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1.0 MSSION SUJKRY

The Apollo 14 mission, manned by Ala Shepard, Jr., Commander;
Stuart A. Roosa, Commaxd Module Pilot; ad Edgar D. Mitchell, Lunar
Module Pilot; was launched from Kenned Space Center, Florida, at
4:03:02 p.m. e.s.t. (21:03:02 G.m.t.) on Jauar 31, 1971. Because of
unsatisfactor weather conditions at the planed time of launch, a
launch dela (about 40 minutes) was experienced for the Ffirst time in
the Apollo progra. The activities during earth orbit ad traslunar
injection were similar to those of previous lunar landing missions; how-
ever, during trasposition ad docking following translunar injection,
six attempts were required to achieve docking because of mechaical dif-
ficulties. Television wa used during traslunar coat to observe a
crew inspection of the probe ad drogue. All indications were that the
system was fuctioning normally. Except for a special check of acent
batter 5 in the lunar module, traslunar coast after docking proceeded
according to the fligt pla. Two midcourse corrections were performed,
one at about 30-1/2 hours ad the other at aout 77 hours. These cor-
rections achieved the trajector required for the desired lunar orbit
insertion altitude ad time paraeters.

The cobined spacecraft were inserted into lunar orbit at approxi-
mately 82 hours, ad two revolutions later, the descent orbit insertion
maeuver placed the spacecraft in a 58.8- by 9.1-mile orbit. The lunar
module crew entered the vehicle at approximately 101-1/4 hours to pre-
pare for the descent to the luar surface.

The lunar module was undecked from the comand module at about
103-3/4 hours. Prior to powered descent, a abort command was delivered
to the computer a the result of a malfunction but a routine wa manu-
ally loaded in the computer that inhibited the recogition of an aort
discrete. The powered descent maeuver was initiated at about 108 hours.
A raging scale problem, which would have prevented acquisition of radar
data until late in the descent, was corrected by cycling the circuit
breaker off ad on. Lading in the Fra Mauro higlads occurred at
108:15:09.3. The lading coordinates were 3 degrees 40 minutes 24 sec-
onds south latitude and 17 degrees 27 minutes 55 seconds west longitude.

The comad and service module, after undocking ad separation, was
placed in a circular orbit having & altitude of approximately 60 miles
to photograph the proposed Dscartes landing site, a well as perform
landmark tracking and other taks required for the accomplishment of
lunar orbit experiments ad photography. Comuications between the com-
mad and service module ad earth during this period were intermittent
because of a problem with the hig-gain atenna
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Preparations for the initial period of luar exploration bega
about 2 hours after lading. A procedural problem with the luar module
cormnicatios delayed cabin depressurization about 50 minutes. The Com-
mader egessed at about 113-3/4 hours a&ad deployed the modular equipment
stowage assembly as he descended the ladder, providing trasmission of
color television. The Luar Module Pilot egessed a few minutes later.
Subsequently, the S-baad atenna was erected ad activated, the Apollo
luar surface experiments packae was deployed, &ad various documented
luar samples were taen during the extravehicular period which lasted
about 4 3/4 hours. A modular equipment trasporter, used on this mis-
sion for the first time, assisted the crew in carrying equipment ad
luar saples.

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 di fficulties in navigating, the reached a point within
approximately 50 feet of the rim of the crater. Thus, the objectives
asociated with reaching the vicinity of this crater &ad obtaining the
desired saples were achieved. Various docuented rock ad soil saples
were collected on the retur traverse from Cone Crater, &ad, upon com-
pleting the traverse, the atenna on the luar-experiment-package central
station was realigned. The second extravehicular period lasted aout
4-1/2 hours for a total extravehicular time of approximately 9-1/4 hours.
About 96 pouds of luar saples were collected during the two extra-
vehicular periods.

The acent stage lifted off at about 141-3/4 hours a&ad the vehicle
was inserted into a 51. 7- by 8.5-mile orbit. A direct rendezvous was
performed &d the coma&d-module-active docking operations were normal.
However, during the final braing phaae, the luar module abort guidace
system failed after the system wa no longer required. Following crew
trasfer to the comad module, the ascent stage wa jettisoned ad
guided to imact approximately 36 miles west of the Apollo 14 landing
site.

Trasearth injection occurred during the 34th lunar revolution at
about 148-1/2 hours. Dring trasearth coast, one midcourse correction
wa made using the service module reaction control system. In addition,
a special o>xgen flow rate test was performed &ad a navigation exercise
simulating a return to earth without groud control was conducted using
only the guidaace ad navigation system. Inflight demonstrations of four
types of processes under zero-gravity conditions were also performed ad
televised to earth.

Entry wa nowral a&ad the comand module landed in the Paci fic Ocea
at 216:01:58. The lading coordinates were 27 degrees 0 minutes 45 sec-
onds south latitude &ad 172 degrees 39 minutes 30 seconds west longitude.



2.0 INTRODUCTION

The Apollo 14 mission was the 14th in a series using Apollo flight
hardware a&ad achieved the third luar lading. The objectives of the
mission were to iInvestigate the luar surface near a preselected point
in the Fra Mauro formation, deploy a&ad activate & Apollo luar surface
experiments package, further develop ma&a®s capability to work in the
lunaa environment, a&d obtain photographs of candidate exploration sites.

A complete aalysis 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 aaalyses, a shown
in appendix E. This appendix also lists the current status of all Apollo
mission supplements, either published or iIn preparation. Other supple-
ments will be published & necessay.

In this report, all actual times prior to earth laadng are elapsed
time from raage zero, established & the integral second before lift-off.
Raage zero for this mission was 21:03:02 G.m.t., Jawuary 31, 1971. The
clock onboard the spacecraft waa chaged 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, iIn-
dcations of elapsed time iIn the crew s data file would have been in er-
ror by the aout of the dela& iIn lift-off since the midcourse corrections
were targeted to achieve the prelauch-desired lunar orbit insertion time.
Greenwich mean time is used for all times after earth lading. All ref-
erences to mileage distace are in nautical miles.



3.0 LUNAR SURFACE EXERIMNTS

The experiments discussed in this section consist of those associ-
ated with the Apollo luar surface experiments package (a suprathermal
ion detector, a cold cathode gage, a passive seismometer, an active seis-
mometer, ad a charged particle environment detector), = well as a laser
ranging retro-reflector experiment, a luar portable magnetometer experi-
ment, a solar wind composition exeriment, luar geolog, and soil mechan-
ics. Descriptions of the purposes ad equipment of experiments carried
for the first time on previous missions are given in the reports of those
missions, ad 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
planed within the allotted time periods. Approximatel 5 1/2 hours
after landing, the crew egessed the luar module for the first traverse
of the luar surface. During the first extravehicular activity period,
which lated 4 hours 47 minutes 50 seconds, the crew:

a. Deployed the modular equipment stowage assembly.

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

c. Trasferred a contingency saple to the lunar module.

d. Erected the United States flag ad the solar wind composition
foil.

e. Deployed ad loaded the modular equipment trasporter used to
aid the atronauts in transporting equipment ad saples.

f. Collected surface saples including two "small-football-size"
specimens weighing approximately 4.4 ad 5.5 pounds.

g. Photographed activities, panoraas ad equipment.

h. Deployed the Apollo luar surface exeriments package for the
continuing collection of lunar scientific data via radio link.
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Following a planed rest period, the second extravehicular activity
period begaa with preparations for & e>ended geological traverse. The
duration of the second extravehicular activity period wa 4 hours 34 min-
utes 41 seconds, covering a traverse of approximately 1.6 miles, during
which the crew:

a. Obtained luar portable magetometer measurements at two sites
along the traverse.

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

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

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

e. Retrieved the solar wind composition foil.

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

The evaluations discussed in this section are baed on the data
obtained during the first luar da — largely on crew comments and
real-time inforation. Certain equipment difficulties mentioned in this
section are discussed in greater detail in section 14.4. More compre-
hensive results will be swa@rized in a separate science report to be
published when the detailed aaalyses are comlete (appendix E). The
sites at which the various luar surface activities were conducted are
show in the figure 3-1. The specific activities at each location are
identified in table 3-1.



Figure 3-1.- Traverse for first &d second extravehicular periods.
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TABLE 3-1.- LUA SUFACE ACTIVITIE

Station

Activities

First exravehicular activity period

Lunar module

Apollo lunar surface experiments
package deployment site

Laser raging retro-reflector site

Comprehensive saple site

Smal-football-size rock site

Sapling ad photography

Apollo lunar surface ex<eriment
activities aad photography

Deployment of instruent ad
photography

Sapling ad photography
Sampling ad photography

Second extravehicu

ar

activity period

B to Bl
BI
B2
B3
ce

Cl
C2

C2 to E

Sapling, photography ad first
deployment of lunar portable
magnetometer

Sapling ad photography
Sapling

Photography

Sapling ad photography
Photography

Sapling, photography ad
second deployent of lunar
portable magnetometer

Sapling ad photography

Sapling and photography

Sampling

Sapling

Sapling ad photography

Sampling ad photography

Sapling and photography

Sapling ad photography




3.1 AOLLO LUA SURFACE EXXERIMNTS PACAGE

The Apollo luar suface experiments packaae wa deployed with the
central station positioned 600 feet west-northwest of the luar module
(Fig. 3-2). No difficuties were experienced in off-loading the pallets
or setting them up for the traverse other tha & initial difficulty iIn
latching the dome removal tool in the Fel cask dome. The crew installed
the fuel capsule Iin the radioisotope thermoelectric generator ad lock-
on data were obtained with initial a&tenna alignment at 116 hours 48 min-
utes.

NASA-S-71-1618

Passive Lunar north
seismic
experiment

Charged prticle lunar
environment experiment

Laser ranging
retro-reflector

experiment Central
en
100t station

10 ft

Antenna
First geophone “—-+‘L

N
Radioisotope thermoele%‘o

gnerator and base
Lunar moule

Second gephone ——‘-—

Supratherml ion
150 ft detector experiment

Third gephone —=81- Cold cathoe
gge expriment

Note: Distances not to scale

Figure 3-2.- Arraagemnt of the Apollo luar surface experiments.

3.1.1 Central Station

Initial conditions of the central station (ref. 1) were normal.
Power output of the radioisotope thewroelectric generator wa 69.1 watts,
ad the central stalion thewral plate temperature averaged 73.8° F. A



reserve power reading of 43.5 watts indicated that the basic power con-
suption 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 trasmitter signal strength at initial acquisition was lower
than expected, ad 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-cae condition of the relative earth-moon positions.
In addition, lunar surface photography shows that the antenna wa 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 agle. Subsequent monitoring indicates that the
signal strength obtained from the Apollo 14 uit is now equal to that of
the Apollo 12 uit and that sigal strength variation can be predicted
based on the relative earth-moon positions.

The Apollo lTuar scientific experiment package central station was
comaded to the hijh-bit-rate mode at 116 hours 56 minutes for the
active seismic experiment/thumper mode of operation, which continued
util 117 hours 34 minutes. Using the high-bit-rate mode, only the
active seismic experiment data ad limited engineering data ca be re-
ceived from the central station. TTe other experiments were turned on
following the active seismic experiment/thuper mode of operation.

During the deployment of the central station, the sushield erected
normally. However, the crew had to lift one side on three occasions be-
cause It was sagging. Lunar surface photography indicates that the su-
shield had been buped 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 ha 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 mechaaical 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 iIn succession before failing. Loss of the
timer has no adverse effect of the Apollo lunar experiment package since
all functions are being accomplished by groud 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, iIndi-
cating that dust from the acent engine exhaust did not settle on the
central station.
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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 tha the inability to make the ribbon cable
lie flat on the surface under the thermal shroud skirt. Al elements
have operated as plaaned with the following exceptions.

a. The long-period vertical component seismometer is unstable iIn
the normal mode (Flat-response mode). (See section 14.4.6 for a dis-
cussion of this aomaly.) The problem wa eliminated by removing the
feedback filter ad operating in the peaked- response mode. In this mode,
the siesmometer has a resonat 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 planed spectru by data processing techniques.

b. The gimbal motor which levels the Y-axis long-period seismometer
ha not responded to commads 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 caes 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) wa de-
ployed duing the First extravehicular period with the first geophone
approximately 10 feet southwest of the central station and the geophone
arra extending in a southerly direction (figs. 3-2 ad 3-3). The Apollo
lunar scientific experiment package was comanded to the high-bit rate
mode for 28 minutes duing the active seismic experiment/thuper mode of
operation. Thuping operations bega at geophone 3 (the furthest from
the central station) ad proceeded for 300 feet at 15-foot intervals to-
ward geophone 1.

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 a&a initiator. (See section 14.4.1 for
further discussion of this aomaly.)

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 north- northwest of the central station and aimed to fire
four grenades on comand from earth to distances of 500, 1000, 3000 and
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Figure 3-3.- Apollo lunar surface experiment package
components deployed on the lunar surface.



5000 feet in a norther Bl direction. Firing of the four mortars has not
been scheduled. Postmission tests aad aalyses are being performed to
establish the appropriate time ad provisions for conducting this part
of the experiment.

3.1.4 Suprathermal lon Detector Experiment

The supratheral i1on detector experiment (ref. 2) was deployed
southeast of the Apollo lunar surface experiments package central sta-
tion (fig. 3-2). Noisy data were received at turn-on (section 14.4.2)
but the data were satisfactory after seal break and dust cover removal.
The experiment is returning good scientific data, with low background
rates. Despite a large amout of lunar dust which adhered to one end of
the package when it fell over several times during deployment (fig. 3-4),
the temperatues throughout the luar day a&ad night remained within the
range allowed for the instruent. ~Photographs show that the instrument
is properl deployed ad aligned.

3.1.5 Cold Cathode Gage Experiment

The cold cathode gage (ref. 2) was deployed 4 feet southeast of the
suprathermal ion detector, aimed slightly southwest (figs. 3-2 and 3-4).
The deployment was accomplished after several attempts in which the crew-
man experienced difficulty with the stiffness of the connecting cables
while hadling the suprathe ral ion detector experiment, the cold cathode
gage, and the groud screen at the same time.

The experiment was first tured on shortly before luar module de-
pressurization for the second extravehicular activity. Commands were
sent to the instrument to turn on the high voltage a&ad to open the cold
cathode gage seal. The cold cathode gage data cae off the initial full-
scale indications much more rapidly tha expected, indicating that the
seal may have been open earlier tha comanded.

Because a spontaneous chage in the operational mode of the cold
cathode gage ad the suprathermal ion detector experiment occurred after
about 1/2 hour of operation, the high voltages were switched off until
after lunar suset. When the high voltages were switched back on after
luar suset, the response of the cold cathode gage went to the most
sensitive range, indicative of the low a&abient pressure. When the
pressue rose at luar sunrise as expected, the mode of operation was
chaaged by a groud comand to a less sensitive range, a&d the calibrate
pulses appeared normal. The experiment is operating norally.



NASA-S-71-1620

Figure 3-4.- Suprathermal ion detector experiment ad cold
cathode gage experiment deployed on the luar surface.
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3.1.6 Charged Particle Lunar Environment Experiment

The charged particle lunar enviromment experiment (ref, 3) instru-
ment (figs. 3-2 and3-5) wa first commanded on at 117 hours 58 minutes
during the first extravehicular activity for a 5-minute functional test
ad the instrument was normal. The complete instrument checkout showed
that prelaunch ad post-deployent counting rates agreed within 20 per-
cent, with the exception of chanel 6 in aalyzer 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 Ouite differently in the effectively zero 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 detrimentally

Figure 3-5.- Charged particle luna enviromment experiment
deployed on the lunar surface.
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affect the science data. All comand functions cf the instrument were
executed with the exception of the forced heater mode commands. Subse-
quent to the checkout, the experiment was commanded to standby.

After luar module ascent, the charged particle lunar environment
experiment wa commanded on at 142 hours 7 mnutes and the dust cover
was removed about 15 hours ad 20 minutes later. Operating temperatures
are nominal. The maximum temperature during lunar da is 136° F and the
minimum temperature during luar night is minus 11° F. The instrument®s
operational heater cycled on automatically when the electronics tempera-
ture reached 32° F at luar sunset, and was comanded on in the forced-on
mode at 14° F, as planned.

The instruent, on one occaion, chaaged from the manual mode (at
the plus 3500-volt step) to the automatic mode. The instruent was sub-
sequently comaded back into the manual mode. There is no evidence iIn
the data which would indicate the cause of the mode change.

3.2 LASER RANGING RETRO-REFLECTOR

The laser ranging retro-reflector (ref. 4) was deployed during the
first extravehicular activity at a distace of approximately 100 feet
west of the Apollo lunar scientific experiment package central station
(figs. 3-2 and 3-6). Leveling ad aligment were accomplished with no
difficulty. The instrument wa raged on by the McDonald Observatory
tea prior to lunar module lift-off a&ad a high-quality return signal was
received. Raging after lift-off, while not yet conclusive, indicates
no serious degradation of the retro-reflector resulting from the effects
of the acent stage engine firing

3.3 LUNAR PORTABLE MAGNETOMTER EXERIMNT

The lunar portable magnetometer (appendix A, section A.4.2) was de-
ployed at site A ad near the rim of Cone Crater (fig. 3-1) during the
second extravehicular activity period. The instrument operated nominally
in all respects. Te temperature of the experiment electronics package
reached equilibrium, between 120° and 150° F. Meter readings, relayed
over the voice link, indicated total fields of 102 +10 gammas at site A
and 41 £10 gamas at Cone Crater. Vector component meaurements of th€se
readings were well within the dynaic range of the instrument. Leveling,
orientation, ad positioning were accomplished without difficulty; how-
ever, the experiment cable was difficult to rewind. This problem is dis-
cussed in greater detail in section 14.4.3.
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Figure 3-6.- L_ser raging retro-reflector experiment
deployed on the lunar surface.



3.4 SOLAR WIND COMOSITION EXERIMNT

The solar wind composition experiment (ref. 4), a specially pre-
pared aluminu Tfoil rolled on a staff, wa deployed during the First ex-
travehicular period for a foil exposue time of approximately 21 hours.
Deployment was accomplished with no difficulty; however, during retrieval,
approximately half the foil rolled up mechaiicaly ad the remainder had
to be rolled mawally.

3.5 LUNAR GEOLOGY

The lading site in the Fra Mauro highlands is characterized by
north-south trending linear ridges that are typically 160 to 360 feet
in height ad 6000 to 13 000 feet in width. The ridges ad valleys are
disfigured by craters ranging in size from ver small up to several thou-
sad feet in diaeter.

The major objective of the geolog survey was to collect, describe,
ad photograph materials of the Fa Mauro for-ation. The Fra Mauro for-
mation is believed to be ejecta from the Imbriu Bain, which, in turn,
is believed to have been created by a large impact. This material is
probably best exposed in the vicinity of the landing site where it has
been excavated from below the regolith by the impact that formed Cone
Crater. The major part of the second extravehicular activity traverse,
therefore, was designed to sample, describe, a&ad photograph representa-
tive materials in the Cone Crater ejecta. Most of the returned rock
saples consist of fragental material. Photographs taken on the ejecta
blaket of Cone Crater show various degrees of laering, sheeting, ad
foliation in the ejected bouders. A considerable variety in the nature
of the returned fr&ental rocks ha been noted.

During the first extravehicuar activity, the crew traversed a total
dstance of about 1700 feet. o their way back to the luar module after
deployment of the Apollo luar scientific experiment package, the crew
collected a comprehensive saple ad two "football-size" rocks. The com-
prehensive saple area was photographed with locator shots to the Apollo
lunar scientific experiment package &ad to the lunar module prior to sam-
pling, ad stereo photographs were taken of the two "football-size" rocks
before they were removed from the surface. The location of the Apollo.
luar scientific experiment package ad the sapling ad photographic
sites for the First extravehicular activity are shown in figure 3-1.
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The traverse duing the second extravehicular activity covered a
total distaxce 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 timeline when they
neared the rim of the crater; therefore, several of the preplanned sam-
ple ad photographic stations along the route back to the lunar module
were omitted. There wa difficulty in navigating to several of the pre-
planned station points because 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 saples. Approximately 25 saples ca be accurately located using
photographs ad the air-to-ground trascript, ad 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 ad triple cores could not be driven their full length, ad
the material in the single core fell out upon removal of the core tube
because of the granular nature of the material. Some saple material
wa recovered from the double ad triple core tubes.

The only geologic equipment problem reported were that the contin-
gency saple bag cracked when folded, ad the vacuum seal protector on
one of the special environmental saple containers came off when the
container wa opened.

3.6 LUNAR SOIL MCHANICS

Lunar surface erosion resulted from the descent engine exhaust a
observed in previous luar ladings. Dust was first noted during de-
scent at a 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 tha that observed on previous Apollo ladings. Bootprint
penetrations for the crew raaged 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 ad
equipent a in earlier Apollo missions. Tracks from the modular equip-
ment transporter were 1/4 to 3/4 inch deep ad were smooth.

The Apollo simple penetrometer (also used a the geophone cable
achor) 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 had ad to the extension haadle with both haads. No penetra-
tion interference attributable to rocks was encountered.



A soil mechaics trench wa 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
laers were observed ad samled: (1) The surface material wa dark
brown ad fine-grained, (2) The middle laer was thin ad composed pre-
dominantly of glasy patches. (3) The lower laer was very light colored
grawlar material.

3.7 MODUAR EQUPMNT TRANSPORTER

The modular equipment trasporter (described in appendix A, sec-
tion A.2.1 ad 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 trasporter from rotating
down from the bottom of the modular equipment stowage asembly. The crew
released the trasporter by pulling the upper pip-pins ad allowing the
trasporter ad thermal blaket to fall freely to the lunar surface. The
thermal blaket was easily discarded ad erection of the transporter went
a planed. The tires had inflated a expected. Equipment wa loaded on
the transporter without difficulty. Two of the three pieces of Velcro
which held the lunar maps on the trasporter hades came off at the be-
ginning of the First extravehicular activity. These pieces had been
glued on a surface having a different finish tha the one to which the
Velcro adhered.

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

The modular equipent trasporter was carried by both crewmen
at one point in the second extravehicular activity to reduce the effort
required for one crewma to pull the vehicle. This was done for a short
period of time because it wa believed to be more effective when travel-
ing over certain types of terrain.



Figure 3-7.- Modular equipment trasporter in use during
the second ex>ravehicular period.



3.8 AWOLLO LNDING SITS

The Apollo 11 through 14 missions have placed a considerable aount
of equipment on the luar surface. Figure 3-8 shows the locations of
all Apollo hardware that ha been placed or impacted on the luar surface.



4.0 LUA ORBITAL EXERIMNTS

Four lTua orbital experiments were conducted on Apollo 14: the
S-bad trasponder experiment, the downlink bistatic radar experiment,
gegenschein/Moulton point photography from luna orbit, a&d the Apollo
window micrometeoroid experiment (a space exposure experiment not re-
quiring crew participation). Detailed objectives associated with pho-
tography while in luar orbit ad during transearth flight are discussed
in addition to the aforementioned experiments. The evaluations of the
lunar orbital experiments given here ae based on preliminary data.

Final results will be published in a separate science report (appendix E)
when the data have been completely aalyzed.

4.1 S-BAND TRANSPONDER

The S-bad trasponder experiment was designed to detect variations
in the luar gravitational field caused by mass concentrations ad defi-
ciencies, ad establish gravitational profiles of the spacecraft ground
tracks. This will be accomplished by aalysis of data obtained from
S-bad Doppler tracking of the commaad ad service module ad lunar mod-
ule using the normal spacecraft S-bad systenms.

There were some difficulties during the prime data collection period
(revolutions 3 through 14). Two-way telemetr lock was lost many times
during revolutions 6 ad 9 because of the hig-gain atenna problem, mak-
ing the data for those revolutions essentially useless. At other times
maeuvers, orientations, ad 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 ad the distribution
of gravitational forces asociated 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 luna surface rougness ad 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-
stat of the luar material. No spacecraft equipment other thax the nor-
mal spacecraft systems was required for the experiment. The experiment
data consists of records of VWVF ad S-bad transmssions from the command
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ad service module during the frontside pass on revolution 25, with
groud-baed detection of both the direct carrier signals ad the sig-
nals reflected from the lunar surface. Both the VHF ad S-bad equip-
ment performed & required during revolution 25. The returned signals
of both frequencies were of predicted strength. Strong radar echoes
were received throughout the pass ad frequency, phae, polarization and
aplitude were recorded. Sufficient data were collected to determine,
in part, the Brewster agle.

4.3 GEGENSCHEIN/MOULTON POINT PHOOGRAPHY FROM LUNAR ORBIT

The experiment required three sets of photographs to be taaen to
help differentiate between two theoretical explaations of the gegen-
schein (fig. 4-1). Each set consisted of two 20-second exposures ad
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Figue 4-1.- Caera almlng directions for gegenschein/
Moulton point photography.



one 5-second exposure taken in rapid succession. One set was obtained of
the earth orbit stability point in the eath-sun system (Moulton point)
to test the theory that the [Ogenschein is light reflected from a con-
centration of particles captured about the Moulton point. Two additional
sets were taaen to test axother theory that the glow is light reflected
from interplanetary dust that is seen in the ati-solar direction. In
this theory, the brightening in the ati-solar direction is thought to be
due to higher reflectivity of particles exactly opposite the sun. For

an observer on earth, the ati-solar direction coincides with the direc-
tion of the Moulton point and the observer is unable to distinguish be-
tween the theories. From the moon the observer is displaced from the
anti-sola direction by approximately 15 degrees, and therefore, ca
distinguish between the two possible sources.

The 16-m data aquisition c&vra was used with an 18-m focal
length lens. The caera was bracket-mounted in the right-hand rendez-
vous window with a right agle mirror assembly attached aead of the
lens ad a remote control electrical cable attached to the caaera so
that the Corwd Module Pilot could actuate the caera from the lower
equipment bay. The fligt film had special, low-light-level calibration
exposures added to it prior to and after the flight which will permit
photometric measurements of the phenomena by mans of photographic den-
sitometer and isodensitrace readings during data reduction. The inves-
tigators also obtained groud photograph of the phenomena using identi-
cal equipment ad fi B prior to the time of Apollo 14 data collection.

The experiment was accomlished during the 15th revolution of the
moon. The aiming ad filming were excellent ad the experiment has dem-
onstrated that long e><osures are practicable.

4.4 APOLLO WINDOW MTEOROID EXE IMNT

The objective of this e>eriment is to determine the mteoroid
cratering flux for prticles responsible for the degradation of glass
surfaces exposed to the space environment. The Apollo comad mdule
windows are used as mteoroid detectors. Prior to flight, the windows
are scaned at 20x to determine the [neral background of chips, scratches
ad other defects. During postlfight investigations, the windows will
again be scaned at 20x to mp all visible defects. The points of inter-
est will then be mgified up to 765x for further examination. The
Apollo 12 ad 13 side windows ad hatch windows were examined following
those fligts ad the results were comaed with preflight scans. No
meteoroid imacts lager than 50 microns in di&ter were detected on
the Apollo 12 windows although there was & increase in the nuber of
chips ad other low-speed surface effects. The Apollo 13 left-hand-side
Nindow had a suspected meteoroid impact 500 microns in diaeter.



4.5 DIM-LIGHT PHOOGRAPHY

Lo-brightness atronomical light sources were photographed using
the 16-mm data acquisition caera with the 18-m lens. The sources in-
cluded the zodiacal light, the galactic light, the luar libration region
(L4) ad the dark side of the earth.

All star fields have been readily identified ad caera pointing
appears to have been within one degree of the desired aiming points with
less tha one-third of a degree of image motion for fixed positions.
This is well within the limits requested prior to fligt, ad it confirm
that longer exposures, which had been originally desired, will be pos-
sible for studies such a these on future Apollo missions. The zodiacal
light is apparent to the wuaided eye on at leat half of the appropriate
fraes. The galactic light survey ad luar libration fraes are faint
ad will require caref¥ 1l work. Earth-darkside fraaes of ligtning pat-
terns, earth-darkside photography during trasearth coat, ad S-1'\v
photographs were overexposed ad are uusale.

4.6 CONMD AND SERVICE MODULE ORBITAL SCIENCE PHOTOGRAPHY

This photography consisted of general coverage to provide a bais
for site selection for further photography, interpretation of luar sur-
face features ad their evolution, ad identification of specific areas
ad features for stud . The Apollo luar missions have in the pat ob-
tained photographs of these area a targets-of-opportuity or in support
of specific objectives.

The Apollo 13 S-1\v/ impact area wa given highest priority in orbit-
al science photography. The target was success®FIlly acquired on revolu-
tion 34 using the Haselblad caaera with the 500-m lens, ad the crew
optical alignment sight to compensate for the spacecraft®s motion. Sec-
ond priority wa given to the luar module landing target which wa ob-
tained with the lTwuar topographic caera on revolution 14. However, the
caera malFnctioned ad subsequent photography with this caera wa
deleted (section 14.3.1).

A total of eight photographic targets wa plamed for had-held pho-
tography using color film; three were to be taaen with the 500-m lens
(a total of 35 luar degrees), ad five with the 250-m lens (a total
of 130 luar degrees). The 500-m targets were successfully acquired.
Three of the five 250-m targets were deleted in real-time for operational
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reasons (60 luar degrees), ad two were successfully acquired (70 luar
degrees). A total of 65 percent of off-track photography has been suc-
cessfully acquired.

The earthshine target wa successfully acquired using both the
Haselblad data caera with the 80-m lens and the 16-m data acquisition
caera with the 18-m lens.

4.7 PHOTOGRAPHS OF A CANDIDATE E>XLORATION SITE

High-resolution photographs of potential lading sites are required
for touchdown hazard evaluation ad propellant budget definition. They
also provide data for crew training and onboard navigational data. The
photographs on this mission were to be taen with the lunar topographic
caera on revolution 4 (low orbit), ad 27 ad 28 (high orbits). During
revolution 4, malfunction of the lunar topographic camera was noted by
the Comad Module Pilot. On revolutions 27, 28, ad 30, the 70-mm
Haaselbald caera with the 500-m lens (lunar topographic camera backup
system) wa used to obtain the required photography. About 40 frames
were obtained of the Descartes region on each revolution using the crew
optical alignment sigt to compensate for image motion. The three targets
were successfully acquired.

To support the photography, a stereo strip was taaen with the
Haaselblad data caaera with the 80-m lens from terminator-to-terinator
including the crew optical aligment sight maneuver for camera calibration.

4.8 VISIBILITY AT HIGH SU ANGLES

This photography wa accomplished to obtain observational data in
the luar environment for evaluating the ability of the crew to identify
features wuder viewing ad lighting conditions similar to those that
would be encoutered during descent for a T plus 24 hou lauch. The
results will have a bearing on decisions to land at higer sun angles,
which, in turn, could eaae launch and flight constraints. Photography
of the lwuar suface in support of this detailed objective wa obtained
using the Haxselblad data caaxera ad the 80-m lens. This wa done for
three targets, two on the moon"s far side ad one on its near side.



4.9 TRASERTH LUAR PHOTOGRAPHY

Photographs were taen of the visible disc of the moon after trans-
eath injection to provide chages in perspective geometry, primarily
in latitude. The photographs will be ued to relate the positions of
luar features at higer latitudes to featues whose positions are known
throug ladmark tracking and existing orbital stereo strips. The pho-
tography was successful uing the Haselblad data caera with the 80-m
lens ad black-ad-white film. Additional coverage with the 70-m
Haselblad caera ad the 250-m lens uing color fi B was also obtained.



5.0 INFLIGHT 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 segents of
the demonstrations were televised over a 30-minute period during trans-
earth flight beginning at approximately 172 hours. Final results of all
four demonstrations will be published in a supplemental report after anal-
ysis of data ha been completed. (See appendix E.)

5.1 ELECTROPHORETIC SEPARATION

Most organic molecules, when placed in slightly acid or alkaline
water solutions, will move through them if & electric field is applied.
This effect :is known = 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 solution toward the other. This
process might be exploited to prepare pure samples of organic materials
for applications in medicine and biologica research if problems due to
saple sedimentation and sample mixing by convection can be overcome.

A small fluid electrophoresis demonstration apparatus (fig. 5. 1) 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 ad blue organic dyes, (2) human hemoglobin, and
(3) DNA (the molecules that carry genetic codes) from salmon sperm.

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

5.2 LIQUID TRANSFER

The liquid transfer demonstration (fig. 52) was designed to evalu-
ate the use of tank baffles in transferring a liquid from one tank to
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Figre 5-1.- Electrophoresis demonstration uit.



Figure 5-2.- Liquid trasfer demonstration uit.



aother uder near-zero .avity conditions. The demonstration was con-
ducted using two sets o tanks, one set containing baffles and the other
without baffles. Tras r of liquid between the unbaffled tanks wa .-
successful, a expectec Transfer between the baffled tanks demonstrated
the effectiveness of tw :.ifferent baffle designs. Photographic data in-
dicate that both desighk Were successful in permitting liquid transfer.

5.3 HEAT FLLW AD CONVECTION

The purpose of the heat flow &d convection demonstration (fig. 5-3)
was to obtain data on the types ad aounts of convection that can occur
in the near-weightless environment of space. Normal convective flow is
almost suppressed under these conditions; however, convective fluid flow
ca occur in space by meas of mechanisms other tha gravity. For in-
stance, surface tension gradients ad, in some cases, residual accelera-
tions cause low-level fluid flow. Four independent cells of special de-
sign were used to detect convection directly, or detect convective effects
by measurement of heat flow rates in fluids. The heat flow rates were
visually displaed by color-sensitive, liquid crystal thermal strips ad
the color chages filmed with a 16-m data caaera. Review of the fi I
has shown that the expected data were obtained.

5.4 COMOSITE CASTING

This demonstration was designed to evaluate the effect of near-zero-
gravity on the preparation of cast metals, fiber-strengthened materials,
ad single crystals. Specimens were processed in a small heating cham-
ber (fig. 5-4) ad returned for exaination ad testing. A total of
11 specimens was processed. No problems with the procedures or equip-
ment were noted. A X-ra of the samples verified that good mixing
occurred.



NASA-5-7 41628

Figre 5-3.- Heat flow a&ad convection demonstration uit.



Figure 5-4.- Comosite cating demonstration uit.



6.0 TRAECTORY

The general trajectory profile of this mission was similar to that
of previous lunar missions except for a few innovations and refinements
in some of the maeuvers. These changes were: (a) The service propul-
sion system was used to perform the descent orbit insertion maneuver
placing the comad and service modules in the low-perilue orbit (9.1
miles). (b) A direct rendezvous was performed using the acent pro-
pulsion system to perform the terinal phae iInitiation maneuver.

Tables 6-1 ad 6-11 give the times of major flight events and definitions
of the events; tables 6-111 and 6-1V contain trajectory parameter infor-
mation; ad table 6-V is a swaary of maneuver data.

6.1 LAUCH AD TRASLUA TRAJECTORIE

The lauch trajectory is reported in reference 5. The S-1VB wa
targeted for the translunar injection maeuver to achieve a 2022-mile
pericynthion free-return trajectory. The comand and service module/
lunar module trajectory was altered 28 hours later by the first mid-
course correction which placed the combined spacecraft on a hybrid tra-
jectory with a pericynthion of 67.0 miles. A second midcourse correc-
tion, 46 hours later, lowered the pericynthion to 60.7 miles.

After spacecraft separation, the S-1VB performed a progr &sd pro-
pellant dump and two attitude maneuvers that directed the vehicle to a
lunar impact. The impact coordinates were 8 degrees 05 minues 35 sec-
onds south latitude ad 26 degrees 01 minute 23 seconds west longitude;
156 miles from the prelaunch target point but within the nominal impact
zone.

6.2 LUA ORBIT

6.2.1 Orbita Trajectory

The service propulsion system was used to perform the lunar orbit
insertion maeuver. The orbit achieved had a apocynthion of 169 mi les
ad a pericynthion of 58.1 miles. After two luar revolutions, the serv-
ice propulsion system was again used, this time to perform the descent
orbit insertion maeuver which placed the combined spacecraft in an orbit
with a pericynthion of 9.1 miles. On previous missions, the luar module
descent propulsion system was used to perfowr this maneuver. The use of
the service propulsion system allows the luar module to maintain a



TABLE 6-1.- SEQUNCE OF EVENT &
Elapsed time,
hr:min:sec

Raage zero - 21:03:02 G.m.t., Jauar 31, 1971

Li ft-off - 21:03:02.6 G.m.t., Jauar 31, 1971

Translunar injection maneuver, Firing time = 350.8 sec 02:28:32
Translunar injection 02:34:32
S-1VB/comand module separation 03:02:29
Trans lunar docking 04:56:56
Spacecraft ejection 05:47:14
First midcourse correction, Firing time = 10.1 sec 30:36:08
Second midcourse correction, Firing time = 0.65 sec 76:58:12
Lunar orbit insertion, Firing time = 370.8 sec 81:56:41
S-1VB lunar impact 82:37:52
Descent orbit insertion, Firing time = 20.8 sec 86:10:53
Lunar module mdocking ad separation 103:47:42
Circularization maneuver, Firing time = 4 sec 105:11:46
Powered descent initiation, Firing time = 764.6 sec 108:02:27
Lnar lading 108 :15:09
Start fTirst extravehicular activity 113:39:11
First data from Apollo luar surface experiment package 116 :47:58
Plane chage, Firing time = 18.5 sec 117:29:33
Complete firt extravehicular activity 118:27:01
Start second extravehicular activity 131:08:13
End second extravehicular activity 135:42:54
Lmnar lift-off, Firing time = 432.1 sec 141:45:40
Vernier adjustment maneuver, Firing time = 12.1 sec 141:56:49
Terminal phae initiation 142:30:51
Terinal phae finalization 143:13:29
Docking 143:32:51
Lrmar module jettison 145:44:58
Separation maeuver 145:49:43
Luar module deorbit maeuver, Firing time = 76.2 sec 147 :14:17
Lrmar module lunar impact 147:42:23
Transearth injection, Firing time = 149.2 sec 148:36:02
Third midcourse correction, Firing time = 3.0 sec 165:34:57
Comand module/servi ce module separation 215:32:42
Ent  interface 215:47:45
Begin blackout 215:48:02
End b lackout 215:51:19
Drogue , deployment 215:56:08
Landing 216 :01:58

a'See table 6-11 for event definitions.




TALE 6-11.- DEFRITION OF ENVVNT TIMS

Event
Rage zero
Li®F-off
Trasluar injection maeuver
S-1\//comed modue separation, trasluar
docking, spacecra® eJection, luar module
udocking ad separation, docking, a&ad com-

maad module ladinm

Comaad ad serxsce module ad luar modue
comuer-cotro Bl ed maaeuvers

Comad ad service module a&ad lTuar modue
non-comuter-controlled maeuvers

S-1VB luar impact

Lunar module descent engine cutoff time
Luar module impact

L_ar lading

Beginnim ,of extravehicuar activity

End of extravehicuar acti

Apollo luar surface experiment packae Tfirst
data

Comaad module/service module separation

Etry interface

Begin a&ad end blackout

Dogue deployrent

E=ah lading

Final integra&a second before lift-off
Instruentation unit ubilical disconnect

Stawr tak discharge valve opening, allowing
fUel to be puped to the S-1VB engine

The time of the event baaed on aaalysis of
spacecra®¥ rate aad acceleromter data

The tim the computer comaads the engine on
ad off

Egine ignition & indicated by the appropri-
ate engine bilevel telemetry meaurement

L_ss of S-bad trasponder signal

Egine cutoff established by the beginning of
drop in thrut chaber pressure

The time the final data point is trasmitted
from the vehicle telemtry system

First contact of a luar module Iading pad
with the luar surface a derived from aal-
ysis of spacecraft rate data

The time cabin pressure reaches 3 psia during
depressuri zation

The time cabin pressure reaches 3 psia during
repressurization

Receipt of fir t data considered to be vaid
from the Apo B o luar surface experiment
packaae telemetry system

Separation indcated by comad module/ser~rce
modue separation relas A a&ad B via the
telemetr system

The time the comaad modue reaches 400 000
feet geoetic altitude & indicated by the
best estimate of the trajectomr

S-baad comunication loss due to ar ionization
during entwr

Dploymnt indicated by drogue deplo relas
A a&ad B via the telemetr syste

The time the comaad mdule touches the water
& dete wm—ned from acceleromete



6-111.— TRANCORY PSS ER>

Reference Latitude, | Longtude. | Attitude, | SPACe F"[1d | Space-fixed |  Space-fixed
Event ot deg deg mite veloci®. Fligt-pat hedn ie,
ft/sec aagle, deg deg E of 1
Treslunar pae
T w—el Bar injection Earth 02:34:31.9 19.53 s 141.72 E 179.1 35 514.1 7.46 65.59
Comad aad service module/S4\/ Earth 03:02:29.4 19.23 K 153.41 w 4 297.0 21 08.2 46.8. 65.41
sepratio
Dcking Ee=h :56 :56 30.43 1 137-99 w 20 603.4 13 204.1 66.31 8.17
Colaad aad service module/luar Earth 05:47:14.4 30.91 1 144.74 w 2 299 .6 11 723.5 68.54 87.76
module eJeet @ n from S-1\V
First midcourse corwsction
Ignitio Earth 30:36:07.9 28,87 1 130.33 w 118 515.0 4 .37.9 76.47 101.98
CUtofF Earth 30:36:18.1 28.87 N 130-37 w B8 522.1 4 367.2 76.95 102.23
Second midcurae correction
Igition Mon 76:58:12.0 0.56 N 61.40 w 1 90 .3 3 711.4 -8.1 295.57
Cutott Moo 76:58:1..6 0.56 N 61.00 w 11 699-7 3 713.1 -8.1 295.65
Luar orbit p&e
Lunar orbit inaertion
lgition Mo 81:56:1<0.7 2.83 N 171.81 w 87" 8 061.4 -9.91 257.31
Cutoff NMo 82:02:51.5 0,101 161.58 E 61.2 5 458.5 1.3 338.18
S-1\V imact Mo= 8:37:52.2
Dacent orbit insertion
lgition Mon 8:10:53.0 6.58 N 173.60 w 59.2 5 484 .8 -0.08 247.14
CUtoff Moon 8:11:13.8 6.29 N 174.65 w 59.0 5 279.5 -0.03 246.94
Cormed ed aervice module/luar Moon 103:47:41.6 1.65 6 87.76 E 30.5 5 435.8 -1.52 241. 6
module separation
Cc>iBd ed service module circu-
1aiu_tion
Igition Moo 105:11:46.1 7,05 N 178.56 E 60.5 5 271.3 -0.1 248.58
Cutoff Moon 105:11:50.1 7.0i N 178.35 E 60.3 5 342.1 0.22 248.36
Powe r—d descent Mo 108:02:26.5 7.38 s 1-57 w 7.8 5 565.6 0.08 290.81
Lading Mon 108:15:09 .3
Codi=d ed service mdle plee
Moon 117:29:33.1 10.63 s 96.31 E 62.1 5 333.1 -o.ol 237.61
Mo 117:29:51.6 10.78 s 95.10 E 62.1 5 333.3 0.01 241.79
Acent Mo 141:45:40
Vernier adlutment Mo 141:56:49.4 0.5 N 37.1 w 11.1 5 5b8.5 0.52 282.1
Terinal pae Moon 142:30:51.1 11.1 N 149-6 w -..8 5 396.6 0.73 265.0
Terminal phse final Mon 143:13:29.1 11.3 s 76.7 E 58.8 5 365.5 -0.002 265.5
Dcking Mc> 143:32:50.5 10,18 s 161.87 w 58.6 5 353.5 o.n 268.06
Luar module Jettiso Mo 145:44:58.0 3.21 s 21.80 w 59.9 5 344.6 0.133 281.9
CormBd BH sewrice module Mon 145:49 :42.5 0.62 N 39-58 w 60.6 5 341.7 0.119 282.3
separation
Lunar lbdule scent stage deorbit
MDD 147:14:16.9 11.92 s 67.43 E 57.2 5 358.7 0.018 267.3
N 10 131:1::33.1 1.1 s 63.53 E 57.2 5 177.0 0.019 267.7
Emar mdule scent stse irmct Mon 147:42:23.4 3.42 s 19.67 w 0.0 5 504.9 -3.685 281.7
Trasearth injectio
Ilgitio Mon 148:36:02.3 7.41 H 81.55 w 60.9 5 340.6 -0.17 260.81
Cutoff Moon 148:38:31.5 6.64 N 168.85 E 66.5 8 505.0 5.2 266.89
T ¥kearth coat pBe
= ird midcurse correctio Earth 165:34:56.7 25.71 N 46.43 E 176 713.8 3 593.2 -79.61 L24 .88
Cl1a&d module/service module Earth 215:32:42.2 31.42s 94<38. E 1 965.0 29 050.8 -3.62 .7.11
separatio
Etry aad lading ph&es
Etry Earth 215:47:45.3 3.3 s 165.0 E 66.8 36 170.2 -6.37 70.8
L_ding Earth 216:01:58.1

[Jee table 6-1V for traaector &ad orbital

psr ¥ eter

definitions.




TAL 6-1V.- DEFINITION OF TRAECTORY AND ORBITA PARAATERS

Trajectory parameters

Godetic latitude

Selenographic latitude

L_ngitude

Altitude

Space—-Ffixed velocity

Space-fixed flight-path agle

Space-fixed heading agle

Apogee

Perigee

Apocynthion

Pericynthion

Period

Inclination

L_ngitude of the acending node

Definition

The spherica&a coordinate meaured &aong a meridia& on the

earth from the equator to the point directly beneath the
spacecra = , deg

The definition is the saae a that of the geodetic lati-
tude except that the reference body is the moon rather
tha the earth, deg

The spherical coordinate, & measured in the equatorial
pl=&e, between the pla&ae of the reference bodyls prime
meridia a&ad the plane of the spacecraft meridian, dep,

The distaace meaaured along a vector from the center of
the earth to the spacecraft. Wen the reference boc is
the moon, it is the distace measured from the radius of
the lading site to the spacecraft along a vector from
the center of the moon to the spacecraft, ft or miles

M&a itude of the inertial velocity vector referenced to
the body-centered, inertial reference coordinate system,
ft/sec

Flight-path agle measured positive upward from the body-
centered loca horizontal plae to the inertial velocity
vector, deg

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

The point of maximu orbital altitude of the spacecraft
aaove the center of the earth, miles

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

The point of maximu orbital atitude aove the moon a
meaured from the radius of the luar lading site, miles

The point of minimum orbital atitude above the moon a
meaured from the radius of the lunar lading site, miles

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

The true Qlgle between the spacecraft orbit plaae a&d the
reference body's equatorial plae, deg

T e longitude at which the orbit plae crosses the refer-
ence body ' 's equatorial plaae going from the Southern to
the Northern Hemisphere, deg



TAL 6-Vv.-

N1 UJUR SWU_BY¥

(@ Traslue
- Resultat perlenthio conditios
Igition tim, | Firing time . | Ve'oS  ®
M Syst ’ ) h -
euver ystem hom BOO Ct/aslgi Altitude, | Veloci®, | L titude, | Loneitude, | Arival tim,
ft/sec deg:min dg:min br:min:sec
'rasluar injectio sS-1\v 2:28:32.4 350.8 1 366.5 1979 536 1.:14 1 172:24 w 82:15:19
-C®i|ad & servic md- | Reactio cntrl 5:47:14.4 6.9 0.8 198 =5 2:56 K 173:52 w 8:11:20
ule/luz module sepa-
ratio @ s-1v
S-1VB evaive maaeuver 5-1v auiliary 6:0l1:20 8.0 9.5 o 8368 2:05 1 131:52 w 82:01:01
proulsion
Jirst mdcowae crrec- Sewice propulsion 30:36:07.9 10.1 71.1 67 8130 2:21 1 167:48 E 8:0:45
tion
Second midcouse or- Service propulsion 76:58:12 0.65 3.5 61 8153 2:12 N 167: 0 E 8:40:36
rectio
(b) L.nz orbit
N Resultat orit
Igitio tim Firim tim Velocity
Maeuver Syst ’ ’ h -
ystem . chage, Apocntion. Perlentxion-
ft/sec - -
miles miles
L_n= orbit insertion Service propul.iO 81:56:40.7 370.8 3022.4 169.0 58.1
Dscent orbit inaertio Swrice propulsion 8:10:53 20.8 205.7 58.8 9.1
CEWd module/lua md- Sewice module reaction 103:47:41. 2.7 0.8 S.2 r.8
ule separtio cotrol
Luar orbit circularization Service prpulsio 105:U:46 4.0 77.2 63.9 56.0
Powered descent irdtiatio Dscent propulsio 108002 :26 . 764:6 6639.1 - -
L_na orbit plae chage Service prpulsio 117:29:33. 18.5 370.5 62.1 5.7
L_a orbit insertio Acent propu 141:45:40 43.1 666.1 51.7 8.5
Verier adustmet Lunar modulle reactio 141 :56:49 12.1 10.3 51.2 6.4
control
Terins phSe Ascent propulsicm 142:30:51. 3.6 88.5 60.1 46.0
Te w—ns. phae -inaiza- Luar mdule reactio 143:13:29. 26.7= 32.01 61.5 5B.2
tion contwr |l
Fina. sepawrtion Service mdule reatio 145:49:42 15.8 3.4 63.4 56.8
cntrl
Lusar moduie deorblt Luar mdule reactio 147:14:16. 76.2 18.1 56.7 -59.8 .
control
~Theoretica vs.us.
(c) TrBlsearth
R Resultat ents interfee cndition
1gitio time, | Firinn tim, | Vo190 E
Eent System o ’ ’ chage, _ _ _ N N N
aeo -/ Fieht-path | Velocity, | L_titude, | Longitue, | Arivs.] tim,
=7¢e¢ | agre, des rt/aec deg:min deg:min br:min:aec
Trasearth inJectio Service prpulsio 148:36:02.3 149.2 3460.6 -7.3 36 127 27:02 8 171:30 w 216:26:59
¥ Ord midcourse ¥ Service mdule 165:34:56.7 3.0 0.5 -6.63 36 170 36:30 s 165:15 E 216:27:31
—ct.on reaction control
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higher descent propulsion system propellat margin. Both vehicles re-
mained in the low-pericynthion orbit until shortly after lunar module
separation. After separation, the pericynthion of the comand and serv-
ice modules wa increased to 56 miles ad a plane-change maneuver was
later executed to establish the proper conditions for rendezvous .

6.2.2 Lunar Descent

Preparations for luar descent.- The powered descent and lunar lad-
ing were simila to those of previous missions. However, the navigation
performed in preparation for powered descent wa more accurate because
of the comand ad service modules being in the 58.8- by 9.1-mile descent
orbit for 22 hours prior to powered descent initiation. While in this
orbit, the Network obtained long periods of radar tracking of the unper-
turbed spacecraft from which a more accurate spacecraft state vector was
determined. The position of the comand module relative to a known land-
mark near the lading site wa accurately determined from sexant marks
taen on the laadmark. Corrections for known offset agles between the
Iaadmark &ad the lading site were used to compute a vector to the lad-
ing site. This vector wa sent to the lunar module. Aso0, the Mission
Control Center propagated this vector fowxrard to the time of landing to
predict errors due to navigation. This procedure was performed during
the two revolutions before powered descent &ad a final landing site up-
date of 2800 feet wax computed ad relayed to the crew. After ignition

for the powered descent, the crew manually inserted the update into the
computer.

Powered descent.- Trajector control during descent wa nominal,
ad only one target redesigation of 350 feet left (toward the south)
waa made to take advantaxe of a smoother lading area. After manual
taeover, the crew flew approximately 2000 feet downrange and 300 feet
north (fig. 6-1) because the targeted coordinates of the landing site
given to the luar module computer were in error by about 1800 feet.

Coordinates of the lading point are 3 degrees 40 minutes 24 sec-
onds south latitude and 17 degrees 27 minutes 55 seconds west longitude,
which is 55 feet north and 165 feet eat of the prelaunch landing site
(Fig. 6-2). (Frther discussion of the descent is contained in section
8.6.)
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6.2.3 Lunar Ascent ad Rendezvous

Lift-off from the lunar surface occurred at 141:45:40, during the
31st lunar revolution of the comad ad service modules. After 432.1
seconds of firing time, the acent engine was automatically shut down
with velocity residuals of minus 0.8, plu 0.3, ad plus 0.5 ft/sec in
the X, Y, ad Z axes, respectively. These were trimed to minus 0.1,
minus 0.5, ad plu 0.5 ft/sec in the X, Y, ad Z aes, respectively.
Comparison of the primar guidace, aort guidace, and the powered
flight processor data showed good areement throughout the acent a
can be seen in the following table of insertion paraeters.

Horizontal Radial
Data source velocity, Ocid, Altitude, ft
ft/sec ft/sec
Primary guidace ad .
navigation system 5544 30 60 311
Powered flight processor 5544 29 60 345
Abort guidace system 5542 29 60 309

To accomplish a direct rendezvous with the comad module, a re-
action control system vernier adjustment maeuver of 10.3 ft/sec wa
performed approximately 4 minutes after acent engine cutoff. The ma-
neuver was necessar because the luar module acent progra is targeted
to achieve a inserion velocity ad not a specific position vector.
Direct rendezvous wa nomina ad docking occurred 1 hour 47 minutes
10 second after luar lift-off.

The luar module rendezvous navigation wa accomplished throughout
the rendezvous phae ad all solutions areed closely with the groud
solution. The comad module which wa performing backup rendezvous
navigation wa not ale to obtain acceptable \V/F ranging data util after
the terminal phae initiation maeuver. The VHF aomaly is discussed in
section 14.1.4. Figure 14-7 is a comparison of the relative rage as
measured by luar module rendezvous radar ad comad module VHF, ad
determined from comad module state vectors ad the best-estimate tra-
jectory propagations. The VHF mark taen at 142:05:15 ad incorporated
into the comad module computer's state vector for the luar module
caused a 8.8-mile relative rage error.

Severa sextat marks were taen after this error wa introduced.
Because the computer weighs the VHF marks more heavily tha the sextant
marks , the additiona sextant marks did not reduce the error significat-
ly. The raging problem apparently cleared up after the termina phae



initiation maeuver ad the VF wa used satisfactorily for the midcourse
corrections. Table 6-VI provides a sumar of the rendezvous maneuver
solutions.

TABL. 6-VI.- RENDEZVOUS SOLUTIONS

Computed velocity chage, ft/sec
M
aneuver Lunar Commad ad
Network N
module service module
Terminal phae v = 63.0 v =62.1 v = -67.4
initiation (] = 1.0 [; - 0.1 [l = 0.5
Y - 67.0 v) - 63.1 v: ~ _69.2
vt = 92.0 Vt = 88.5 vt = 96.6
First midcourse No ground v =-0.9 v. - 1.3
correction solution. [% = 0.2 vi=_0.1
Y''- 0.6 VI=—1.1
vt = 1.1 vt = 1.7
Second midcourse No ground v - -0.1 v = 0.6
correction solution. [; = 0.1 [l =-0.2
vio- -1 vo- 222
Ve - 1.6 vi 2.3

6.2.4 Lunar Module Deorbit

Two hours after docking, the comand ad service modules and lunar
module were oriented to the lunar module deorbit attitude, undocked, and
the coomad ad service modules then separated from the lunar module.
The lwuar module was deorbited on this mission, similar to Apollo 12.
The deorbit wa performed to eliminate the luar module a a orbital
debris hazard for future missions and to provide a impact that could
be used as a calibrated impulse for the seismographic equipment. The
reaction control system of the lunar module was used to perform the
75-second deorbit Ffiring 1 hour 24 minutes 19.9 seconds after the com-
mand ad service modules had separated from the lunar module. The lunar
module impacted the lunar surface at 3 degrees 25 minutes 12 seconds
south latitude and 19 degrees 40 minutes 1 second west longitude with a
velocity of about 5500 feet per second. This point was 36 miles from the
Apollo 14 lading site, 62 miles from the Apollo 12 lading site, ad
7 miles from the prelaunch target point.
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6.3 TRANSEARTH AND ENTRY TRAECORIE

A nominal trasearth injection maneuver was performed at about
148 hours 36 minutes. Seventeen hours after trasearth injection, the
third ad final midcourse correction wa performed.

Fifteen minutes prior to entering the earth.s atmosphere, the com--
mand module was separated from the service module. The comand module
wa then oriented to blut-end-forard for earth entry. Entry wa nom-
inal ad the spacecraft laded in the Pacific Ocean less tha one mile

from the prelauch target point.

6.4 SERVICE MODUE ENTRY

The service module should have entered the earth's atmosphere ad
its debris landed in the Pacific Ocea approximately 650 miles southwest
of the comand module lading point. No radar coverage wa planed nor

were there any sightings reported for confirmation.



7.0 CON/1D _AD SERVICE MODULE PERFORMACE

7.1 STRUCTUWJL AD MCHAICA SYSTEM

Structural loads on the spacecraft during all phaes of the mission
were within desig limits. The predicted ad calculated loads at Ii ft--
off, in the region of maximu dyn&c pressure, at the end of first stage
boost, ad during staging were similar to those of previou missions.
Comad module accelerometer data prior to S-1C center engine cutoff in-
dicate a sustained 5-hertz longitudinal oscillation with an aplitude of
0.17g, which is similar to that meawured during previou flights. Oscil-
lations during the S-11 boost phae had a maimum meaured aplitude of
less tha 0.06g at a frequency of 9 hertz. The aplitudes of both oscil-
lations were within acceptable structural design limits.

Six attempts were required to dock the command a&d service module
with the lunar module following translunar injection. The meaured rates
ad indicated reaction control system thruster activity during the five
unsuccessful docking attempts show that capture should have occured each
time. The mechaism was actuated ad inspected in the commad module
following docking. This investigation indicated that the probe mechaical
components were functioning normally. Subsequent undocking ad docking
while in lunar orbit were normal. The probe was returned for postflight
aalysis. Te docking aomaly is discussed in detail in section 14.1.1.

7.2 ELECRICA POWER

7.2.1 Power Distribution

The electrical power distribution system performed normally except
for two discrepacies. Prior to entyr , when the bus-tie motor switches
were operated to put the entr batteries on the main busses, batter C
wa not placed on main bus B. This aomaly was discovered by the data
review after the flight. Postflight continuity checks revealed that the

circuit breaker tying batter C to main bus B was inoperative. This
aomaly is described in section 14.1.7.

The second discrepancy occured during entr . Procedures call for
main bus deactivation, at 800 feet altitude, by opening the bus tie
motor switches. The crew reported that operation of the proper switches
did not remove power from the buses. The buses were mawually deactivated,
after lading, by opening the in-line circuit breakers on Pael 275 (a
noral procedue). Review of data indicated ad postflight tests con-
firmed that the motor switch which tied batter A to main bu A wa

in-
operative. This aomaly is described in section 14.1.6.



7.2.2 Fel Cells

The Fel cells were activated 48 hours prior to launch, conditioned
for 4 hours, ad configured with fuel cell 2 on the line supplying a
20-apere load a required in the coutdown procedure. Fuel cells 1 ad
3 remained o open circuit util 5 hours prior to lauch. At launch,
fuel cell 1 wa on main bus A with fuel cell 2, ad fuel cell 3 was on
main bus B. This configuration was maintained throughout the flight.
Initially, the load variace wa approximately 5 aperes, but it stabi-
lized to 3 or 4 aperes early in the flight. This is normal and typical
of other flights.

Al fuel cell paraeters remained within noral operating limits
ad agreed with predicted flight values. As expected, the fuel cell 1
condenser-exit temperature exhibited a periodic fluctuation aout every
6 minutes throughout the flight. This zero-gravity phenomenon wa s0Oml-
lar to that observed on all other flights ad has no effect on fuel cell
perfor—ace (ref. 6).

The fuel cells supplied 435 kW-h of energ at a average current of
23 aperes per Fel cell ad a mea bus voltage of 29 volts during the
mission.

7.2.3 Batteries

The commad ad service module entry ad pyrotechnic batteries per-
fored normally. Etry batteries A ad B were both charged once at the
launch site ad five times during flight with nominal charging perform-
ace. Load sharing ad voltage deliver were satisfactory during each
of the service propulsion firings. The batteries were essentially fully
charged at entry.

7.3 CRYOGENIC STRAGE

Cryogenics were satisfactorily supplied to the fuel cells ad to
the environmental control system throughout the mission. The configura-
tion chages made as a result of the Apollo 13 o>gen tak failure are
described in appendix A. A supplemental report giving details of sys-
tem performace will be issued at a later date (appendix E).

During preflight checkout of the oxygen system, the single-seat
check valve for tank 2 was foud to have failed in the open position and
was replaced with a&a in-line double-seat valve. During flight, this
valve allowed ga leakage into tank 2 from tak 3. The purpose of this
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valve is primarily to isolate tank 2 from the remainder of the system
should tank 2 fail. Thus, it was qualified at a reverse differential
pressue of 60 psid. This is sigificatly higher than that normally
experienced duing a flight Tests have been conducted to characterize
the natue of the check valve leaaae at low pressure differential ad
show t hat this situation is not detrimental to operation under & normal
as well as normal conditions.

Two Flow tests on the oxygen system were conducted during Flight.
One was to demonstrate the capabili ty of the system to support addi ti onal
flow requirements for extravehicular activi ties. The other was to deter-
mi ne the heater tempe rature whi le operating with the o>xgen density less
than 20 percent. The intent of these two tests was met ad favorable
results were obtained although test procedues were modi fi ed because of
time constraints. The oxygen system is capab le of supporting the atic-
i pated requirements for Apollo 15 ad subsequent missions. The low-
densi ty flow test indicated that the oxgen system can provide requi red
flow rates at low densi ties ad the data obtained provides for a more
accurate assessment of heater operating temperature.

Consuable quantities in the cryogenic storage system are discussed
in section 7.10.3.

7.4 CONINICATIONS EQUIPMNT

The comunications system satisfactorily suported the mission ex-
cept for the followi ng described condi tions.

The high-gain atenna failed to acquire ad track properly at various
times during the mission. The problems occurred during the acquisi tion
of signal rather than after acquisition. |In this regard, the problem is
different from those experienced during Apollo 12 &d 13 where the high-
gain atenna lost lock or fai led to track after acquisition. This is
di scussed in further detail iIn section 14.1.2.

From just prior to lunar lift-off through terminal phae initiation,
the vk system performace was marginal. Voice communications were weak
and noi sy, ad the VF raging performace was erratic ad erroneous.
The voice comuni cations problem is not related to the \VVF problems ex-
perienced on previous mi ssions where they were determined to be proced-
ural errors. Switching antennas in the comand ad service modul e and
elimination of the ranging signal did not clear up the problem. The
problems are beli eved to have been caused by equipment malfunction, but
the source has not been isolated to a part icular component of the total
system. Section 14.1.4 contains a detai led discussion of this anomaly.



7.5 INSTRUMNTATION

The instruentation system fuctioned normally throughout the mission
except for the loss of the reaction control system quad B oxidizer mani-
fold pressure measurement during separation of the comand ad service
modue from the lauch vehicle. The most probable cause of the failure
was a break of the signal or power leads initiated by the pyrotechnic
shock associated with the spacecraft/launch vehicle adapter pael separa-
tion. Since this is the only failure of four measurements of this type
on each of eight flights, the pyrotechnic shock is not considered a prob-
lem for normal elements of the instruentation circuit. Frther, redu-
dat measurements are available to permit determination of the required
data. Consequently, no corrective action is required.

7.6 GUIDANCE, NAVIGATION, AND CONTROL

Attitude control was nominal throughout the mission including all
periods of passive thewral control, cislunar navigation, as well a
photography ad landmark tracking from lunar orbit. The stability of
the inertial meaurement Uit error paraeters was excellent. The only
anomaly in the guidace, navigation ad control system was failure of
the entry monitor system 0.05g light to illuinate. This is discussed
in section 14.1.5.

Because of inclement weather, the lift-off was delayed for the first
time in the Apollo progra. This required the flight azimuth to be changed
from 72 degrees to 75.56 degrees ad the platform to be realigned accord-
ingly. A comparison of comand ad service module ad S-1VB navigation
data indicated satisfactory perforace during the lauch phase. Inser-
tion errors were plu 7.02, plu 61.02, ad minu 7.50 ft/sec in the X,
Y, ad z aes, respectively. These errors were comparable to those ob-
served on other Apollo lauches. The only significat error was in the
Y-axis velocity caused by a prelauch azimuth alignment error of 0.14 de-
gree due to one-sigma grocompassing inaccuracies. Table 7-1 is a sum-
mary of preflight inertial measurement uit error paraeters after its
installation in the comad module. .a update to the inertial paraeters
was performed at approximately 29 hours. The three accelerometer biases
were updated to minu 0.32, plus 0.12 ad minus 0.13 cm/secz, ad the
X-gyro null bias drift wa updated to plus 0.4 meru (milli earth-rate
units).

The first platform realigment wa perfored after insertion and
agreed with the predicted alignment errors due to prelauch azimuth
errors. Table 7-11 is a swamry of sigificant parameters during each
of the platform realignents.
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TABLE T-1.- INERTIAL COMONENT PREFLIGHT HISTORY - CONIND MODULE

e Saple Stwda.rd No. or Countdovn Flight Inflight
rror mea deviation saples value load performace
Accelerometers
X - Scale factor error, ppm . & « s+ « -444 58 8 =500 -370 -
Bias , <:/sec2 @ e e e e s e -0.23 0.13 8 -0.31 -0.23 -0.34
y - Scale factor error, ppm . « « .+« s« =« -441 49 8 -505 -500 -
Bias, e/sec2 f e e e e e e e s 0.05 0.07 8 0.13 0.04 0.09
z - Scale factor error, ppm . « « « + = _278 49 8 -320 -310 -
Bias, c:/se(:2 e e e b e e e e -0.2 0.07 8 -0.18 -0.29 -0.18
Groscopes
8
X - Null bias drift, meru . . « « « + - 0.9 + 0.6 8 1.8 2.5 0.0
Acceleration drift, spin reference
axis, meru/g « o+ = o+ 4 4 = e s 3.0 2.0 8 4.9 1.0 -
Acceleration drirt, input
Aais, meru/g  « o« v . o+ s+ e . 1.7 1.5 8 -1.6 0.0 -
Y - Null bias drirt, meru . « . - « . -« -3.4 0.8 8 -4.2 -3.4 1.7
Acceleration drirt, spin reference
a.is, meru/g « o+ . 4 s a1 o+ 4 s 3.2 1.5 8 3.8 3.0 -
Acceleration drif", input
a.is- meru/g « s o+ a4+ e s -9.9 4.5 16 -9.7 -5.0 -
z - Null bias drift, meru . + + « + « 1.6 0.9 8 2.5 1.6 0.0
Acceleration drift, spin refernce
a.is- meru/g .+ o+ o+ s s a4 e -3.1 1.0 8 -2.4 -3.9 -
Acceleration drirt, input
a.is, Meru/g . - 1 4 e e e 4 . . 43.8 6.4 8 54.1 40 .0 -

anlight performaace averaae before update Was minu 2.0.

Spacecraft dynamics during separation from the S-1V were very small.
Spacecraft dynamics during each docking attempt were small ad comparable
to those seen on previous Apollo missions. Figure 1-1 is a time history
of significant control system parameters during each docking attempt.

Performaace during each of the seven service propulsion system ma-
neuvers was nominal. Triming of residual velocity errors wa performed
only after the circuarization ad trasearth injection maeuvers.

Table I-111 is a swaar of significat control system paraeters for
each of the maaeuvers. The second midcourse correction wa accomplished
with a minimum-impulse service propusion system maeuver in order to



TAL 7-11.-

TAL 7-11.- CO#AND AD SER\VC MODUL_

PLTFDRM AIGMNT s pL_mRrY

CON/1D AD SERVICE MODULE PLTFORM AIGINIT SUIJRY

- Gy torquim agle, Star agle Gyro di¥, meru
Time, Program deg _
_ - Staa used difference, Co M ents
hr:min optio -
deg
X Y z X v z

00,58 3 22 Rgulus, 24 GienB 0.085 0.010 0.166 0.00 Lauch orlentation

6,40 3 11 Reger, 14 caaopu 0.127 -0.060 -0.011 0.00 -1.4 +0.1 -0.1 Launch orientation

14,13 3 31 Acturus, 35 Raah=e 0.271 -0.127 -0.036 0.01 -2.5 1.2 -0.3 Pasive thewral control orientatio
29,20 3 20 moces, 23 Dnebola 0.449 -0.1+" 0.082 0.01 -2.0 0.6 0.4 Pasi\s thewral control orientation
4011 3 1 Apheratz, 4 Atair -0.03 -0.221 0.046 0.00 0.2 1.4 0.3 Passive thewral control orientation
53,11 3 20 moces, 23 Onebola 0.006 -0.12 0.052 0.00 -0.0 0.1 0.3 Pasis thewral control orientation
59,41 3 13 capella, 3 Navi -0.073 -0.093 0.033 0.00 0.8 1.1 0.4 Passive theral control orientati Cl
76,52 3 23 Dnebola, 3 Alphecca 0.056 -0.22 0.038 0.00 -0.2 1.0 0.1 Pasi\s thermal control orientation
79,39 3 21 ARaid. 35 Rsalhaue -0.001 -0.045 0.010 0.00 0.2 1.1 0.2 Pasive thewral control orientaticCl
84,0 3 30 Merment, 35 Rsahaue 0.01 -0.055 0.002 0.01 -0.2 1.2 -0.5 Lading site orientation

86,10 3 16 Procyon, 17 Reger -0.050 -0.010 -0.045 0.01 1.7 2.3 -1.5 Laading site orientation

88,05 3 16 Procyo, 20 Doces -0.031 0.02 0.027 0.01 1.1 0.1 0.9 Ladimn site orientation
101,24 3 17 Reger, 30 Mrent 0.013 -0.229 0.000 0.00 -0.4 1.1 0.0 Ladinm site orientatio
105'O 3 4 Altair, 42 Peacock 0.030 -0.038 0.028 0.01 -0.6 0.1 0.2 Ladirm site orientation
109,12 3 34 aAtria, 37 Hk! -0.012 -0.043 0.003 0.01 0.2 0.1 0.0 Ladimn site orientation
1.1,08 3 22 Reglu, 27 Al_aid 0.021 -0.105 0.055 0.02 -0.2 0.9 0.5 L_din site orientation
119,27 3 12 Rigel, 21 Alphsd -0.027 -0.065 0.018 0.0 1.3 1.9 0.5 Launch orientation
131,19 3 10 Mirfa, 12 Rigel -0.036 -0.157 0.091 0.01 0.3 1.2 0.1 L_uch orientation
137,18 3 6 Acaaar, 14 Caopus -0.002 -0.166 -0.005 0.00 0.0 1.8 -0.1 Launch orientation
140,53 3 31 Acturus, 30 Mnkent 0.079 -0.006 -0.001 0.00 -1.3 0.1 -0.0 Launch orientation
146,58 3 24 Giena, 31 Arcturus 0.018 -0.091 0.050 0.00 -0.2 1.0 0.5 Lauch orientation
150'11 3 4 Achemar, 34 Atria 0.037 -0.106 -0.043 0.01 -0.1 2.1 0.9 Trasearth injection orientation
163,49 3 1 Aldebaraa, 16 Procyon 0.046 -0.174 0.017 0.00 -0.2 0.8 0.1 Pasive theral control orientation
18'34 3 25 Acrux, 42 Peacock 0.040 -0.460 0.076 0.00 -0.1 1.3 0.1 Passive theral control orientation
192,14 3 41 pabih, 34 Atria -0.038 -0.104 -0.003 0.01 0.1 1.2 0.0 Pasive themal control orientati o
196,58 3 17 Reger, 40-Alte.ir -0.009 -0.109 0.038 0.01 0.1 1.5 0.5 Pasive theral contrl orientation
208,11 3 25 Acr, 33 Atares 0.071 -0.161 0.026 0.01 -0.4 1.0 0.2 Pasive themal control orientation
212,59 3 16 Procyon, 23 Dnebola -0.049 -0.010 0.014 0.01 0.1 0.1 0.2 Passive thernal control orientatiaa
213'11 1 23 Dnebola, 16 Procyo 0.021 0.002 -0.036 0.01 -1.0 -1.0 -1.6 Etr orientation
214,39 3 30 Mnent, 37 Nuk! 0.039 -0.040 -0.069 0.00 -1.8 1.8 | -3.2 Etr orientation

*1 - Peferwd; 2 - Nominal ;

3 -

RFEFMNT;

Ladnmn site.
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Ladmark DE-2 was not tracked satisfactorily. The high su agle
at the time of tracking prevented acquisition of the landmark. Another
ladmark in the area of DE-2 was tracked and identified from the 16-m
photographs. All of the other landmarks were tracked quite easily.

With the exception of DE-2, all of the graphics for the landmark targets
were very satisfactory.

The lunar module, on the surface, was tracked on revolution 17.
The sun reflecting from the lunar module a well a the long shadow of
the luar module made identification positive. Acquisition of the lunar
module was accomplished by using the site map in the luar graphics book
ad identification of surface features in the landing area. Also, on
revolution 29, between scheduled ladmarks, the lunar module was again
acquired by manual optics. At that time, the su could be seen reflect-
ing off the Apollo luar surface experiment package station.

9.12.3 Bootstrap Photography

The lunar topographic caera was used on revolution 4 to obtain
pictures of the proposed Descartes landing site from the low orbit. Ap-
proximately one-third of the wa into the photography pass, a loud noise
developed in the caxera. The camera couter continued to count and the
photography pass was completed. One entire magazine wa exposed. Sub-
sequent troubleshooting established that the shutter wa not operating
properly (section 14.3.1). The only other pictures taken with the lunar
topographic caera were of the luar module landing on the surface.

The flight pla was changed so that three photography passes on the
Descartes site were made uing the 500-m lens on the 70-mm Haselblad
caera mounted on a bracket in window 4 (fig. 9-2). The Descartes site
was tracked maually with the crew optical alignment sight and the caera
manually operated to expose a frame every 5 seconds. The ground supplied
inertial angles and times to start the camera ad the spacecraft maneuver.
The spacecraft was maneuvered in minimum impulse to keep the crew optical
alignment sight on the target. These sae procedures were also used on
revolution 34 to photograph the area near Lansburg B where the Apollo 13
S-1VB impacted.

A vertical stereo strip was obtained on revolution 26 using the
70-mm Hasselblad and 80-m lens. This vertical stereo strip encompassed
almost the entire groud track from terminator to terminator. A crew
optical alignment sight maeuver was accomplished at the end of the strip
for caera calibration.
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service modules. Consequently, the Commander proceeded with the pre-
docking maneuver consisting of a 90-degree pitch down ad right yaw to
bring the lunar module docking target into the Command Module Pilot's
field of view. At this point in the mission, the abort guidance dis-
plays were blank and the flight director attitude indicator, driven by
the abort guidance system, was still indicating 150 degrees pitch ad
zero yaw. Efforts to restore the abort guidance system to operation

were unsuccessful (section 14.2.5). Docking with the command and service
module active was completed uneventfully, despite earlier concern about
the docking mechanism.

The transfer of crew and equipment to the command and service module
proceeded on schedule but with some concern regarding the time remaining
to complete assigned tasks. The time allotted proved to be adequate but
not aple. The procedures for contamination control in the command mod-
ule were quite satisfactory, ad particles were not observed in the com-
mad module subsequent to hatch opening.

9.12 CON/1D AD SERVICE MODULE LUNAR ORBIT ACTIVITIES

9.12.1 Circularization and Plane Change Maneuvers

Two service propulsion system firings were made during the command
and service module solo phase. The circularization maneuver, which placed
the comand ad service module in approximately a 60-nautical-mile cir-
cular orbit, was a 4-second firing performed after separating from the
lunar module. The maneuver was controlled by the guidance ad control
system and resulted in a 2.0 ft/sec overspeed, which was trimmed to
1.0 ft/sec. Subsequent to this maneuver, a chage to the constants in
the command module computer short firing logic was uplinked by the Mis-
sion Control Center. The plane chaage maneuver was nominal with a 18-
second firing controlled by the guidance and control system.

9.12.2 Ladmark Tracking

All tracking, with the exception of the lunar module on revolution
17, was done using the telescope with the 16-0On data acquisition camera
mounted on the sextant. Fourteen landmarks were tracked by the command
and service module, two of these near perigee while in the 60- by 8-
nautical-mile orbit. The low-altitude landmark tracking was accomplished
with no significat difficulties. Acquisition of the target was no prob-
lem and the manual optics drive provided constat tracking of the land-
mark throug nadir.



9.11.1 Rendezvous

Following the adjustment firing, a manual maneuver was made to the
tracking attitude ad rendezvous navigation procedures were initiated.
For the backup charts, a elapsed time of 4 minutes 3 seconds was avail-
able (from the beginning of the adjustment maneuver util the required
terminal phase initiation minus 30 minutes rendezvous radar mark). This
proved to be insufficient time to complete the required procedures com-
fortably. 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 initial conditions.
Nineteen marks were obtained with the primary guidance system. The abort
guidance system updates were commenced at terminal phase initiation minus
27 minutes ad continued to terminal phase initiation minus 7 minutes at
which time the maneuver solution was compared. Eight marks were entered
into the abort guidance system. The solutions from both luar module
guidance systems compared exremely well, agreeing on line-of-sight angles
within 0.3 degree and on total delta velocity within 1.6 ft/sec. Because
of \/F difficulties (section 14.1.4), the comand module computer was
updated with sextant marks only, prior to terminal phase initiation and
produced a maneuver solution of minus 67.4, plus 0.5, minus 69.2 (u-
corrected) compared with the primary guidance navigation system solution
of plus 62.1, plus 0.1, plus 63.1. Using a two-out-of-three vote, the
primary guidance navigation system solution was selected for the maneuver,
ad the corresponding rotated vector was entered into the abort guidance
system. The ascent propulsion system terminal phase initiation maneuver
was executed without incident. As aticipated, the guided ascent pro-
pulsion system shutdown resulted in a slight underburn.

Subsequent to terminal phase initiation, both lunar module naviga-
tion solutions were reinitialized ad tracking was resued. Simultane-
ously, the comand module VF tracking was found to be operating and
both sextant and \WF marks were entered into the comand module computer.
The first midcourse solution in the primary guidance navigation system
was used. The abort guidance system solution for the Ffirst midcourse
correction was in excess of 5 ¥F/sec; consequently, this solution was
discarded and abort guidance system navigation was continued without
reinitialization. At the second midcourse correction, the primary guid-
ace navigation system solution was used, and the abort guidance system
solution was within 2 ft/sec.

The lunar module remained active during braking and the rendezvous
was completed without incident. After passing throug the final braking
gate, the lunar module bega station keeping on the comand and service
module. The Comand Module Pilot executed a 360-degree pitch maneuver.
No anomalies were observed during the inspection of the comand and



most cases, the crystals were small. Only on two occasions was glass
seen on the luna surface at Fra Mauro. In one small crater there seemed

to be glass-like spatter on the bottom. |In the traverse to the rim of
Cone Crater, one 3-foot rock was observed to be well coated with "glass".

The population of rocks in the Fra Mauro area was surprisingly low,
much less tha 0.5 percent of the total area. Predominantly, the rocks
in evidence were 3 to 5 centimeters or smaller and, being covered with
dirt, were in many caes indistinguishable from irregularities in the
surface or from clumps of soil. As the crew progressed to the crest of
Cone Crater, boulders becae more prominent. In the boulder field, on
the southeast 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 discernible on the edge
of the craters, possibly because of the low population and also because
the nearest horizon was seldom more than 150 feet away.

Soil mechanics.- Footprints on the lunar surface were not more than
1/2 inch to 3/4 inch deep except in the rims of craters, 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
easily 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 stated crumbling shortly after the trench was initiated.
When obtaining one core tube saple, the soil did not compact and spilled
from the tube upon withdrawal.

9.11 ASCENT, RENDEZVOUS, AND DOCKING

Although the ingress at the conclusion of the second extravehicular
period was approximately 2 hours ahead of the timeline, an hour of this
pad was used up in stowing saples and equipment preparatory to lift-
off. The remaining hour asured adequate time for crew relaxation and
an early start on pre-ascent procedures. There were no deviations from
the checklist, although a standby procedure was available in the event
of subsequent comunications problems. Lift-off occurred on time. As
in previous missions, debris from the interstage area was evident at
staging. In addition, at docking, the Command Module Pilot reported a
tear in acent stage insulation on the bottom right side of the lunar
module acent stage (section 8.1).

Ascent was completely nominal with auto ignition and cutoff. Both
guidance systems performed well. The Mission Control Center voiced up
aa adjustment maneuver which was performed at 141:56:49.4 using the re-
action control system. The adjustment delta velocity was monitored with
both guidance systems.
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used by striking with the flat of the hamer rather than the small end.
The only discrepancy associated with the geolog tools was the use of
the geolog saple bags. It was difficult to find rocks small enough
to fit into the small saple bags. Furthermore, they are hard to roll
up. The tabs which should facilitate rolling up the bags become en-
tangled, maing it difficult to remove them from the dispenser.

9.10.6 Lunar Surface Science

Geoclogy .- The appearance of the lunar surface was much a expected.
A loose gra mantle of material covered the entire surface to an undeter-
mined depth; however, core tubes driven into the surface would not pene-
trate more tha 1-1/2 tube lengths and, in most cases, considerably less
than that. A "rain drop" patter over most of the regolith wa observed
and is clearly shown in photographs. Also observed, in certain sections
of the traverse, were small lineations in the regolith material, which
ca be seen in certain photographs.

There was evidence of cratering and recratering on all of the area
that was traversed. There was no surface evidence of multiple layers.
Even in the craters, the loose gray mantle covered the entire surface,
except where rocks protruded through, ad concealed any evidence of stra-
tigraphy. In the trench dug by the crew, however, evidence of three
different laers was found. In one or two places on the flank of Cone
Crater the crewmen's boots dug throug the upper layer exposing a white
laer about 3 inches from the surface. It is interesting to note that
very few rocks are entirely on the luar surface; most are buried or
partially buried. Nearly all rocks of any size have soil fillets around
them. The small rocks are generally coated with dirt, but some of the
larger rocks are not. May of the larger rock surfaces are soft and
crumbly. However, when one uses the hamer and breas through this, it
is foud that they are hard underneath.

Subtle variations in rocks are not easily discernible, primari B be-
cause of the dust. It must be remembered that the crew selected cadidate
samples after having observed the rocks from at leat 5 or 6 feet away
in order to prevent disturbing the soil around them. Features which are
obvious in a hand-held specimen are not discernable at initial viewing
distance. Furthermore, once the rock has been sapled, good utilization
of time precludes exaining the rock except to note its more prominent
features. The point is that only the characteristics of a rock that are
discerible at the initial viewing distance enter into the decision to
sample. Sampling strateg should allow for this limitation when a wide
variety of saples is desired. )

The crew did observe, however, the evidence of breccia in some of
the rock; ad, on a few occaions, crystalline structure wa evident. In
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package deployment ad matching those to the site in order that the ex-
periments could be properly deployed. After the site had been selected,
the lunar dust presented some problems for the remainder of the Apollo
lunar surface experiments package deployment. The suprathermal ion de-
tector experiment sub-pallet had 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 detector experiment
was successfully released from the sub-pallet. Subsequent to that, the
suprathermal ion detector experiment was carried to its deployment site
and additional difficulty was experienced in handling the three compo-
nents of this experiment simultaeously. The suprathermal ion detector
experiment was not sufficiently stable to prevent it from turning over
several times during deployment.

No problems were experienced during removal of the mortar pack.
During deployment, however, the footpads rotated out of the proper posi-
tion, and the package had to be picked up ad the pads rotated to a
position in which they would rest properly against the surface.

The thumper deployed a expected, but the lunar regolith was so
loose that the center geophone was pulled out during deployment of the
last half of the thuper cable. This was confirmed during return along
the line. Only 13 of the 21 thumper cartridges were fired and the first
several of these required an extraordinary aount of force to fire them
(section 14.4.1). The problem seemed to clear up for the last several
initiators ad the equipment operated precisely as expected.

Laser ranging retro-reflector experiment.- The laser reflector was
deployed and leveled in the normal fashion and in the prescribed loca-
tion. The dust cover was removed, the level rechecked, and the unit
photographed.

Solar wind composition experiment.- No di fficulty was experienced
in erection of the solar wind composition experiment. The on.y anoma.y
occurred during the retrieva. of the apparatus, at which time it ro..ed
up on.y about half way and had to be manua..y ro..ed the remainder of
the distance.

Lunar portable magnetometer experiment.- This piece of equipment
performed quite satisfactori.y. The on.y difficu.ty experienced was the
ree.ing in of the cables. The set in the cable prevented a successful
rewind; consequently, the cable was allowed to protrude in loops from
the reel during the remainder of the traverse (section 14.4.3).

Geology.- The geolog hand tools are good ad, if time had permitted,
they would have all been used. As in previous missions, the hammer was



ad, then, only because of rough terrain. This instability wa eay to
control by had motion on the triagular-shaped tongue.

Had tool carier.- The had tool carrier mated to the modular
equipment trasporter well, and was adequately retained by the had tool
carrier retaining clip. All stowage areas except the deep pocket were
acceptable. This pocket was very difficult to reach when stading adja-
cent to the modular equipment transporter. It is too deep for one to
easily retrieve small items. With this exception, the hand tool carrier
performed satisfactorily.

Cameras .- All cameras carried in the lunar module worked well. Only
two aomalies were noted. On the Comander's caera, the screw which
retains the handle ad the remote control uit clip worked loose several
times ad had to be retightened. The second aoaly concerned a 16-m
magazine which j&ed and produced only 30 feet of usable fi .

The television caera perfored satisfactorily. It seems to be a
useful tool for lunar surface exploration. A remotely operated caera
with adjustment of focus, zoom, ad lens setting controlled from the
ground would be very useful in maing avai lable lunar surface time pres-
ently required for these tasks.

S-band erectable atenna.- The S-bad atenna was easily offloaded
fro the lunar module and presented no problems in deployment except that
the netting which forms the dish caugt on the feed horn and had to be
released mawually. The atenna obstructs the work area immediately
around the modula equipment stowage assembly. A longer cable would
allow deployment at a greater distace from the lunar module. Although
the deployment ad erection of the S-bad atenna is a one-man job, the
atenna is more easily aliged with the two crewmen cooperating.

Luar surface scientific equipment.~ Offloading of the Apollo lunar
surface experiments subpackages was nowral, 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 luar surface equipment package deployment
site, the pallets on either end of the mast oscillated vertically and
the mast flexed, making the assembly difficult to carry and to hold in
the hands. However, the arragement is acceptable for traverse up to
approximately 150 yerds.

There was some difficulty in finding a suitable site for Apollo
lunar surface experiments package deployment because of undulations in
the terrain. It was necessary to spend several moments considering the
constraints that had been placed on Apollo lunar surface experiments



9.10.5 Lunar Surface Crew Equipment

Exravehicula mobility unit.- Both extravehicular mobility units
performed well during both of the extravehicular activities. There was
sufficient cooling in the minimum position for normal activity. Both
crewmen were required to go to intermediate, or between minimum and in-
termediate, for various periods of time during the climb to Cone Crater
ad the hig-speed return from Cone Crater to Weird Crater. However,
other tha during these periods, minimum cooling wa used predominantly.

The Lunar Module Pilot's pressure garment asembly evidenced a higher-
tha-usual lea rate for the first extravehicular activity, dropping 0.25
psi during the 1-minute check. Te suit showed no drop during preflight
checkout.

The Comander's urine collection transfer asembly hose had a kink
in it which prevented proper transfer of the urine to the collection bags.
Before both extravehicular activities it was necessary to unzip the suit
and straighten this kink out. 1In one instance the suit wa removed to
the waist to facilitate access. The only other minor problem with the
pressure garment asembly concerned the Lunar Module Pilot's right glove.
The glove developed an aomalous condition before the second extravehicu-
lar activity which caused it to asue a natural position to the left
ad down.

It should be noted that the wrist-ring and neck-ring seals on both
pressure g=sent assemblies were lubricated between extravehicular ac-
tivities. At that time, there wa very little evidence of grit or dirt
on the seals. Lubricating the seals between extravehicular activities
is a procedure that should be continued on subsequent missions.

Modular eguipment transporter.- The modular equipment transporter
deployed satisfactorily from the luar module except a previously noted.
T e spring tension on the retaining clips was sufficient to hold all the
equipment on the modular equipment transporter during lunar surface ac-
tivities. However, with the transporter uloaded, the retaining springs
have sufficient tension to lift it clear of the lunar surface when plac-
ing equipment in stowage locations. This was not noticed after the
trasporter was fully loaded. ’

The wheels did not kick up or stir up as much dust a expected be-
fore the flight. Ver little dust accuulated on the modular equipment
transporter.

The modular equipment trasporter was stable, easily pulled, ad
proved to be a ver had device for both extravehicular activities.
Only at maimum speeds did the trasporter evidence any instability
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Timeline.- Operations on the luar surface required a much longer
time tha had been aticipated. The planned activities require 25 to
30 percent more time tha would be required uder one-g conditions.
Scheduling additional activities, in the event that certain portions of
the extravehicular activity have to be cacelled, is advisable.

9.10.4 Luar Module Interfaces

Modular equipment stowage assembly.- The releae haadle was pulled
and the assembly dropped to a heigt suitable for operations on the
luar surface. The modular equipment stowage assembly was manually
adjusted to a higher position to remove the modular equipment trans-
porter ad readjusted to a lower position for subsequent operations.

The height adjustments were made without difficulty. The thermal blan-
kets were more difficult to tae off tha had been aticipated. Simi-
larly, the thermal blakets which protected the modular equipment trans-
porter supported its weight and manual removal of the blankets was re-
quired during modular equipment trasporter deployment.

As on previous flights, all cables used on the lunar surface had
sufficient set to prevent them from lying flat when deployed on the lunar
surface. Both crewmen becaae entagled in the cables from time to time.
The cables emanating from the modular equipment stowage assembly area
should either be buried or routed through restraining clips to keep them
from being uderfoot during work aroud the modular equipment stowage
assembly.

Scientific equipment bay.- Both the doors ad the pallets were re-
moved eaily from the scientific equipment be by utilizing the booms.
The pallets could have been removed manually if required. However, the
height of the pallets was at the limit for easy manual deployment on
level terrain.

The offloading of the Apollo lunar surface experiment package was
somewhat hindered by a small crater 8 to 10 feet to the rear of the lunar
modulle. However, sufficient working area wa available in which to place
a pallet ad conduct fueling operations.

Since the lading gear did not stroke significantly during the land-
ing, a jump of about 3 feet was required from the footpad to the lowest
rung of the ladder. This provided no appreciable difficulty; however,

a firm landing which would stroke the landing gear a few inches would
facilitate a mawual offloading operation a well a egress ad ingress.



9.10.3 Lwuar Surface Operations

Mobility.- Mobility on the lunar surface is excellent. Each crew-
ma employs a technique for travel that is most suitable for that indi-
vidual. The step-and-hop gait appears to require a minimum of effort.
The 1/6g simulations in the KC-135 aircraft were adequate to give one a
feel of the luar surface gravitational field. The zero-g experienced
on the way to the moon aided considerably in conditioning for good mo-
bility during operations in 1/6g. There was ver little tendency to
over-control or use too much force when using tools or walking on the
luar surface.

Visibility.- Visibility on the lunar surface is very good when look-
ing cross-su. Looking up-sun, the surface features are obscured when
direct sunlight is on the visor, although the sunshades on the lunar ex-
travehicular visor assembly helped in reducing the su glare. Looking
down-sun, visibility is acceptable; however, horizontal terrain features
are wahed out in zero phae, ad vertical features have reduced visi-
bility. A factor in reducing down-sun visibility is that features are
in the line of sight of their shadows, thus reducing contrast. A crew-
man's shadow appears to have a heiligenschein around it. The visibility
on the lunar surface also distorts judgment of distance. There is a
definite tendency to underestimate distace to terrain features. A
adequate rage finder is essential.

Navigation.- Navigation appears to have been the most difficult prob-
lem encountered during lunar surface activities. Unexpected terrain fea-
tures, as compared to relief maps, were the source of navigational prob-
lems. The ridges and valleys had an average change in elevation of ap-
proximately 10 to 15 feet. The landmarks that were clearly apparent on
the navigational maps were not at all apparent on the surface. Even when
the crewmen climbed to a ridge, the laadmark often wa not clearly in
sight. Interpretation of the photography contributes to the navigation
problem because photographs of small craters make them appear much smaller
tha they do to the eye. On the contrar, boulders reflect light so that
in the orbital photographs they appear much larger than they do in the
natural state. Boulders 2 or 3 feet in size sometimes appear in the
orbital photography, but craters of that size are completely indiscernible.

Dust.- Dust on the lunar surface seemed to be less of a problem than
had been anticipated. The dust clings to soft, porous materials and is
easily removed from metals. The pressure garments were impregnated with
dust; however, most of the surface dust could be removed. The little
dust that accumulated on the modular equipment trasporter could eaily
be removed by brushing. The lunar map collected dust and required brush-
ing or rubbing with a glove to maxe the map usable.




Even though extravehicular preparations and post-extravehicular
procedures were quite adequate, meticulous effort is required to properly
stow a large nuber of luna surface saples. Although there is adequate
stowage space when saples are proper B hadled, it is impossible to esti-
mate the number, size ad shape of the saples prior to flight. Thus,
mch time is required to sort, weigh ad stow all of the material in the
lunar module cabin in accordace with stowage area weight constraints.
Marking of weig bags a they are sorted ad stowed is importat.

Two hours after lading on the lunar surface, the rendezvous radar
satisfactorily performed the commad and service module tracking exercise.

9.10.2 Egress/Ingress

During cabin depressurization, a cabin pressure of less than 0.1 psia
was required before the cabin door could be opened easily. The first per-
son out is crowded as he egresses because the hatch cannot be fully opened
to the Luar Module Pilot's side with the other crewman standing behind
it. The first person to egress must remember, or be coached, to lean to
his left during egress in order to avoid the hatch seal. However, the
hatch opening is adequate. During egress ad ingress the crew must also
remember to maintain horizontal clearance in order not to scrape the
portable life support system and remote control unit on the upper and
lower hatch seals. These techniques require practice but are worth the
effort to assure integrity of the seal.

On previous missions, dust carried into the cabin during ingress wa
a problem. However, it did not seem to be a problem on Apollo 14, perhaps
because there was less dust on the lunar surface, or perhaps, being awvare
of the problem made the crew more meticulous in contamination control than
they would have been otherwise. Care was taken to remove the dust from
the pressure garment assembly ad other equipment before entry into the
cabin. The brush that wa used for pressure garment assemb B cleaning
was adequate. The technique of stomping the boots against the lunar mod-
ule ladder seemed to help to some extent.

During egress and ingress, stability ad mobility while on the luar
module ladder is adequate even when grasping the ladder with one hand.
This leaves the other hand free to carry equipment. However, one should
maneuver slowly ad deliberately in order to assure stability when nego-
tiating the lunar module ladder with one had. No difficulty was experi-
enced in passing equipment from the man on the surface to the man on the
ladder. The luar equipment conveyor ad equipment transfer bag worked
more easily tha in one-g simulations.
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crewmen have a precise knowledge of their starting point on the traverse
map .

The preparation for the first extravehicular period was nominal at
all times except for a communications problem which becae evident dur-
ing switchover to portable life support system comunications. This
problem subsequently proved to be the result of cockpit error, which
points again to the necessity of having checklists that leave no lati-
tude for misinterpretation. The cue cards utilized during all of the
extravehicular preparations ad the post-extravehicular activity were
quite adequate except for the one entr . However, the cue cards need
to be attached more secuely to the instrument panel to prevent their
being dislodged by inadvertent contact.

Ver little sleep wa obtained. This resulted primarily from being
ucomfortable in the suits, but was also due, in a lesser degree, to the
tilt of the cabin. The tilt wa especially noticeable during the sleep
periods ad made sleep difficult because the crew wa uneasy in this awk-
ward position. It is the crew's feeling that an usuited sleep period
would greatly contribute to sufficient crew sleep for the longer missions.

In general, the lunar module cabin provided an adequate base of op-
erations duing luar surface activities in spite of the small area and
the 7-degree tilt. However, it is felt that, were the luar module to
lad on terrain inclined more tha about 10 to 12 degrees, some diffi-
culty would be experienced in moving about the cabin.

Equipment.- On the luar surface, the aligment optical telescope
was satisfactorily used to align the platform. Reflections in the align-
ment optical telescope appeared to come from the lunar module rendezvous
rada atenna ad the lunar module upper sufaces. These reflections
eliminate the less-bright stars a candidates for use. [Ding alignment
optical telescope sigting, the radar antemna had difted from its parked
position into the field of view of the telescope. The antenna was re-
positioned before continuing with the alignments.

A difficulty wa experienced with the interim stowage assembly in
the lunar module cabin. 1Its retaining brackets did not hold satisfac-
torily. The interim stowage asenbly was continually slipping out of
the aft, upper restraint and interfering with cabin activity. There was
no adequate place to stow used urine bags; consequently, they were in
the wa until such time that they could be placed in jettison bags for
disposal. The disposable containers ad jettison bags which were stowed
in the 16-m caera compartment on the left-had side fell out while the
caera wa being removed, creating a short dela during hard-suit opera-
tions. ’
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6 inches in depth and rocks were readily visible through it. A final
descent from 100 feet was made at a descent rate of 3 ft/sec, with a de-
liberate forward velocity of about 1 ft/sec and, essentially, zero cross
rage velocity. The forward velocity was maintained until touchdown to
preclude backing into any small craters. To provide a soft landing, a
delay of about 2 seconds was allowed between acQuisition of the contact
lights ad activation of the engine stop button. Touchdown occurred at
shutdown with some small dust-blowing action continuing during engine
thrust tailoff or deca. The lading forces were extremely light and
the vehicle cae to rest within 1 degree of zero in pitch and yaw atti-
tudes, ad with a 7-degree right roll attitude (northeast tilt). (Refer
to figure 8-2.)

Some lineations 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 coincident with those in which blow-
ing surface dust was noted at low altitudes. The area in the vicinity
of the descent engine after touchdown appeared to have been cratered
only to a depth of about 6 inches and, a photographs show, only in
a small, well-defined area.

There were no spurious thruster firings after touchdown. The
luar dup valves were recycled with no aaomalies noted and the descent
engine propellant vents were initiated. Althoug the primary guidance
computer was targeted with a lift-off time of 108:24:31, this early
lift-off time was not reQuired. The lunar "stay" wa forwarded by the
Mission Control Center and the computer was set to idle at 108:21:13.

The S-band communications were maintained on the forward omnidirec-
tional antenna during the descent, switched to aft at pitchdown, and
then switched to the steerable atenna, in "slew" mode, after the luar
stay was approved.

9.10 LUA SURFACE ACTIVITY

9.10.1 Cabin Activity

Operations.- SubseQuent to lunar module touchdown, lunar surface
activities progressed in accordance with the checklist. On the check-
list is an item reQuesting a description of the lunar surface to the
Mission Control Center. Although important from a scientific point of
view, this tak proved to be most useful in allowing the crew to accli-
mate themselves to the lunar environment and, in conjunction with Mis-
sion Control, to deterine more precisely the location of the lunar mod-
ule. In subseQuent extravehicular work, it will be important that the



radar update precluded such action. The abort guidance system followed
the primar system ver close B during the period prior to landing radar
update. There was, therefore, only a single altitude update to the

abort system. This update was made at & altitude of 12 000 feet. There
wa no abnormal divergence of the abort guidance system through the re-
mainder of the landing phae.

The landing progra of the primar computer was entered 8 minutes
44 seconds after ignition and at & altitude of about 8000 feet. The
vehicle pitched down, a expected, and the lunar surface was readily
visible. The target landing point wa recognized immediately by the
Commander without reference to the computer landing point designator.
The unique terrain pattern contributed to this successful recognition,
but the determining factor was the high fidelity of the simulator visual
display and the training time asociated with the device. The first com-
parison of the laading point designator showed zero errors in cross range
and down range. A redesignation of the target point 350 feet to the
south wa made at a altitude of about 2700 feet to allow a lading on
what had appeared to be smoother terrain in the preflight studies of
chats ad maps. Several cross references between the target and the
landing point designator were made until an altitude of about 2000 feet
wa reached, ad good agreement was noted. At some altitude less than
1500 feet, two things becaae apparent — first, that the redesignated
(south) lading point was too rough ad, second, that the automatic lad-
ing wa to occur short of the target.

The manual descent progra was initiated at an altitude of 360 feet
at a range of approximately 2200 feet short of the desired target. The
lunar module was controlled to zero descent rate at a altitude of about
170 feet above the terrain. Translation maneuvers forward and to the
right were made to aim for the point originally targeted. Although this
aea appeared to be gradually sloping, it wa, in general, smoother tha
the ridge south of the target. The fact that no dust wa noted during
the translation was reasuring because it helped corroborate the primary
computer altitude. Velocity on the cross pointer wa about 40 ft/sec
forward at manual taeover and this was gradually reduced to near-zero
over the lading point. A cross velocity of about 6 ft/sec north was
also initiated and gradually reduced to zero over the lading point. The
cross pointers (primary guidace) were steady and their indications were
in good agreement with visual reference to the ground. Control of the
vehicle in primar guidance attitude-hold mode ad rate-of-descent mode
was excellent at all times. The use of the lunar landing training ve-
hicle and the lunar module simulator had more tha adequately equipped
the pilot for his tak. It was relativell eay to pick out a exact
landing spot and fly to it with precise control.

Blowing surface dust was first noted at an altitude of 110 feet, but
this wa not a detrimental factor. The dust appeared to be less than



advised of a abort discrete being set in the lunar module guidance com-
puter with the abort button reset. The crew did not participate signifi-
catly in solving this problem except to follow the instructions given
by the Mission Control Center. The remainder of the lunar module check-
out wa nominal up to the point of powered descent initiation.

9.9 POWERED DESCENT

The primary guidace computer was used to select the descent pro-
gram for a initial ignition algorithm check®& about 50 minutes prior to
actual i1gition. The computer was also targeted for a no-ignition abort
at this time. Final system checks ad switch settings were then made
ad the abort guidace system was initialized to the ground state vector
(which had been uplinked 30 minutes prior to ignition). The anomalies
present at this time included the computer abort bit problem ad the
S-bad steerable atenna malfunction. To asue continuous communica-
tions, a decision wa made to ue omidirectional atenas during powered
descent.

The descent progra wa reselected in the primary computer at igni-
tion minus 10 minutes ad a final attitude trim was completed about 5 min-
utes later. The first comuter entry, to inhibit the abort comad, was
made just after final trim. The remaining entries were made after igni-
tion. Both the ullage ad the igition were automatic ad occurred on
time. The engine was throttled-up maually by the Commander 26 seconds
after ignition. The throttle was retuned to the idle position after
the computer entries had been completed, at about 1 minute 25 seconds
into the firing. The computer guidace was initialized, by mawual key-
board entry, about 42 seconds after igition. A lading point target
update of 2800 feet downrage was entered manually about 2 minutes 15 sec-
onds after ignition. The steering equations ad torque-to-inertia ratio
of the lunar module simulator are nearly identical to those for the actual
vehicle. Therefore, the pilot's preflight training wa complete B ade-
quate for the actual vehicle response exhibited during the descent phae.

The throttle recovery point occured about 12 seconds prior to the
predicted time. The altitude ad velocity lights of the computer dis-
pla continuously indicated that lading radar data were invalid to a
altitude well below the nominal update level. A call wa received from
the Mission Control Center to "cycle the lading radar circuit breaer."”
This allowed a valid update. The ligts extinguished ad the computer
entry was made to enable this ¥Fnction at a altitude of about
21 000 feet. The Comader did not evaluate maual control after
throttle recovery, a planed, because the time required for the lading

[lerification of computer performace.



9.8 LUA MODULE CHCKOUT

The checkout of the luar module was conducted in two phases —
the first during trasluar coat ad the second on the da of the de-
scent. Pressure readings, prior to entering the luar module, indicated
that the lTuar module had a low leaage rate. Power trasfer to the
luar module occurred at 61:41:11. The only aomaly was a sligtly low
voltage reading on battery 5. There were aout five or six very small
screws ad washers floating around upon ingress. During this period,
16-m motion pictures were made of a commad module wate water dup.
Some additional housekeeping and equipment trasfer served to reduce the
workload on descent da. Poer wa trasferred back to the comand mod-
ule at 62:20:42.

The second lunar module checkout waa accomplished on the sae da
as powered descent initiation. To checklists, one for each pilot, were
used to speed up the activation process. The Comader and the Luar
Module Pilot both suited in the comad ad service module prior to in-
travehicular trasfer, but all equipment had been located the night be-
fore to asure that this would be a time Bl and successful process. A
electrode problem with the Lunar Module Pilot's biosensors made this
period full with no extra time available. The window heaters were used
to clear some condensation foud after ingress. The probe ad drogue
were installed ad checked with no problem. Prior to reaction control
system pressurization, the system A main shutoff valve clicked during
recycle, indicating that it wa probab B closed at that time.

The remainder of the activation proceeded without incident util
separation. Subsequent to separation, the checkout of the luar module
systems continued with only two additional problems becoming evident.

a. The S-bad atenna behavior wa erratic at various times when
in the "auto" track mode. O two occaions, the S-bad antenna circuit
breaer opened without apparent reaon, but functioned proprly upon
being reset. On at least two other occasions, the groud sigal wa
lost uexpected B . The atenna drove to the mechaical stop, at which
time the breaker opened (& e>ected). A wuusually loud noise asoci-
ated with the atenna wa noted. It was subsequently foud, by observing
the antenna shadow on the luar surface, that the noise wa coincident
with a oscillation in both pitch ad yaw. Upon one occasion, the atenna
pitch position indicator dial wa observed to be full-scale up, with the
atenna functioning properly. This anomaly corrected itself a short time
later ad did not recur.

b. The other major problem, which occurred before powered descent
initiation, was observed by the Mission Control Center. Te crew wa



9.5.3 Midcourse Correction

Two midcourse corrections were performed during the translunar coast
phase. The first midcourse correction was performed at the second option
point ad placed the spacecraft on a hybrid trajectory. The maneuver wa
performed under control of the guidaxce ad control system with residuals
of plus 0.2, zero, ad minus 0.1 ft/sec. The second midcourse correction
was performed at the fourth option point ad was targeted for a velocity
chage of 4.8 ft/sec. It was a service propulsion system maneuver per-
formed under control of the guidaxce ad control system. The residuals
were plus 0.3, zero, and minus 0.1 ¥ /sec.

9.6 LUA ORBIT INSERTION

Residuals resulting from the lunar orbit insertion maneuver were
plus 0.3, zero, and zero ft/sec. The Tfiring time was within 1 second
of the pad value?. The only uexpected item noted during this maneuver
was the operation of the propellant utilization ad gaging system. The
preflight briefings on the system indcated that, at crossover, the u-
balance meter would oscillate ad then settle out in the 100 to 150 in-
crease position. At crossover, during the actual maneuver, the unbalance
meter went from its decrease position smoothly up to approximately zero.
It wa controlled about the zero point using the increae ad normal
positions of the switch.

9.7 DESCENT ORBIT INSERTION

On Apollo 14, for the first time, the descent orbit insertion
maeuver was made with the service propulsion system. The command mod-
ule computer indicated a 10.4- by 58.8-mile orbit after the maneuver.
The Network indicated a 9.3- by 59.0-mile orbit. The firing time observ-
ed by the crew was 20.6 seconds. Pad firing time was 20.8 seconds. The
maneuver wa controlled by the guidace ad control system with comand
module computer shutdown. Imediately a¥er the descent orbit insertion
maneuver, the spacecraft was oriented to an attitude from which a abort
maneuver could have been performed if required, and shortly after acqui-
sition of signal, Houston gave a "go" to sta in the low orbit. Pad
firing time Was the crew monitoring shutdown criteria. This technique
virtually eliminated the possibility of an uacceptable overspeed.

[1ad values are the voice-updated paraeter values used to perform
a maneuver.



Several attempts were required before docking wa successfully
achieved. [Editor's note: Six contacts were made ad these are referred
to as six "docking attempts" in other sections of the report. The pilots
considered the first two contacts to be one attempt.] The first attempt
wa made at a closing velocity of approximately 0.1 to 0.2 ft/sec. At
contact, the capture latches did not lock with the drogue. Plus-X thrust
was used to drive the probe back into the drogue, but again, capture was
not achieved. All switches ad circuit breakers were verified by the
checklist ad aother docking attempt was made with a closing velocity
of approximately 1.0 ft/sec. The latches again failed to capture on this
pas. The procedures were verified with Houston ad the docking probe
switch was placed to extend, then back to retract (the talbacks were
verified gra in both positions). On the third attempt, plus-X thrust
was held for approximately 4 seconds after drogue contact, but the latches
failed to captue. Three prominent scratches, approximately 2 inches long
ad spaced 120 degrees aoud the drogue, were noted at this time ad
Houston was informed. The scratches started near the hole in the drogue
ad extended radially outward. The docking probe switch wa placed to
extend-release for 5 seconds, then back to retract; the talkbacks were
verified gra in both positions. Another attempt was made using normal
procedues, ad again, no captue was achieved. On the fifth and final
attempt, the probe wa aligned in the drogue and held with plus-X thrust.
The primary 1 retract switch was actuated, ad approximately 4 to 5 sec-
onds later, the talkbacks went barberpole, then gray, ad the docking
ring latches were actuated by the luar module docking ring. The post-
docking procedures were performed using the normal crew checklist ad the
locking of all twelve latches was verified.

Imediately upon luar module ejection, a maneuver was started to
view the S-IVB. A soon a the S-1VB was in sight, Houston was noti fied.
An S-1VB yaw maeuver was then comaded in preparation for the auxiliary
propulsion system evasive maneuver. Both the auxiliary propulsion system
evasive maneuver ad the propellat dup of the S-1VB were visually moni-
tored. The S-1VB was stable when lat viewed by the crew.

The probe ad drogue were removed during the first day for exain-
ation ad checkout using the crew checklist ad procedures provided by
the Mission Control Center. The probe fuctioned properly at that time.

9.5.2 Transluar Coast

A clock update was performed at approximately 55 hous to compensate
for a weather hold of approximately 40 minutes duing the launch cout-
down. This procedure wa a aid to the Commad Module Pilot while in
lua orbit because it eliminated the need for nuerous updates to the
Comand Module Pilot's solo book.



9.3 EARH ORBIT

This crew had placed special emphais on suited training periods
in the commad module simulator for this particular phase. The space-
craft system checks ad ustowage of equipment were performed slowly
ad precisely coincident with the process of failiarization with the
weightless state. No aomalies or difficulties were noted.

The Comad Module Pilot noted that, although he had heard the
optics cover jettison, there wa no debris, ad a finite period of sev-
eral mnutes of dark-adaption 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 schedule, per the check-
list, with no problems noted fro either audio or visual cues.

9.4 TRANSLUNAR INJECTION

The del in lauch produced off-nominal monitoring paraeters with
the second S-IVB firing. These updates were fowrarded smooth B and in
a timely fashion so that all preparations for the injection were normal.
Attitude control of the S-1VB wa excellent ad right on schedule. The
ignition was on time, positive, ad without rougness. The guidance
paraeters comparison between the command module computer and the in-
strumentation uit was ver close. A very light vibration or buzz wa
noted toward the end of the powered phae, ad is mentioned only to in-
form future crews as to a resonance reference point. The state vector
conditions at cutoff were excellent and the tanks vented on schedule.
The Commader ad Comad Module Pilot chaged couch positions in accord-
ace with the flight plan.

9.5 TRANSLUNAR FLIGHT

9.5.1 Trasposition and Docking

The physical separation from the S-1VB closed two propellant iso-
lation valves on the service module reaction control system. These
were immediately reset with no problems. The entry monitor system was
not used as a reference during any portion of the transposition and
docking maneuver. The plus-X thrusting on separation a&ad the initial
thrusting to set up a closing velocity were performed using the event
timer.



9.0 PILOT'S REPORT

The Apollo 14 mssion expaded the techniques ad overcae some of
the operational limtations of previous luar lading missions. Specific
differences included performing onboard cisluar navigation to simulate
a return to earth with no comications, uing the service propulsion
system for the descent orbit maeuver, lading in the lunar highlads,
extending the luar surface excursion time ad maing a lunar-orbit ren-
dezvou during the first revolution of the spacecraft. The detailed
flight plan, executed in its entirety, wa used as a reference for the
activities of the pilots during the mission (fig. 9-1, at end of section).

9.1 TRAINING

The formal training for this crew was conducted over a time spa of
20 months in general accordace with the schedules used for previous
mssions. The training equipment ad methods were concluded to be ex-
cellent ad are recomended for subsequent crews essentially unchaged.
Although none of the crew members had completed actual flight experience
in the Apollo progra, each of the pilots felt that he was completely
ready for all phaes of the flight.

9.2 LAUNCH

The countdown proceeded on schedule with no problems encoutered
in the area of crew integration or ingress. The general condition of
the crew station ad displas wa excellent. The crew was kept well
informed of the nature of the lauch dela ad was apprised of launch
azimuth chage procedures; accordingly, that phae went smoothly. The
Comader noted no visible moisture on windows 2 ad 3 either prelauch
or during atmospheric fligt. The proprioceptive cues reported by
ealier crews were essentially uchaged during the lauch of Apollo 14.
No comunication difficulties were noted during the launch. A ver
slight longitudinal oscillation occurred during second stage flight
starting at 8 minutes 40 seconds ad continuing through shutdown. The
lauch profiles flown during preflight training on the dnaic crew pro-
cedures simulator ad the comad module simulator were more tha ade-
quate for crew prepaation.



Apollo 14 flight crew

Comader Ala B. Shepard, Jr. (center), Comad Module Pilot Stuaat A. Roosa (le ¥F),
ad Lua Module Pilot Edgar D. Mitchell
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8.11.7 Extravehicular Mobility Uit

O><gen, feedwater ad power consuption of the extravehicular mobil-
ity unit for both extravehicular periods are shown in the following table.

Comander Lunar Module Pilot
Condition
Actual | Predicted| Actual Predicted
First extravehicular activity
Time, min 288 255 288 255
Oxygen, Ib
Loaded 1.31 1.31 1.31 1.31
Consumed 0.70 0.97 1.02 0.97
Remaining 0.61 0.34 0.29 0.34
Feedwater, I1b
Loaded 8.59 8.55 8.66 8.55
Consunmed 4 .85 7.08 5.71 7.08
Remaining 3.74 1.47 2-95 1.47
Power, W-h
Initial charge 282 282 282 282
Consunmed 228 223 237 223
Remaining 54 59 45 59
Second extravehicular activity
Time, min 275 255 275 255
Oxygen, 1Ib
Loaded 1.26 1.31 1.26 1.31
Consumed 0.86 1.02 0.96 1.02
Remaining ' 0.40 0.29 0.30 0.29
Feedwater, Ib
Loaded a8.80 8.55 a8.80 8.55
Consumed v a6.43 7-55 a7.13 7.55
Remaining. 2.37 1.0 1.67 1.0
Power, W-h
Initial charge 282 282 282 282
Consued 225 225 222 225
Remaining 57 57 60 57

[Istimate baed on extravehicular mobility unit source heat pre-
dictions because portable life support system feedwater weight wa
not taken following the second extravehicular activity.
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8.11.6 Electrical Power

The total battery energ usae is given in the following table.
Preflight predictions versus actual uae were within 3 percent.

Available Electrical power consued, A-h

Batteries power,
A-h Actual Predicted
Descent 1600 1191 1220

Acent 592 128 125




8.11.5 Water

8-21

In the following table, the actual quatities loaded ad consumed

are based on telemetered data.

condition Actual Predicted
quatity, Ib quatity, Ib
Loaded (at lift-off)
Descent stae 255.5
Ascent stage
Tank 1 42 .5
Tank 2 42 .5
Total 340.5
Consued
Descent stage (Iunar li ft-off. 200.9 190.9
Ascent stage (docking)
Tak I 6.0 6.2
Tak 2 5.8 6.2
Total 212.7 203.3
Ascent stae (impact)
Tak I 14 .4 -
Tak 2 14.9 -
aAotal 230.2 -
Remaining in descent stage at 54.6 59.1
luar lift-off
Remaining in acent stae at
imact
Tank 1 28.1 -
Tak 2 27.6 -
To-al 55.7 -

4cosumd duing flight, both stages.
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8.11.4 0O><gen

The o><gen tank was not loaded to the nominal 2730 psia used for
previous missions because of a possible hydrogen embrittlement problem
with the descent stage o>gen tak. Lauch pressure for the tank wa
a indicated 2361 psia.

Condition Actual Predicted
quatity, Ib quatity, Ib
Loaded (at Iift-off)
Descent stage 42.3
Ascent stage
Tank 1 2.4
Tak 2 2.4
Total 47 .1
Consued
Dscent stage 24.9 23.9
Ascent stage
Tank 1 (a) 1.1
Tak 2 0 0
Total 25.0
Remaining in descent stage at
luar lift-off 17 .4 18.4
Remaining at docking
Tank 1 (a) 1.3
Tak 2 2.4 2.4
Total 3.7

4consuables data are not available because the tank | pressure
trasducer malfunctioned before lauch.



8.11.3 Reaction Control System Propellant
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The reaction control system propellat consuption was calculated
from telemetered heliu tak pressure histories using the relationships
between pressure, volue, ad temperature.

Actual, Ib
Condition Predicted, Ib
Fuel Oxidizer | Total

L_aded

System A 108 209

System B 108 209

Total 216 418 634 633

Consued to

Dcking 260 283

Impact 378 393
Remaining at lunar imact 256 240
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8.11.2 Ascent Propulsion System

Propellant.- Ascent propulsion system total propellat usae was
within approximate B 1 percent of the predicted value. The loadings in
the following table were deterined Fom meaured densities prior to
lauch ad from weights of off-loaded propellats.

o Actual quatity, Ib Predi cted
Condition

Fel Oxidizer | Total quatity, Ib

L_aded 2007.0 318.2 5225.2
Total consued 1879.0 3014 .0 4893.0 4956.0
Remaining at luar 128.0 204.2 332.2 265.8

module jettison

Heliu.- The quatities of acent propulsion system heliu were
deterined by pressure measuremnts ad the known volue of the tak.

Condition . quziigzj! Ib
L_aded 13.4
Consued 8.8
Remaining at luar module imact 4.6
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8.1 CONSUMNILES

O the Apollo 14 mission, all lunar module conswables remained
well within red line limits and were close to predicted values.

8.11.1 Dscent Propulsion.System

Propellant.- The quatities of descent propulsion system propellant
loading in the following table were calculated from readings and meaured
densities prior to lift-off.

- Actual quatity, Ib

Condition
Fel Oxidizer Total
Loaded 7072 .8 11 344 .4 18 417.2
Consued 6812.8 10 810.4 17 623.2

Remaining at engine cutoff
Total 260.0 534.0 794.0

Usale 228.0 400 .0 628.0

Supercritical heliu.- The quatities of supercritical heliu were
deterined by computation utilizing pressure meaurements and the known
volue of the tak.

Quatity, Ib
Condition
Actual Predicted

L_aded 48.5
Consued 42 .8 39.2

%(40.8)
Remainng at touchdown 5.7 9.3

7.7

ard usted prediction to accout for longer-tha-planed firing
duration.
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Apollo 15, the shades will be fabricated to permit them to be rolled
small enough to be held secure @l by the retainers.

The interim stowage a&asemb B could not be secued at all times be-
cause the straps could not be drawn tight enough to hold. This problem
resulted from stretch in the fabric ad in the sewing toleraces. In
the future, more emphasis will be placed upon manufacturing fit checks
ad crew compartment fit checks to asure that the problem does not
recur.

8.10 EXTRAN/ ICULAR MOBILITY UIT

Performance of the extravehicular mobility unit was vexr good during
the entire luar sta. Oxygen, feedwater, ad power consumption (sec-
tion 8.11.7) allowed each extravehicular period to be extended approxi-
mately 30 minutes with no depletion of contingency reserves. Comfortable
temperatures were maintained using the diverter valve in the minimum posi-
tion throughout most of both extravehicular activities.

Preparations for the first extravehicular activity proceeded on
schedule with few exceptions. The dela in starting the first extra-
vehicular activity occurred while the portable life support system power
wa on, resulting in batter power being the limiting consuable in de-
termining the extravehicular sta time.

Oxygen consuption of the Lunar Module Pilot during the first extra-
vehicular activity was one-third higher than that of the Comander. Tele-
metr data during the Luar Module Pilot's suit integrity check indicated
a pressure decay rate of approximately 0.27 psi/min; a rate of 0.30 psi/
min is allowable. In preparation for the second extravehicular activity,
special attention was given to cleaning ad relubricating the Lunar Module
Pilot's pressure garment assembly neck ad wrist ring seals in a effort
to lower the extravehicular mobility unit lea rate. A 0.22 psi/min pres-
sure deca rate was reported by the Lunar Module Pilot prior to the second
extravehicular activity. Postflight umanned lea rate tests on the Lunar
Module Pilot's pressure garment aasembly show no significant increae in
Oale.

Just prior to luar module cabin depressurization for the second
extravehicular activity, the Lunar Module Pilot reported a continuous
force in his right extravehicular glove wrist pulling to the left and
down. A more detailed discussion is given in section 14.3.2. The ex-
travehicular activity started ad was completed without any reported
di fficulty with the glove.
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actual and predicted perforace during the acent maneuver. The dura-
tion of engine firing for lunar acent was approximately 432 seconds,
ad for terminal phae initiation, 3 to 4 seconds. A more precise esti-
mate of the terinal phae initiation firing time is not available be-
cause the firing occurred behind the moon and no telemetr data were
received. System pressues were as expected both before and after the
terminal phae initiation maneuver ad crew reports indicate that the
maeuver wa noinal.

No oscillations were noted during flight in either heliu regulator
outlet pressure meaurement. Oscillations in the outlet pressure of
6 to 19 psi have been noted in previous flight data. Also, oscillations
of a sillilar nature ad approximately twice that magnitude were noted
during preflight checkout of the acent propulsion system class | second-
ar heliu regulator. However, during flight, control is maintained,
normally, by the class | primar reglator.

8.9 ENVIRININTAL CONTROL AD CREW STATION

Perforance of the environmental control system was satisfactor
throughout the mission. Glycol pump noise, a nuisace experienced on
previous missions, wa reduced below the anoyace 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 ad
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 primar lithiu hydroxide cartridges
to reduce the gas flow in the suit loop ad, thereby, reduce water sep-
arator speed below 3600 rpm. (Separator speed is a function of the water
mass to be separated ad the gas flow.) However, the water separator
speed was above 3600 ¥m 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 (approximatell 0.14 Ib/hr)
ad a high gas flow caused by low back pressure which, in turn, developed
*om a low pressue drop across the suit.

Dring preparations for the first extravehicular activity, the tras-
fer hose on the urine collection trasfer asembly was kinked. The kink
wa eliminated by moving the hose to a different position.

The crew repeatedly had trouble getting the luar module forward
window shades to remain in their retainers. The shades had been processed
to reduce the curl ad prevent cracking, a problem experienced on previous
flights. In reducing the curl, the diaeter of the rolled shades wa in-
creaed so that the shades would not fit securely in the retainers. For



8-14

after ignition, and was most probably triggered by the point sensor in

oxidizer tak 2. Egine 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

70 seconds remalning. This is within the accuracy asociated with the

propellat quatity gaging system.

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

8.8 ACENT PROPULSION

The acent propulsion system duty cycle consisted of two firings
the lunar ascent and the tewxrinal phae initiation. Performance of the
system for both firings wa satisfactory. Table 8-VI is a sumary of

TAL 8-VI.- STEADY-STATE PERFORMNCE DURING ASCENT

10 seconds afer ignition 400 second afer ignition
Paraaeter

Predi <:teda MeasuredP Predicteds8 MeauredP
Regulator outlet pressure, psia 184 182 184 181
oxidizer yuk temperature, OF 70.0 69.4 69 .0 69 .4
el bulk temperature, OF 70.0 69 .8 69.8 69 .4
Oxidizer interface pressure, psia 170.5 168 169.7 167
el interface pressure, psia 170.4 169 169 .7 167
Engine chaaber pressure, psia 123.4 121 123.2 120
Mixture ratio 1.607 - 1.598 -
Thrust, Iy 3502. - 3468. -
Specific impuse, sec 310.3 - 309 .9 -

[Oreflight prediction based on acceptace test data a&ad assuing nominal system perlor ace.

bActual flight data vith no adju tments.



The aort guidaxce system functioned properly util the braing
phae of the rendezvous with the command and service module when a fail-
ure caused the system to be down-moded to the standby mode a&ad resulted
in the loss of this system for the remainder of the mission. Another
aomaly reported wa a crack in the glass window of the address register
on the data entry and displ] asemb B . These aomalies are discussed
in sections 14.2.5 ad 14.2.6, respectively.

8.7 DESCENT PROPUSION

The descent propulsion system operation was satisfactory. The engine
trasients ad throttle response were noral.

8.7.1 Inflight Performace

The duration of the powered descent firing was 764.6 seconds. A
manual throttle-up to the full throttle position was accomplished approx-
imately 26 seconds after the engine-on commad. The throttle-down to
57 percent occurred 381 seconds after ignition, about 14 seconds earlier
than predicted but within expected tolerances. Three seconds of the 14
are attributed to the lading site offset to correct for the downrange
error in actual trajectory, ad the remaining Il seconds to a thrust in-
creae of approximately 80 pounds at the full-throttle position.

8.7.2 System Pressurization

During the period from lift-off to 104 hours, the oxidizer tank ull-
age pressure decayed from 11l to 66 psia and the fuel tank ullage pres-
sure decreaed from 138 to Ill psia. These decays resulted from heliu
absorption into the propellats ad were within the expected range.

The supercritical heliu system perfored a aticipated. The sys-
tem pressure rise rates were 8.0 psi/hour on the ground ad 6.2 psi/hour
during trasluar coast, which compare favorably with the preflight pre-
dicted values of 8.1 psi/hour and 6.6 psi/hr, respectively. During pow-
ered descent, the supercritical helium system pressure profile was well
within the nominal f3-sigma pressure bad, even though the pressure at
ignition wa about 50 psi lower than aticipated.

8.7.3 Gaging System Performace

The gaging system performance was satisfactory throughout the mis-
:ion. The low-level quatity light cae on approximately 711 seconds
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Figure 8-3.- Comparison of altitudes computed by abort and
primary guidace systems during descent.

While on the luar surface, a test was performed to compute gravity
using primary guidace system accelerometer data. The value of gravity
was determined to be 162.65 cm/sec?.

Perforace during the acent from the lunar surface wa nominal.
The primary and abort systems ad the powered Flight processor data com-
pared well throughout ascent. The acent program in the onboard computer
does not include targeting for a specific cutoff position vector; there-
fore, a vernier adjustment maxeuver of 10.3 Ft/sec was performed to sat-
isT the phaing conditions for a direct rendezvous with the command ad
service module.

Performaace throughout rendezvous, docking, ad the deorbit maneuver
wa also nominal. The velocity chage imparted to the lunar module at
jettison wa minus 1.94, minus 0.05, ad minus 0.10 ft/sec in the X, Y,
ad z aes, respectively.



of a unwated abort, a work-aroud procedure wa developed by ground
personnel ad was relaed to the crew for maual entr into the lunar
module computer. Part one of the four-part procedure was entered into
the computer just after the final attitude maeuver for powered descent.
The remainder waa accomlished after the increase to the full-throttle
position. Part one consisted of loading the abort stage program number
into the mode register in the eraable memor which is used to monitor
the progra number displaxed to the crew. This did not cause the active
program to chage, but it did inhibit the computer from checking the
abort comad status bit. At the sae time, it inhibited the automatic
comad to full-throttle position, automatic guidance steering, ad it
affected the processing of the lading radar data. Therefore, in order
to reestablish the desired configuration for descent, the increase to
full-throttle position was accomplished mawually ad then the second,
third, ad fourth parts of the procedure were entered into the computer.
In order, they accomplished:

a. Setting a status bit to infor the descent program that throttle-
up had occurred ad to re-enable guidace steering

b. Resetting a status bit which disabled the abort programs

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

The abort capability of the primawxr guidance system was lost by use of
this procedure. Therefore, it would have been necessar to use the abort
guidace system if a aort situation had arisen.

Prior to powered descent maeuver ignition, the lading 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 breaer, which reset
scaling to the high scale, ad landing radar lock-on occurred at 22 486
feet. Figure 14-22 is a plot of slat range a measured by landing radar
ad as computed from primar guidace system state vectors. Figure 8-3
is a plot of altitudes computed by the abort ad primar guidace systems
ad shows a 3400-foot update to the abort guidance system at the 12 000-
foot altitude.

Throttle oscillations that had been noted on previous flights were
not detected during the descent although some osci B ation in the auto-
matic throttle comad was detected after descent engine manual shutdown.
The reaction control system propellat consuption during the braking
phase ad approach phae progras wa approximately half that seen on
previous missions. Further discussion of these two area will be pro-
'ided in a supplement to this report.
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TALE 8-V.- SCIUENCE OF EVENT DURING POWERED DESCENT

11

Elapsed time Time from
from 1i F-off ignition, Event
hr:min:sec min:sec
107:51:18.66 | -11:07.86 Lading radar on
107 :52:46 .66 -9:39.86 False data good indications from
lading radar
107:57:34.66 -4:51.86 Lading radar switched to low scale
107:58:13.80 -4:12.72 Start loading abort bit work-around
routine
108:02:19.12 -0:07.40 Ullage on
108:02:26 .52 0:00.00 Ignition
108:02:53.80 +0:27.28 Maual throttle-up to full throttle
: position
108:04:49.80 +2:23.28 Mawual target update (N69)
108:08:47.68 +6:21.16 Throttle down
108:08:50.66 +6:24.14 Landing radar to high scale (circuit
breaker cycle)
108:09:10.66 +6:44.14 Landing radar velocity data good
108:09:12.66 +6:46.14 Lading radar range data good
108:09:35.80 +7:09.28 Enab le altitude updates
- 108:11:09.80 +8:43.28 | Select approach phase program (P64)
108:11:10.42 +8:43.90 Start pitch over
108:11:51.60 +9:25.08 Landing radar redesignation enable
108:11:52.66 +9:26 .14 Landing radar atenna to position 2
108:13:07.86 +10:41. 34 Select attitude hold mode
108:13:09.80 +10:43.28 Select landing phase program (P66)
108:15:09.30 +12:42.78 Le ¥ pad touchdown
108:15:11.13 +12:44.61 Engine shutdown (decreaing thrust
chaber pressure)
108:15 40 +12:44 .88 Right, forard,and aft pad touchdown




TABLE 8-111.- GUIDANCE SYSTEM AIGNMNT COMARISON

Primary minus abort system
Time of aligment Aligment error (degrees)
X \ 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
A141:45:29.2 0.010 0.003 0.018

aSystems aligned independently.

Actual time

of aort guidance system alignment was

141:18:35.2.

TABL. 8-1V.- ABORT GUIDANCE SYSTEM CAIBRATION COMARISONS

8-9

i Actual gro drift rate,
Three-siga dea/hr
Calibrations capability 9
estimate - . .
X axis |y axis| z axis
First inflight minus pre- +0.91 0.08 | -0.07 -1.2
installation
Second inflight minus Ffirst +0.63 -0.01 0.23 0.26
inflight
First surface minus second +0.56 -0.02 -0.08 -0.43
inflight
Second surface minus first +0.55 0.0 -0.08 -0.21
surface




TAL 8-11.- INERTIA COMONET HISTORY - LUA MODUE

(a) Accelermters
Inflight perfosr ace
Saple Stadard Neaber Countd\n Flight |
Error _ N of Surface ~
mea deviation vaue load Poer-up Li ft-off to
s=ales N pover-up
to lading ~ rendezvou
to lift-off )
X - Scale factor error,
PP « v = s s s o2 e e -895 36 6 -922 -950 - - -
2
Biaa, wJrsec . « . - » 1.27 0.05 6 1.2 1.30 1.27 1.38 1.36
y - Seall factor errr,
PE . o+ « 4 4 4 a4 a4 -1678 79 9 -1772 -1860 - - -
Biaa, em/see « + + .+ 1.63 0.03 9 1.61 1.65 1.62 1.74 1.71
z - Scae factor errr,
1) = T -637 25 6 -643 -670 - - -
2
Bias, em/sec .+ s 1 .+ 1.39 0.02 6 1.41 1.3 1.35 1.46 1.45
(b) Gywrscopes
S 1 Stadard Number C tdo\il ni i
e
Error ple a' a!’ of ountdo’ Fligt In gt
ma deviation value load perfowrace
saples
X — Null biaa drift, meru . . + « « + « 0.8 o.4 6 o.o 0.9 -1.
Acceleration drift, spin reference
2is, MeEW /g« + v o+ s e e e 4 e o 0.2 0.8 6 1.1 0
Acceleratio drift, input
ZiS, Mmeru/g + s s+ 4 . o4 o+ w4 s 4.0 2.8 6 2.9 3.0
Yy — Null biaa dri®, meru . « « + + « -2.8 0.6 6 -3.6 -2.7 (o]
Acceleration dri ¥, spin reference
ais, Mer/g + s » 4 s v v s e e 3.0 1.3 6 4.5 3.0
Accleratic drift, input
AAS, mewr /g -+ - 4 o+ o4 x4 e s vk -9.6 4.0 12 -7.5 -12.0
z - Hull bia drif, meru « « « « + 4 -1.1 0.9 6 -1.1 -0.3 -0.
Acceleration drift, spin reference
ais, ME/g .+ + ¢ & ¢ s v 0. s s 4.5 0.4 6 4.5 5.0
Accleration drift, input
ais, Mew /g r v v o« w4 4 a4 5.8 1.4 6 7.2 6.0




TABL. 8-1.-

LUAR MODUL- PLATFORM

ALIGINIT sw_»m

Time - 'e Alignment mode Teles(ope Star agle Gyro torquimn agle, deg Gr drifF, mer
. s detent /star | difference,
hr:min alignent . _a R b
Option Techni que used deg X y z X Yy z
102:58 Dcked aigmnt 0.009 0.029 -0.052 -0.5 |-1. -2.8
105 :09 P52 3 NA 2/22; 2/16 0.04 0.030 -0.038 0.028 - -
105:27 P52 3 NA -- - - 0.097 0.062 0.013 | -1.5 | 2. -0.6
109:17 P57 3 1 HA NA 0.03 -0.016 0.015 -0.113 - -
109 :46 P57 3 2 '2/31; 6/00 0.02 -0.041 0.003 -0.054 1.0 }-0O. -1.4
110:05 P57 3 2 2/26; 6/00 -0.07 0.018 0.047 -0.121 - -
129:56 P57 4 3 - —-= 0.01 0.044 0.069 -0.46 - -
141 :53 P57 4 3 - -- 2 0.02 0.119 0.135 -0. 349 -0.7 1-0. -1.9
al - Preferred; 2 - Nomina; 3 - RFMT; 4 - Landing site.
b
- Aytime; 1 - RFMMT plus g; 2 - To bodies; 3 - Oe boey plu g.
01 - LLF front; 2 - Front; 3 - Right front; 4 - Right rear; 5 - Rear; 6 - L ¥ rear.
Star naes:
00 Pollu
16 Procon
22 Rglus
26 Spica
31 Acturus
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shift in these measurements at the time of system pressurization will not
affect future missions. (See appendix A, section A.2.3, for a descrip-
tion of changes made subsequent to Apollo 13.)

8.6 GUIDANCE, NAVIGATION, AND CONTROL

At approximately 102 hours, the primary guidace system was turned
on, the computer digital clock was initialized, and the platform was
aligned to the comand module plat form. Table 8-1 is a sumary of the
primary guidance platform alignment data. The abort guidance system was
turned on at 102 hours 40 minutes ad the attitude reference aligned to
the luar module platfor-. Table 8-11 is a swaary of inertial measure-
ment unit component errors meaured prior to launch ad in flight. The
abort guidace system was aligned to the primar guidance system six
times, but data were available for only five, ad are shown in table
8-111. Also shown in table 8-111 are data from the independent alignment
of the abort system performed in preparation for lunar lift-off. The
abort guidace system had been aligned to the gravity vector and an azi-
muth angle supplied by the groud. Twenty-seven minutes later, just be-
fore lift-off, the abort system compared well with the primary system
which had been inertially aligned to the predicted local vertical orien-
tation for lift-off.

The performance of the abort sensor asembly of the aort guidance
system was not a good a on previous missions but was within allowable
limits. The accelerometers exhibited stable performace, but the Z-axis
gro drift rate chage of 1.2 degrees per hour from the prelaunch value
was about 30 percent greater tha the expected shift. The expected ad
the actual shifts between preflight values and the first inflight cali-
bration, ad shifts between subsequent inflight calibrations are shown
in table 8-1V.

Table 8-V is a sequence of events prior to ad during the powered
descent to the luar surface. A command to aort using the descent en-
gine was detected at a computer input chanel at 104:16:07 (but was not
observed at other telemetry points) although the crew had not depressed
the abort switch on the panel. The crew executed a procedure using the
engine stop switch and the abort switch which isolated the failure to
the abort switch. Subsequently, the comand reappeared three more times ;
each time, the comad was removed by tapping on the panel near the abort
switch. (For a discussion of the probable cause of this failure, see
section 14.2.2.)

I the aort comand is present after starting the powered descent
progras, the computer automatically switches to the abort programs and
the lTuar module is guided to a aort orbit. To avoid the possibility



electron readout bea in the television tube and, consequently, a degrada-
tion of resolution. The high-temperature condition wa caused by operat-
ing the caera for about 1 hour and 20 minutes while it was within the
thewral environment of the closed modular equipment stowage assembly. The
caera wa turned off between the extravehicular periods to allow cooling.
Picture resolution during the second extravehicular activity was satisfac-
tory.

The VF system performace was poor from prior to lunar lift-off
through terminal phae initiation. This problem is discussed in detail
in sections 7.4 and 14.1.4.

8.4 RADAR

The landing radar self-test wa performed at 105 hours 44 minutes,
ad the radar was turned on for the powered descent about 2 hours later.
Four minutes fifty seconds prior to powered descent initiation, the radar
changed from high- to low-scale. At that time, the orbital altitude of
the lunar module wa about 10.9 milesd. This condition prevented acqui-
sition of ranging sigals at slat ranges greater than 3500 feet, and ve-
locity signals at altitudes greater than aout 4600 feet. The radar was
returned to hig-scale by recycling the circuit breaker. A detailed dis-
cussion of this problem is given in section 14.2.4. Rage and velocity
performance from a slat range of about 25 000 feet to touchdown is shown
in figure 14-22. There were no zero Doppler dropouts and no evidence of
radar lockup resulting from particles scattered by the engine e>aust
plue duing luar landing.

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

8.5 INSTRUJINTATION

The instrumentation system performed normally throughout the flight
with the exception of three of the four ascent helium tank pressure mea-
urements (two primary and two redundant). Coincident with propulsion
system pressurization, these meaurements exhibited negative shifts of
up to 4 percent. The largest shifts were in the redudant measurements.
These trasducer shifts were caused by the shock induced by the
pyrotechnical ly operated isolation valves. Since these measurements are
used to monitor for leas prior to propulsion system pressurization, a

aReferenced to landing site elevation.
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of abnowral thermal responses in the ascent stage indicates that the
heat shield was fully effective. Similar conditions have occurred dur-
ing quali fication tests whereby one or more laers of the heat shield
material have become uattached. In these cases, the thermal effective-
ness of the heat shield wa not reduced.

8.2 ELECRICAL POWER

The electrical power distribution system ad batter performance was
satisfactor with one exception, the acent battewr 5 open-circuit voltage
decayed from 37.0 volts at lauch to 36.7 volts at housekeeping, but with
no effect on operational performace. All power switchovers were accom-
plished as required, ad parallel operation of the descent ad acent bat-
teries wa within acceptable limits. The de bus voltage was maintained
above 29.0 volts, ad maximu observed current was 73 aperes during pow-
ered descent initiation.

The batter energ usage throuhout the lTuar module flight is given

in section 8.1 .6. The acent battewr 5 open-circuit low voltage is dis-
cussed in section 14.2.1.

8.3 COMUNICATIONS EQUIPMNT

S-bad steerable atenna operation prior to lunar landing wa inter-
mittent. Although atenna operation during revolution 13 was nominal,
acquisition ad/or tracking problems were experienced during revolutions
11 ad 12. Acquisition was attempted but a sigal was not acquired dur-
ing the first 3 minutes after groud acquisition of signal on revolu-
tion 14. Because of this, the omidirectional atennas were used for
lunar lading. The steerable atenna was used for the ascent ad rendez-
vous phase and the antenna performed nowrally. The problems with the
steerable atenna are discussed in section 14.2.3.

Prior to the first extravehicular period, difficulty was experienced
when configuring the comuication system for extravehicular activity be-
cause of a open audio-center circuit breaker. Extravehicular comunica-
tions were normal after the circuit breaker was closed.

During the latter par of the first extravehicular period, the tele-
vision resolution decreaed. The symptoms of the problem were indicative
of a overheated focus coil current regulator. This condition, while not

causing a complete failure of the caera, resulted in defocusing of the
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8.0 LUAR MODULE PERFORMACE

8.1 STRUCTURAL AD MCHAICAL SYSTEM

Lunar module structural loads were within design values for all
phaes of the mssion. The structural asessment was baed on guidance
and control data, cabin pressure meaurements, command module accelera-
tion data, photographs, and crew coments.

Baed on measured comand module accelerations and on simulations
using actual launch wind data, lunar module loads were determined to be
within structual limits during earth launch ad translunar injection.
The sequence films from the onboard camera showed no evidence of struc-
tural oscillations during lunar touchdown, ad crew comments agree with
this asessment.

Lading on the luar surface occurred with estimated landing veloc-
ities of 3.1 ft/sec vertical, 1.7 ft/sec in the plus-Y footpad direction,
and 1.7 ft/sec 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 first, followed by the minus-Z footpad approximately
0.4 second later. The plus-Y ad plus-Z footpads followed within 2 sec-
onds ad the vehicle came to rest with attitudes of 1.8 degrees pitch
down, 6.9 degrees roll to the right ad 1.4 degrees yaw to the left of
west. Ver little, if any, of the vehicle attitude wa due to landing
gear stroking. The final rest attitude of approximately 7 degrees wa
due almost entirely to local undulations at the landing point (fig. 8-2).
From a time histor of the descent engine chamber pressure, it appears
that descent engine shutdown wa initiated after first footpad contact
but before plus-Y footpad contact. The chaber pressure was in a state
of decay at 108:15:11, and all vehicle motion had ceased 1.6 seconds
later.

Flight data from the guidance and propulsion systems were used in
performing engineering simulations of the touchdown phase. As in
Apollo Il ad Apollo 12, these simulations and photographs indicate that
landing gear stroking was minimal if it occurred at all. Photographs
also indicate no significant daaage to the landing gear thermal insula-
tion.

Si>xeen-millimeter films taken from the comand module prior to
lunar-orbit docking support a visual observation by the crew that a
strip of material about 4 feet long was haging from the acent stage
base heat shield area. The base heat shield area is designed to pro-
tect the acent stage from the pressure and thermal environment result-
ing from acent engine plue impingement during staging. The absence



7.10.4 Water

The water quatities loaded, produced, ad expelled during the mis-
sion are shon in the following table.

Condition Quantity, 1Ib

Loaded (at lift-off)

Potable water tak 28.5
Waste water tak 32.4

Produced inflight

Fuel cells 342 .3
Lithiu hydroxide reaction 21.0
Metabolic 21.0

Dmped overboard

Waste tak dumping 236.9
Urine ad flushing 133.2
Evaporated up to command module/ 9.0

service module separation
Remaining onboard at comand module/
service module separation

Potable water tak 29.
Wate water tank 36.4

~
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7.10.3 Cryogenics

The total cryogenic hydrogen and o>gen quatities available at lift-
off ad consumed were a follows. Consumption values were baed on quan-
tity data transmitted by telemetr .

Hydrogen, Ib O><gen, 1Ib
Condition
Actual Planned Actual Planned
Available at lif"-off
Tank 1 26.97 320.2
Tank 2 26 .55 318.9
Tank 3 - 197.2
a a
Total 53.52 53.52 836.3 836.3
Consumed
Tank 1 19.12 119.3
Tank 2 19.14 113.8
Tak 3 - 163. 4
Total 38.26 38.62 396.5 412 .1
Remaining at comad module/
service module separation
Tak 1 7.85 7.87 200.9 204.2
Tak 2 7.41 7.03 205.1 195.2
Tank 3 - - 33.8 24.8
Total 15.26 14.90 439 .8 424 .2

aLJdated to lif"-off values.
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Propellant, 1Ib
Condition
Fuel Oxidi 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 1340 .6
[lsable loaded 1233
Consued 250 476 726
Remaining at command module/ 507
service module separation

[Isable loaded propellant is the aout loaded minus the
aount trapped and with corrections made for gaging errors.

Commad module.- The loading and utilization of coomad module re-
action control system propellat was as follows. Consuption was calcu-
lated from pressure, volue ad temperature relationships.

Propellat, Ib
Condition
Fuel Oxidizer Total
L_aded
System 1 44 . 3 78.6 122.9
System 2 44 .5 78.1 122.6
Total 88.8 156.7 245 .5
[Isable loaded 210.0
Consued b
System 1 41
System 2 4
Total 45

[Isable loaded propellant is the aout loaded minus the
aout trapped ad with corrections mde for gaging errors.
Estimated quatity based on heliu source pressure profile
duing entr .



7.10 CONSw_ s LS

The comand and service modue consuable usae during the Apollo 14
mission wa well within the red line limits ad, in all systems, differed
no more than 5 percent from the predicted limits.

7.10.1 Service Propulsion Propellant

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

Propellat, Ib
Condition

Fuel Oxidi zer Total
Loaded 15 695.2 25 061 40 756.2
Consumed 14 953.2 23 900 38 853.2
Remaining at comad module/ 742 1 161 1 903
service module separation
Usable at commad module/ 596 866 1 462
service module separation

7.10.2 Reaction Control System Propellants

Service module.- The propellat utilization and loading data for
the service module reaction control system were a shown in the follow-
ing table. Consumption was calculated from telemetered helium tank pres-

sure histories and were baed on pressure, volue, ad temperature rela-
tionships.




approximately 4.45 psia. The test, scheduled to last 2-1/2 hours, wa
terminated after 70 minutes when the 100-psi o><gen manifold pressure
decayed to aou 10 psi. This was caused by opening of the urine over-
board dump valve which caused a&a oxygen demad in excess of that which
the oxygen restrictors were capable of providing. However, sufficient
data were obtained during the test to determine the high-flow capability
of the crogenic o>xgen system. (Also see section 7.3.)

Inflight cabin pressure decay measurements were made for the first
time during most of the crew sleep periods to deterine more precisely
the cabin leakage during flight. Preliminar estimates indicate that
the flight leaae was approximately 0.03 Ib/hr. This leak rate is with-
in design limits.

Partial repressurization of the oxygen storage bottles was required
three times in addition to the normal repressurizations during the mis-
sion. This problem is discussed in section 14.1.8.

The crew reported several instances of urine dump nozzle blockage.
Apparently the dup nozzle was clogged with frozen urine particles. The
blockage cleared in all instances when the spacecraft wa oriented so
that the nozzle was in the sun. This anomaly is discussed further in
section 14.1.3.

Intermi ttent comunications dropouts were experienced by the Com-
mander at 29 hours. The problem was corrected when the Commander's
constat wear garment electrical adapter wa replaced. The aomaly is
discussed further in section 14.3.4.

A vacuum cleaner assembly &ad cabin fan filter, used for the first
time, along with the normal decontamination procedures eliminated prac-
tically all of the dbjectionable dust such as that present after the
Apollo 12 lunar docking. The fas were operated for approximately 4 hours
after lunar docking.

Sodium nitrate wa added to the water buffer ampules to reduce sys-
tem corrosion. This addition also allowed a reduction in the concentra-
tion of chlorine in the chlorine ampules. No objectionable taste wa
noted in the water. The crew reported some difficulty in inserting the
buffer apules into the injector. The apules ad injector are being
tested to establish the cause of the problem. The crew also indicated
that the food preparation uit leaked slightly after dispensing hot water.
This problem is discussed further in section 14.1.7.
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7.8 SERVICE PROPULSION SYSTEM

Service propulsion system perforace was satisfactory baaed on the
stead-state performance during all firings. The steady-state pressure
data, gaging system data, ad velocities gained indcated essentially
nominal performace. The engine trasient performaace during all starts
ad shutdowns wa satisfactory. Nothing in the flight data or postflight
analysis indicated combustion instability or the cause of the slight hu
or buzzing noise reported by the pilot (ref. 9.13).

The propellat utilization ad gaging system provided near-ideal
propellat utilization. The ubalace at the end of the transearth in-
jection firing wa reported by the crew to be 40 lbm, decrease, which
agrees well with telemetry values.

During the Apollo 9, 10, 11, ad 12 missions, the service propulsion
system mixture ratio was less tha expected, based on static firing data.
The predicted flight mixture ratio for this mission was based on previous
flight data to more closely simulate the expected mixture ratio. To
achieve the predicted mixture ratio at the end of the mission, the major-
ity of the mission would have to be flown with the propellat utilization
valve in the increaae position. Consequently, the propellant utilization
valve was in the increaae position at launch.

Figure 7-2 shows the variace in fuel &ad oxidizer remaining at
ay instant during the lunar orbit insertion ad trasearth injection
firings, a computed fro the telemetry data, ad the propellant utiliza-
tion valve movements made by the crew. The preflight expected values
ad propellat utilization movements are also shown. The service pro-
pulsion system propellat usage for the mission is discussed in sec-
tion 7.10.1.

7.9 ENVIRONMNTAL CONTROL AD CREW STATION

The environmental control system perfored satisfactorily and pro-
vided a comfortable environment for the crew ad adequate thermal control
of the spacecraft equipment. The crew station equipment also satisfac-
torily supported the flight.

The environmental control system was used in conjuction with the
cryogenic oxygen system to demonstrate the capability of providing o>gen
at high flow rates such & those that will be required during extrave-
hicular operations on future missions. A modified hatch overboard dump
nozzle with a calibrated orifice was used to obtain the desired flow rate.
The emergency cabin pressure regulator maintained the cabin pressure at
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TABL. 7-1V.- RESULTS OF ENTRY MONITOR SYSTEM NULL BIA TESTS

Test- 1 2 3 4 5 6 7 B 9
Tim 01:50:00 [€>34,50] 29:11:20 | 58:28:00| 75:59:00 | ?9:05:00 | 80:31:00 | 118:20:00| 165:15:00
Etry moitor SJStem reading -100 -100 -10 -100 -100 -100 -100 -100 -100
at start of tests r/sec
- try mnitor system readins -99.5 -99.4 -9 .6 -98.9 -98.4 -98.5 -99 .4 -98.5 -99.0
at end of test, ft/sec
Differential veloci® bial +0.5 +.6 +0.4 +1.1 +1.6 +1.5 +0.6 +1.5 +1.0
/sec™~

. 2
Null bias, tt/sec +0.05 +0.06 +0.004 +0.011 +0.016 +0.015 +0.006 +0.015 +0.010

*Each test duratio is 100 secods.
-=count up is positive bias.

7.7 REACTION CONTROL SYSTEM

7.7.1 Service Module

Performance of the service module reaction control wa normal
throughout the mission. All telemetwyr paraeters stayed within nominal
limits throughout the mission with the exception of the quad B oxidizer
maifold pressure. This meaurement wa lost when the commad and
service module separated from the S-1VB. The quad B heliu and fuel
maifold pressures were used to veri ¥ proper system operation. Total
propellat consuption for the mission was 102 pouds less tha predicted;
hovever, propellat consuption during trasposition, docking and extrac-
tion wa about 60 pouds more tha planed because of the additional ma-
neuvering asociated with the docking difficulties. The propellant mar-
gin deficiency was recovered prior to lunar orbit insertion, a&ad nominal
margins existed during the remainder of the mission. Conswuables infor-
mation is contained in section 7.10.2.

7.7.2 Comad Module

The commad module reaction control systems performed satisfactorily.
Both systems I ad 2 were activated during the comad module/service
module separation sequence. Shortly after separation, system 2 wa dis-
abled ad system 1 was used for the remainder of entr . All telemetr
data indicated nominal system performace throughout the mission. Con-
suables inforation is contained in section 7.10.2.
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Figure 9-2.- Lunar surface features in Descartes lading site area.

9.12.4 Orbital Science Hand-Held Photography

Approximately half the planed targets for orbital science hand-held
photography were deleted because of the flight plan change to use crew
optical alignment sight tracking of the Descartes site. There were three
stereo strips taken with the 500-m lens using the hand-held mode
(fig. 9-3). The ring sight was used to improve the sighting accuracy.
Utilization of the caera in this mode was quite acceptable as long as
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1ASEs . 71-1653

a. Western portion of King crater with smaller crater
in left foreground having an 0.8-mile diaeter and
located 32.4 miles from center of King crater.

Figure 9-3.- Selected stereo strip photographs from lunar orbit.

the spacecraft attitude was satisfactory for target acQuisition. During
this flight, all hand-held photography was taen at the spacecraft atti-
tude dictated by other reQuirements. o a few of the targets, the atti-
tude made it difficult to satisfactorily acQuire the target at the proper
time out of any window.
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During the had-held photography a&ad also during the crew optical
alignment sight tracking, a variable intervalometer would certanly have
been & aset. A single-lens reflex caxera would greatly simplify the
pointing tak. Having orbital science targets listed in the flight pla,
at times they are available, is certainly more preferable tha just list-
ing them as targets of opportuity. Tis is true of both photographic
ad visual targets.

NASA-5-71-1654

b. Central portion of 41-mile diaaeter King crater.

Figure 9-3.- Continued.
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c. Eastern portion of King crater photographed from 178 miles awl].

Figure 9-3.- Concluded.

9.12.5 Zero-Phase Observations

The caera configuration was changed from that listed in the flight
plan because the telemetry cable was not long enough to reach the camera
mounted in the hatch window. This configuration was not checked prior
to the flight because the bracket arived late and no bracket was avail-
able for the simulator. A mark was given over the intercom and/or the



air-to-groud loop on the first and last caera actuation of each pas.
It wa noted that the caera operated close to zero phase on each tar-
get. Eight separate areas were listed for zero-phae observations but
only six of these were observed. The other two were cancelled as a re-
sult of a fligt pla chage. Four of the targets were on the back side
of the moon a&ad two were on the front side. There was a significat dif-
ference in the ability to observe the targets at zero phae between the
back-side ad front-side targets. The two sigificat paraeters are
albedo ad structural relief, or contrast. Because of the lack of con-
trast in relief on the back side, the targets were difficult or, in some
cases, impossible to observe at zero phae. Two views of a back-side
target, one at zero phase ad one at low phase, are shown in figure 9-4.
The two front-side targets were craters located in a mare surface. The
structural relief between the flat surface ad the crater rim made the
targets more visible at zero phase.

9.12.6 Dim-Light Photography

The window shade for the right-had rendezvous window was easy to
install ad appeared to fit properly. In addition to using the window
shade, the flood lights near the right-had rendezvous window were taped.
The green shutter actuation light on the camera was taped and, in gen-
eral, all spacecraft lights were turned off for the dim-light photog-
raphy.

All of the procedures were completed as listed in the flight pla.
The only discrepacy noted wa on the earth dark-side photography. There
was considerable scattered light in the sextant when it wa pointed at
the dark portion of the earth. There was also a double image of the
earth's crescent in the sextat.

9.12.7 Comuications

Comuications between the comad ad service module ad the
Maned Space Flight Network were marginal mnrm times while in lunar
orbit. The high-gain atenna pointing angles were very critical; a very
small adjustment of the agles was the difference between having a good
comuication lockup or no acquisition at all (section 14.1.2).

The separate comunications loop for the comand ad service module
should be activated soon after comad module/luar module separation.
The time between separation ad touchdown is a extremel busy time for
the lTuar module ad ay prolonged cormnication with the command ad
service module is difficult, if not impossible. \F communications with
the luar module were good at the time of separation ad through touch-
down. On rendezvous, the WVF comuications from lift-off to shortli
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NASA-5-71-1656

(a) High overhead view with no zero phase washoul ,

Note: Recognizable landmarks are identified with like numbers on each photograph.

(b) Low elevation showing zero phase washout.

Figure 9-4.- Comparison of visibility of lunar surface details looking
west to east in the Pasteur crater area.
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before terminal phase initiation were marginal. Also, the \VVF ranging
would not lock up or, when it did, a false range wa indicated most of
the time. Both antenna were tried, the squelch wa adjusted, and rang-
ing was turned off temporarily. However, none of these procedures im-
proved the situation to ay great degree (section 14.1.4). After
terminal phase initiation the voice communications ad VF ranging were
satisfactory.

9.13 TRANSEARTH INJECTION

The transearth injection maneuver was essentially nominal in all
apects. The only item worthy of coment occurred about 20 seconds
prior to the end of the maneuver. There was a slight hum or buzz in
the service propulsion system that continued through shutdown. Ever -
thing wa steady, however, and it was not a matter of great concern.

The residuals were plus 0.6, plus 0.8, ad 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 coat phase was
one reaction control system maneuver performed approximately 17 hours
after transearth injection. The total delta velocity was 0.7 ft/sec.
During the transearth coast phae, a schedule of no-communications navi-
gational sightings wa completed. The state vector from the transearth
injection maneuver was not updated except by navigational sightings.

The state vector was downlinked to the Network prior to the one mid-
course correction. The midcourse correction was then incorporated and
uplinked to the spacecraft. . updated Network state vector wa main-
tained in the lunar module slot at all times. Just prior to entr, the
onboard state vector compared quite well with the vector obtained by
Network tracking. In addition to the navigational sightings for the
onboard state vector, additional sightings were performed to obtain data
on stars outside of the present constraint limits. The updates obtained
on the constraint stars were not incorporated into the state vector.

The cislunar navigational sighting progra would be improved if a re-
cycle feature were incorporated. Recalling the program for each mark is
a drawback to expeditious navigational sigtings.

The rest of the transearth coast was like that of previous lunar
missions with two exceptions—nflight demonstrations were performed
to evaluate the effects of zero-gravity on physical processes, and a
comand ad service module oxygen flow-rate test was performed. Even
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though the mtal comosites demonstration was stated during trasluar
coast, there was not sufficient time while out of the passive thermal
control mode to comlete all of the 18 saples. The other three demon-
strations were comleted.

9.15 ENTRY .o L_NDING

A change to the nominal entwyr stowage was the addition of the dock-
ing probe. The docking probe was tied down for entr at the foot of the
Luna Module Pilot's couch using procedures voiced by the Mission Control
Center. Three discrepancies were noted during entr . The entry monitor
system was stated mnually at 0.05g tim plus 3 seconds. The 0.05g light
never illumnated (section 14.1.5). The steam pressure was late in reach-
ing the peg. However, the cabin pressue was used as a backup. The time
of stea pressure pegging was approximtely 5 to 10 seconds late and
occured at a altitude below 90 000 feet. [Editor's note: The crew
checklist gives a specific tim at which the stea pressure gage should
peg hig relative to the illumination of the 0.05g light a = indication
of the 90 000-foot altitude; however, the stea pressure measurement 1is
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 tured off at 800 feet. The main buses
were not comletely powered dow util the circuit breakers on panel 275
were pulled after lading (section 14.1.6).

The lading impact was milder than aticipated. The parachutes
were jettisoned ad the spacecraft remained in the stable 1 attitude.
Recovery personnel arived at the spaecraft before the comletion of
the 10-minute waiting period required prior to initiating inflation of
the uprigting bags for a stable 1 landing. One paachute becae en-
tagled on the spacecraft and was cut loose by the recovery tea. The
carbon dioxide bottle on the Luar 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 BIOMDICAL EVALUATION

This section is a summar of the Apollo 14 medical findings based
on a preliminar analysis of the biomedical data. A comprehensive eval-
uation will be published in a separate report. The three crewmen accu-
mulated a total of 650 man-hours of space flight experience.

The crewmen remained in excellent health throughout the mission and
their performance wa excellent despite a alteration of their normal
work/rest cycle. AIll physiological paraaeters obtained from the crew re-
mained within the expected ranges during the flight. No adverse effects
which could be attributed to the lunar surface exposure have been observed.

10.1 BIOMDICA INSTRUJNTATION AND PHYSIOLOGICAL DATA

Problems with the Comader's biomedical instrumentation harness
bega prior to lift-off when the stewral electrocardiogra signal became
unreadable 3 minutes after spacecraft ingress. A waiver was made to the
launch mission rule requiring a readable electrocardiogram on all crew-
men. During the first orbit, the Comander's sternal electrocardiogram
signal returned to nowrwral.

At about 57 1/2 hours, the Comaader noted that his lower sternal
sensor had leaked electrode paste around the sealing tape. This situ-
ation wa corrected by applying fresh electrode paste and tape.

When the Comander trasferred to the portable life support system
in preparation for the extravehicular activity, his electrocardiogram
wa so noisy on two occasions that the cardiotachometer outputs in the
Mission Control Center were unusable and maual counting of the heart
rate for metabolic rate asessment becaae necessawxr . A good electro-
cardiogra signal on the Comander was reacquired after completion of
the extravehicular activity and return to the lunar module. The threads
on the top connector of the signal conditioner were accidentally stripped.
Howeve r, the electrocardiogra sigal was restored for the remainder of
the flight by tightening this connector.

The quality of the Lunar Module Pilot's electrocardiogra was excel-
lent from spacecraft ingress until approximately three days into the mis-
sion. At 'that time, interittent noise transmissions typical of a loose
sensor were received. The lower sternal sensor was reserviced with fresh
paste ad tape. This happened two additional times. No attempt was made
to correct the situation on the lat occurrence.
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The Luar Module Pilot also lost his impedaxce pneumogra after the
eigth da of fligt. Ppostflight examination showved that the signal con-
ditioner had failed.

Physiological meaurements were within expected ranges throughout
the mission. The average crew heart rates for work ad sleep in the
command module &ad lunar module ae listed in the following table.

Average heart rates, beats/min
Activity Commarder Commad Module Lunar Module
ommade Pilot Pilot
Comand 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 transluar injection

duriQXAghg g%ytiple unsuccessful docking attempts and the final hard dock.
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Figure 10-1.- Crew heart rates during multiple docking attempts.
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During powered descent ad ascent, the Comander's heart-rate averages
raged from 60 to 107 beats per minute during descent and from 69 to 83
beats per minute during acent, as shown in figures 10-2 ad 10-3, re-
spective B . These heart-rate averages for descent and acent were the
lowest observed on a luar lading mission.

NASA-S-71-1658

180 Lunar module

pitch over
1000 ftI
160 l
500 Ft
200t R
140
110t
[
Powered descent initiation Landing [

120

TN
T ALV IYR
LI N AWAY X

N LA /Y.

VT~ TN

n3art rats, E300 min

60

40
107:57 107:59 108:01 108:03 108:05 108:07 108:09 108:11 108:13 108:15 108:17 108:19

Time, hr:min

Figure 10-2.- Heart rates of the Comander
during lunar descent.
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Figure 10-3.- Heart rates of the Commander during lunar ascent.

Heart rates during the two extravehicular activity periods 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 periods, respectively ;
and the Lunar Module Pilot's average heart rates were 91 ad 95 beats per
minute. The metabolic rates ad the accumulated metabolic production of
each crewman during the extravehicular activity periods are presented in
tables 10-1 and 10-11. A sumary of the metabolic production during the
two extravehicular periods is presented in the following table.

Metabolic production

Crewmen First period Second period
Btu/hr Total, Btu Btu/hr Total, Btu
Comander Boo 3840 910 4156
Luar Module Pilot 930 4464 1000 4567
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-1.- NMIAOLIC ASSESSINMT OF TH

ERAVHI «<— AC ® ITY PERIOD

FIRST

10-9

Stazt Average Cuulative metabo
Suface at! metabolic rate, | productio, )
Btu/br Btu productic
Btu
Caxin depressurization 113:39 8 (b) (b) (b)
Cresa 113:47 4 712 47 47
Envirorntal falllaization, modular equif>nt trasprer 113:51 21 1201 420 467
unloading. ad television deploYent
8-baad Stera deployment 114:12 10 1052 175 642
Trasfere.l of e:pendablea 114:22 a 717 227 869
United States Fa deployment aad photography 114:41 6 726 73 942
lunar modue ad site inspction 114:47 18 587 176 1118
Television tr8kter to scientific equipmnt bg 115:05 3 88 43 1161
E><erimnt packaae ottloading 115:08 13 690 149 1310
UNnknon activity 115:21 1 651 11 1321
TelevisiO prsitioning 115:22 3 840 42 1363
Mdulax equipent trasp rer loding 115:25 15 733 183 1546
MW on activity 115:Q 6 581 58 164
Traverse to e:periment packze deployment site 115:46 15 98 246 1850
UNkNOY'| act!vity 116:01 3 677 34 188
E._perimnt packl 1 systel. terconnect, pasive seismic off- 116:01 26 194 344 2228
loading. laaet MM Eng :etro-:efector deployment
Cagd particle lua environmit experiment deployment 116:30 5 496 41 2269
Dployment of e:perimnt packag aatenna, passive seismic 116:35 63 517 543 2812
e>cetimnt. ad laer ragng ‘etro:eflector; ad s=ale
<llection
Retwa traxsre 117:38 16 1273 339 3151
UNkn atlvity 117:54 6 1735 174 3325
S&=ale cllection 118:00 3 1165 58 3383
Extravehicula ativity closeut 118:03 a 102 274 3657
Ingress 118:19 4 108 73 3730
Cain reprssuri:ttion 118:23 4 793 53 3783
. d,
Total ao 3783 3783
Lu
Cabin depressuizatiC 11-3:39 8 (b) (b) (b)
P m—egess oerations 113:47 8 711 95 95
Egress 113:55 2 1582 53 148
Evirrmintal feiliarilltion, contingenc s=ale c<llectic 113:57 15 901 225 313
Dployment of sola v 114:12 2 1005 35 408
laser r8ging rettorefiector uloading 114:14 9 1061 159 567
Ingress 114:23 2 1265 42 S9
S-baad 8tera svitching 114 :25 12 1195 239 848
E=ess 114 :37 2 889 30 878
camra setup 114:39 4 883 59 937
United States flax deploment ad photography 114:43 4 948 63 1000
Traverse to television 114:07 3 747 37 1037
Televisio panorwa 114:50 10 620 103 1110
Mdulz equipent trasp rer deployment 115:00 8 746 99 1239
E=riment packag offloading 115:08 38 1038 657 1896
Traverse to e:periment packag deploYent site 115:46 15 1098 275 2171
UNknc ativity 116:01 2 8 26 2197
E><erimnt packae system interconnect. tbUpr ad geohce 116:03 23 8 301 2498
unloading
Mortaa offload 116:26 3 972 49 2547
B =an activity 116:29 5 778 65 2612
Supratbe m— iOn detector expr = £ uloading Wd deploment 116:34 11 o5 156 2768
Penetrmter ativity 116:45 2 795 26 2794
Geopbone deploment 116:47 15 941 235 302
ThUper at Ty 117:02 3 707 377 3006
Unknown at!vity 117:31 3 634 32 3138
Morta pack aming 117:37 4 695 46 3080
Unknovn act!vity 117:41 1 721 12 3496
Retw s travere 117:42 12 1041 208 3701
Exttavehicular ativity closeut 117:54 21 1111 389 4093
Ingress 118:15 3 1231 62 4155
E=ravehicuar ac ty te = matio 118:18 5 1208 104 4259
Cabin repressuization 118:23 4 915 61 4320
Tota, 4,48 288 930 432 430

[Jefer to figure 3-1 tor lua surface acti

ity sites.

_n 8 minute loss of the bioedical data sigal occurred at the beginning of the extravehicular activity perico.

c
Averaae value.

[le total metabolic production for the entire 4 hou [8 minute perico, including metawolic prouctio during the first 8 minutes,
is 3840 aad 0464 Btu for the Cc>ader aad Lunaa Jd 1 Pilot, respectively,
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TABLE 10-1

.— NMIABOLIC ASESMNT OF "1 SEOND EE="Y i <_—= PEIOD

StartiJ - Averaae CUulative mtaolic
Suface ectivitya Dration, | tabolic rate, | production, production,
man Btu/br Btu Btu
Cabin depwrssuization 131:08 5 8 aa
Egesf 131:13 7 oo 12a
F= 0 & zetion ad trasferel of equipent trasfer ba 131:20 8 56 18
Mdullar equpent transprter loading 131:28 10 6a 252
Lunar prtale maaetomter offloading 5 39 =21
Evaluation of modular equipent trasprter track 5 35 326
Luar &tule to A traverse 6 56 3a2
Statio A activity 32 271 653
A to B travere a 101 754
i e . 5 64 als
I Ol | i 3 42 =
Station Dlta ativity 3 46 906
Dlita &€ Bl traverse 3 53 959
Statio Bl activity 132:48 4 a2 1041
Bl to B2 travere 13:52 5 113 A.54
Station B2 activity 132:57 3 73 1227
B to B3 traverse 133:00 14 348 1575
Station B3 etivity 133:14 2 55 1630
B3 to Cl traverse 133:16 6 181 1811
Station C* activity 133:22 16 272 2083
C' to CI travere 133:38 2 32 2115
Statio Cl activity 133:40 6 127 2242
Cl to C2 traverse 133:46 6 95 2337
Station C activity 133:52 2 30 237
C to E travere 133:54 6 124 2491
Station E activity 134: O 2 3a 252
E to : travere 134:02 4 85 2614
Station F activity 134:06 3 a7 2661
F to G traverse 131:09 2 37 2698
Statio G activity 134:11 36 467 3165
G to GI traverse 134:17 2 35 3200
Station Gl acti y 134:49 3 a7 3247
Gl to lunar modulle 134 :52 3 (3 3307
Extravehicular activity closeout 134:55 40 739 4046
Etravehicula activity terminatio 135:35 6 90 4136
Post-extravehicular activity operatios ed cabin repres— 135:41 2 20 4156
suizatio
Total 4:35 275 910 1156 1156
Lua Modulle Pilot
Capin depressuization 131:08 12 410 a2 82
Eeress 1 633 11 93
Mdula equiJdéent transprter preparation i8 633 190 283
Luar portable magetometer offloa..ing 5 756 63 346
Lunar portable mz=aetometer operation 2 921 31 377
L_lar module to A travene 8 829 111 488
Station A activity = 606 323 811
A to | travere a ado 112 923
Station B activity 5 555 46 969
B to Dlta travere 3 293 a5 1014
Statiaa Dlta activity 2 1013 34 1018
Dita to Bl travere 4 1272 85 1133
Station Bl activity a a2a 55 1188
Bl to B2 travere 5 1154 96 1281
Station B2 activity 3 1336 67 1351
B to B3 traverse 14 1251 292 1643
Station B3 activity 2 1973 66 1109
B3 to C' travere 6 2064 206 1911
Statio C' activity 16 a2 304 2237
C' to CI traverse 133:38 2 1283 43 2257
Station C activity 6 1160 116 2373
Cl to C2 travere 6 1057 106 2479
Statio C2 activity 2 1171 39 2518
C to E traverse 6 1331 134 2652
Station E activity 2 1311 45 2691
E to F travere o 1463 97 2794
Station : activity 3 1640 82 2876
F to G travere 2 1551 52 2928
Station G activity 36 993 596 3524
G to Gl travere 2 1504 50 3571
Station Gl activity 3 1260 63 3637
Gl to luar module 3 1558 7a 3715
UJnovn activi® 2 1115 a7 3762
Extravehicula activity closeout 2a 1082 504 4267
Extravehicular activity termination 10 102 18 4151
.Post-extravehicular ativity operations ad cabin repres:uri- 8 o6 116 4567
zation
Total 4:35 275 “1000 4567 4567

fer, to[g.ﬁre 3-1 for lua suface activity sites.

location is about 38 feet pat Statio B.

=
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10.2 MDICAL OBSERVATIONS

10.2.1 Adaptation to Weightlessness

Adaptation to the weightless state was readily accomplished. Shortly
after orbital insertion, each crewman experienced the typical fullness-
of-the-head sensation that has been reported by previous fligt crews.

No nausea, vomiting, vertigo, or disorientation occurred during the ms-
sion, and the crew did not observe distortion of facial features, such
a rouding of the face due to lack of gravity, a reported by some pre-
vious crewmen.

Duing the Ffirst two days of flight, the crew reported discomfort
ad soreness of the lower back muscles as has been noted on previous mis-

sions. The discomfort was sufficient in magnitude to interfere with sleep
during the first day of the mission, &ad wa attributed to changes in
posture during weightlessness. Inflight exercise provided relief.

10.2.2 Visual Phenomenon

Each crewman reported seeing the streas, points, and flashes of
ligt that have been noted by previous Apollo crews. The frequency of
the light Flahes averaged about once every 2 minutes for each crewman.
The visual phenomenon wa observed with the eyes both open and closed,
aad the crew was more aware of the phenomenon immediately upon awaening
tha upon retiring. In a special observation period set aside during the
transearth coast phase, the Comma&ad Module Pilot determined that dark
adaptation wa not a prerequisite for seeing the phenomenon if the level
of spacecraft illumination was low. Furthewrore, several of the light
flashes were apparently seen by two of the crewmen simultaneously. Coin-
cidence of light flashes for two crewmen, if a true coincidence, would
substantiate that the flashes originated from & extewral radiation source
and would indicate that they were generated by extremely-high-energ par-
ticles, presumab B of cosmic origin. Low-energ highly-ionizing particles
would not have the range through tissue to have reached both crewmen.

10.2.3 Medications

No medications other than nose drops, to relieve nasal stuffiness
caused by spacecraft atmosphere, were used during the mission. On the
third day of flight, the Commander and the Lwuar Module Pilot used one
drop iIn each 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 iIin t inFlight medical
kit were replaced by dropper bottles because previ s crews had reported
difficulties in obtaining medication from spra b< les in zero-g. The
crew reported no problems associated with the drol +r bottle.

10.2.4 Sleep

i

The shift of the crew's normal terrestrial sleep cycle duing the
first fou days of flight was the largest experienced so far in the
Apollo series. The displacement raged from 7 hours on the Ffirst mission
day to 11-1/2 hous on the fourth. The crew reported some difficulty
sleeping in the zero-g environment, particularly duing the first two
sleep periods. They attributed the problem principally to a lack of
kinesthetic sensations ad to muscle soreness in the legs ad lower back.
ThrOughOut the mission, sleep was intemittent; i1i.e., never mos tha 2
to 3 hours of deep ad continuou sleep.

The lunar module crewwven received little, if ay, sleep between their
two extravehicular activity periods. The lack of a adequate place to
rest the head, discomfort of the pressure suit, ad the 7-degree starboard
list of the lunar module caused by the lunar terrain were believed re-
sponsible for this insomia. The crewmen looked out the window several
times during the sleep period for reassurance that the luar module was
not starting to tip over.

Following trasearth injection, the crew slept better tha they had
previouly. The luar module crewmen required one additional sleep per-
iod to mae up the sleep deficit that was incurred while on the luar
suface.

The crewmen reported during postflight discussions that they were
definitely operating on their physiological reserves because of inade-
quate sleep. This lack of sleep caused them some concern; however, all
tasks were performed satisfactorily.

10.2.5 Radiation

The Luar Module Pilot's personal radiation dosimeter failed to in-
tegrate the dosage properly after the first 24 hours of flight. To en-
sue that each lunar module crewman had a fuctional dosimeter while on
the luar surface, the Commad Module Pilot trasferred his unit to the
Lunar Module Pilot on the fourth day of the mission. The final readings
from the personal radiation dosimeters yielded net integrated (uncorrected)
values of 640 ad 630 millirads for the Comader ad the Commad Module
Pilot, respectively. No value ca be determined for the Luar Module
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Pilot. The total radiation dose for each crewvwwan wa approximate B 1.15
rads to the skin ad 0.6 rad at a 5-centimeter tissu depth. These doses
are the largest observed on ay 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-
luar injection trajector lay closer to the plane of the geomagnetic
equator tha that of previous flights ad, therefore, the spacecraft
traveled throug the heart of the trapped radiation belts. (2) The space
radiation backgroud was greater than previously experienced. Whole-body
g=—=nspectroscopy was also performed postflight on the crew ad indi-
cated no cosmic ray induced radioactivity.

10.2.6 Water

The crew reported that the taste of the drinking water in both the
comad module ad the luar module wa excellent. All eight scheduled
infligt chlorinations of the corrd module water system were accom-
plished. Prefligt testing of the luar mdule potable water system
showed that the iodine level in both water taks wa adequate for bac-
terial 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 Lobster bisque (freeze dehydrated)
b. Peach abrosia (freeze dehydrated)

c. Beef jerky (read-to-eat bite-sized)
d. Diced peaches (thewrostabilized)
e. Mixed fruit (thewrostabilized)

f. Pudding (thermostabilized)

The latter three items were packaged in aluminu 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 cas with a spoon.

Prior to the mission, each crewa evaluated the available food
items ad selected his individual flight mnu. These menus provided
approximately 2100 calories per r per day. During most of the flight,
the crew maintained a food consuption log. The Comader ad the Lunar
Module Pilot ate all the food planned for each mal, but the Comand
Module Pilot wa satisfied with less.
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Recovery-day physical exainations revealed that the Commander and
the Lunar Module Pilot had maintained their approximate preflight weight,
while the Canmand Module Pilot lost nearly 10 pounds. The Command Module
Pilot stated that he would have preferred a greater quantity of food items
requiring little or no preparation time.

10.3 PHYSICAL EXMINATIONS

Each crewman received a comprehensive physical exaination at 27,
15, ad 6 days Orior to launch, with brief exainations conducted daily
during the last 5 days before launch.

Shortly after landing, a comprehensive physical examination showed
that the crew was in good health. Both the Conmander and the Command
Module Pilot had a small &aount of clear, bubbly fluid in the left middle-
ear cavity ad slight reddening of the eardruns. These findings disap-
peared in 24 hours without treatment. The Lunar Module Pilot had mode-
rate eyelid irritation in addition to slight redess of the eardrums.

All crevmen shoved a mild temporary reaction to the micropore tape cover-
ing their biomedical sensors. This reaction subsided within 24 hours.

10.4 FLIGHT CREW HEALTH STABILIZATION

Dring previous Apollo missions, crew illnesses were responsible
for nuerous medical ad operational difficulties. Three days before
the Apollo 7 launch, the crew developed an upper respiratory infection
which subsided before lift-off, but recurred infligt. Early on the
Apollo 8 mission, one crewman developed symptoms of a 24-hour viral gas-
troenteritis which was epidemic in the Cape Kennedy area around launch
time. About two das prior to the Apollo 9 flight, the crew developed
common colds which necessitated a dela of the launch for three das.
Nine days before the Apollo 13 launch, the bad<up Lunar Module Pilot de-
veloped Ger—a mea les (rubella) ad inadvertently exposed the prime Com-
mad Module Pilot. The day before launch, the prime Comand Module Pilot
was replaced by his backup counterpart because laboratory tests indicated
that the prime crewman was not immune to this highly communicable disease
with an incubation period of approximately two weeks.

In & attempt to protect the prime and backup flight crew members
from exposure to communicable disease during the critical prelaunch and
flight periods, such as experienced on previous flight, a flight crew
health stabilization progr& was implemented. This program consisted of
the following phaes:
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a. Identification, examination, ad immunization of all primary con-
tacts (personnel who required direct contact with the prime or backup crew
during the last three weeks prior to flight).

b. Health and epidemiological surveillace of the crew members and
the primar contacts, their failies, ad the community.

c. Certain modifications to facilities used for training and hous-
ing the crew, such as the installation of biological filters in all air
conditioning systems.

d. Housing of both the prime a&d backup crew members in the crew
quarters at the Kennedy Space Center from 21 days before flight until
lauch.

The flight crew health stabilization program was a complete success.
No illnesses occurred during the preflight period in ay of the prime or
backup crew members. This result is of particular significance because
the incidence of infectious diseaxe within the local community was near
a seasonal high during the prelaunch period.

10.5 QUARANTINE

No chage in quaratine procedures were made on this mission, except
a fTollows:

a. Two mobile quarantine facilities were used.

b. Two helicopter transfers of the crew ad support personnel were
perfored.

The new procedures were implemented to return the crew to the Lunar
Receiving Laboratory five days earlier tha on previous luar landing
missions.

The crew ad 14 medical support personnel were isolated behind the
microbiological barrier in the Lunar Receiving Laboratory at Houston,
Texas , on February 12, 1971. Daily medical examinations and periodic
laboratory examinations showed no signs of illness related to lunar ma-
terial e><osure. No significat trends were noted in ay biochemical,
immuological , or hematological parameters in either the crew or the
medical support personnel. On February 27, 1971, after 20 das of iso-
lation within the Luar Receiving Laborator , the flight crew and the
medical support personnel were released from quaratine. Quarantine
for the spacecraft ad saples of lunar material was tewxrinated April 4,
1971.
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11.0 MSSION SUPPORT PERFORMNCE

11.1 FLIGHT CONTROL

Flight control performace wa satisfactory in providing 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 just prior
to lift-off. A faulty multiplexer within the instrument uit that pro-
cesses the analog fligt control data had failed. The flight controllers
were able to recover most of the analog data from the S-1VB VHF downlink;
however, because of its limited range, a early loss of data wa exeri-
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-
mads to the S-1VB had to be transmitted without verification of proper
execution. The crew provided visual attitude information for the eva-
sive maeuver.

Hig-gain antenna lockup problems were noted during revolution 12
luar orbit operations. Because of this problem, a data storage equip-
ment dup could not be accomplished to obtain data from the revolution 12
low-altitude landark tracking operation. These data were to be used for
poered descent targeting.

During revolution 12, the planned voice updates fell behind the time-
line because of problems with the lunar module steerable antenna. Conse-
quently, the powered descent was performed using the spacecraft forard
and a®¥ omnidirectional antennas and the 210-foot ground receiving an-
tenna. Receiving of commuications ad high-bit-rate data were satis-
factory except for some small losses when switching to the aft antenna
late in the descent phase.

A aort command was set in the lunar module guidance computer and
the indication was observed by Flight Control during lunar module activa-
tion, about 4 hours prior to scheduled powered descent initiation. A
procedure was uplinked to the crew which reset the abort comand and led
to the conclusion that the abort switch had malfunctioned. Subsequently,
the abort comand reappeared three times and, each time, the command was
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reset by tapping on the panel near the aort switch. A procedure to in-
hibit the primary guidace system from going into an abort program was
developed in the interval prior to powered descent, ad was uplinked to
the crew for manual entry into the computer. The Ffirst part of the four-
part procedure was entered just prior to powered descent initiation and
the other parts after throttle-up of the descent engine. Had a abort
been required, it would have been accomplished using the abort guidance
system and would have allowed reestablishment of the primary guidance
system by keyboard entry after the abort.

A delay of approximately 50 minutes occurred in the First extrave-
hicular activity because of the lack of satisfactory communications.
The crew were receiving ground comunications but the Mission Control
Center was not receiving crew comunications. The problem was corrected
by resetting the Comander's audio circuit breaker which was not engaged.

The color television caera resolution gradually degraded during
the latter portions of the first .extravehicular activity. The degrada-
tion was caused by overheating resulting from 1.5 hours of operation
while in the modular equipment stowage assembly prior to its deployment.
The caera was turned off between the extravehicular periods for cool-
ing, instead of leaving it operating as required by the flight plan.

The caera picture resolution was satisfactory during the second extra-
vehicular activity.

Three problems developed during the Apollo 14 mission that, had the
crew not been present, would have prevented the achievement of the mis-
sion objectives. These problems involved the docking probe (section 7.1),
the landing radar (section 8.4) and the lunar module guidance computer,
described above. In each case, the crew provided ground personnel with
vital information ad data for failure analysis ad development of alter-
nate procedures. The crew performed the necessary activities ad the re-
quired work-around procedures that allowed the mission to be completed
as planned.

11.2 NETWORK

The Mission Control Center ad the Maned Space Flight Network pro-
vided excellent support. There were only two significant problems. A
defective transfer switch component caused a power outage at the Goddard
Space Flight Center during luar orbit. The power loss resulted in a
4 1/2-minute data loss. On luar revolution 12, a power aplifier fail-
ure occurred at the Goldstone station. The problem was corrected by
switching to a redudant system. The Network Controller’'s Mission Re-
port for Apollo 14, dated March 19, 1971, published by the Maned Space-
craft Center, Flight Support Division, contains a sumary of all Manned
Space Flight Network problems which occurred during the mission.
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11.3 RECOVERY OPERATIONS

The Department of Defense provided recovery support commensurate
with mission planing for Apollo 14. Ship support for the primary land-
ing area in the Pacific Oceaa wa provided by the helicopter carrier
USS New Orlleaas. Active air support consisted of five SH-3A helicopters
from the New Orleans and two HC-130 rescue aircraft staged from Pago
Pago, Samoa. Two of the helicopters, designated "Swim 1" and "Swim 2",
carried uderwater demolition team personnel and the required recovery
equipment. The third helicopter, designated "Recovery"™, carried the de-
containation swimmer and the flight surgeon, a&ad was utilized for the
retrieval of the flight crew. The fourth helicopter, designated "Photo",
served as a photographic platform for both motion-picture photography
ad live television coverage. The fifth helicopter, designated "Relay",
served as a communications-relay aircraft. The ship-based aircraft were
initially positioned relative to the target point; they departed station
to commence recovery operations after the command module had been visu-
ally acquired. The two HC-130 aircraft, designated "Samoa Rescue 1" and
"Samoa Rescue 2!, were positioned to track the command module after it
had exited from S-band blackout, as well as provide pararescue capability
had the comand module landed uprange or downrange of the target point.
All recovery forces dedicated for Apollo 14 support are listed in
table 11-1. Figure 11-1 illustrates the recovery force positions prior
to predicted S-band acquisition time.

11.3.1 Comand Module Location and Retrieval

The New Orleas' position was established using a navigation satel-
lite (SRN-9) fix obtained at 2118 G.m.t. The ship's position at the
time of command module la&ading was determined to be 26 degrees 59 min-
utes 30 seconds south latitude and 172 degrees 41 minutes west longitude.
The command module landing point was calculated by recovery forces to be
27 degrees O minutes 45 second south latitude and 172 degrees 39 min-
utes 30 seconds west longitude.

The first electronic 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 visual sigting was reported by the communications-
relay helicopter and then by the New Orleas, Recovery, Swim 1 and
Swim 2. Shortly thereafter, voice transmissions from the command module
were received by the New Orleans.

The command module la&aded February 9, 1971, at 2105 G.m.t. and re-
mained in the stable | flotation attitude. The VHF recovery beacon was
activated shortly after lading, and beacon contact was reported by Re-
covery at 2107 G.m.t. The crew then turned off the beacon as they knew
the recovery forces had visual contact.
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TAL 11-1.-

APOLLO 14 RECOVERY SUPPORT

T pe

Nuber

Ship nSe/
aircra® staging bae

Area supported

Ships

ATF
LCU

DD

DD

USS Paiute

US Hawkins

USS Spiegel Grove

US Carpenter

US New Orleas

Launch site area

Launch abort area ad
West Atlantic earth-

orbital recovery zone

Deep-space secondary land-
ing areas on the Atlantic
Ocea&a line

M d-Paci fic earth-orbital

recovery zone

Deep-space secondary lad-
ing areaa on the mid-Pacific
line &ad the primary end-of-

mission lading area

Aircraft

HH-53C

HC-130

HC.-130

HC-130

HC-130

HC-130

SH-3A

Patrick Air Force Bae

McCoy Air Force Bae

Pease Air Force Base

Lajes Field, Azores

Ascension Islad

Hick& Air Force Base

US New Orleas

Launch site area

Launch abort area, West
Atlaatic recovery zone,
contingency la&ading area

Launch abort area, West
Atlantic recovery zone

Launch abort area, earth
orbital contingency ladinr
area

Atlantic Ocea&a line and
contingency lading area

Mid-Paci Fic earth orbital
recovery zone, deep-space
secondary landing area
ad primary end-of-mission
I &ading area

Dep-space secondalll
Ia&ading area ad primary
end-of-mission lading

area

Clius one backup
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Figure 11-1.- End-of-mission recovery support.
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After confirming that the commad module ad the crew were in good
condition, Swim 2 attempted to retrieve the main parachutes, and swim-
mers were deployed to the commad module to install the flotation collar.
Recovery forces were unable to retrieve ay of the main parachutes, but
did retrieve two drogue parachute covers and one sabot. The decontain-
ation swimmer was deployed to pass flight suits and respirators to the
crew and assist them from the command module into the life raft. The
flight crew were onboard the recovery helicopter 7 minutes after they
had egressed the command module and were aboard the New Orleans 5 minutes
later. Command module retrieval took place at 27 degrees 2 minutes south
latitude and 172 degrees 4 minutes west longitude at 2309 G.m.t.

The flight crew remained aboard the New Orleans in the mobile quar-
atine facility until they were flown to Pago Pago, Saoa, where they
transferred to a second mobile quarantine facility aboard a C-141 air-
craft. The crew was flon to Ellington Air Force Base, with a stop at
Norton Air Force Bae, California, where the aircraft was refueled.

After arrival of the New Orleans at Hawaii, the command module was
offloaded ad taen to Hickam Air Force Base for deactivation. Upon com-
pletion of deactivation, the command module was transferred to Ellington
Air Force Base via a C-133 aircraft, arriving on February 22, 1971.

The following is a chronological listing of events during the re-
covery and quarantine operations.
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Time relative

Event GTlme to landing
.m.t. -
days :hr:min
Feb. 9, 1971
S-bad contact by Sa&oa Rescue | 2055 -0:00:10
Radar contact by New Orleas 2056 -0:00:09
Visual contact by "Relay" helicopter 2100 -0:00:05
Voice contact with fligt crew 2101 -0:00:04
Comad module landing 2105 0:00:00
Swimmers deployed to commad module 2112 0:00:07
Flotation collar installed ad inflated 2120 0:00:15
Decontaination swimer deployed 2127 0:00:22
Hatch opened for crew egress 2140 0:00:35
Fligt crew in egress raft 2141 0:00:36
Flight crew aboard helicopter 2148 0:00:43
Flight crew aboard New Orleas 2153 0:00 :48
Flight crew in mobile quarantine facility 2203 0:00:58
Commad module aboard New Orleas 2309 0:02:04
_ Feb. 11, 1971
First saple fligt departed ship 0355 1:05:00
Flight crew departed ship 1746 1:18:51
First saple flight arrived Houston 2057 1:22:02
(Wa Saoa ad Hawaii)
Feb. 12, 1971
Flight crew arrived Houston 0934 2:10:39
Flight crew arrived at Lunar Receiving 1135 2:12:40
Laborator
Feb. 17, 1971
Mobile quaratine facility ad command 2130 7:22:35
module offloaded in Hawaii
Feb. 18, 1971
Mobile quarantine facility arrived 0740 8:08:45
Houston
Feb. 19, 1971
Reaction control system deactivation com- 2300 10:00:05
pleted
Feb. 22, 1971
Command module arrived Houston 2145 12:22:50
Comand module delivered to Lunar Receiv- 2330 13:00:35

ing Laborator
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11.3.2 Postrecovery Inspection

The docking probe was removed from the command module and secured
in the mobile quarantine facility for return to Houston. Otherwise, all
apects of the command module postrecove r operations, the mobile quar-
antine facility operations and lunar s&le return operations were nor-
mal with the exception of the following discrepancies noted during com-
mand module inspection.

a. There was an apparent chip (I-inch wide, 3-inches long, and 1/2-
inch deep) in the minus z quadrat of the heat shield adjacent to the
small heat sensor, about 30-inches inboard from the lip of the heat shield.
However, the heat shield ca be considered to be in normal post-reentry

condition.

b. There was a fi B laer on all windows ranging from approximately
10-percent coverage on the left side window to 100-percent on the right

side window.

c. The backup method was used to obtain the water samples because
the direct oxygen valve had been left slightly open, causing the primar
pressurization system to lose pressure.

d. The chlorine content of the potable water was not analyzed on
the ship because of lack of time.

e. The Comader's radiation dosimeter was broken and no reading
was obtained. The other two dosimeters were left aoard the comand

module.
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1.0 ASSESSMNT OF MSSION OBJECTIVES

The four primay objectives (ref. 7) asiged to the Apollo 14 mis-
sion were as fTollows:

a. Perfor selenological inspection, surwvey, ad sapling of m-
terials in a preselected region of the Fra Mauo foration.

b. Deploy ad ativate the Apollo luar surface experiments package.

c. Develop mn's capability to work in the luar environment.

d. Obtain photogaphs of caadidate exploration sites.

Eleven detailed objecti\s (derived from primary objectives) ad
si>een experimnts (listed in table 12-1 ad described in ref. 8) were
assiged to the mission. A\l detailed objectives, with the following
exceptions, were successfully completed:

a. Photographs of a caxdidate e>loration site

b. Visibility at high su angles

c. Corwxd ad service mdule orbital science photogaphy

d. Trasearth lua photogaph

On the basis of prefligt planing data, these fou objectives were only
partially satisfied.

Two detailed objectives were added ad were perfored duing tras-
luar coast: S-1VB photography ad comad ad service mdule water-dup
photography. The S-1VB could not be identified on the film duing post-
fligt aalysis ad, althoug soe particles were seen on photographs of
the water dueua, there was no indication of the "snow stowr " described by
the crew.

In addition to the spacecra®¥ ad lunar surfae objectives, the
following two lauch vehicle objectives were assigned ad completed:

a. Imact the e><ended S-1VB/instruentation unit on the lTua
surface under nominal flight profile conditions.

b. Make a postfligt determination of the S-IVB/instrumentation
uit point of imact within 5 kilometers ad the time of impact within
one second.
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TABLE 12.1.- DETAILED OBJECTIVES AND EXERIMNTS

Description Completed

Detailed objectives

Contingency saple collection Yes
Photographs of a cadidate exploration site Partial
Visibility at high sun angles@ Partial
Modular equipment trasporter evaluation Yes
Selenodetic reference point update Yes
Commad and service module orbital science photography Partial
Assessment of extravehicular activity operation limits Yes
Command ad service module oxygen flow rate Yes
Transearth lunar photography Partial
Thermal coating degradation Yes
Dim-light photography Yes

E><eriments

Apollo lunar surface experiments package :

M-515 Lwrar dust detector Yes
S-031 Lrar passive seismolog Yes
S-033 Lrar active seismolog Yes
S-036 Suprathermal ion detector Yes
S-058 Cold cathode gauge Yes
S-038 Charged particle lunar environment Yes
S-059 Lrar geolog investigation Yes
S-078 Laser raging retro-reflector Yes
S-200 Soil mechaics Yes
S-198 Portab le magetometer Yes
S-170 Bistatic radar Yes
S-080 Solar wind composition Yes
S-178 Gegenschein from lunar orbit Yes
S-164 S-bad transponder Yes
S-176 Apollo window meteroid Yes
M-078 Bone mineral meaurement Yes

aPreliminary analysis indicates that sufficient data were
collected to verify that the visibility aalytical model
can be used for Apollo planning purposes.




12-3

The imact of the S-1VB was detected by the Apollo 12 passive seismic
experiment. The Imact of the spent luar module ascent stage was de-
tected by both the Apollo 12 and Apollo 14 passi\s seismic e><eriments.

12.1 PATIALLY COMLETED OBECTIVES

12.1.1 Photographs of a Caadidate E><loration Site

Fou photogaphic passes to obtain Descartes Ia&ading data were sched-
ued: one hig-resolution sequnce with the luar topographic caera at
low altitude, two high-resolution sequnces with the lTuar topographic
caaera at high altitude &d one stereo strip with the Hasselblad electric
data caaera at high altitud. On the low altitude (revolution 4) Tunar
topographic camera pass, the caaera mlilfuctioned ad, althoug 192 fraaes
were obtained of an area east of Descartes, no usable photography was ob-
tained of Dscartes. On the subsequent high-altitude photographic passes,
the electric Hasselblad c&ara with the 500-mm lens was used instead of
the lTua& topographic c&ara. Exce llent Descawxres photography was ob-
tained during three orbits, but the resolution was considerably lower
tha that possible with the lunar topographic caera. Another problem
was encountered during the stereo strip photographic pass. Because the
commad and service module S-band high-gain atenna did not operate prop-
erly, no usable high-bit-rate telemetry, &d consequently, no caera
shutter-open data were obtained for postfligt data reduction.

12.1.2 Visibility at High Su Angles

Four sets of zero-phase observations IO the C «<—=d Modue Pilot
were schedulled In order to obtain data on luar surface visibility at
high su elevation agles. The last set, scheduled for revolution 30,
wvs deleted to provide a&aother oppor uity to photograph the Descawres
area. Good data were obtained from the Ffirst three sets.

12.1.3 Corwxad &ad Service Module Orbital Science Photography

All objectives were completed with the exception of those that spec-
ified use of the luar topographic caera. The Apollo 13 S-1VB impact
cr ter area was photographed using the electric Hasselblad 70-mm caera
with the 500-mm lens as a substitute for the inoperaale luar topographic
camra.
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12.1.4 Trasearth Luar Photography

Excellent photography of the luar surface with the electric Hassel-
blad data caera using the 80-m lens was obtained. No luar topographic
caera photography was obtained because of the caaera milfuction.

12.2 INFLIGHT DEMONSTRATIONS

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

a. Electrophoretic separation - Mrshall Space Flight Center
b. Heat flow ad convection - Marshall Space Flight Center

c. Liquid trasfer - Lewis Research Center

d. Coposite casting - Mashall Space Flight Center.
12.3 APPROWVD OPEATIONAL TESTS

The Manned Spacecraft Center participated in two of eight approved
operational tests. Operational tests are not required to met the ob-
jectives of the mission, do not affect the nominal timeline, and add
no payload weigt. The two operational tests were: Qluar gravity mas-
urement (using the luar mdue primary guidance system) ad a hydro-
@n maser test (a Network and unified S-bad investigation sponsored by
the Goddrd Spacefligt Center). Both tests were comleted, and the re-
suts of the hydrogen maser test are given in reference 9.

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

a. Chapel BI1l (classified Department of Defense test)
b. Radar Skin Tracking

c. lonospheric Disturbance from Missiles

d. Acoustic Measurement of Missile E><aust Noise
e. Arm Acoustic Test

f. Long-Focal-Length Optical System.



13-1

13.0 LUC PHAE SUJARY
13.1 WEAHE CONDITIONS

Cuulus clouds existed in the lauch complex area with tops at
15 000 feet 20 minutes prior to the scheduled lauch ad with tops at
18 000 feet 10 minues later. During this time, the groud-baed elec-
tric field meters clear B showed fluctuating fields characteristic of
mildly distUbed weather conditions. Since the mission rules do not
alow a-lauch throuh cuulus clouds with tops in excess of 10 000 feet,
a 40-minue -hold wa required before a perissible weather situtation
existed. ‘At lauch, the cloud baes were at 4000 feet with tops to
10 000 feet. The lauch uder these conditions did not enhace the
cloud electrlic: fields enough to produce a lightning discharge, thus
providing Frther confidence in the present lauch mission rules.

13.2 ATMOSPHERIC EL_CTRICITY EXERIMNT

A a result of the lightning strikes experienced during the
Apollo 12 lauch, severa experiments were performed during the launch
of Apollo 13 ad Apollo 14 to stud the effects of the space vehicle on
the atmospheric electrical field during lauch. Initially, it wa hoped
that the effects could be related simply to the electrical-field-
enacement factor of the vehicle. However, the results of the Apollo 13
meauements shoed that the space vehicle produced a much stronger elec-
trica field disturbace tha had been expected ad also produced some
low-frequency radio noise. This disturbace may have been caused by a
“buildup of electrostatic charges- in the exhaut cloud, charge bui ldup on
the vehicle, or a combination of both of these sources. To define the
origin ad the cariers of the charge, additional experiments were per-
fored duing the Apollo 14 lauch to stud the electric field phenomena
in more detail, to meaue radio noise, ad to meaure the temperature
of the Satun V exhaust plue, which is a importat paraeter in calcu-
lating the electrica breaadon characteristics of the exhaust. The pre-
liminar findings of these experiments are given here. When aalyses of
data have been completed, a supplemental report will be issued (appendix E).

13.2.1 Electrica Field Mea uements

Atmospheric electrica fTield meaurements were made by the New
Mexico Institute of Mining ad Technology ad the Stanford Research In-
stitute at the locations shown in figure 13-1. 1In addition, a field
meauring instruent (field m B) was installed on the lauch umbilical
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Field mill Distance from launch Azimuth,
no. complex A, meters deg
1 750 19
2 377 49
3 655 70
4 1650 116
5 375 148
6 300 258
7 1675 270
8 1480 348
9 1600 270
10 800 300
11 380 270 Field mill instuments 1 through 8 were o
12 400 210 provided by New.Mexico Institute of Mining
13 800 180 and Technology . The remainder of the
14 On launch umbilical 0 instruments were povided by Stanfod
tower Research Institute .

Figre 13-1.- Field mill locations at the lauch site.

tower to detect ay charge buildup on the vehicle during ignition ad the
initial seconds after lift-off. Accuate timing sigas, which were not
avalable on Apollo 13, were provided to most of the field meauement
equipment locations on Apollo 14. Time-lapse photographs of the lauch
cloud were also taken to aid in the interpretation of the data. Like
Apollo 13, the Apollo 14 lauch produced a significant electrical dis-
turbace in the field mill records (fig. 13-2). Although the data are
still being aalyzed, sae preliminar observations ca be made.

Prior to the Apollo 13 lauch, the Tfield mills indicated stable
fine-weather fields of 100 to 200 volts per meter. Before the Apollo 14
launch, hoever, the fields were nuctuating several hudred volts per
meter, positive ad negative. This behavior wa entirely consistent with
the difference in weather conditions — good conditions for Apollo 13 but
mild distubaces for Apollo 14.
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During the Apollo 13 launch, the instruents at sites west of the
launch complex registered a smooth positive field increase, succeeded
by a less pronounced negative excursion. For Apollo 14, the negative
excursion was not evident; however, the field variations occurred at ap-
proximately equivalent times for both launches. The positive excursion
wa approximately five times greater for Apollo 13 than for Apollo 14,
ad reached maiimu when the space vehicle was at altitudes greater tha
1000 meters. This observation, coupled with the fact that the maximu
electric fields were observed downwind on both launches makes it ulikely
that the space vehicle charge was the dominat factor but, rather, that
the positively charged clouds were the dominat sources of the electric
fields.

During lift-off, the swiftly moving exhaust clouds are channeled
both north and south through the flae trough. The principal cloud which
moved through the north end of the flae trough was composed largely of
condensed spray water ad contained. a positive charge of approximately
50 millicoulombs ad a field of approximately 4000 volts/meter (Site 2
of fig. 13-2). The cloud that exhausted to the south had much less water
ad contained about a 5-millicoulomb negative charge. The cloud also ap-
peared to contain solid particulate matter which rapidly fell out.

The field mill on the launch ubilical tower indicated a small posi-
tive value (<400 volts/meter) a few seconds after lift-off. Model meas-
urements using a 1/144-scale model of the lauch umbilical tower and the
Apollo/Saturn vehicle indicated that, in this configuration, the launch
ubilical tower field ad the vehicle potential are related by volts/
field = 20 meters. Thus, the vehicle potential is less tha 8000 volts
(400 ~ 20). A comparison of the lauch ubilical tower record with the
data from the other sites indicates that the charge on the vehicle ap-
pears to be less tha 1 millicoulomb.

13.2.2 Radio Noise Measurements

Narrow-bad radio receivers operating at frequencies of 1.5, 6, 27,
51, ad 120 kHz were located at caxera pad 5 (field mill site 11) to-
gether with a broadbad detector. As in the case of Apollo 13, signals
were detected at several different frequencies, but the time behavior of
di fferent frequency components was not the sae during the two launches.

The loop-atenna data (fig. 13-3) indicate a large increae in noise
on the 1.5-kHz ad 6-kHz chanels 3 seconds after engine igition, while
the noise on the 51-kHz chanel did not begin util 2 seconds after lift-
off (about 11 seconds after ignition). Initially, it appeared that the
1.5- ad 6-kHz data might not represent radiated electromanetic noise,
rather, microphonic noise generated by some component of the system such
aa the loop atenna preaplifier. Prelimina& data from the electric
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Figure 13-3.- Noise recorded by loop antenna system.

dipole atenna at caxera pad 5, however, indicate the saae general be-
havior, ad as the two antenna systems use separate aplifiers, it appears
that the data are valid. . arupt cessation of the 1.5- ad 6-kHz noise
by both systems prior to the loss of the 51-kHz noise is not understood
ad further studies of the noise data are presently being made.

13.2.3 Plume Temperature Measurements

The temperature characteristics of the Saturn V exhaust plue were
studied from a site about 5 miles west of the launch complex using a two-
chanel radiometer system operating at 1.26 ad 1.68 microns. The radio-
meters viewed a narrow horizontal section of the exhaust plume which, in
turn, provided temperature a a function of distace down the plume as
the vehicle acended vertically. Figure 13-4 shows the measured plume
temperature as a fUnction of distace behind the vehicle. These results
are now being used to improve the theoretical calculations of the elec-
trical characteristics of the exhaust plue. It appears that the plue
ma be a reasonable electrical conductor over a length of some 200 feet.
This result is consistent with the low value of vehicle potential when
the vehicle is pasing the launch ubilical tower field meter since, at
that time, the vehicle is probably still effectively connected electric-
ally to earth. (Reference 10 contains additional information concerning
plue temperature meaurements.)
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Figure 13-4.- Ehaust plume temperature characteristics.

13.3 LAUCH VEHICLE SN1Y

The seventh maned Saturn V Apollo space vehicle, AS-509, was
lauched on an azimth 90 degrees east of north. A roll rmeuver was
initiated at 12.8 seconds that placed the vehicle on a flight azimth
of 75,558 degrees east of north. The trajectory paraeters from launch
to transluar injection were close to nominal with trasluar injection
achieved 4.9 seconds earlier tha nominal.
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All S-IC propulsion systems performed satisfactorily. Total pro-
pellant consuption rate was 0.42 percent higher than predicted with the
consued mixture ratio 0.94 percent higher tha predicted. Specific im-
pulse was 0.23 percent higher than predicted.

The S-11 propulsion system performed satisfactori B . Total propel-
lat flow rate wa 0.12 percent below predicted and specific impulse was
0.19 percent below predicted. Propellant mixture ratio was 0.18 percent
above predicted. The pneuatically actuated engine-mixture-ratio control
valves operated satisfactori 1. Egine start tank conditions were mar-
ginal at S-11 engine start commad because of the lower start tank re-
lief valve settings caused by warmer-tha-usual start tank temperatures.
These warmer temperatures were a result of the hold prior to launch.

The S-1\V stage engine operated satisfactori B throughout the oper-
ational phae of first ad second firings ad had normal shutdowns. The
S-1\v first firing time was 4.1 second less than predicted. The restart
at the full-open propellat utilization valve position was successful.
S-1V second firing time was 5.5 seconds less than predicted. The total
propellat consuption rate was 1.38 percent higher than predicted for
the first firing ad 1.47 percent higher for the second firing. Specific
impulses for each were proportionally higher.

The structural loads experienced were below design values. The max-
imum dynamic pressue period bending moment at the S-1C liquid o><gen
tank was 45 percent of the design value. The thrust cutoff trasients
were similar to those of previous flights. The S-11 stage center engine
liquid oxygen feedline accuulator successfully inhibited the 14- to
16-hertz longitudinal oscillations experienced on previous flights. Dur-
ing the maximum dynamic pressure region of flight, the launch vehicle ex-
perienced winds that were less tha 95-percentile January winds.

The S-1V/instruent uit lunar impact wa accomplished successfully.
At 82:37:52.2 elapsed time from lift-off, the S-1\V//instrument unit im-
pacted the luar surface at approximately 8 degrees 5 minutes 35 seconds
south latitude ad 26 degrees I minute 23 seconds west longitude, approx-
imately 150 miles from the target of 1 degree 35 minutes 46 seconds south
latitude and 33 degrees 15 minutes west longitude. Impact velocity was
8343 ft/sec.

The ground systems, supporting countdown ad launch, performed sat-
isfactorily. System component failures and malfunctions requiring cor-
rective action were corrected during countdown without causing unscheduled
holds. Propellat tanking was accomplished satisfactorily. Damage to the
pad, launch ubilical tower, ad support equipment was minor.
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14.0 ANOMALY Sw__sW¥

This section contains a discussion of the signi ficant anomalies
that occurred during the Apollo 14 mission. The discussion of these
items is divided into four major areas: command and service modules;
lunar module ; goverment-furnished equipment; and Apollo lunar surface
experiments package.

14.1 COMAND AND SERVICE MODULES

14.1.1 Failure to Achieve Docking Probe Capture Latch Engagement

Six docking attempts were required to successfully achieve capture
latch engagement during the trasposition ad docking event. Subsequent
inflight examination of the probe showed normal operation of the mecha-
nism. The lunar orbit undocking and docking were completely normal. Data
aalysis of film, accelerometers, ad reaction control system thruster
activity indicates that probe-to-drogue contact conditions were normal
for all docking attempts, and capture should have been achieved for the
five unsuccessful attempts (table 14-1). The capture-latch assembly must
not have been in the locked configuration during the first five attempts
based on the following:

a. The probe status talkback displas functioned properly before
and after the unsuccessful attempts, thus indicating proper switch oper-
ation and power to the talkback circuits. The talkback displays alwas
indicated that the capture latches were in the cocked position during
the unsuccessful attempts (fig. 14-1). (Note that no electrical power
is required to capture because the system is cocked prior to flight and
the capture operation is strictly mechanical ad triggered by the drogue.)

b. Each of the six marks on the drogue resulted from separate 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
latches should result in three doule marks (to match the latch hooks)
120 degrees apart, ad within one inch of the drogue apex or socket.
Although the drogue marks could indicate that the individual capture-
latch hooks were difficult to depress, such marks are not abnormal for
impact velocities greater tha 0.25 feet per second.

Since the latches were not locked, the anomaly was apparently caused
by failure of the capture-latch plunger (fig. 14-1) to reach the forward
or locked position. Motion of the plunger could have been restricted by



TALE 14-1.- RELATED DATA AND FILM INVESTIGATION RESULTS
_ Contact socket +X
B} Estimated S -
Dcking Contact, _ position, contact thrusting
o velocity, - Coments
attempt | hr:min:sec ft/sec clock- time, after contact,
oriented second seconds
1A 3:13:53.7 0.1 11:00 1.55 None a. No thruster actiwty
b. Contact moderately close to apex

b
a 3:14:01.5 0.14 ma 9:00 1.65 None Contact close to apex

b .
1C 3:14:04.45 0.14 ma 4:30 1.4 0.55 Contact close to apex

b
1D 3:14:09.0 0.29 ma 4:00 2.35 1.95 Contact close to 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 close 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 &ad hard 14 .3 a. Contact moderately close to apex

docked b. Retract cycle bega 6.9 seconds
after contact
c. Initial latch triggered 11.8 sec-
onds after contact

e maximu capture-latch response tme is 80 milliseconds.

b _ _ - -
Estimated velocity fro X-thruster activity time.
Oher velocities were estimated by film interpretation.

to null out small separation velocity.

These are maaimus with sae velocity being used

2T
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Figure 14-1.- Cross section of probe head ad capture-latch assemb I .
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Figure 14-2.- Location of marks on drogue assembly.
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contamination or dimensional chages due to temerature. Internal da-
age to the capture-latch mecha&aism ca be ruled out because the system:
FfUnctioned properly in all subsequent operations following the sixth
docking attempt &d during postflight testing.

Aalyses were performed to iInvestigate tolerances a&d thermal
effects on mating parts &ad surfaces associated with the operation of
the capture latches. The results indicate that neither temperature nor
toleraces could have caused the problem. In addition, a thermal aaly-
sis shows that neither the latches nor the spider could have been jammed
by ice.

Tests using quali fication probes to determine capture-latch response
me aurements were made &d showed no aging degradation of the system.
Tension tie tests produced clearly sheared pins; however, in one test, a
sheared portion of the pin did leave the tension tie with some velocity
ad Iaded outside the ring itself.

No conta&aination, corrosion, signi ficant debris, or foreign materi-
als were found, &d the mechaaism worked normally during all functional
tests. The loads &d response times compared with the speci fications
ad with the probe preflight data. Motor torque values &d actuator
aasembly torque values (static drag &d capture-latch release) compare
favorably with preflight values.

Dring the inspection, small scratches a&d resulting burrs were
found on the tension tie plug wall adjacent to the plunger. The scratches
are being aalyzed. A a&=aomaly report will be issued under separate cover
when the investigation ha been completed.

The most probable cause of the problem was contamination or debris
which later becae dislodged. A cover wi B be provided to protect the

probe tip from foreign material entering the mechaism prior to flight.

This &=omaly is open.

14.1.2 High-Gain Atenna Tracking Problems

Dring translunar coast a&ad lunar orbit operations, occaional prob-
lems were encountered in acquiring good high-gain a&atenna tracking with
either the primary or secondary electronics. The speci fic times of high-
gain antenna acquisition &d tracking problems were :

76:45:00 to 76:55:00
92:16:00 to 93:22:00
97:58:00 to 98:04:02
99:52:00.

oo I o )]
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A\ instrumentation problem with the antenna readout occurred for
about 3 hours early in the mission when an error of &out 30 degrees
existed. Subsequently, the readings were normal. A mechanical inter-
ference in the instrument servos is the most likely cause. The instru-
ment servos are an independent loop which drive the antenna pitch and
yaw meters in the comand module. No corrective action is planned since
the servos do not affect the antenna performance for any modes of oper-
ation.

The ground data signatures which show the first acquisition and
tracking problems are illustrated in figure 14-3. The antenna started
tracking a point approximately 5 to 8 degrees off the earth pointing
agle at 76:45:00 elapsed time and continued tracking with low uplink
and downlink signal levels for 10 minutes at which time a good narrow
bea lock-up was achieved.

NASA-S-71-1671

-75 dBm
"_.(
-95dBm to -93 dBm‘
Uplink
Signal  frm
Good
i trackin
,L Tracking problem 9
-103 dBm
Beam switching
-120 dBr spikes
Downlink
signal N
Medium Medium Wide arrow
Y 7 —l Medium
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: i L i
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Elapsed time from lift-off, hr:min

i
¥ L}

—

Figure 14-3.- Data from first period of anomalous operation.
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The low signals correlate with atenna pattern and gain data for a

5- to 8-degree boresight shift in the wide-bea mode.

The direction of

the spikes observed on the downlink data in figure 14-3 are consistent

with switching between the wide ad narrow beams.

Conditions for a nor-

mal alignment ad a misalignment of the wide and narrow beams are shown

in figure 14-4.
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Figure 14-4.- Antenna narrow and wide lbbam boresight relationship.

Figure

14-4.- Antenna narrow- ad wide-bea boresight relationship.
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will not allow narrow-bea lock since continuous switching between the
wide bea and narrow bea will occur with the target outside the +3-
degree limit of the narrow-bea boresight. These large error signals
will initiate cyclic switching between the wide-bea ad narrow-bea
modes .

The acquisition ad tracking problems for the other time periods
were similar. As a result of the 5- to 8-degree boresight shift of the
wide bea, the atenna at times would lock-up on the first side lobe
instead of the main lobe (fig. 14-4). Since the antenna arra is not
symmetrical, the boresight error in the wide-beam mode is a function of
the target approach path.

A nuber of problems could have caused the electrical shift of the
wide bea; however, they effectively reduce to a interruption of one of
the four wide-bea elements which supply sigals to the wide-beam com-
parator. The most likely cause is that a connector to one of the coaxial
cables which are used to connect the wide-bea atennas to the comparator
asembly of the strip lines was faulty.

In support of this cause, five bad coaxial center conductors have
been found. Also, a coaxial connector was disconnected on the antenna
ad the effect in the bea occurred. There are two causes of the problem
with the center conductor, both of which occur during cable-to-connector
asembly (fig. 14-5). The sleeve is asembled to the cable, a Lexan
insulator is then slipped over the center conductor, ad the pin is in-
serted over the center conductor ad soldered. |If the wire gets too hot
during soldering, the Lexa grows and no longer fits loosely through the
hole in the outer body. When this occus and the outer body is screwed
onto the sleeve, the wire can be twisted and the center conductor may
fail.

Another possible failure occurs when too much solder is used or the
wire is not centered in the pin. These conditions will bind the pin to
the outer body insulation and, during asenmbly, the wire is twisted to
failure. These conditions are being corrected by reworking all connect-

ors and applying proper inspection ad control procedures during the re-
work . S

Fai lures on previous flights, in addition to the one on this mission,
were of the type that appear under certain thewral conditions. The mal-
function conditions of each of the failures were isolated to different
components of the atenna. All of these defects were of a type which
could escape the test screening process. Another possibility is that the
shock which a atenna experiences during the spacecraft-lunar module
adapter separation when the pyrotechnics fire might have caused defects
in the circuitr which could open up under certain thermal conditions
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during the mission. The original qualification tests considered that the
shock environment would be low.

To further investigate the effects of the spacecraft-lunar module
adapter pyrotechnic shock on a atenna, a shock test has been conducted.
The results show that the atenna experiences about = order-of-magnitude
greater shock tha had been originally aticipated. However, thermal
testing of the atenna has shown no detrimental effects because of the
shock. To better screen out defects which potentially could affect the
functioning of the atenna, a thewral acceptance test will be performed
on all future flight atennas while radiating ad under operating con-
ditions.

This anomaly is closed.

14.1.3 Urine Nozzle Blockage

After trasposition ad docking ad prior to initiating passive
thermal control, the crew indicated that the urine nozzle (fig. 14-6)
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Figure 14-6.- Urine receptacle ad nozzle.
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wa obstructed. The.sae condition occurred several other times during
the mission ad, in each cae, the dup nozzle had not been exposed to
sulight for prolonged periods.

The heaters ad circuitr were checked ad foud to be normal. The
system design ha been previous B verified under some, but not all, likely
thermal conditions while duping urine. Although the history of previous
missions ha shown no indications of freezing, the dumps during this
flight may have coincided with a colder nozzle condition tha on any pre-
vious flight. Also, the purge-ad-dr procedure used during this mission
wa different from that used in previous missions in that the urine re-
ceiver was rinsed with water after each use ad the system was purged
with oxygen for longer times tha in past missions. These chages may
have contributed to the freezing. A test is planned to determine the
contribution of the procedures to the freezing.

I freezing occurs in the future, thawing can be accomplished very
quickly by orienting the spacecraft so that the nozzle is in sunlight.
This wa demonstrated several times during this flight. The auiliary
hatch nozzle ad the water overboard dup nozzle provide backup capabil-
ities. No hardware chage is in order, but procedural changes may be
necessary that would either restrict the times when urine may be dumped
or modify the purging techniques.

This aomaly is closed.

14.1.4 Degraded \VVF Comunications

The VF link between the comad ad service module ad lunar mod-
ule wa degraded from prior to lunar lift-off through terminal phase
initiation. The received signal strength measured in the lunar module
wa lower tha predicted during the periods when \VVF performance was de-
graded. “F voice was poor ad, Il minutes prior to lunar lift-off, noise
was received in the lunar module through the VF system. Therefore, the
system wa disabled. When the system wa again enabled about 4-1/2 min-
utes before lunar lift-off, the noise had disappeared.

Prior to lunar descent, the VVF ranging and rendezvous radar range
measurements correlated closely. However, during the time period pre-
ceding terminal phae initiation, the VVF ranging system indicated erron-
eous meaurements. During this sae time period, numerous range tracking
dropouts also occurred. The range meaurements were in error by 5 to
15 miles when compared with the rendezvous radar range meaurements
(fig. 14-7). The VF raging data presented in the figure results from
a nuber of different acquisitions. After terminal phase initiation, the
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signal strength, as indicated by the luar module receiver automatic gain
control voltage meaurement, was adequate ad VF raging operation was
normal .

These problems would be expected if the signal strength were low.
The signal strengh wa deterxrined by meauring the automatic gain con-
trol voltage in the lua module VV/F receiver. The measurement rage
wa -97.5 to -3 dBm. Figure 14-8 shows the predicted sigal strengths
ad those meaured during the mission at the luar module receiver.

The maimu predicted values assue that direct ad multipath sig-
nals add. For the minimu predicted, the multipath signal is asued to
subtract from the direct signal. The antenna pattern model used consisted
of gain values in 2-degree increments ad did not include all the peaks
that are known to occu because of atenna polarization differences be-
tween the luar module ad comad ad service module. Line-of-sight to
the comand module passing through one of these peas would explain the
pulses shown in figure 14-B(a).

Figure 14-B(b) shows that the signal strength should have been on
scale subsequent to about 10 minutes after insertion. Figure 14-B(c)
shows that the measured sigal strength was below that expected for the
right-forard atenna, the one which the checklist called out to be used,
from insertion to docking ad aove that predicted for the right-aft
atenna for this sae time period. This indicates that the proper an-
tenna was selected, but some condition existed which decreased the signal
strength to the luar module receiver.

The lower-tha-noral RF link perforace wa a two-wa problem
(voice wa poor in both directions); therefore, certain parts of the VF
system are prime candidates for the cause of the problem. Figure 14-9
is a block diagra of the VVF comunications system as configured during
the rendezvous phase of the mission. Also shown are those aea in which
a mal fuction could have affected the two-wa RF link performance. A
single mal fuction in any other area would have affected one-wa perform-
ace only.

The VF ranging problems resulted from lower-tha-normal signal
strength together with the existing range rate. The raging equipment
is designed to operate with sigal strengths greater tha -105 dBm.

The Tuar module received siga strength data are essentialy qualita-
tive, since most of the inflight data during the problem period were
off-scale low. Ufortuately, the scale selection was not chosen for
failure aalysis. A spot check of relative vehicle attitudes, as evi-
denced by normal perforance of the rendezvous radar ad by sextant
sightings, indicates that the attitudes were proper. The crew also
indicated that they followed the checklist for WVF atenna selection.
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A flight test wa performed to veri ¥ that the VF ranging problem
wa associated with the low WVF signal strength ad was not related to
the VF raging elements. The Apollo 14 rage and range rate were dupli-
cated and the results showed that, for signal strengths below aout
-105 dBm, errors in indicated rage similar to those experienced on
Apollo 14 will be generated.

The procedures for test ad checkout of the lunar module &ad com-
mad module elements of the \/F system have been reassessed and found
to be sufficient, ad additional inspection or testing is not practical
or necessary. The only action that will be taken is to add instruen-
tation on both the lunar module ad the command and service module to
provide more insight into the nature of the problem if it occurs on sub-
sequent flights. Therefore, for subsequent vehicles, receiver automatic
gain control measurements will be added to both the lunar module ad
the comand and service module. Meaurement scale factors will be se-
lected to give on-scale data at the low signal strength range. The lunar
module data storage and electronics assembly (tape recorder) was retained
for subsequent postflight evaluation of voice quality associated with
the automatic gain control meaurements.

Crew training will be expanded to include realistic simulations of
weak sighal strengths ad the effects of ranging on voice quality. The
effects of the modes selected ad operational techniques such as voice
level ad microphone position become importat near the range limits of
the system.

This anomaly is closed.

14.1.5 Etry Monitor System 0.05g Light

The entry monitor system 0.05g light did not illuinate within
3 seconds after a 0.05g condition was sensed by the primary guidance
system. The crew then manually switched to the backup position.

The entry monitor system is designed to start automatically when
0.05g is sensed by the system accelerometer. When this sensing occurs,
the 0.05g light should come on, the scroll should begin to drive (al-
though barely perceptible) ad the range-to-go counter should begin to
count dow. The crew reported the light failure but was unable to veri-
+ whether the scroll or counter responded before the switch was manually
chaged to the backup mode. The crew also reported that the neutral
density filter was covering the 0.05g light ad that there were sunlight
reflections in the cabin.
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Analysis of the range counter data reported by the crew indicates
a lading point about 5 nautical miles short; wherea, if the entry mon-
itor system had not started when 0.05g wa sensed ad had started 3 sec-
onds later, the indicated lading point would have been on the order of
20 nautical miles long.

Postflight tests conducted on the system show that the lap driver
circuit ad the redundant lap filaents were operating properly. Analy-
sis of the rage counter data and postfligt tests indicate that the
failure of the crew to see the light was caused by having the filter
positioned in front of the light. Reflected light from the sun and the
ionization layer would make it very difficult to see the light. Further,
a clear glass filter is used in the simulator; whereas, the spacecraft
filter is silvered.

The corrective action is to replace the filter in the simulator
with a flight uit. Also, a flight procedural change will be made to
position the filter so that it will not obscure the light.

This aomaly is closed.

14.1.6 Inability to Disconnect Main Bus A

During entr , when the main bus tie switches (motor-driven switches)
were placed in the off position at 800 feet, main bus A should have de-
energized; however, the bus remained on until after 1ading when the
batte r bus-tie circuit breakers were opened. Postflight testing showed
that the main motor switch contacts were closed (fig. 14-10). Also, the
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internal switches which control the drive motor were shorted together and
the motor windings were open. These conditions indicate that the motor
switch stalled.

Main bus B should have been powered because of this failure, but
wa not. Postflight testing showed that this occurred because the main
bus B circuit breaker for battery C was intermittent. This problem is
discussed in section 14.1.7.

A similar motor switch failure was experienced during tests of the
Apollo 15 commad and service module at the launch site. Also, a second
simi lar motor switch on the Apollo 15 vehicle required 100 milliseconds
to trasfer; whereas, normal trasfer time is 50 milliseconds. A motor
current signature was taken for one switch cycle of the slow-operating
switch and compared to a similar sigature taken prior to delivery. It
showed that contact resistace between the brushes ad commutator had
degraded ad become extremely erratic. Torque measurements of the failed
motor switch without the motors were normal. This isolates the problem
to the motors of the switch assembly.’

A black track of deposits from the brushes was foud on the Apollo
14 commutator, a well a on both of the commutators from the Apollo 15
motors. One motor had failed, and the other was running slow. Normally,
a commutator should show some discoloration along the brush track, but
a buildup of brush material aong the track is abnormal. As a result
of the track buildup, the resistace between the brushes and commutator
becae higher. The higher resistance drops the voltage into the armature
causing the motor to run slower. (Switch trasfer, open to closed, or
vice versa, requires 11 revolutions of the motor.) The increased re-
sistace at the brushes generates more heat than normal. A visual in-
spection of the Apollo 14 motor brush asembly showed high heating of
the brushes had occurred, ad this was concentrated at the brush-
comutator interface. -Tle condition wa evident by the melting pattern
of a thin nylon dish whicll .retains the brush in the brush holder.

A aalysis is being made to deterine the deposit buildup on the
comutator. Either the brush composition is in error, or a containation
exists in the brush composition. X-re refraction aallsis showvs the
sae elements throughout the brush. The percentage of each of the sub-
stances will be determined ad comared to the specification aalysis
of the bruh. o

Inspection of the comutator outside of théﬂtrack shows a clean
copper surface comparable to other machined surfaces within the motor.
It ca be inferred from this that there are no' problems asociated with
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the age/life of the lubricats from the bearings or with outgassing from
organic materials which might deposit on the commutators. The switch
asemblies are hermetically sealed ad under a 15-psi pressure of nitro-
gen and heliu ga.

Each motor is operated continuously for 4 to 8 hours to seat the
brushes. The motors are then disassembled, inspected, and cleaned.
Procedures for cleaning the motor a sembly are not explicit a to mate-
rials or techniques to be used. This could be the cause of the problem.
A further study of this apect is being made. A anomaly report will be
issued upon completion of the investigation.

There are 36 motor-driven switch asemblies in the spacecraft. Some
of the switches are normally not used in flight. Some are used once or,
at most, several times. The increased resistace of brush to the commu-
tator & a result of deposits is gradual from all indications. A check
of the switch operation time can be related to the deposit buildup on the
commutator. Consequently, a check of the switch response time can indi-
cate the dependability of the switch to perform one or several additional
switch transfers in flight. This will be done for Apollo 15 on each of
the switches., Work-aroud procedures have been developed if any of the
motor switches are questionable as a result of the timing test.

This aomaly is open

14.1.7 Intermittent Circuit Breaker

The motor switch failure discussed in section 14.1.6 should have
resul ted in main buses A and B being energized after the motor switch
was commaded open (Ffig. 14-10). Postflight continuity checks, however,
showed that there wa an open circuit between battery C and main bus B
ad that the main bus B circuit breaer for battery C was intermittent.

Disassembly and inspection of the circuit breaker showed that the
contacts are cratered (fig. 14-11). The crater contains a white sub-
stance which held the contacts apart when the circuit breaer was actu-
ated.

The white substance will be analyzed to determine its composition
ad source. Circuit breakers which have been used in similar applica-
tions in Apollo 14 will also be examined. A anomaly report will be
issued under separate cover when the analysis ha been completed.

This aomaly 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 uit after hot water was dispensed, indicating a
slight leak. This problem also occurred on Apollo 12.

Tests of both the Apollo 12 ad Apollo 14 uits showed no leakage
when room temerature water wa dispensed through the hot water valve;
hovever, at a elevated water temerature of approximately 150° F, a
slight leakage appeared after valve actuation. Disasenbly of the
Apollo 12 dispenser showed daxage in two valve O-rings, apparently a
a result of the considerable particle containation foud in the hot
water valve. Mst of the containation was identified a material re-
lated to component fabrication and valve assembly ad probaly remained
in the valve because of incomplete cleaning procedures. Since the par-
ticles were found only in the hot water valve, the containation appar-
ently originated entirely within that asembly ad was not supplied
from other parts of the water system.

Postflight, when the hot water valve was cycled several times, the
outflow wa considerably less tha the specified 1 ouce per cycle. Dis-
asenly of the valve wi I be performed ad a aomaly report will be
issued uder separate cover upon completion of the investigation. The
Apollo 15 uit ha been checked during altitude chaber tests with hot
water ad no leaxage wa noted.

This aomaly is open.

14.1.9 Rapid Repressurization System Leakage

Repressurization of the three storage bottles in the rapid repress-
urization system (Ffig. 14-12) was required three times in addition to
the normal repressurizations during the mission. The system required
repressurization once in lunar orbit ad twice during the transearth
coat phae. Just prior to the first of the trasearth coast repressuri-
zations, the system had been used (face mask checks).ad refilled
(fig. 14-13). In this instance, the fill valve wa closed before the
system was fully recharged. Calculations from the surge tank pressure
data indicate that the repressurization package was at approximately
510 psi at 199 hours 48 minutes ad wa only recharged to about 715 psi
(Fig. 14-13). The cabin indication of the repressurization package pres-
sure would have indicated a higher pressure because of the temperature
rise of the compressed gas. The crew noted a value of aout 700 psi
(due to temerature stabilization) at approximately 20 hours and re-
chargd the system again.
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Data are not available from the luar orbit repressuization a the
spacecraft wa on the back side of the mon during the operation. How-
ever, the general procedure used during the trasearth coat phae would
only partially recharge the system.

Postflight checks of the 900-psi system showed that the leaaage rate
was about 40 stadard cc/min as compared with the preflight value of
14 stadard cc/min. This chage in leaage rate is not considered ab-
normal. A leaage rate of this magnitude would lower the system pressure
about 100 psi every 3 das. Therefore, the luar orbit recharging of the
system probab B resulted from normal leakage.

Future crews will be briefed on the recharging techniques for other
tha normal rechargings to insure that the system is fully recharged.

This aomaly is closed.
14.2 LUNAR MODULE

14.2.1 Ascent Batter 5 Low Voltage

At 62 hours, the ascent batter 5 open-circuit voltae had decreased
from a lift-off value of 37.0 volts to 36.7 volts instead of remaining at
a constat level (fig. 14-14(a)). Figure 14-14(b) shows characteristic
open-circuit voltages for a fully charged batter (peroxide level of all
cells) ad all cells operating on the monoxide level of the silver plate.
Note that one cell at the monoxide level ad the remaining 19 at the per-
oxide level would have caused the observed open-circuit voltage of 36.7
volts. Any one of the following conditions could have caused the volt-
ae drop.

a. Battery cell short
b. Cell short-to-case through a electrolyte path
c. External batterxr load.

A single-cell short could be caused by inclusion of conductive
foreign material in the cell-plate pack at the time of manufacture or
excessive braze material at the brazed joint between the plate tab ad
plate grid, either of which could pierce the cellophae plate separator
during the launch powered-flight phase, providing a conductive path be-
tween positive ad negative plates (fig. 14-15).
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Dring batter activation, one of the descent batteries had a cell
short to the case through a electrolyte path aroud a cell plug joint
(fig. 14-15). The cell plug wa not proper B sealed to the bottom of
the platic cell case. |If this condition existed in ascent battery 5
in flight, it could have decreaed the battery open-circuit voltage.

A exteral batter load could have existed from lift-off to 62 hours
on the circuit shown in figure 14-16 in which typical types of high resist-
ace shorts are also shown. For this condition, the current drain would
have occurred on all cells. Figure 14-14 shows the time histor of the
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14-28

open-circuit bu voltae for batter 5. For a constant e>ernal load,
the batter 5 open-circuit bu voltage would have been lower tha the
flight data at 141 hours. Therefore, the exteral load would have had
to chage with time.

To reduce the possibility of recurrence, corrective action ha been
taen for each of the possible causes. Stricter inspection and improved
procedues have been incorporated for installation of the plugs. Partic-
cular attention will be given to the asembly of the cell plates on future
units. |In addition, a test ha been added at the lauch site to measure
luar module parasitic loads prior to batter installation to insure that
no abnormal loads are present.

This aomaly is closed.

14.2.2 Abort Signal Set In Computer

Prior to descent, the primar guidace computer received a abort
comad four different times. The computer would have reacted if the
descent program had been initiated. The failure wa isolated to one
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set of contacts of the abort switch (fig. 14-17) because the abort com-
mand appeared on B on the lunar module primary guidance computer down-
link (telemetl’) ad not on the abort guidaace computer downlink (telem-
etry) or the telemetry bilevel discretes associated with the descent
engine control logic. Recycling the switch or tapping the panel removed
the sigal from the computer. To prevent & uwanted aort during powered
descent, a computer progra& was developed ad verified within 2 hours,
and in time to be maually inserted into the lunar module computer prior
to powered descent initiation. The program would have allowed the lunar
module computer to ignore the abort comand, had it appeared during
powered descent.

The most probable cause of the aort comand wa metallic contam-
ination within the hermetically sealed abort-switch module (fig. 14-18).
The failure of an internal switch component would not likely have caused
the abort indication because such a failure would not have been inter-
mittent. X-rays and dissection of similar switches have shown metallic
contamination in several switches of the size which could have caused
the flight failure. The metallic contamination appears to come from the
internal switch parts, particularly one of the three studs which hold
the contact components. The stud is, in effect, riveted by heat ad
pressure (fig. 14-18). This type of switch is used in eight different
locations, which are:

Abort switch

Abort stage switch

Engine stop switches (2)
Master alarm switches (2)
Plus X traslation switch
Egine start switch.

-0 00 T®

Corrective action consists of replacing all switches of this type
with switches screened by x-ra ad vibration. Since the screening is
not fool-proof, circuit modifications were made to eliminate single-
point failures of this type. These modifications ae:

a. The abort stage switch descent-engine override function was
removed from the abort-stage circuit breaker ad placed on the logic
power switch contact. This involved relocating one wire from one
switch terminal to aother.

b. Each of the two engine stop switches were rewired so that two
series contacts are required to close in order to stop the engine. For-
merly, the two sets of contacts in each stop switch were connected in
parallel so that closure of either would shut down the engine.
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c. The plus-X traslatio switch wa rewired so that two series
contact closures are required to fire the plus-X reaction control sys-
tem thrusters. This removed the four-thruster traslation capability,
leaving only a two-thruster traslation capability.

d. The engine-start switch ad circuitr were not chaged because
of this problem since inadve rent closure would only give the maual start
comad, ad the engine am colk&d is aso required to fire the engine.
However, because of a switch failure in aother spacecraft during ground
tests, the switch wa rewired so that a series-parallel combination of
four switch contacts are used for the function. That failure wa caused
by nonmetallic containation (rust) preventing switch contact closure.
This containation is undetectable by x-r(ls.

e. The two master alarm switches were not rewired since inadvert-
ent contact closure would only reset the master alarm, ad this would
not affect the mission or crew safety.

f. The abor ad abort stage switch circutry to the computer was

not modified. Instead, the primar guidace computer software was modi-
fied to allow the crew to lock out the computer abort ad abort stage
progra. If the crew exercises this option, ay required abort would

have to be performed using the abort guidace system.

This aomaly is closed.

14.2.3 Interittent Steerable Antenna Operation

Prior to the descent phae of the mission, the S-bad steerable
atenna operation wa intermittent. There were nine instaces of un-
scheduled interruption of atenna tracking. Three of these have been
explained. One wa caused by the crew switching to a omnidirectional
atenna because of a erroneous reading of the pitch position indicator
at full scale of 255 degrees when the atenna was actually at 122 degrees.
Another occurred because the atenna was in the maua slew mode ad
not in automatic-track. After undocking, the lunar module attitude was
chaged ad, a a result, the atenna wa pointed away from the earth
resulting in a loss of sigal. The third interruption which ha been
explained wa caused by a failure in the ground station power ampli fier
resulting in a temoraxr loss of uplink signal.

The remaining unexplained tracking interruptions (fig. 14-19) have
similar characteristics. Five tracking interruptions occurred during
Goldstone coverage ad figre 14-20 is a plot of ground-station-received
signal strengths at these times. Dring the Madrid ground station cover-
age of revolution 32, aother incident wa noted with the sae type of
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antenna response. It indicates that the antenna began to experience a
mechanical oscillation of approximately 2 to 3 hertz, which becae in-
creasingly larger in aplitude util the antenna lost lock. When antenna
oscillations exceed plus or minus 5 degrees, excessive motor drive cur-
rent causes the 28-volt de circuit breaer to open and the antenna ceases
to track. The crew reset this circuit breaker several times. The an-
tenna was also reported to be noisy, indicating the continual driving
that would have occurred during the oscillations. The oscillations oc-
curred randomly at other times during the problem period, but damped out
and did not cause tracking interruptions.

The two most probable causes of these oscillations are an uwated
variation in the uplink signal or a condition of instability in the
atenna/S-band transceiver tracking loop system. The conditions which
can cause the first item are vehicle blockage, reflections from the
spacecraft structure, multipath signal reflections from the lunar sur-
face, noise trasients induced on the uplink signal, or incidental am-
plitude modulation on the carrier at the critical antenna lobing fre-
quency (50 to 100 hertz or odd harmonics).

Look-angle data indicate that the antenna wa not pointed at or
near the vehicle structure during the time periods when antenna lock
was lost.
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Multipath nowrally occurs when the spacecraft is near the luar
horizon. However, atenna loss-of-lock did not occur at these times.

Noise trasients on the uplink are held to a minimu because the
groud station power aplifier operates in saturation. Also, the veri-
Fication receiver which monitors the uplink signal at the groud station
displaed normal output during the problem time periods. Although the
incidental aplitude moduation ha not been recently measured at Gold-
stone ad Madid, production sub-carrier oscillators have been checked.
These tests showed that the incidental aplitude modulation at the criti-
cal frequencies wa not detectable (less tha ‘0.1 percent). A test was
also performed which showed that the steerable atenna response to in-
cidental aaplitude moduation beca&ae worse with the addition of voice
on the sub-carrier a&ad the presence of pulse repetition raging. How-
ever, there is no correlation between either of these a&ad losses of a-
tenna lock. The most probale causes for tracking loop instability are
high loop gain, low gimbal friction, a&ad low received sigal strength
resulting in low sigal-to-noise ratio in the tracking loop. Both up-
link &ad downlink signal strengths indicated that the RF levels were
nominal &d were within the atenna's capability to track.

The loop gain a&a meaured during the acceptace test of the
Apollo 14 equipment indicated a lower-tha-nominal value indicating
that the stability shoud have been geater tha nominal.

There are no likely failures in the atenna that would cause a gain
chage sufficient to produce instability without complete loss of the
atenna. There are many component failures In the trasceiver which
might produce the right &aout of gain chaage for oscillations. Hoever,
these fTailures woud also affect the receiver automatic gain control
reading which appeared nora&a thrughout the problem time.

The gimba friction on the Apollo 14 atenna waa meaured during
groud tests ad fo™ d to be higer tha nomina. This would increae
the atenna stability. For gima friction to cause the problem, a
variation in friction which characteristically chaaged from nom—1 to
Iow, or no friction, at shor intervals ad at ra&adom times consistent
with the atera osci B ations woud have had to occur.

There wa no obvious variation in uplim signa ad no obviou
chage in the atenna/trasceiver tracking loop which woud caue the
atenna to oscillate. Ter must have been saae inte mttent condtion
that existed in the spacecra®¥/goud station system, which ha not yet
been identified. The investigation is continuing ad a aa«<>y report
will be i1ssued when the investigation iIs comleted.
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A additional problem occurred one time during revolution a when
the atenna pitch-position indicator stuck at the full-scale reading
of 255 degrees. However, it became operative again and continued to
function properly. This ma have been caused by a failure in the
position-sensing circuits in the atenna or in the meter itself. This
meter hung up twice during acceptace testing. A malfunction wa found,
corrected, ad a retest wa successful. The indicator is used only a

a gross indication of atenna movement. Consequently, no further action
will be taen.

This aomaly is open.

14.2.4 Lading Radar Acquisition

Two conditions occurred during the landing radar operation which
were not expected; however, they were not abnormal. The first condition
occurred approximately 6 minutes after initial actuation of the lading
radar. The system switched to the low-rage scale, forcing the trackers
into the narrow-bad mode of operation. This was corrected by recycling
the main power circuit breaer which switched the radar to high scale.
Figure 14-21 shows the radar scale switching logic. The radar then locked
on and "velocity-data-good" ad "range-data-good" indications were trans-
ferred to the computer. The "velocity-data-good” signal is generated
when the Dppler trackers lock on ad the "rage-data-good” signal is
generated when the rage tracker also locks on.
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The second condition which was not expected occurred after the cir-
cuit breaxer was recycled. At this time the initial slant range reading
was approximately 13 000 feet greater tha that calculated from the oper-
ational trajectory. Several seconds later, the indicated slat range
jumped from 32 000 to 25 000 feet. Subsequently, the lading radar read-
ings compared favorably with the operational trajectory (fig. 14-22).
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The scale switching occurred at a slat rage of 63 000 feet with
a bea 4 velocity of 3000 ft/sec at a incidence agle of 35.4 degrees.
Operating the lading radar under these conditions exceeds the maximum
rage measurement design limit (fig. 14-23).
the receiwvr is sweeping with maximum gain ad the system will be sen-

sitive to = received noise.

Uder these conditions,

A test wa performed with a radar oper-

ating under the Apollo 14 conditions (two rage-rate beas locked up

ad the rage bea unlocked).

B inserting low-level noise for a frac-

tion of a second into the receiver, range scale switching occurred.
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The high slant range indicated at lock-on by the landing radar was
most likely caused by the radar locking onto energ returned into the
atenna side lobe. Baed on the preflight terrain profile ad the pre-
flight operational trajector, side lobe lock-on can be expected. Check-
list procedures exist to correct a sustained side lobe lock-on. Once
the radar is locked on the main lobe, side lobe lock-on cannot occur.

On future spacecraft, a wiring modification will be made to enable
holding the system in high scale while in atenna position 1. Lw scale
will only be enabled in position 2. Position 2 of the antenna is auto-
matically selected by the computer at hig gate (7500 feet altitude).
The mawual selection of antenna positions 1 ad 2 will also control high
scale ad enable low scale switching, respectively.

This anomaly is closed.

14.2.5 Loss of the Abort Guidace System

The abort guidace system failed during the braking phase of ren-
dezvous. Telemetry data were suddenly lost at 143:58:16; however, there
was no indication of a abort guidaxce system warning light or master
alarm. The crew was unable to access the data entr. ad displd assembly
ad depressing ay of the pushbuttons had no effect. The status switch
wa cycled from operate to staxdby to operate with no effect. Cycling
the 28-volt circuit breakers likewise had no effect. The system re-
mained inoperative for the remainder of the mission.

The system was determined to have been in the standby mode after
the failure by comparing expected and actual bus current changes that
were observed at the time of the failure ad the subsequent cycling of
the circuit breakers. Frther evidence of the system having been in
standoy wa the absence of the warning light ad master alarm at the
time of the failure. |If standby power in the electronics assembly were
not maintained, clock pulses to the abort sensor assembly would have
been lost ad the warning light would have illuinated ad the master
alarm sounded. A warning light ad a master alarm would also have oc-
curred 1f the failure had been in the abort guidance status switch or
the asociated exteral wiring. These conditions isolate the failure
to the power supply section or the sequencer of the abort electronics
assemb B (fig. 14-24).
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The failure ha been isolated to one of seven modules in the plus
4-volt logic power supply, one module in the sequencer, or one of
27 interconnections between the modules. There are a total of 27 com-
ponent part types; twelve resistor, two capacitor, four trasistor,
four diode, four trasformer, ad one saturable reactor that could have
caused the failure.

A complete failure histor review of the component part types re-
vealed no evidence -of a generic part problem. A power dissipation aaly-
sis and a theral aalysis of maimu case temerature for each of the
suspect parts showed adequate design margins.

Maufacturing procedures were reviewed ad foud to be satisfactor .
Finally, a review was conducted of the testing that is performed at the
component level, module level, and power supply level. Test procedures
were found to be adequate for detection of failed units and not so severe
that they would expose the uits to uacceptable or hazardous test con-
ditions.

A coponent or solder joint failure could have been due to either
a abnormal thermal stress or a non-generic deficiency or quality defect
that wa unable to withstad a normal environment. A abnormal thermal
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stress could have been caused by improper installation of the equipent
on the cold rails. |1f this occurred, the fi:st comonent which should
fail is in the particular power supply to which the failure wa isolated.

In &y event, the methods ad techniques used to veri ¥ system
performace show no apparent area which require improvement. Further
stress aalysis of comonents ad solder joints shos that the design is
adequate. The methods, techniques ad procedues used in installation
of the equipment on the cold rails are also adequate, providing these
procedures are followed. Consequently, no corrective action is in order.

This aomaly is closed.

14.2.6 Cracked Glas on Data Etry ad Displa Assemb i

The crew reported a crack in the glass across the address register
of the data entry ad displa assembly. Figure 14-25 shos the asembly
ad the location of the crack. Figure 14-26 is a enlarged drawing of
the glas ad asociated electroluinescent segents.

NASA-S-71-1693
s

Crack
- Tape
L7L locations

= 5758

AGS STATUS
OP["ATE

STAND
By

OfF

Figure 14-25.- Locations of crack ad tape on data
entry ad displa assembly.



14-41

NASA-S-71-1694

e
[ Room temperature
\vT vulcanizing material
. Kovar frame
Silicone \

Segmeqt\{_ rubber\

Electrode L— Comon 1
/ electrode

‘/— Phosphor

|-=— (Glass

Signal in

okl e it N o ko oA

r——Glass

Phosphor
layer

M

D

R Y

LT o e

Figure 14-26.- Cross section of data entwr and displa asembly glass.

The cause of the crack is unknown. Glass cracks have not occurred
since a rewsion was made to the procedure used to mount the glass to the
faceplate of the data entr ad display assembly. The assembly is qual-
i fied for & environment in excess of the flight conditions. Therefore,
either excessive internal stresses (under normal conditions) were built
into the glass, or the mounting wa inproper (not as designed), or the
glass was inadvertently hit.

Corrective action consists of applying a clear plastic tape prior
to flight on the glas of the electroluinescent windows above the key-
board (fig. 14-25), like that prexsously used on the mission timer win-
dows. The tape is to prevent dislodging of ay glas particles if cracks
occur in the fUture, a well as help prevent moisture from penetrating
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the electroluminescent segents should a crack occur. The presence of
moisture would cause the digit segents to turn dark in aout 2 hours if
voltage were applied to a cracked unit, making the assembly unreadable.

This aomaly is closed.

14.3 GOVERMNT FURNISHED EQUIPMNT

14.3.1 Noisy Lunar Topographic Caera Operation

The lunar topographic camera exibited noisy operation from the time
of the Descartes site photography pass at about 90 hours. In both the
operate ad standoy modes with power on the caera, the shutter operation
wa continuous.

The developed film indicates that the caxera wa functioning properly
at the time of caaera checkout at about 34 hours. On the fourth lunar
revolution, good imaer of the lunar surface was obtained on 192 frames,
starting at Theophilus Crater ad ending about 40 seconds before passing
the Descartes site. The rest of the fi B consists of multiple-exposed
ad fully over-exosed film.

Postflight tests with the flight caera showed satisfactor opera-
tion in all simulated environments (pressure, thermal, ad vibration) at
one-g. A intermittent failure was found in a transistor in the shutter
control circuit (fig. 14-27). The trasistor wa contaminated with a
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loose piece of aluinu 0.130 inch Oy 0.008 inch, which wa foreig to
the trasistor material. With a shorted trasistor, 28 volts is applied
continuous B to the shutter drive circuit, causing continuous shutter
operation, independent of the intervalometer ad independent of the
single, auo, or stadoy mode selections. The sprocket holes in the

1/200 slot in the shutter curtain were torn a a result of the prolonged,
continuous, hig-speed shutter operatio (fig. 14-28).
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The trasistor had been passed by normal high reliability screening
and by premission ad postmission system acceptance tests operating under
vibration, thermal, pressure, ad huidity conditions; none of which de-
tected the piece of aluinu. Additional screening being considered for
future applications includes the use of N-ray and acoustic inspection.

A occurrence of this nature is rare, but it is even rarer for such a
condition to pass the high reliability screening.

The aomaly occurred only after a period of operation at zero-g in
flight, and when the cae of the transistor itself was tapped postflight.

This anomaly is closed.

14.3.2 Extravehicular Glove Control

After suit pressurization for the second extravehicular activity,
the Lunar Module Pilot reported that his right glove had pulled his hand
to the left ad down ad that he had not had this trouble during the
first extravehicular activity period. The condition wa a nuisance
throughout the second extravehicular activity period. Initial indica-
tions from the Lunar Modue Pilot were that a cable had broken in the
glove (fig. 14-29).
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A detailed examination of the returned glove, together with chamber
tests, have shown that there are no broken cables and that there is free
operation of the glove wrist-control cable system. However, with the
Lunar Module Pilot in the pressurized flight suit, the glove took the
position which was reported during the mission.

The wrist control assemb B provides a free-moving structural inter-
face between the glove and the wrist disconnect so as to assure convolute
action for wrist movement in the pressurized state. [he design inherently
allows the glove to take various neutral positions.

This anomaly is closed.

14.3.3 Intervalometer Cycling

During intervalometer operation, the Comad Module Pilot heard one
double cycle from the intervalometer. Photography indicated that double
cycling occurred 13 times out of 283 exposures.

Postflight testing with the flight intervalometer and camera has
indicated that the double cycling was caused by a random response of the
intervalometer to the camera motor current. The camera motor used on the
Apollo 14 caxeras was a new motor having slightly higher current charac-
teristics. Preflight testing of the eluipment indicated compatibility
of the uits and no double cycling.

Double cycling does not result in detrimental effects to the camera
or the intervalometer. No loss of photographic data occurs as a result
of double cycling. Modifications to the intervalometer to make it less
sensitive to the random pulses of the caera motor will be made, if prac-
tical. On Apollo 15, the intervalometer will only provide Hasselblad
backup to the scientific instruent module cameras.

This aomaly is closed.

14 .3.4 Intermittent Voice Communications

At approximately 29 hours, Mission Control had difficulty in com-
municating with the Comader. The Comander replaced his constant wear
garment electrical adapter (fig. 14-30) with a spare unit, ad satis fac-
tory comunications were reestablished.

Following release of the hardware from Ouaratine, all four con-
stant wear garment electrical adapters were tested for continuity ad
resistace, ad all units were satisfactory. The adapters were then
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connected to a portale comunications set which provided conditions
simila to flight conditions. While connected, the adapters were sub-

jected to twisting, bending, ad pulling. None of the adapters showed
ay electrical inte —ttents.

The most like B cause of the problem wa por contact between con-
nectors because of small containats or improper mating of a connector,
which wa corrected when the spare adapter wa. installed.

This aomaly is closed.
14.4 AOLLO LUA SURFACE EXERIMNTS PACKAGE

14.4.1 Active Seismic Experiment Thumper Misfires

Dring the first extravehicular activity, the crew deployed the
thumper ad geophones and attempted to fire the initiators with the
following results: 13 fired, 5 misfired, and 3 initiators were delib-
erate B skipped to save time. In some instances, two attempts were made
to fire each initiator. In addition, for the first four or five firings,
it wa necessary to squeeze the firing switch knob with both hands. Sub-
sequently, the excessive stiffness seemed to be relieved ad one-hand
actuation wa possible.

The most likely causes of the problem are asociated with the detent
portion of the selector switch (fig. 14-31) and dirt on the firing switch
actuator beaing surface. The selector switch dial can reposition out of
detent in the course of normal hadling because of the lack of positive
seating in the detent for each initiator position. For an initiator to
be fired, the selector switch must provide contact to the proper unfired
initiator position. Exaination of the qualification unit has shown that
the detent is positioned at the leading edge of the contact surface so
that ay movement toward the previous position will break the contact.
Also, the lightening holes in the firing switch knob make it possible for
dirt to get onto the Teflon bearing surfaces, temporari B increasing the
force required to close the switch (fig. 14-31).

Corrective action for Apollo 16 consists of addng a positive de-
tent mechaism, properly aligned with the selector switch contacts, and
dust protection for the firing switch actuator assemb B . The thuper
is not carried on Aollo 15.

This aomaly is closed.
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14.4.2 Suprathermal lon Detector Experiment Noisy Data

During initial turn-on of the Apollo lunar surface experiments,
trasmission of the suprathermal ion detector/cold cathode gage experi-
ment operate-select comad resulted in erratic data from the supra-
thewral ion detector experiment, the pasive seismic experiment, ad the
charged particle lunar environment experiment. (Central station engineer-
ing paraeters remained normal.) Subsequent commanding of the supra-
thermal ion detector/cold cathode gage experiments to the standoy mode
returned the other luar surface experiment data to normal.

Several switching iterations of the central station and the experi-
ment comads failed to clear the problem until the suprathermal ion
detector exeriment wa comaded to the x10 accuulation mode. Uon
execution of this comad, noral experiment data were received ad the
data have remained nowxral since that time. The suprathermal ion detector
experiment dust cover ad the cold cathode gage experiment dust seal had
been remved at the time the data becae normal .

The most probable cause wa arcing or corona within the suprathermal
ion detector equipment prior to dust cover removal. During ground tests
uder simila conditions, arcing or corona ha resulted in the sae type
of data problems. Systems tests have indicated that the noise generated
ca also affect the passive seismic experiment ad charged particle lunar
environment experiment data; ad that arcing or corona within the supra-
theral ion detector experiment ca result in spurious comands within
the supratheral ion detector experiment, causing removal of the dust
protectors. However, no detrimental effects to the equipment have been
experienced by this event.

Perfor—ace acceptaace data from the Apollo 15 suprathermal ion
detector/cold cathode gage experiments with the remaining luar surface
experiments have not indicated any abnormalities. The Apollo 15 unit
will most likely exhibit the sae characteristic arcing, with the dust
covers intact ad the high voltae on, as that of the Apollo 14 unit.
However , operations prior to dust cover removal will be limited to the

time required for operation verification prior to the lat extravehicu-
lar activity.

This anomaly is closed.

14.4.3 Luar Portable Manetometer Cable Difficulties

The crew reported that it wa difficult to rewind the lunar port-
able magnetometer cable. The cable is deployed ad rewound at each lo-
cation where the lunar portable magnetometer is used (fig. 14-32).
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The luar portable magetometer ribbon cable snarls easi B at 1/6g
and is difficult ad tedious to unsnarl. |If it is necessary to remove
the had from the crank to usnarl the cable during the first part of
rewinding the cable, the cable will uwind within the reel ad spin the
reel hadle (fig. 14-32). Fee unwinding of the reel is required dur-
ing deployment; however, it is desirable to be ale to lock the reel
aainst rotation at times during rewind of the cable. Rewinding was
di fficult because there wa no provision to lock the reel during rewind,
ad gripping the reel ad crak was difficut with the gloved hand.

Corrective action for Apollo 16 consists of adding a ratchet ad
pawl locking device for actuation with the gloved had, and providing
a better grip for the reel and crank. The luar portable magnetometer
is not carried on Apollo 15.

This aomaly is closed.

14 .4.4 Central Station Twelve-Hour Timer Fai lure

The central station timer pulses did not occur after initial activa-
tion. Ulink commad tests verified that the timer logic ad the pulse
switches were functioning satisfactorily, but that the mechaical section
of the timer wa not drivimn the switches. Timer functions started to
occur ad the 12-hour pulses were provided 13 times in succession, indi-
cating that the timer batter ad oscillator are satisfactor , but that
the mechaical section is operating intermittently. The failure of the
timer is associated with the mechaical desig.

This aomaly is similar to the timer problem experienced on Apollo 12.
The loss or erratic operation of the 12-hour timer output pulse ha no
adverse effect on experiments operations. The Apollo 15 central station
has a new solid-state timer. The Apollo 14 central station will be turned
off by ground coomad, a is planned for the Apollo 12 station.

This aomaly is closed.

14.4.5 Pasive Seismic Exeriment Y-Axis Leveling Intermittent

The horizontal Y-axis leveling motor of the gimbal leveling system
operates interittently (fig. 14-33). Although a comad verification is
received when comads are sent, power is not necessari B received by the
motor. When there is a indication of power to the motor, the motor does
operate. A a result, during the first luar da, response to ground
commads wa noral except for 6 of the 22 comads when there was no
response.
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Althoug no scientific data have been lost to date, intermittent
problems have been encountered when leveling the Y-axis of the gimbal
platform upon which are mouted the three orthogonal long-period seis-
mometers. Occasionally, either there is no electro-mechanical response,
or the response is delayed when the Y-a&ais motor is corminded on. De-
lay times vay. Thus far, leveling has been achieved by cycling on/off
corrads at varying time intervals.

The problem is cased by a intermittent comonent in the motor
control circuit (fig. 14-33). There is no correlation between the occur-
rence of the problem ad the temerature of the luna surface, the cen-
tral station electronics, or the experiment. Whenever there is a indi-
cation of power to the motor, the motor operates. When the mtor oper-
ates, it operates properly ad pulls the normal current.

IT the problem becomes worse util Y-ais leveling cannot be
achieved, a emergency operational mode can be implemented such as driv-
ing remining axes to their stops in both directions in an attemt to
free electro-mechanical components which my be sticking. Presently,
however, the problem has not been sufficiently serious to wrrant inter-
ruption of continuous scientific data to attempt such operations.

This anomly is closed.
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14.4.6 Passive Seismic Experiment Feedback Filter Failure

The long-period vertical (Z) seismometer was unstable when operated
with the feedback filter in. The feedback filters for all three long-
period aes (X, Y, ad Z) were removed by comad, and good data (undaped)
now continue to be received. The filter-out mode provides feedback to the
seismometer for all periods of operation with & instrument having a nat-
ural period of approximately 2.5 seconds. Although the response curves
are peaked rather tha flat, ad critically daped, no seismic energ in
the 0.5- to 15-second-period rage is lost.

The filter-in mode provides a 1000-second time constant filter in
the feedback loop for a instruent having a natural period of approxi-
mate B 15 seconds with a critically daped, flat-response curve. On
Apollo 14 long-period seismometers, the data during the filter-in mode
have indicated a general characteristic of initial oscillations going on
to saturation. The problem appears to be electrical rather tha mecha-
ical as experienced with the bent flexures of the Apollo 12 long-period
vertical seismometer. Performace data during Apollo 14 acceptace test-
ing have indicated no abnormalities.

Preliminar aalysis of science data from Apollo 11, 12, ad 14
indicates that the natural luar seismic regime favors the rage of 0.5-
to 3.0-second periods. A a result it is quite probable that future
passive seismic experiment units on the lunar surface will be operated
in the filter-out mode in order to maximize the sensitivity at the appar-
ently favored 2.0-second period. At present, both Apollo 12 ad Apollo 14
long-period seismometers are being operated in the filter-out mode, pro-
ducing satisfactor data.

This aomaly is closed.

14.4.7 Active Seismic Geophone 3 Electronic Circuit Erratic

The experiment wa turned on in the listening mode on March 26,
1971, ad geophone 3 data were spiking off-scale high (fig. 14-34).
When the geophone channels were calibrated, the geophone 3 chanel went
off-scale high simultaeously with the start of the calibration pulse
ad stayed off-scale high for the remainder of the listening period.
Dring the 1-second period when the calibration puse wa present, data
from geophones 1 ad 2 showed the normal 7-hertz ringing caused by the
calibration pulse. However, geophone 3 data showed four negative-going
spikes coincident with the first four negative half cycles of the ring-
ing on the other two chanels. The spikes decreaed in duration from
the first to the last, the lat having a aplitude of 90 percent of
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full scale (plus 2.5 volts to minus 2.0 volts). During the time that
this pulse was present, the signal on channel 2 changed from minus 2.2
volts to minus 2.35 volts, indicating that chanel 3 was operating at
a apparent gain of 30 times the chanel 2 gain.

A shown in figure 14-35, each geophone chanel consists of a geo-
phone, an input preaplifier, a low-pass filter, ad a logarithmic com-
pressor aplifier. The output of the logarithmic compressor feeds the
instrumentation system. The logarithmic compressor is baically an in-
verting amplifier with exponential negative feedback. Two diode-con-
nected transistors between the output ad input of the aplifier supply
the feedback. The first diode is used for positive-going and the second
for negative-going input signals. The diodes for all three geophone
chanels (two per chanel) are physically located in an oven which con-
trols their temperature at 105° C.
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It is believed that the failure is in the logarithmic compression

& lifier because signals are coupled into it through an input coupling
capacitor. This capacitor would block ay offset voltages from the pre-
cedng stages which would be required to drive the output off-scale high.
Analysis indicates that the most probable cause of the problem is an
intermittent open circuit in the diode feedback path. This would allow
the aplifier input trasistor to saturate, driving the output off-scale
high. When signals large enough to drive the input stage out of satura-

tion were present, the output would then respond ad the output signal
would not be compressed.
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The experiment electronics uses 'cordwood" construction of the type
which has caused solder cracks in other equipment. Two copper paths con-
duct the feedback diodes to the logarithmic compressor aplifier. A
solder crack in either path would then result in the data characteristics.

There are 10 such solder joints for each geophone (fig. 14-36):
four on the oven tewxrinal board, four on the mother board, one on the
top board of the log compressor module, ad one on the bottom board of
the log compressor module. The one most likely to fail first is on the
top board of the log compressor module. Continuty at the joint re-
covers a long a the crack closes during the luar da.

NASA-S-71-1704

Most likely cracked joint

~ T, .. .. L, YV s S e

s : 6;eni T . = =~ - Log compressor
N TGP SN | TN | EREEEISEEICIEY. | St top board
3 .. - “‘-__ ,os '. ':" . ".‘ ‘. ._' ~» . ) ’,_- , - - ’:. ‘..
- = . - LY T -
Oven DA IT R 4 4. . - t, . " e . I fl. e 'L 2
_ - § O e i . 9%
terminal < o — a AU R R SR o
. . ce . s _ - . . N . - st . ,‘. ’
boad SEREY | BRI RN | HESR 22N e | A ‘_, AR AP
PN | ERRETIR J : Y | £F BRI | DXL
L -, RN B (18 Sagiiuy .- Log compressor
.. S el e, - = SRR | B | s P 1
py . A : bottom board
z.-. T " . = v, s s R ety RS M s
Mothrboad

Figure 14-36.- Suspected cracked solder joints in aplifier.

The log compressor modules for geophones 1 ad 2 are of the sae
type construction. Since these are located slightly further from the
oven tha the one for geophone 3, the maximu temperature may not be

quite a high. A a result, it may take longer for them to crack, if
at all.

Systems testing included operationa thewral cycling tests over the
temperature rage for luar da ad night. However, cracked solder joints
are a function of time a well a temperature, and apparently the ground
test cycle did not allow enough time for a creep failure. This equipment
wa designed ad built prior to the time when it wa found that cordwood
construction with soldered joints was unsatisfactor .
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A breadboard of the logarithmic compressor has been constructed,
& d the diode feedback loop will be opened to duplicate the experiment

data. The mechaical design of the logarithmic compressor will be re-
viewed to detewmine the chages that must be made to prevent solder
cracks on Apollo 16. The active seismic experiment is not carried on
Apollo 15.

Procedural chages wuder consideration include operation of the
oven to maintain compressor module temperature because the solder joint
which is most likely cracked is in compression (stronger) at the higher
temperature .

This &@=omaly is open.

14.4.8 Intemrittent L_ss of Valid Data from Suprathermal lon
Detector Experiment Positivg Analog-to-Digital Converter

The data in words 2, 3, 7, and 8 of the suprathermal ion detector
experiment became erratic at 19:09 c.m.t. on April 5, 1971. This con-
dition continued until 22:15 c.m.t. on April 6. The sze erratic con-
dition was also observed during operational support periods on April 7,
9, ad 21. Only those me &aurements associated with the positive section
of the log aaalog-to-digital converter were affected. There has been no
loss of science data.

The affected measurements have a data characteristic wherein each
par&eter processed by the positive log analog-to-digital converter
initially indicates Ffull-scale output, followed by & erroneous data
value . The erroneous data value correlates with the value of the pre-
ceding measuement Iin the serial data format processed by the negative
a&aalog-to-digital converter. The erroneous data value In some instances
indicates one PCM count less tha the negative analog-to-digital con-
verter paraeter.

An Iintemrittent fFailure of the start reset pulse for the positive
log & alog-to-digital converter control logic (fig. 14—37) could cause
the problem. Although the fai lure pewrxrits the positive converter initial
output to Fill the eight-bit binary counter and produce a full-scale read-
ing; thereafter, when a start pulse for the positive converter should re-
set the eight-bit counter, i1t fails to do so, a&ad the negative word which
is still Iin the counter is read out & a positive word. The cause appears
to be & intemittent component or wire connection in one of the asociated
modules . However , it does not appear to be a function of the temperature.
The components have been passed by normal high reliability screening, ad
systems tests have included operational pressure, temperature, vibration,
huidity, and accelerated lunar environment cycles. No Fai lure of this
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type ha been experienced with groud tests. No additional testing is
considered warranted for Apollo 15, which will be the last mission for
the experiment.

This aomaly is closed.

14.4.9 Charged Particle Luar Environment Eperiment
Analyzer B Data Lost

The voltage measurement reading on the aalyzer B power suppl]

(Fig. 14-38) becaxe erratic on April 8, 1971, ad the aalyzer B science
data were lost.

o April 10 and 16, the experiment was commaded on to normal (low-
voltage) mode, ad to increase (high-voltage) mode in a series of tests.
The results indicate that the plus 28-volt input, the regulator, ad the

aalyzer A power suppll] were functioning properly, ad that the problem
wa in the aalyzer B power supply.

The high-voltae power suppld is a trasistor oscillator. The reso-
nat elements are a trasforer primar winding ad a capacitor connected
in parallel between the transistor emitter ad ground. A second trans-
forer winding provides positive feedback to the trasistor bae, causing



NASA-S-71-1706

3 volts de
I Telemety 3.06 volts
measurement o
AC-03
Oscillato/ 3.50 volts
tansformer 2800 volts
Voitage i or Analyzer
= multiplier Pt [~ 300 vots] A
28.3 volts
25 volt
Regulator —-—\'i-(l/"_T
High volt
low volt
command
3 volts de
Location
1" — of short
> —
Telemetry
j measurement
AC-02
=
/ //1
2= o
‘P p— ’%////
t - N <] o < ~ - g ] e /’/// 3
{ 1 Z
15 :
L———Oscillator J1 JL Filter J

Voltage multiplier

Figure 14-38.- Aalyzer power supplies.

m >

nalyzer

§\ |

6641



14-60

the circuit to oscillate. A third trasformer winding supplies the in-
put to a diode-capacitor voltage multiplier chain. The output of the
voltage multiplier is then filtered ad drives the charged particle aa-
lyzer. The output of the fourth trasformer winding is rectified ad
filtered. The filtered voltage is then monitored by the instruentation
system ad is proportional to the high voltage supplied to the aalyzer.

Data indicated that after the failure occurred, the instruentation
output was between 2.00 ad 2.25 volts de. This could not occu if the
osci llator were not still oscillating. The input to the voltage multi-
plier is also proportional to the instrumentation output. Shorts to
ground can be postulated at various points in ad downstrea of the volt-
age multiplier, ad the short circuit current can be reflected back into
the trasformer primary winding to determine how much the output voltage
should be decreased. The decreae occurs because the transformer pri-
mary winding (the driving winding) ha resistace (about 300 ohms), ad
ay voltage dropped across this resistance is not available to drive the
trasformer.

These calculations show that the short circuit must be in one of
the output filter capacitors in the high-voltage filter, in the inter-
connecting cable between the filter ad aalyzer, or in the aalyzer.
Short circuits in ay 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 point where the
mal Fnctioning power supply stops oscillating, the current taken by this
supply would increase to about 0.1 apere. |If this is sufficient to

daae the series voltage regulator used for low-voltage operation, the
operating procedures will be modified to use low-voltage operation a
little a possible to extend the voltage regulator's life.

This aomaly is closed.
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15.0 CONCLUSIONS

The Apollo 14 mission was the third successful luar lading ad
demonstrated excellent performace of all contributing elements, result-
ing in the collection of a wealth of scientific information. The follow-
ing conclusions are drawv from the inforation in this report.

1. Cryogenic o><gen system hardware modifications ad changes mde
as a result of the Apollo 13 failure satisfied, within safe limits, all
system requirements for future missions, including extravehicular activity.

2. The advatages of manned spaceflight were again clearly demon-
strated on this mission by the crew's ability to diagnose and work around
hardware problems and malfuctions which otherwise might have resulted in
mission termination.

3. Navigation was the most difficult luar surface task because of
problem in finding ad recogizing smll features, reduced visibility
in the up-su ad dowv-sun directions, ad the inability to judge dis-
taces.

4. Rendezvous within one orbit of lunar ascent was demonstrated
for the first time in the Apollo program. This type of rendezvous re-
duces the time between lua lift-off ad docking by approximately
2 hours from that required on previous missions. The timeline activi-
ties, however, are geatly comressed.

5. On previous lunar missions, 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 mission
were effective in lowering the overall level of dust.

6. Onboad navigation without air-to-groud comunications was suc-
cessfully demonstrated during the transeath phase of the mission to be
sufficiently acurate for use as a contingency mode of operation during
future missions.

7. Lauching through cumulus clouds with tops up to 10 000 feet
was demonstrated to be a safe lauch restriction for the prevention of
triggered lightning. The cloud conditions at lift-off were at the limit
of this restriction ad no triggered lightning was recorded during the
launch phase.



APPENDIX A - VEHICLE DESCRIPION

The Apollo 14 space vehicle consisted of a block Il configuration
spacecraft ad a Satuwr V launch vehicle (AS-509). The assemblies com-
prising the spacecraft consisted of a lauch escape system, commad and
service modules (CSM-110), a spacecraft/lauch vehicle adapter, ad a
luar mdule (B-8). The changes mde to the comad and service modules,
the luar modue, the extravehicular mobility uit, the luar surface
experiment equipment, ad the lauch vehicle since the Apollo I3 mission
are presented. The chages made to the spacecraft systems ae more nu-
erous tha for previous luar lading missions primarily because of im-
provements made as a resut of the Apollo 13 problems and preparations
for more extensive extravehicular operations.

A.1 CONIND AND SEVICE MODULE

A.1.1 Structural a&d Mechanical Systems

The major structural chaages were installations in the service mod-
ulle to accomodate a additional cryogenic o>gen tak in sector 1 ad
a auiliar battery in sector 4. These chages are discussed further
in section A.1.3.

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 quadrat 2 of the lunar modue descent stage where Apollo luar
surface experiment subpackages I ad 2 were stowed. Also, dowlers were
bonded on the adapter at station 547 (215 deg) in case a similar door had
been required for contingency access to the lunar module cryogenic helium
tak during prelauch operations.

The interior of gussets 3 ad 4, which contain the breech-plenum
assemblies of the fowrard heat shield jettisoning system, were awr ored
with a polyimide-impregated fiberglass to prevent burn-through of the
gussets ad possible daaage to adjacent equipment in the event of es-
caping gas from the breech assenblies.



A.1.2 Evironmental Control System

The postlading ventilation valves were modi fied to incorporate dry
(non-lubricated) brae shoes to prevent possible sticking ad a second
shear pin was added to insue positive drive between the actuator shaft
ad ca.

To provide controlled venting for an o><gen tak flow test, the in-
teral diaeter of the auiliary dup nozzle (located in the side hatch)
was enlarged.

Sodiu nitrate was added to the buffer apules used in sterilizing
the potable water. Addition of the sodiu nitrate was to reduce system
corrosion ad enhance the sterilization qualities of the chlorine.

A vacuu cleaer with detachable bags was added to assist in remov-
ing luar dust from suits and equipent prior to intravehicular trasfer
from the lTuwuar module to the comad module a¥er luar surface opera-
tions, ad for cleanup in the comad module.

A.1.3 Electrical Power System

The electrical power system was chaged sigificatly afer the
Apollo 13 cryogenic o>gen subsystem failue. The major chages are as
follows.

a. The internal construction of the cryogenic o>gen tanks was mod-
ified as described in the following table.

Previou block Il vehicles CSM-110 ad subseguent vehicles

Each tank contained two destrat- Fas were deleted.
ification fas.

Quatity gaging probe was mde Quatity gaging probe material
of aluminu. was changed to stainless steel.
Heater consisted of two paral- Heater was chaged to three par-
lel-connected elements woud allel-connected elements with

on a stainless steel tube. separate control of one element.
Filter was located in tak Filter was relocated to external
discharge. line.

Tak contained heater theral Heater thewal switches were re-
switches to prevent heater moved.

element from overheating.

Fa mtor wiring was Teflon- All wiring wa magnesiu oxide-
insulated. insulated and sheathed with

stainless steel.



b. A third crogenic o>gen storage tank wa installed in sector 1
of the service module. This tank supplied o>gen to the fuel cells ad
could be used simultaaxeously with the two taks in sector 4. A new iso-
lation val\w/ was installed between taks 2 ad 3 to prevent the loss of
o>gen from tank 3 in the event of daaage to the plubing for taks 1 ad
2. The closed isolation valve also would have prevented the flow of o><-
gen from tank 3 to the fuel cells. However, tak 3 could have supplied
the environmental control system with the isolation valve closed while
the auiliary batter, mntioned in paragraph e, wa the source of elec-
trical power.

c. The tak 1 and 2 pressure switches remained wired in series as
in the previous configuration; the tak 3 switch wa wired in parallel
and was independent of taks 1 and 2.

d. The fuel cell shutoff valve used prewously was a integral
forging containing two check valves ad three reactat shutoff valves.
In the valve used for CSM-110, the two check valves remained in the in-
tegral forging; however, the reactat shutoff valves were removed ad
replaced by three valves relocated in line with the integral forging.
These valves were the saae type as those used in the service module re-
action control heliu system. The valve seals were chaaged to a type
that provides a better seal uder extreme cold. Figure A-1 illustrates
the major changes to the system except for the intewral tak chages.

e. A auiliary battery, having a capacity of 400-apere hours, was
installed on the aft bulkhead in sector 4 of the service module to pro-
vide a source of electrical power in case of a cryogenic subsystem fail-
ure. Two control boxes, not used on previous flights, were added to ac-
commodate the auxiliary battery. One box contained two motor switches
which could disconnect fuel cell 2 from the service mdule and connect
the auiliar battery in its place. The second box contained an over-
load sensor for wire protection.

A.1.4 Instruentation

Six new telemetry measurements associated with the high-gain atenna
were added to indicate pitch, yaw, and beam-width, ad whether the atenna
was operating in the mawual, automatic tracking, or reacquisition mode.
This additional instrumentation provided data to support Flight Control
maagement of the high-gain atenna.

Other instruentation chaages were a follows. The cabin pressure
trasducer was replaced with one which had been reworked, cleaed, and
inspected for containants. In the past, loose nickel-plating particles
had interfered with inflight measurements. Additional instruentation
was incorporated to monitor the auxiliar battery, the o>gen tak heater
element temperatures, the o>gen tak 2 ad 3 maifold pressure, ad the
t[ 1 3 pressure.
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A.1.5 Pyrotechnics

Fabrication and quality control procedures of two pyrotechnic devices
ued 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 tension tie cutter has existed, a Skylab
quali fication test (performed under more severe vacuum and thermal condi-
tions than for Apollo) revealed that it varied in performance. In the
forard heat shield jettisoning system, the technique of assembling the
breech to the plenum was improved to eliminate the possibility of damage
to the O-ring during asembly. On Apollo 13, the propellant gas had leak-
ed from the gusset 4 breech assembly, a hole was burned through the alu-
minum gusset cover plate, and the pilot parachute mortar cover was damaged.
Structural modi fications to gussets 3 and 4 are described in section A.l1.1.

The docking ring separation system was modi fied by attaching 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 pyrotechnic charge at command
module/lunar module separation.

A.1.6 Crew Provisions

A contingency water storage system was added to provide drinking
water in the event that water could not be obtained from the regular pota-
ble water tak. The system included five collapsible 1-gallon containers,
fill hose, ad dispenser valve. The containers were 6-inch plastic cubes
covered with Beta cloth. The bags could also be used to store urine as a
backup to the waste maagement system overboard dump nozzles. (The aux-
iliary dump nozzle in the side hatch was modified for an oxygen tank flow
test and could not be used.)

A side hatch window caaera bracket was added to provide the capa-
bility to photograph through the hatch window with the 70mm Hasselblad
caera.

The intravehicular boot bladder was replaced with the type of blad-
der used in the extravehicular boot because it has superior wear qual-
ities.

A.1.7 Displays ad Controls

The following chages were made which affected crew station displays
ad controls. The alarm limit for cryogenic hdrogen ad oxygen pressure
was lowered from 220 psia to approximately 200 psia to eliminate nuisance
alarms. The flag indicators on panel 3 for the hydrogen and o><gen re-
actant valves were changed to indicate closing of either shutoff valve



instead of closure of both valves, ad valve closure was added to the
caution ad waring matrix. O>gen tak 2 ad 3 maifold pressure was
added to the caution ad waring system. Circuitry and controls necessary
to control ad monitor oxygen tak 3 were added (heaters, pressure, ad
quatity). Switches were added to pael 278 to connect the auiliary
battery ad activate the new isolation valve between o><gen tanks 2 ad

3. Circuitry ad controls (S19, S20 on pael 2; C/B on pael 226) for

the cryogenic fan motors were deleted. The controls for the oxygen tak
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 LUA MODUE

A.2.1 Structures and Mechaiical Systems

Support structure was added to the descent stage for attachment of
the laser raging retro-reflector to the exterior of quadrant 1 ad at-
tachment of the luar portable magnetometer to the exterior of quadrant 2
(see section A.4 for description of experiment equipment). A modular
equipment trasporter was attached to the modular equipment stowage as-
sembly in quadrat 4. This system (fig. A-2) was provided to trasport
equipment ad lua saples, ad to serve as a mobile workbench during
extravehicular activities. The trasporter was constructed of tubular
aluminum, weighed 25 pouds, ad was desiged to carry a load of about
140 pouds, including about 30 pouds of luar samples.

A.2.2 Electrical Power

Because of a aomaly which occurred on Apollo 13 in which the de-
scent batteries experienced current transients ad the crew noted a
thuping noise ad snowflaes venting from quadrat 4 of the luar mod-
ule, both the acent ad 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. Maifolding from cell to cell ad to the battery case vent was
incorporated.

c. The outside ad inside surfaces of the batter cover were re-
versed so that the ribs were on the exterior of the battery.

In addition, the ascent batteries were mdified in the following
maner:
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a. The negative terminal was relocated to the opposite end of the
battery.

b. The cae vent valve was relocated to the same face as the posi-
tive terminal to allow purging the full length of the batter case.

c. The pigtail, purge port, ad the maifold vent valve were re-
located to the sae face as the negative terminal.

A circuit breaker was added to the luar module to bypass the com-
mad module/lunar module bus connect rela contacts for trasferring
power between vehicles after luna ascent ad docking. The comad mod-
ule/lunar module bus connect relay control circuit is interrupted at
lunar module staging.



A.2.3 Instruentation

Instruentation chages in the ascent propulsion system included the
installation of a pressure trasducer in each of the two heliu taks in
place of two tak temperatue limit sensors which had been used for mas-
uring structural temperature. The added pressue trasducers, in con-
juction with the primary pressure trasducers alread present, provided
redudacy in monitoring for leas. Two temperature maurements were
added to the ascent water tak lines to monitor structural temperatues
in place of the masurements deleted from the acent propulsion system
helium taks.

A descent propulsion system fuel ball valve temperatue measuement
was added for postfligt aalysis purposes because of concer that daage
could result from heat soak-back into propellat lines after powered de-
scent.

A.2.4 Displaxs ad Controls

In the ascent propulsion system, the inputs from the feedline inter-
face pressue sensors to the caution ad wa&ing system were disabled.
Because of the low pressue at these sensors prior to system pressuriza-
tion, their inputs to the caution ad wawring system would have maked
the low-pressue waring sigal from the heliu taks at critical points
in the mission.

Because of erratic indications given by the acent propulsion system
fuel low-level indicator during preflight checkout, the indicator was dis-
abled to prevent master alarm.

The fou reaction control system cluster temperatue meauement
inputs to the caution ad wawring system were inhibited to prevent nuis-
ace alarms since it was determined that these measurements were no longer
needed.

A\ incorrect indication of the acent stage gaseous oxygen tank 1
pressure input to the caution ad wa&ing system wa experienced duing
preflight checkout. Therefore, the input to the caution ad waring
system was disabled to prevent maingless alarms.

A.2.5 Descent Propulsion

Ati-slosh baffles were installed inside the descent stage propellant
taks ad the diaaeter of the outlet holes for the propellant quatity gag-
ing system sensors was reduced from 5/8 inch to 0.2 inch to minimize pre-
mature low propellat level indications due to sloshing such as had been
experienced on Apollo 11 ad 12.
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It was determined by test that the descent propulsion system fuel
luar dum valve would close uder liquid flow conditions when installed
in the noral flow direction ad could not be reopened. It was further
determined that, by reversing the valve ad installing a orifice upstrea
of the valve, it would remain open under all expected liquid flow condi-
tions. Because of a possible requirement to vent the propellat taks
ad the cryogenic helium tank under zero-g conditions, the valve was re-
installed in the reverse flow direction.

The propellat quatity gaging system sensors were modified to in-
clude a mtal split ring between the electronics package cover and the
sensor flanges. This increased the clearace between the electronics
package ad cover to preclude the possibility of crushed wires due to
improper clearace.

A.2.6 Ascent Propulsion

To improve the seal for the four-bolt flaged joint between the fill-
and-drain lines and the main feed lines in the ascent propulsion system,
0-rings were used in place of injected sealats. Teflon 0-rings were used
in the oxidizer lines, and butyl rubber 0-rings were used in the fuel lines.

A.2.7 Environmental Control

A muffler was added in the line at the outlet of the water-glycol
pup assembly to reduce the pup noise trasmitted to the cabin through
the water-glycol lines. The regulator bad of the high-pressure oxygen
assembly was shifted to increase the regulated pressure from approximately
950 psig to 990 psig, providing a higher recharge pressure for the port-
able life support system ad, thus, increasing its operating time for
extravehicular activities.

A.2.8 Crew Provisions

The flexible-type container assembly previously used for stowage in
the left had side of the lunar module cabin was replaced with a mtal
modularized container which was packed before being placed into the lunar
module.

Retwa stowage capability was provided for two addtional luar rock
saple bags.



A.3 EXTRAVEHICULA MOBILITY UNIT

The thigh convolute of the pressure garment assembly was reinforced
to decrease bladder abrasion which had been noted on training suits.
Also, the crotch pulley ad cable restraint system was reconfigued to
provide for heavier loads.

The portable life support system was modified as follows. A carbon
dioxide sensor was added ad associated changes were mde to provide
telemetry of carbon dioxide partial pressure in the pressure garment as-
sembly. In addition, a orifice was added to the feedwater trasducer
to prevent freezing of water trapped within the trasducer housing, which
would otherwise result in incorrect readings. The oxygen purge system
was modified by the deletion of the oxygen heater system because the oxy-
gen does not require preheating to be compatible with crew requirements.

A new piece of equipment, the buddy secondary life support system,
was provided as a mas of sharing cooling water from one portable life
support system by both crewen in the event that one cooling system
became inoperative. The uit consists of a water umbilical, restraint
hooks and tether line, ad a water-flow divider assenmbly.

A.4 EXEIMNT EQUIPMNT

Table A-1 lists the exeriment equipment carried on Apollo 14,
identifies the stowage locations of the equipent in the luar module,
and references 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 subpackages of the Apollo
lunar surface exeriments package are shown in figures A-3 ad A-4.

A.4.1 Active Seismic Exeriment

The active seismic experiment acquires information to help deter-
mine the physical properties of luar surface and subsurface materials
using artificially produced seismic waves.

The experiment equipment consists of three identical geophones, a
thumer, a mortar package, a central electronics assembly, ad inter-
connecting cabling. The geophones are electromagnetic devices which
were deployed on the luar surface to translate surface movement into
electrical signals. The thumper is a device that was operated by one of



TABL. A-1.- AOLLO 14 EXPERIMNT EQUIPMNT

N Mission
E i t - - P ission:
Eperimnt equipent xperimn Stowage lucation in Apollo 14 lunar modue revu(_)u mISSI_On report
nuber en which carried
reference
Apollo luar surface e>eriment lack=a:
(1) Fel capsule for radioisot.pe thenuelectric Sto.ed in cask asembly mouted on exterior of Apollo 12 - 13 Apollo m
generator quatrat 2
(2) Subpack[d 1:
(a) Pasive seismic e><perimntS S-031 Sdenti fie equipent ba - quadrat 2 Apollo 12 = 13 Apollo 12
(b) Active seismic experimtnt S-033 Scienti fie equipment ba - quadrat 2
(c) Chaged particle luar environment S-038 Scientific equipment ba - quadrat 2 Apollo 13 Apollo 13
experiment
(d) Central statio fer comad control : Sdentific equipment ba - quadrant 2 Apollo 12 - 13 Apollo
Luar dust detector M515
(3) Subpactae 2:
(a) Suprathe m— iO detector experimenta S-036 Scienti fic equipment ba - quadrat 2 Apollo 12 Apollo 12
(b) CId cathode io gaue S-058 Scientific equipent ba - quadrat 2 Apollo 12 - 13 Apollo 12
Laer ragin rtr-rflector experiment S-078 Mounted on e><erior of quadrat 1 Apollo 11 Apllo 1
L_ar prable manetometer exeriment S-198 Mouted on exterior of quadrat 2 (b)
Slar vind cmposition e=zeriment sS-0B HFdula equipmnt stowaae asembly ..quarat 4 Apollo 11 - 12 Apollo 11
Luar field golog: S-059 Aollo 14,
(1) Tols ad contaners Modulax equipment stowae asembly - quadrat 4 Apollo 11, 12 = 13 Fig. A-2
(2) caara #dular equipent stowage asembly ad cain Apollo 11, 12 = 13 Fig. A-2
(3) Tol carrier Afollo lunar surface experiment subpac.ape 2 - Apollo 12 = 13 Fig. A-4
quadrat 2
(4) Modular equipment trasp rer’ tTdular equipent stowage asembly - quadrat 4 Fig. A-i
Luar soil mecbaiics: S-200 Apollc 14:
(I) Tols ad containers #dular equipment stowage asembly - quadrat 4 Apollo 11, 12 - 13 Fig. A-2
2 Cara Mdular equipmnt stowape aserbly ad cabin Apollo 11, 12 = 13 Fig. A-2
P! ¢}
(J) Mdula equiJent trasprtl:'rC Mdular equipmnt stiwae ¥sembly - quadrat 4 Fig. A-2

[Idified from AlolL> 12 configuratio.

b R R
Similar to experimnt :-C34 on Apllo At but di ffernt equipent used.

®See section A.2.1 for descriltion.

v
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the crewven to prowde seismic sigals. The signals were generated by
holding the thuper against the lunar surface at various locations along
the line of the geophones ad firing explosive initiators located in the
base of the thuper. The mrtar package consists of a mortar box assem-
bly ad a grenade lauch tube assembly. The mortar box electronics pro-
vide for the arming ad firing of rocket mtors which will launch four
high-explosive grenades from the lauch tube a&asembly upon remote comad.
The monitor package is designed to lauch the grenades to distaces of
5000, 3000, 1000, ad 500 feet. Signals sensed by the geophones are tras-
mitted to earth-based recorders.

A.4.2 Luar Portable Magnetometer Experiment

The lunar portable magnetometer was used to measure the magnetic
field at two locations along a traverse on the lunar surface. The meas-
urements will be used to determine the location, strength ad dimensions
of the source, and, in tur, to stud both local and whole-moon geolog-
ical structure.

The experiment equipment consists of a sensor head containing three
orthogonal single-ais fluxgate sensor assemblies, a electronics and
data display package, ad a tripod. The electronics package is powered
by mrcur cells. The package has a on-off switch and a switch to select
high and low mter rages (100 g=asms ad 250 g=ams). The data displa
consists of three meters, one for each ais.

A.5 MASS PROPERTIES

Spacecraft mass properties for the Apollo 14 mission are summarized
in table A-11. These data represent the conditions as determined from
postflight analyses of expendable loadings ad uage during the flight.
Variations in comad and servce module ad luar module mass properties
are determined for each signi ficat mission phase from lift-off through
landing. Expendables usage are based on reported real-time and post-
flight data as presented in other sections of this report. T e weights
ad center-of-grawvty of the indivwvdual mdules (comad, serwvce, ascent
stage, ad descent stage) were measured prior to flight ad inertia values
calculated. All chages incorporated after the actual weighing were mon-
itored, ad the mass properties were updated.
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TAL A-11.- MSS PROPERTIES

R - - - 2 Produc of inertia,
~ Center of gravity, in. Mment of inertia, slus-r- 2
Weight , slu-F
Event b
X .
y |z < e | 12z | e iy
Ca—=d ad se:vice module/luny module

Lift-off ill 120.3 847.5 2.2 3.7 66 34 1 183 929 118 165 4058 9 610 3622
E&h orbit insertion 102 083.6 .6 2.0 0.o 67 415 724 926 727 209 5759 11 665 3610
TraSposition ad docking

Cc=[1d & sewrice modules 64 386.0 934.1 .0 6.0 34 251 17 036 79 537 -1767 -370 30T

Lunz module 33 69.2 1236.7 -.2 -.3 22 533 24 35 24 949 -066 63 233
Total docked 98 037.2 1038.2 2.6 -.1 57 071 537 537 540 506 -811 -9915 3412
[(dret midcuwre correction 91 901.5 1038.3 2.6 0.1 56 969 537 197 540 171 -83 -900 3440
~ econd midcurse corwrction 91 104.1 1038.9 2.6 0.0 56 547 535 756 539 024 -8223 -967 3365
[ lar orbit insertion 91 033.1 1039.0 2.6 0.o 56 099 535 582 538 872 -831 -9834 3364
[CIscent orbit insertio 71 768.8 1081.9 1.3 2.7 13 35 410 855 417 348 -5576 -5923 397
Separation 70 162.3 108.4 1.3 2.7 43 872 402 63 408 496 -.466 -6279 20
Zcormad ad service moule 35 996.3 945.0 2.2 5.8 19 725 57 161 62 490 -1981 507 80

circularization
8Co B kad aad service Bdule 35 610.4 915.2 2.2 5.8 19 494 57 032 62 244 -1963 528 91

plaxe chage
Docking

Codk;ad & service moule 31 125.5 946.5 1.9 6.0 18 662 56 591 61 218 -1872 us2 69

Aacent stage 5 781.3 1165.2 0.6 -2.3 3 317 2 297 2 723 -117 -3 -352
Total after dolking

Acent st®e maned 39 906.8 978.2 2.3 ..8 22 OO0 109 973 111 958 -1311 -1141 -307

Aacent st&e waaned 39 93.9 976.3 1.9 4.9 21 910 105 741 110 65 -2009 -1038 -256
After acent stage jettiso 30 596.3 947.5 2.0 L7 18 74l 57 0 - 61 66 | -1772 309 58
srasearth inJectio 30 551..4 947.3 2.0 7 18 730 56 553 61 181 -1746 309 60
shird midcourse correction 24 631.9 975.3 -1.6 7.0 13 592 41 585 41 392 02 -492 -458
Coad &ad ad service module 24 375.0 975-7 -1.6 7.5 13 38 41 314 11 190 138 -191 -39

prior to separatic
A\er sepratio

Sewice module 11 659.9 906 .4 -3.1 9.0 7 459 12 98 13 28 -418 533 -359

«<_——=oa module 12 715.1 1039.2 -.2 5.7 5 897 5 281 4 763 a4 -373 -25
Etry 12 703.5 1039.2 -.2 5.6 5 80 5 274 4 762 . -371 =20
Main parachute deployment 12 130.8 1037.6 -1 ,.a 5 68 4 874 0 403 -0 -30 -21
Laading 11 481.2 1035.9 -.1 0.8 5 501 4 157 4 083 35 -297 -8

Luar module

lunar module at earth lauch 33 651.9 184.9 -.3 .0 22 538 21 925 25 034 177 370
Separation 34 125.9 18.0 -.3 .6 23 93 26 112 26 073 178 722 378
[J_ered descent initiatio 31 067.8 185.9 -.3 .7 23 901 26 018 25 965 175 719 371
Luna landing 16 371.7 <13.6 -.6 1.1 12 50 13 62 16 O9 231 652 398
Lunar lit-oF 10 179.8 243.9 .2 2.8 6 756 3 108 5 954 68 188 6
Orbit insertion 5 911.8 257.0 .3 5.0 3 417 2 98 2 144 61 100 5
Tew inal phae initiation 5 88.1 256.8 .0 5.1 3 400 2 899 2 123 61 105 6
Dcking 5 781.3 256.7 .0 5.2 3 347 2 878 2 055 61 105 8
Jettiso 5 307.6 258.2 .2 1.7 3 126 2 771 2 056 60 12 3

®at ignition



APPEDIX B - SPACECRAFT HISTORIES

Te histor of comad ad serxrice module (CSM 110) operations at
the mawufacturer's facility, Downey, Califoria, is shown in figure B-1,
ad the operations at Kenned Space Center, Florida, in figure B-2.

The histor of the luar module (L_-8) at the maufacturer's facil-
ity, Bethpage, New York, is shown in figure B-3, ad the operations at
Kenned Space Center, Florida, in figure B-4.

NASA-S-71-1711

1969
Februaryl March April May June L July August ISeptemberI October [Novembr
_Individuai systems checkout
— Integrated systems test
I Data review
-

Modifications and retest

Apollo 10 and Il missoon suppot

I Demate

Final installations and checkout

— =111
Weight and balance I
Command mocute ’

Preshipent inspction I

Preparation fo shipnent and ship ==

mal mstallatiOns and checkout —

Service module Preshipent inspection I

Preparation for shippent and ship =

Figure B-1.- Checkout flow for Co«—~—d ad service modules at
contractor's facility.
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NSA-S-71-1712

1970 1971
April L May I June I July IAugust ISeptember] October lNovemberl December | January

_ water/glycol spill cleanup and equipment replacement (see note 2)

©® —=mmmm= Rquipment installation and retest

I *® Altitude chambr tests

Cryoenic and return enhancement moifictions and retest—

Spacecraft/launch vehicle assembly -
Move spce vehicle to launch complex |
Sector 4 cryoenic shelf installation |

Spce vehicle systems and flight readiness tests_
Notes: : .

1. Command and service moules
delivered to Kennedy Spce
Center on November 19, 1969

Spcecraft propulsion leak checks and propellant loding | -

Countdown demonstration test -

2. Spill resulte from hole accidentally

punched in cold plate during install- Countdown.
ation of new inertial measurement
unit on April 14, 1970 Launch \|F

Figure B-2.- Comand ad service module checkout histor at
Kenned Space Center.
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Figure B-3.- Checkout flow for lunar module
at contractor's facility.
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1970
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June July August
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January

Ascent stage delivered to Kennedy
Space Center on November 21, 1969;
descent stage delivered on Novembr
24, 1969

-Aititude chamber runs (Prime and backup crews)

—Equipent installation and checkout

Altitude chambr run <Prime crew)

Install in spacecraft/ launch vehicle adapter I
System verifications and flight readiness tests

Spacecraft propulsion leak checks and propllant loading I -

Modifications and retest

I Landing gear installation

Countdown demonstration test

Countdown

Launch

Figure B-4.- Luar module checkout history at
Kenned Space Center.



APPENDIX C - POSTFLIGHT TESTING

The comad module arived at the Luna Receiwvng Laborator, Houston,
Texas, on Februawr 22, 1971, after reaction control system deactivation
ad pyrotechnic safing in Hawaii. At the end of the quarantine period,
the crew equipment wa removed ad the comand module wa shipped to the
contractor's facility in Dowvey, California, on April 8. Postflight test-
ing ad inspection of the comand module for evaluation of the inflight
perforace ad investigation of the flight irregulaities were conducted
at the contractor's ad vendor's facilities and at the Manned Spacecraft
Center in accordaace with approved Apollo Spacecraft Hardware Utilization
Requests (ASHUR's). The tests performed a a result of inflight problems
are described in tale C-1 ad discussed in the appropriate systems per-
formance sections of this report. Tests being conducted for other pur-

poses in accordace with other ASHUR's ad the basic contract ae not
included.



TAL C-1.-

POSTFLIGHT TESTING SW_JB WM

AHU no. P rpose Tests perfowred Results
Environmnta. Control
10016 To investigate the high o><gen flow rate Perfor predeliver acceptaace test on the Tbe leaaaae va slightly higher tba
noted on severa aceaions. urine receptacle asembly vent valve. allowed, but not igi cat enoub
to caue a problem vitb the vave in
the clOed position. A opn vent
vave produces the observed higb flo.
110029 To detewine the cause of difficulty in Perform inspection a&ad fit ad functional Insertion of one buffer apule re-
inserting water buffer apuleS into the tests. quired excessive torqu ad a lea
injector. developed at a fold in ®&e ba&a vall.
Test not complete.
110030 To detewrine the cause of slight lea- Perfor lea test a&ad failure aalysis. T e leaaage rate va vixin sped fi-
a&ae of the oxygen repressurization cation.
packae .
10040 To investigate the leaa at the fod Perfowx —®ctiona.l &ad leaaae tests. Te hot water port leaaed initia il
preparation water port. in the test, &en, no further lea-
&ae occurred. Test not complete.
110046 To investigate apparent freezing of the Perfowxr continuity &d resistaace tests The electric circuiter resistSce
urine dup nozzle. of the urine nozzle heater circuitr . readims were nom— 1.
Structures
110005 To detewrine the cause cf the capture Perfomr inspection, fUctional tests, ad Test not complete.
latch engagemnt preblel jurim tras- teardown of the docking probe,
position docking.
Guidaace a&ad Navigation
110026 To investigate the apparent failure of Perfor fUctioa tests aad Ffaalure T e entwr monitor system —# ctioned
the entwr monitcr system .05g sensing aaysis. normally .
fUction during ent r.
Eectrica Power
1 0033 To dete wmne the caue of power reman- Perform continuity &d electrical tests Motor switch SI faled. The main
ing on the main buses after the min to isolate caue. bus B-battew— C circuit breaaer va
bus switches were positioned off during intemi ttent in the closed poition.
ent & . Foreign paricles were found on the
motor svitch cormtator. A hard
deposit va found on a contact of
the circuit breaaer. Test not com-
plete.
11045 To dete m—ne the cause of por “/F voice Perfor system test io comaad module =ad

comunications between the lua module
aad the comaad module.

perfor— bench tests 00 WF haadw=a .

Reading obtained in spacecraft test
were now &, Test not comlete.




TALE C-1.-

POSTFLIGHT TESTING SW_JBM _

Concluded

AHU no. Pupose Tests performd Results
Crev Equipmnt
1006 To detewine the caue of the luar top- *plicate caaera failue a&ad perfor Failue A failed trasistor va foud in the
110503 gaphic c=ara failure. aaalysis. Perfowr functional test of the shutter control circuitry.. A alu-
electrical power cable. minu sliver va foud in the tras-
istor.
1.0009 To investigate the cause of tbe . B ar Perfos wmsponse tests © the dosimter at The dosimeter va inoperative at the
®due Pilot's proa raiation dosi- d fferent dse rates. loest dose rate due to loss of sensi-
B iter not udtlJd. tivity. The dosimeter read.ms vere
wi&in toleraace at other doe rates.
1010 To inwsatigate operaxica d fficulties Inspect gloves for p»ssible vrist cale Ro vrist cable d==me va fo&td. The
11051 e><rienced vith the L_ar ®&due Pilot’s [ 1. Perfor pressue gam nt asembly problem va dulicated in a test vit
right erraxshicuar &0"". evaluatio of suited pressure vith _na the Luar Mdule Pilot suited. Test
Mdule Pilot. not coplete.
10017 To infFatiaate the apr nt high lea Perfomr pressure gam nt aasemly lea rate The leaa rate va nominl .
rte of the . B ar Jdue Pilot'= prssue test.
g==nt Uae|l .
10019 To investigate looseim of the 70-11 Exaine fit of the haadle to the caaera ad Test not comlete .
c=ara haad.e on the 1 Bar suface. bracket.
102 To investigate occaaiaaal doule ee Perfor ¥ nctional tests ad teardovn Te intervaaometer tinmctioned properly,
of the 70- - c&=ara interaioeter. aaysis. but va incompatible with c&=ara motor
characteristics.
1027 To inwsstigate inte m—ttent voice com- Perform functional tests aad falure aaal- Te electrical harnesses perfored

muications < the < —=lkader.

ysis of constat vear garment electrical
haresses.

ly.

$-0
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APPEDIX D - DATA AVAILAILITY

Tables D-1 ad D-11 ae swuamies of the data made available for
systems perforace aalyses ad anomaly investigations. Table D-1 lists
the data from the comad ad service modules, ad table D-11, the luar

module. For addtional information regardng data availability, the
status listing of all mission data in the Central Metric Data File,
building 12, MSC, shoud be consuted.
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TALE D-1.- CON1D AD SERVICE MODULE DATA AVAILAILITY

Time, hr:min Badpass Oscillo Specia
Rage ~ Computer Bruh Special
- plots Bilevels graph plots

From To statio or tabs words record records or tas progr=s
-04:00 00 :30 A0 X
00:00 00:10 ML X X X X X X
00:02 00:14 BDA X X X X
00:48 03:15 Mm X X X
01:28 01:44 GO X X
02:25 02:34 GDS X X X X X
02:49 03:49 GDS X X X X X
03:05 12:00 Mm X
03:14 06:21 Mm X X X
03:47 04:47 GO X X X X X X
04:45 05:45 GDS X X X X X
05:43 06 :45 GDS X X X
C6:40 07:41 GDS X X X
07:18 10:36 Mm X X X
07:40 08:39 GO X X X
08:37 10 :35 GO X X
10:36 14:35 Mm X X X
10:50 13:46 HSK X X
14:51 17:53 Mm X X X
15:10 15:14 M X X
16 :07 16:20 M X
17:07 19: O MD X
18:07 22:49 mm X X X
19:08 23:09 M X
20:07 21:O M X
22 :49 26:56 Mm X X X
23:08 24:0 M X
23:50 24:50 GDS X
27:04 30:59 —m X X X
29:37 30:37 GO X X
30: 0 31:0 m X X
30: 0 30:37 GO X X
30:30 31:00 GDS X X X X X X
31:01 34:51 1 X X X
34:0 35:28 GDS X
34:54 38:57 1F X X X
39:00 42:53 rm X X X
42:53 47:00 rm X X X
46:48 48:26 GO X
49:21 51:19 GDS X
50:40 54:50 m X X X
55:01 58:46 a1F X X X
58:48 62:54 1F X X X
59:0 61:00 GO X
59:0 61:00 AFI X X
S :57 61:19 GO X X X X X
63:0 67:20 a1F X X X
64:0 6:0 1 FI X
65:49 66:49 M X
67:28 69:18 1 X X X
67:49 69:49 MD X
69:45 70:54 rm X X X
69 :49 71:49 M X
70:55 75:04 —m X X X
71:49 72:49 M X
75:10 78:42 nH X X X
76:25 77:25 GDS X X
76:40 77:0 co X X X X
76:57 77:02 s X X X X X
78:20 78:42 co X
79 :40 82:51 Mm X X X
81:15 82:04 GO X X X
81:44 82:04 HSK X X X X X X
82:02 82:20 1K X X X




TABL. D-1.- CON/1D .A SERVICE MODULE DATA AVAILABILITY _ Continued
¥ heimn Hage Badass _ Computer Oscillo- Brsh Special Special
I station plots Bilevels vords graph record plots progr=
F~om To or tas records or tas
8,14 82,44 GO X X
82,39 83,43 GDS X X
83:02 87:17 = X X X
8:23 85:12 GDS X
85:10 8:09 HSK X X X
8:10 90:50 = X X X
86:10 8:53 HSK X X X X
88:25 8:35 = X X X
88:26 8:34 MD X X X X
8:42 90:23 MD X X
90: O 101:00 = X X X
9:20 91:28 MD X
91:00 94:59 = X X X
94:10 95:18 MD X
9:.;59 98:40 - X X X
96:01 97:11 GDS X
97:55 | 98:20 GDS X X
98:04 98:12 GcD X X
98:19 99:05 GD X
98:40 102:42 b gl X X X
98:52 98:55 GDS X X
99:49 100:59 GD X
99:52 100:04 GDS X
102:00 102:54 D X X X
102:42 108:36 F X X X
103:38 104 :25 GDs X X X X X
104:23 104:47 GDS X
104 :47 105:30 GDS X X X X X
105:31 106 :47 GDS X
106:44 108:42 F X X X
107 :25 108:43 GDS X
108:42 110:42 MF X X X
108:42 109 :30 HSK X
110 :41 114 :36 Kflj X X X
111:20 112:08 fu X
114 :54 118:37 MF X X X
116:32 118:32 MD X X X X X X
118:31 122:31 = X X X
119:02 120:32 MD X
120,02 120:32 MD X X
120:55 122:53 GD X
122:31 126 :28 MF X X X
123:15 124 :49 GDS X
125:15 126:30 GD X
126:28 129:38 1~ X X X
127:15 128:25 GD X
129:10 129 :40 GDS X
12 :26 130:40 GDS X X X
129:42 130:10 GD X
131:00 13:00 M~ X X X
131:0 131:35 GDS X
131:12 135:58 L = X X X
131:33 13:34 GD X X X X
133:29 134:24 GDS X X X
134:22 135:10 HSK X
135:08 135:12 HSK X
135: 0 136:20 HSK X
136:19 138:46 = X X X
136:20 138:14 HSK X X
139:05 143:49 = X X X
139:05 139:45 MD X X
141:40 142:18 MD X X
142:10 143:00 MD X X X X
142 :14 146:05 M~ X X X




TALE D-1.- CON1D AD SERVICE MODULE DATA AVAILAILITY - Concluded
Timel hr:min Badpass Oscillo- Special
Rage ~ Computer Brush Special
N plots Bilevels graph plots
station words records progras
From To or tabs records or tabs
14331 14410 MD X X X X X
114:12 145,08 GDS X X X X
145,13 | 146,14 MM X X X
146,05 150'54 B FN X X X
146'56 147,55 GD X X
148,10 148,50 (] =) X X X X X
151,14 154,52 | = X X X
154,56 158'57 | B X X X
159,08 162'56 | = X X X
162,40 164,00 | B X
162,58 166,07 | = X X X
165'17 166,18 MD X X X X X X X
166,00 176,00 | = X X X
166,18 167,18 M X X
166,47 170'53 1~ X X X
167,00 168,18 M X X
167,23 168'03 M X
168,18 169,19 M X
169 . o 169,20 M X X
169,17 110 ,0a MD X X X X
170 '57 174,40 MF X X X
171'05 174,04 GD X X
174,01 175,59 GDS X
175,09 178,56 M X X X
175'58 178,52 GD X
179,05 182,52 MF X X X
179'50 184 .o HK X
183,05 18'52 M X X X
187 ,02 188,62 M X
187,25 190,54 M X X X
19054 19449 M X X X
19449 198,46 M X X X
199, Q 203,02 M X X X
203,11 206 :50 MFI X X X
2070 210:52 M~ X X X
210:48 211:48 HSK X X
211:11 214 :49 MF X X X
214,17 215: 0 [ - X X
215:04 215:46 (@ X X X
215:08 215:43 MF X X X
215:08 | 215:44 AlA X
215:31 | 215:51 HK X
215:37 | 216,07 DE X X X X X X X
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TALE D-11.- LUNAR MODULE DATA AVAILAILITY
Time, hr:min Badpas Oecillo- Special _
Raage _ Computer Brush Special
station plots Bilevels vords graph records plots progr=a

F~om To or tabs records or tabs

-04:00 -02:0O ADS X

61:50 62:15 HSK X X

61:52 62:15 MF X X

77 :34 78:10 oD X X
101:45 102:50 GDS X X X X X X X
101:46 102:42 M~ X X
102:42 106 :44 M X X X

103:38 104:25 cD X X X X X X X
104:14 108:51 M X X X
104:23 | 104:47 GDS X X X X X
105:31 | 106:07 cD X X X X
106:05 106 :47 GD X X X X X X
106 :44 108:42 MPI X X X

107:25 107:45 GD X X X X X X
107:42 108:43 GB X X X X X X X
108:42 110:15 L=l X X

108:43 109 :00 oD X

109:40 110:36 HK X X X X

110:34 111:34 HSK X

112:20 114:32 Mnr X X

112:25 113:10 K X

113:02 15:03 M X

114:32 19:03 M P X X

115:02 19:20 M X

119:21 1.2:45 MPI X X

120:15 122:53 oD X
122:31 16:28 [ I ] X X

122:51 16:45 GD X

126:28 19:38 MPI X X X

126:43 1.9:40 GD X

128:39 1.9:40 (] X X X X

129:24 19:36 cD X

129:37 13:38 oD X X

13:35 131:35 GD X X X

131:12 135:58 i X X X

13:31 133:34 GD X X X

133: 2 135:17 GD X

135: 1 13:10 K X X X

136:19 138:46 L =4 X X X

137:08 | 138:07 HSK X X X

137 :49 138:50 M - X X

138:50 133:50 M X X
139:05 143:49 M3 X X X

139:39 141:50 M X

140: 3 140:50 M X

140:49 141:5 M X X X X
141:10 141:48 M X X X

141 :45 141:50 M X X X
141:49 142:18 M X X X X X X X
142:14 146:05 1P X X X
142:59 143:3 M X X X X X X X
143:21 144 :16 M X X X X X X X
143:40 144:01 M X X

144:58 | 145:15 M X X X
145 :05 145:15 M X

145:12 146:14 M X X X X X X
146:04 14750 1Pl X X X

146 :55 147130 | X X X X X X X
147 : 14742 QO X X X X X X




APPENDIX E - MISSION REPOR SUPPL_MNTS

Table E-1 contains a listing of all reports that supplement the
Apollo 7 through Apollo 14 mission reports. The table indicates the
present status of each report not yet completed ad the publication
date of those which have been published.



E-2

TABLE E-1.- MISSION REPOR SUPPLEMNTS
Supplement Title Publication
nuber date/status
Apollo 7
1 Trajectory Reconstruction ad Analysis May 1969
2 Communication System Perforace June 1969
3 Guidace, Navigation, ad Control System November 1969
Performance Analysis
4 Reaction Control System Performance August 1969
5 Cacelled
6 Entry Postflight Analysis December 1969
Apollo 8
1 Trajectory ReconstructiOn and Analysis December 1969
2 Guidace, Navigation, ad Control System November 1969
Performance Analysis
3 Performace of Coomad ad Service Module March 1970
Reaction Control System
4 Service Propulsion System Final Flight September 1970
Evaluation
5 Cacelled
6 Analysis of Apollo 8 Photography and December 1969
Visual Observations
7 Etry Postflight Analysis December 1969
Apollo 9
1 Trajectory Reconstruction ad Analysis November 1969
2 Commad and Service Module Guidace, Navi- November 1969
gation, ad Control System Performace
3 Lunar Module Abort Guidance System Perform- November 1969
ace Analysis
4 Performace of Command ad Service Module April 1970
Reaction Control System
5 Service Propulsion System Final Flight December 1969
Evaluation
6 Performace of Lunar Module Reaction Control | August 1970
System
7 Ascent Propulsion System Final Flight December 1969
Evaluation ’
8 Descent Propulsion System Final Flight September 1970
Evaluation
9 Cacelled
10 Stroking Test Analysis December 1969
11 Comunications System Perforance December 1969
12 Entry Postflight Analysis December 1969




TAL E-1.- MISSION REPORT SUPPLEMNT - Continued
Supplement Title Pub li cation
number date/status
Apollo 10
1 Trajectory Reconstruction ad Analysis March 1970
2 Guidace, Navigation, and Control System December 1969
Performace Analysis
3 Performace of Commad ad Service Module August 1970
Reaction Control System
4 Service Propulsion System Final Flight September 1970
Evaluation
5 Performance of Lunar Module Reaction Control | August 1970
System
6 Ascent Propulsion System Final Flight January 1970
Evaluation
7 Descent Propulsion System Final Flight Jauar 1970
Evaluation
8 Cancelled
9 Analysis of Apollo 10 Photography ad Visual | In publication
Observations = SP-232
10 Entry Postflight Analysis December 1969
11 Comunications System Performace December 1969
Apollo 11
1 Trajectory Reconstruction and Analysis May 1970
2 Guidance, Navigation, ad Control System September 1970
Performace Analysis
3 Performance of Command and Service Module Review
Reaction Control System
4 Service Propulsion System Final Flight October 1970
Evaluation
5 Performace of Lunar Module Reaction Control | Review
System
6 Ascent Propulsion System Final Flight September 1970
Evaluation
7 Descent Propulsion System Final Flight September 1970
Evaluation '
8 Cancelled
9 Apollo 1l Preliminary Science Report December 1969
10 Communi cations System Performace Jauar 1970
11 Entry Postflight Analysis

April 1970




TALE E-1.- MSSION REPORT SUPPLEMNT - Concluded

Supplement Title Publication
number date/status
Apollo 12
1 Trajectory Reconstruction ad Analysis September 1970
2 Guidace, Navigation, ad Control System Septenber 1970
Performace Analysis
3 Service Propulsion System Final Flight Preparation
Evaluation
4 Ascent Propulsion System Final Flight Preparation
Evaluation
5 Descent Propulsion Systm Final Flight Preparation
Evaluation
6 Apollo 12 Preliminary Science Report July 1970
7 Lading Site Selection Processes Final review
Apollo 13
1 Guidace, Navigation, and Control System September 1970
Performace Analysis
2 Descent Propulsion System Final Flight October 1970
Evaluation
3 Entr Postflight Analysis Cacelled
Apollo 14
1 Guidace, Navigation, ad Control System Preparation
Performace Analysis
2 Cryogenic Storage System Performace Preparation
Analysis
3 Service Propulsion System Final Flight Preparation
Evaluation
4 Ascent Propulsion System Final Flight Preparation
Evaluation
5 Descent Propulsion System Final Flight Preparation
Evaluation
6 Apollo 14 Preliminar Science Report Preparation
7 Analysis of Inflight Demonstrations Preparation
8 Atmospheric Electricity Experiments on Preparation

Apollo 13 and 14 Lauches




albedo

Brewster agle

ejecta
electrophoresis

foliation

galactic light
gegenschein
luar libration
region (14)
Moulton point
nadir

regolith

zero phase

zodiacal light

APPENDIX F - GLOSSAY

percentage of light reflected from a surface baed upon
the aount incident upon it

the agle at which electromagnetic radiation is inci-
dent upon a nonmetallic surface for the reflected
radiation to acquire maximum plane polarization

material thrown out of a crater formed by impact or
volcaic action

movement of suspended particles
motive force

in a fluid by electro-

Platy or leaf-like lIainae of a rock

total
sky

light emitted by stars in a given area of the
a faint glow seen from the earth along the sun-earth
axis in the ati-solar direction

an area 60 degees from the earth-moon axis in the
direction of the moon's travel and on its orbital path

the earth's libration point (17) located on the sun-
earth axis in the anti-solar direction

the point on the celestial sphere that is vertically
downward from the observer

the surface laer of unsorted fragmented material that
overlies consolidated bedrock

the condition whereby the vector from a radiation source
(sun) ad the observer are colinear

a faint wedge of light seen from the earth in the anti-
solar direction extending upward from the horizon along
the ecliptic. It is seen from tropical latitudes for a

few hours after sunset or before sunrise.
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MISSION REPORT QUESTIONNAIRE

Mission Reports are prepared as an overall sumary of specific Apollo Flight
results, with supplemental reports and separate anomaly reports providing the
engineering detail In selected areas. Would you kindly complete this one-page
questionnaire so that our evaluation and reporting service to our readership might
be imroved.

DO YOU THINK THE CONTENT OF THE MISSION REPORTS SHOULD BE"

() LESS DETAILED l: MORE DETAILED () ABOUT THE SAME?

2. WOULD YOU SUGGEST ANY CHAOGES TO THE PRESENT CONTENT?

3. YOUR COPY IS (check more than one)!l

l: READ COMPLETELY () READ PARTIALLY () SCANNED () NOT READ OR SCANNED

l: ROUTED TO OTHERS () FILED FOR REFERENCE () DI SCARDED ‘() GIVEN TO SOMEONE ELSE

4. ON THE AVERAGE: HOW OFTEN DO YOU REFER LATER TO A MISSION REPORT?

L vore THAN 5 TiMES O rroM 2 TO 5 TIMES O once C never

5. REGARDING REPORT SUPPLEMENTS, YOU!

I: USE THOSE YOU RECEIVE' C) DO NOT RECEIVE ANY, BUT WOULD LIKE TO I: DO NOT NEED THEM

6. DO YOU WISH To CONTINUE RECEIVING MISSION REPORTS?

() YES () NO

7. FURTHER SUGGESTIONS OR COMMENTS:

NAME - ORGAN I ZATION ADDRESS

Please fold this fowr in half with the address on the outside, staple, and mail

the fowr to me. Thank you Ffor taking the time to complete this fowr.

Donald D. Arabian, ChieFf
Test Division

MSC Form 884 (May 70)

NASA — MSC
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APollo
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Mission wrport
nuber

MC-PA-R-68-1

MC-PA-R-68-7
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orb!t rendezvous; extra-
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Aborted durim tras-
lTuar flight because
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Tird lunar lading

Launch_date

Nov. 9, 1967

Jan, 22, 1968

April 4, 1968

Oct. 11, 1968
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March 3, 1969

Ma 18, 1969

July 16. 1969
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JS. 31, 1971
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Kenned Space
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Center, Fla.
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Kenned Space

Center, Fla.
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