 
77:34 78:10 om X X 

101 :45 102 :50 ODS X X X X X X X 
101 :46 102 :112 IIIP'I X X 
102 : 42 1o6 :11li IIIP'I X X X 
103:38 104 :25 . ODS X X X X X X X 
101.:14 108 : 51 IIIP'J X X X 
104 :23 104 :117 GD8 X X X X X 
105 : 31 lo6 :07 Clll8 X X X X 
106:05 106 : 117 om X X X X X X 
106 : 44 108 :112 111ft X X X 
107:25 107 :115 ODS X X X X X X 
107 : 112  108 :113 (1)8 X X X X X X X 
108 : 112  110 : 15 111ft X X 
108:"3 109 :00 Clll8 X 
109 : 4o 110 :36 IBX X X X X 
110 :34 lll :34 liS It X 
112 :20 1111 : 32  IIIP'I X X 
112 :25 113: 10 liS It X 
113:02 115 :03 MAD X 
1111 : 32  119:03 111ft X X 
115:02 119 :20 MAD X 
119 :21 122:115 111ft X X 
120:15 122 :53 Clll8 X 
122 : 31  126 : 28 ... X X 
122 : 51 126 : 115 om X 
126 :28 129 :38 111ft X X X 
126 :113 129 :4o Clll8 X 
128 : 39  129 :110 (1)8 X X X X 
129 :211 129 : 36  Clll8 X 
129 :37 1]0:38 OD8 X X 
1]0 : 35 131 :35 OD8 X X X 
131 :12 135 :58 .... X X X 
1 32 : 31 133 : 311 OD8 X X X 
133 :29 135 : 17 0111 X 
1 35 : 11  13T :l0 JISJ[ I X X 
136 :19 138:116 .ft I X X 
137:08 138:07 B8lt X X X 
1 3T : II9 138: 50  MAD .  X X 
138:50 l3Jh50 MAD X X 
139 :05 1113 : 119 .,. I X X 
139 :39 1111 :50 MAD X 
140 : 39  1110 :50 MAD X 
1110 : 49 1111 :50 MAD I X X X 
1111 :10 1111 all8 MAD X X X 
1111 :115 1111 :50 MAD X X X 
1111 :1i9 1112 :18 MAD X X X X X X X 
1112 :111 1Wi :05 .. ft X X X 
1112 : 59  1113 : 32  MAD X X X X X X X 

-1113:21 11111 :16 IIAJ) X X X X X X X 
1113:110 1" :01 IIAJ) X X 
11111 :58 1115:15 IIAJ) X X X 
1115 :05 1115 :15 MAD X 
1115 :12 1116 : 111 MAD I X X X X X 
1Wi :OII 1117 : 50  ... I X X 
1Wi :55 1117:]0 - I X X X I I X 
1117 :12 1117 :112 Gill I X X I X I 
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APPENDIX E - MISSION REPORT SUPPLEMENTS 

Table E-I contains a lis ting of all reports that supplement the 
Apollo 7 through Apollo 14 mis sion reports • The t able indi cates the 
present status of e ach report not yet completed and the publi cation 
dat e  of thos e which have been published. 
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E-2 

Supplement 
number 

1 
2 
3 

4 
5 
6 

1 
2 

3 

4 

5 
6 

7 

1 
2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 

lL L 

TABLE E-I . - MISSION REPORT SUPPLEMENTS 

Title 

Apollo 7 

Trajectory Reconstructi on and Analysis 
Communi cation System Performance 
Gui dance ,  Navi gat i on ,  and Control System 

Performance Analysis 
Reaction Control System Performance 
Cancelled 
Entry Pos tflight Analysis 

Apollo 8 

Traj ectory Reconstruct ion and Analysis 
Gui dan ce , Navigat i on , and Control System 

Performance Analys is 
Performan ce of Command and Servi ce Module 

Reacti on Control System 
Servi ce Propuls ion System Final Flight 

Evaluation 
Cancelled 
Allalysis of Apollo 8 Photography and 

Visual Observat i ons 
Entry Postflight Analysis 

Apollo 9 

Traj ectory Reconstruction and Analysis 
Command and Servi ce Module Gui dance , Navi

gat ion , and Control System Performance 
Lunar Module Abort Gui dance System Perform

ance Analysis 
Performance of Command and Servi ce Module 

Reaction Control System 
Servi ce Propuls i on System Final Fli ght 

Evaluation 
Performance of Lunar Module React i on Control 

System 
As cent Propuls i on System Final Fli ght 

Evaluat i on 
Des cent Propulsion System Final Flight 

Evaluation 
Cancelled 
Stroking Test Analysis 
Communi cat i ons System Performance 
Entry Postflight Analysis 

1 .  
� L 

Publi cation 
date/status 

May 1969 
June 1969 
November 1969 

Augus t 1969 

December 1969 

December 1969 
November 1969 

March 1970 

September 1970 

December 1969 

De cember 1969 

November 1969 
November 1969 

November 1969 

Apri l 1970 

December 1969 

Augus t 19 70 

December 1969 

September 1970 

December 1969 
December 1969 
December 1969 

L. 
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Supplement 
number 

1 
2 

3 

4 

5 

6 

7 

8 
9 

10 
11 

1 
2 

3 

4 

5 

6 

7 

8 
9 

10 
11 
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TABLE E-I . - MISSION REPORT SUPPLEMENTS - Continued 

Title 

Apollo 10 

Traj e ctory Reconstruction and Analysis  
Gui dance , Navigation ,  and Control Sys tem 

Performance Analysis 
Performance of Camnand and Servi ce Module 

React ion Control System 
Service Propuls i on System Final Flight 

Evaluation 
Performance o f  Lunar Module React i on Control 

System 
As cent Propuls i on System Final Flight 

Evaluat i on 
Des cent Propuls i on System Final Flight 

Evaluation 
Cancelled 
Analysis of Apollo 10 Photography and Visual 

Observations 
Entry Pos tflight Analysis 
Communi cat i ons System Performance 

Apollo 11 

Traj e ctory Reconstructi on and Analysis 
Guidance , Navigation , and Control System 

Performance Analysis 
Performance of Command and Servi ce Module 

Reaction Control System 
Servi ce Propulsi on System Final Flight 

Evaluation 
Performance of Lunar Module Reaction Control 

System 
As cent Propuls i on System Final Flight 

Evaluation 
Des cent Propulsion System Final Flight 

Evaluati on 
Cancelled 
Apollo 11 Preliminary Sci ence Report 
Communications System Performance 
Entry Postflight Analysis 

L 

Pub li cation 
date/status 

March 1970 
December 1969 

Augus t 1970 

September 1970 

August 1970 

January 19 70 

January 1970 

In publi cation 
as SP-232 

December 1969 
December 1969 

May 1970 
September 1970 

Revi ew 

October 1970 

Revi ew 

September 1970 

September 1970 

December 1969 
January 1970 
April 1970 

L.. 
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E- 4 

Supplement 
m.unber 

1 
2 

3 

4 

5 

6 
7 

1 

2 

3 

1 

2 

3 

4 

5 

6 
7 
8 
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TABLE E-I . - MISSION REPORT SUPPLEMENTS - Concluded 

Title 

Apollo 12 

Traj ector,y Reconstruction and Analysis 
Gui dance , Navigat ion , and Control System 

Performance Analysis 
Service Propuls i on System Final Flight 

Evaluation 
As cent Propuls ion Sys tem Final Flight 

Evaluation 
Des cent Propuls ion Sys t�m Final Flight 

Evaluat i on 
Apollo 12 Preliminar,y Sci ence Report 
Landi ng Site Select i on Proces s es 

Apollo 13 

Guidance , Navigation , and Control System 
Performan ce Analysi s 

Des cent Propuls i on System Final Fli ght 
Evaluati on 

Entry Postflight Analys is 

Apollo 14 

Guidance , Navigation ,  and Control System 
Performan ce Analysis 

Cryogeni c Storage Sys tem Performance 
Analysis 

Service Propuls ion System Final Flight 
Evaluat i on 

Ascent Propuls i on Sys tem Final Fli ght 
Evaluati on 

Des cent Propuls i on Sys tem Final Flight 
Evaluat i on · 

Apollo 14 Preliminar,y Sci ence Report 
Analysis of Inflight Demonstrations 
Atmospheric Elect ri city Experiments on 

Apollo 13 and 14 Laun ches 

! . 
..... 

I .  
L 

Publi cati on 
date/status 

September 1970 
September 1970 

Preparati on 

Preparation 

Preparation 

July 1970 
Final revi ew 

September 1970 

October 19 70 

Cancelled 

Preparation 

Preparation 

Preparation 

Preparation 

Preparat i on 

Preparati on 
Preparati on 
Preparation 

.L.. 
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albedo 

Brewster angle 

eje ct a  

electrophoresis 

foli ation 

galactic light 

gegens chein 

lunar libration 
region ( L4 )  
Moulton point 

nadir 

regolith 

zero phas e  

zodiac al light 

F-1 

APPENDIX F - GLOSSARY 

percentage of light re flected from a surface based upon 
the amount inci dent upon it 

the angle at which electromagnetic radi ati on is inci
dent upon a nonmetalli c surface for the re flected 
radi ation to acqui re maximum plane polari zation 

material thrown out of  a crater formed by impact or 
volcanic action 

movement of suspended parti cles in a fluid by electro
motive force 

Platy or leaf-like laminae of a rock 

total light emitted by stars in a given area of the 
sky 

a faint glow seen from the earth along the sun-earth 
axis in the anti-sol ar di recti on 

an area 60 degrees from the earth-moon axis in the 
dire ction of the moon ' s  travel and on its orbital path 

the earth ' s  libration point (11) located on the sun
e arth axis in the anti-solar directi on 

the point on the celesti al sphere that is verti cally 
downward from the ob server 

the surface l9¥er of uns orted fragmented materi al that 
ove rlies consolidated bedrock 

the conditi on whereby the vector from a radi ati on s ource 
( sun )  and the ob server are coli near 

a faint wedge of light seen from the earth in the anti
solar · direction extending upward from the hori zon along 
the ecliptic . It is seen from trop ical lati tudes for a 
few hours after suns et or be fore sunrise  . 

. 

L 
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M I SS I ON REPORT QUEST I ONNA I RE 

Mi ssion Reports are prepared as an overall summary of specific Apollo fli ght 
re sults, with supplemental reports and separate anomaly report s providing the 
engineering detail in selected areas . Would you kindly complete this one-page 
que sti onnaire so that our evaluation and reporting service to our readership might 
be improved . 

I '  00 YOU TH I N K  T H E  C O N T E N T  O f  T H E M I S S I ON R E P O R T S  SHO�LD 8 E 1  0 L E S S  D E T A I L E D  0 M O R E  D E T A I L E D 0 A B O U T  T H E  S A M E ?  ' 

2 .  WO U L D  Y O U  S U G G E S T  A N Y  C H AN G E S  T O  T H E  P R E S EN T  CONT E N T !  

3 .  Y OU R  C O PY I S  (check more than one) , 

0 R E AD COMP L E T E LY 0 R E AD P A R T I ALLY 0 S C AN N E D  0 NOT R E A D  O R  S C A N N E D-

0 R OU T E D  T O  .OTH E R S  0 F I L E D  f O R  R E F E R E N C E  O o i S C AR D E D  0 G I V E N  TO SOME O N E  E L S E  

• •  O N  T H E  AV E RA G E , H O W  OFT E N  D O  YOU R E F E R  L AT E R  TO A M I S S I O N  R E P O R T ?  

0 MORE THAN 5 T I M E S  0 , R OM Z TO 5 T I ME S  0 O N C E  0 N EV E R  

5 .  R E G AR D I NG R E P O R T  S U P P L E M E N T S , Y O U • 

0 U S !  T H O SE . YOU R E C E I VE "  0 D O  N O T  R E CE I V E  ANY , BUT WOU L D  L I K E T O  0 D O  N O T  N E E D  TH EM 

& .  D O  Y OU W I SH TO C ON T I NU E  R EC E I V I NG M I S S I ON R E P O R T S ?  O Y E S  O N o  

1 ,  F U R T H E R  S U G G E S T I O N S  O R  C OMME N T S 1  

-

NAM E O R GAN I Z AT I ON A D D R E S S  

Please fold this form in half with the address on the outside, staple , and mail 
the form to me • Thank you for taking the time to complete this form. 

. 

Donald D. Arabian, Chief 
�est Division 

ISC For• 884 ( IIY 70) NASA - MSC 
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